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P2 PUBLIC NOTICE

Date posted: 2/5/2025

DEQ Requests Comments on Proposed Biosolids
Management Plan for the City of Enterprise

HOW TO PROVIDE PUBLIC COMMENT

Facility name: City of Enterprise Wastewater Send written comments to:
Treatment Facility By mail: Permit Coordinator, Oregon DEQ
Permit type: NPDES 800 SE Emigrant Ave., Ste 330 Pendleton OR 97801

Ctosmments due by: Thursday, March 13, 2025 By email: water.permiter@deq.oregon.gov
at 5 p.m.

The Oregon Department of Environmental Quality invites the public to provide written comments on the City of
Enterprise’s proposed Biosolids Management Plan. DEQ requires the city to maintain a biosolids management
plan as a condition of their water quality permit.

Summary

This plan allows the City of Enterprise to remove biosolids from the City owned Enterprise Wastewater
Treatment facility Wand land apply on private agricultural land in Wallowa County. The biosolids program
including the beneficial use sites are described in the biosolids management plan. As a permit requirement,
these plans have been updated and are on public notice. Part of the review process is an opportunity for public
comment on the plan and other DEQ information. Subject to public review and comment, DEQ plans to
approve the plan.

About the facility

Enterprise’s Wastewater Treatment facility is a domestic wastewater treatment facility consisting of an
extended aeration activated sludge process including UV effluent disinfection and sledge dewatering and
storage. The facility plans to apply biosolids for beneficial reuse at application sites located both north and
southwest of the City of Enterprise and are zoned for exclusive farm use.

The facility holds a National Pollution Discharge Elimination System permit from DEQ.

What happens next?

DEQ will hold a public hearing if it receives written requests for a hearing during the public comment period
from at least 10 people or from an organization representing at least 10 people.

DEQ will consider and respond to all comments received and may modify the proposed permit based on
comments.

For more information

Translation or other formats
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View information about this proposed Biosolids Management Plan and Site Authorization documents Public
Notice or contact Patty Isaak at 541-613-1125 or water.permiter@deg.oregon.gov with questions or to view
documents in person at a DEQ office. Visit the Your DEQ Online Help page for more information on how to
access public notice documents and submit comments through this platform. Non-discrimination statement

DEQ does not discriminate on the basis of race, color, national origin, disability, age or sex in administration of
its programs or activities. Visit DEQ’s Civil Rights and Environmental Justice page.
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City of Enterprise, Oregon
Biosolids Management Plan

Introduction

This Biosolids Management Plan outlines the beneficial use of sewage sludge removed from the City of
Enterprise, Oregon’s mechanical wastewater treatment facility (WWTF). This Plan has been developed in
accordance with the Oregon Department of Environmental Quality (DEQ) Biosolids Management Plan
Outline. This Plan has also been developed in accordance with Oregon Administrative Rules (OAR),
Chapter 340, Division 050, and supersedes all previous plans. The intent of this Plan is to guide beneficial
use of WWTF biosolids for crop production.

The City owns and operates a municipal wastewater collection system, and mechanical WWTF.
Wastewater processed by the treatment works is primarily of domestic origin and no formal
pretreatment program is required to be implemented under the City’s National Pollutant Discharge
Elimination System (NPDES) Permit No. 101659. The City’s current NPDES Permit was issued on
June 1, 2020, and is effective through March 31, 2025.

Wastewater Treatment Facility
Liquids Processing

The City treats its wastewater using an extended aeration activated sludge process at the
mechanical WWTF (see Figure 1, Location and Vicinity Maps, and Figure 2, Wastewater Treatment
Facility Site Plan). The original sewer system began operation in 1915 utilizing a large septic tank.
Then, in 1955, a trickling filter was constructed. In 1986, the City made improvements to the WWTF
by constructing an effluent polishing and dechlorination lagoon. The next improvements in 2007
involved a major overhaul of the WWTF and replacement of the aged wastewater treatment system.
The 2007 improvements included a new headworks, influent pumping facilities, treatment facilities
(four aeration tanks, two clarifiers, and aerobic digesters), an ultraviolet (UV) light disinfection
system, sludge dewatering, sludge storage, blower system, impure water distribution, and
appurtenant piping and buildings. Currently, the City’s WWTF treats and beneficially uses
wastewater for irrigation on the Alpine Meadows Golf Course along with discharging to the Wallowa
River in accordance with NPDES Permit No. 101659. The City discharges treated effluent to the
Wallowa River just above the confluence with Trout Creek when not storing treated effluent for
irrigation. During the months of April through October, in accordance with its permit, the City
conveys treated effluent to a 1.2-million gallon (MG) pond at the south end of the Alpine Meadows
Golf Course that stores the treated effluent until the golf course uses it for irrigation of
approximately 51 acres. However, the City is allowed to discharge to the Wallowa River year-round
per its NPDES Permit.

At the City’s WWTF, wastewater enters through a Parshall flume for measuring influent flow. The
wastewater is processed through a screen agitator for liquidizing fecal matter to assist with washing
material through the screen, then wastewater is screened at the headworks with an inclined
mechanical screen. Following the screen, wastewater enters the two aerated grit chambers for
removal of sand and grit. A grit slurry pump sends grit to a dewatering unit where it is dewatered
and deposited for landfill disposal. Influent flow leaving the grit chamber goes to an influent pump
station containing three pumps that alternate pumping duties. The influent pump station pumps
wastewater to the influent flow control box, located at the inlet of the treatment system. After the
influent flow control box, the screened and de-gritted wastewater flows to the selector tank that is
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City of Enterprise, Oregon
Biosolids Management Plan

within a larger common-walled structure containing the aeration tanks, clarifiers, and aerobic sludge
digesters. The wastewater in the selector tank is mixed with return activated sludge (RAS) pumped
from the clarifier. From the selector tank, the flow enters one of two treatment trains, each
beginning with a first stage aerobic treatment tank. The aerobic tanks contain coarse bubble
aerators for oxygenating and mixing to reduce organic material. The wastewater flow then enters
the second stage of aeration tanks containing sidewall coarse bubble aerators for additional
aeration and mixing. Process air is supplied via trilobe positive displacement blower systems. Flow
then exits the second stage of aeration tanks through screened inlets and enters the clarifiers. The
clarifiers have distribution piping to evenly provide flow throughout the clarifier from the second
aeration tank. In the clarifiers, the solids are separated then removed by the RAS pumps and
returned to the selector tank, while clarified water goes to the disinfection system. In the
disinfection system, the clarified effluent passes through UV light reactor channels for disinfection.
After disinfection, treated effluent flows through an effluent metering box and outfall box. As noted
above, the treated effluent can be directed to the Wallowa River in accordance with the NPDES
Permit or to the 1.2 MG pond at the Alpine Meadows Golf Course for disposal through irrigation.

Solids Processing

For the solids processing, waste activated sludge (WAS) is stabilized in the aerobic digesters. Air lift
pumps transfer WAS from the first aeration tanks to the digester tanks where the solids settle to the
bottom and thicken. Once stabilized in the aerobic digesters, waste digested sludge is then pumped
from the digesters to the sludge dewatering component of the WWTF.

The stabilized, or digested, sludge settled in the bottom of the digesters is pumped to the sludge
dewatering building. Polymer is injected from a feed system through a feed pipe to the flocculation
tank where it is mixed with the digested sludge. This mixture coagulates to produce floc and is fed
through a screw press for dewatering. Once the sludge is dewatered by the screw press, an auger
conveys it to the sludge storage building where the sludge is stored until being transported to the
landfill or an application site. All liquid (pressate) from the screw press returns to the headworks and
is treated through the WWTF.

Sewage sludge is a natural byproduct of the wastewater treatment process. To balance the amount
of biomass in inventory and control the biological process, biosolids are wasted from the WWTF
continuously, dewatered, and stored in the sludge storage building. Historically, biosolids were
collected and stored in a dumpster until the dumpster was full and transported to the landfill for
disposal. Starting in early 2025, the landfill will no longer accept the biosolids, and the City will be
required to land-apply biosolids for disposal. Currently, the City estimates that approximately

613 cubic yards (CY), or 77 dry tons, of biosolids are produced by the WWTF annually.

Based on the estimated biosolids production and the capacity of the sludge storage building, the
frequency of land application is anticipated to be performed on a semi-annual basis (i.e., once in the
spring and once in the fall), or as required. The landfill is operated by Wallowa County, who
currently hauls and disposes of the biosolids in the landfill at no cost to the City. Thus, the City has
not historically budgeted for transportation and land application of biosolids. The City plans to
procure equipment for transportation and land application of biosolids. This will allow the City’s
public works department to complete the hauling and land application work, and the City will
budget to cover those additional costs starting in the 2024/2025 fiscal year.

1/21/2025 Anderson Perry & Associates, Inc.
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City of Enterprise, Oregon
Biosolids Management Plan

Septage Receiving Facilities
The City does not accept septage at its facility.
Pretreatment Program

At this time, the City is not required to implement an industrial wastewater pretreatment program,
as there are no industrial dischargers currently utilizing the system. Pollutant monitoring
requirements, as stated in the current NPDES Permit, will ensure biosolids land application occurs
within federal and state limitations.

Biosolids Treatment Processes

Under 40 Code of Federal Regulations (CFR) Part 503 and OAR 340-050, pathogen reduction and vector
attraction reduction for biosolids must be met prior to land application. Vector attraction reduction
requirements can also be met at the time of land application if biosolids are injected below the surface
of the land or incorporated into the soil within six hours after land application. Biosolids are categorized
as Class A or B, depending on the mode used to determine pathogen reduction. Biosolids may also be
classified as exceptional quality if they meet pollutant concentration limits in 40 CFR Part 503, one of the
Class A pathogen reduction alternatives in 40 CFR 503.32(a), and one of the vector attraction reduction
options in 40 CFR 503.33(b)(1) through (8). To meet regulatory requirements, pathogen reduction must
be met before or at the time vector attraction reduction is achieved.

The City will certify, in writing, that Class B pathogen requirements and vector attraction reduction
requirements are met. The City will also notify the DEQ in writing and obtain written approval prior to
any process change that would use a pathogen reduction or vector attraction reduction method other
than what is specified in this Plan.

Pathogen Reduction

Pathogen reduction requirements of 40 CFR 503 and OAR 340-050 for biosolids will be met by
utilizing Alternative 1, Fecal Coliform Testing. The geometric mean of the density of fecal coliform of
seven representative samples shall be less than either 2 million most probable number or 2 million
colony forming units (CFUs) per gram of total solids (dry weight basis). Prior to land application,
seven samples will be collected and tested to find the seven-sample geometric mean of the fecal
coliform density to within a reasonable error. Provided the results have a low standard of deviation
and the seven-sample mean is less than the 2 million CFUs per gram of total solids as outlined in

40 CFR 503, the biosolids will meet compliance.

Vector Attraction Reduction

Vector attraction reduction requirements of 40 CFR 503 are met by Option 3, 40 CFR 503.33(b)(3),
additional digestion of aerobically digested biosolids. For Option 3, aerobically digested biosolids
with 2 percent or less solids are considered to have achieved vector attraction reduction if the
volatile solids are reduced by less than 15 percent in a laboratory batch test at 20° Celsius after

30 days. If Option 3 is met, this shows the biosolids have already been substantially degraded
biologically prior to aerobic digestion. As such, there is low likelihood of the biosolids being a food
source for microorganisms, and it is unlikely for vectors to be attracted to the biosolids. If the
biosolids are unable to meet the requirements of Option 3, the biosolids will then follow Option 10
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City of Enterprise, Oregon
Biosolids Management Plan

for vector attraction reduction and be incorporated into the soil within six hours after application to
land or placement on the surface of the biosolids land application sites. When the appropriate

Class B biosolids pathogen and vector attraction reduction parameters are met, the biosolids are
considered available for spreading at the DEQ-approved biosolids land application sites.

Biosolids Storage
Wastewater Treatment Facility

The dewatered biosolids will be stored in the City’s sludge storage building until being transported
to the biosolids land application sites for disposal. The sludge storage building is heated and
ventilated for year-round use. It is estimated that the sludge storage building is capable of storing
approximately 320 CY of biosolids. The City is also in the process of constructing two drying beds for
use if the sludge dewatering unit is non-operational or if additional sludge storage is needed. The
proposed drying beds will consist of two drying beds with a total area of 1,200 square feet capable
of processing approximately two months of sludge from the WWTF.

Staging

Annual biosolids production, which is estimated to be approximately 613 CY, or 77 dry tons, at a
total solids estimate of approximately 15 percent, will be stored in the sludge storage building at the
WWTF until it is time for the City to land-apply biosolids. As mentioned above, the sludge storage
building can store approximately 320 CY and, therefore, cannot store a complete year of biosolids
and will require removal once space is no longer available, or biosolids will be sent/transferred to
the proposed drying beds. Once the biosolids are ready for land application, the biosolids will be
loaded and transported from the sludge storage building to the biosolids land application sites with
a combination of new equipment being procured and existing City-owned equipment. Biosolids may
be staged at the biosolids land application sites on a limited time basis prior to land-applying.

Site Storage

The City will not store biosolids at the biosolids land application sites. Provided Option 3 for vector
attraction reduction are met, the biosolids will be land-applied; however, the biosolids will not be
incorporated into the soil. If Option 3 cannot be met, Option 10 will be utilized and all biosolids will
be incorporated into the soil within a six-hour period. As noted above, the City may temporarily
stage biosolids at the land application sites for a limited time while applying the biosolids.

Transportation and Land Application

The City will utilize a combination of the new equipment being procured for land application and the
existing City-owned equipment such as a skid steer, dump truck, etc., for loading and hauling biosolids
to the biosolids land application sites. All existing and procured equipment will be used to complete the
work necessary for loading, transportation, and land application of the biosolids from the WWTF to the
authorized biosolids land application sites. The City may utilize the manure spreader and/or dump trucks
to haul biosolids from the WWTF to the biosolids land application sites. The City will be able to handle
the volume of biosolids produced through these transportation methods.

Dewatered biosolids will be loaded from the sludge storage building for land application via the City’s
new or existing equipment. The City equipment will be used to surface apply biosolids at the biosolids
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land application sites. The biosolids will be surface applied at the biosolids land application sites by
making passes at a specific speed and operation rate to help ensure equal and consistent application
over the entire site. Spreading of biosolids will be performed by the City. The application rate will be
determined based on residual soil nitrogen levels, nitrogen levels present in the biosolids, and the
agronomic rate for crops being grown.

If biosolids are spilled during transportation to the biosolids land application sites, immediate action will
be taken to cease further spillage and to remediate the spill. Typically, a vacuum trailer or front-end
loader will be used to remove the spilled biosolids and reload the biosolids into the manure spreader or
truck.

Remedial Procedures

All spills into Waters of the State or spills on the ground surface that are likely to enter Waters of the
State will be reported immediately to the Oregon Emergency Response System at 1-800-452-0311 and
the DEQ’s regional biosolids specialist as soon as possible after a spill incident.

Spill During Transportation of Biosolids

The City is responsible for cleanup of any biosolids spills that occur during transportation to the
biosolids land application sites. If a spill occurs while transporting biosolids between the WWTF and
the biosolids land application sites, the City will:

e Contain the spill
e If there is potential for public exposure, post the area and set up temporary fencing

e Remove spilled biosolids with a vacuum trailer, front-end loader, back-hoe, shovel, or other
appropriate equipment and tools

o Cover the area with dry lime for sterilization if appropriate (not appropriate adjacent to
Waters of the State)

e Apply absorbent (i.e., sand) if the biosolids were in a liquid state during transportation
(Note: biosolids are anticipated to be in a dewatered state)

e Transport spilled product to a DEQ-authorized biosolids land application or disposal site
Solids Treatment Process Failure or Modification

The City’s WWTF contains two treatment trains for wastewater treatment redundancy. Therefore, if
a mechanical problem occurs with any portion of one of the treatment trains, the other treatment
train can continue treatment. For sludge dewatering, the City is in the design phase for the
proposed drying beds. The proposed drying beds will be utilized if the dewatering equipment goes
offline. If a problem occurs with the biosolids removal and land application process, biosolids will
remain in the storage location until the needed repairs are made.

If maintenance is needed on a treatment process component that will affect compliance with
pathogen reduction or vector attraction reduction requirements, the City will notify the DEQ and
obtain approval prior to the maintenance activity.
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City of Enterprise, Oregon
Biosolids Management Plan

Monitoring and Reporting
Monitoring and Sampling

The City has developed and implemented a Biosolids Monitoring and Sampling Plan for disposal of
biosolids. Samples collected and analyzed will be representative of the biosolids to be land-applied
and consistent with the type of sampling required. Quality control measures and procedures will be
implemented for microbiological tests to verify precision and accuracy. The frequency and number
of samples taken will adhere to Table 1 - Frequency of Monitoring - Land Application in 40 CFR
503.16 and the 1994 U.S. Environmental Protection Agency (EPA) Biosolids Reference Sheet, Table
2.4-1., Number of Samples Required, for facilities with less than 1 million gallons per day design
flow, and the sampling locations shall follow the process outlined below and included in Appendix A.
For the sampling process, the WWTF will operate under normal conditions, and the samples will be
collected and analyzed as described in the sampling locations section below and per Appendix A.
Only biosolids from the sludge storage building and from the proposed drying beds, once
constructed, will be removed and applied at the biosolids land application sites; therefore, the
sampling will follow the Biosolids Monitoring and Sampling Plan to provide an appropriate
representation of the biosolids. Sampling was performed to help prepare this Plan, and additional
sampling will occur as required prior to application. The Biosolids Monitoring and Sampling Plan
includes:

e Sampling locations
0 Biosolids Quality

= Samples for biosolids quality (i.e., pollutants, total solids, and volatile solids)
shall be taken at the screw press discharge.

0 Pathogen Reduction

= Samples for pathogen reduction (i.e., Alternative 1, Fecal Coliform Testing)
shall be taken from the stored biosolids inside the sludge storage building or
the proposed drying beds.

0 Vector Attraction Reduction

= Liquid samples for vector attraction reduction (i.e., Option 3, additional
digestion of aerobically digested biosolids) shall be taken directly from the
aerobic digesters or from a sample tap on the discharge line from the
aerobic digesters.

0 The sampling locations for biosolids quality, pathogen reduction, and vector
attraction reduction are based on Table 2.2, Sludge Sampling Points, in the EPA
POTW Sludge Sampling and Analysis Guidance Document and Table 6-5, Sampling
Points for Biosolids, in A Plain English Guide to the EPA Part 503 Biosolids Rule.

e How samples will be collected, preserved, and transported
0 Collection of Samples

= Collection of samples will follow Section 2.3.2, Proper Sampling Practices, in
the EPA POTW Sludge Sampling and Analysis Guidance Document.
Collection equipment will be cleaned between each sample period to
prevent cross-contamination.
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During collection of samples with liquid sludge, the liquid sludge shall flow
for several seconds from the sample tap prior to sampling. The sampling
equipment will be washed with laboratory detergent, rinsed with tap water,
and then rinsed three times with distilled water to reduce contamination
from the previous grab. Glass stirring rods, Teflon-coated stirring rods, or
stainless steel spoons will be used to mix the sample in a stainless steel
pitcher before transferring it to the sample container. For collection of
dewatered sludges, grab samples will be collected in a plastic or stainless
steel pail and thoroughly mixed with a scoop or spoon. Once thoroughly
mixed, the grab samples will be transferred to sample containers. The grab
samples will be composed of several smaller samples taken over a period of
a few minutes to improve the sample quality.

The collection of samples for biosolids quality shall be at the screw press
discharge, as mentioned above. The sampling will be completed by
collecting grab samples of the dewatered biosolids at the screw press
discharge utilizing the collection process for dewatered sludges. The grab
samples will be composited together to provide a representative sample.

For pathogen reduction sampling for Alternative 1, Fecal Coliform Testing,
seven discrete grab samples shall be collected over a two-week period
preceding use or disposal from the stored biosolids inside the sludge
storage building, utilizing the collection process for dewatered sludges.
Along with sampling over the two-week period, samples taken from
multiple locations and depths within the stored biosolids will provide a
sufficiently representative sample of the biosolids and confirm regrowth has
been controlled and has not occurred.

For vector attraction reduction for Option 3, additional digestion of
aerobically digested biosolids, samples shall demonstrate vector attraction
reduction is being met by volatile solids being reduced by less than

15 percent after 30 days of aerobic digestion at 20° Celsius. Samples shall be
a fresh, liquid representative grab sample taken directly from the aerobic
digesters or from a sample tap on the discharge line from the aerobic
digesters. Liquid samples will be representative as the aerobic digesters are
the last process before the sludge is dewatered and then stored. Sampling
will occur sufficiently close to the time of biosolids application. Discrete grab
samples will be obtained utilizing the collection process for liquid sludges.

If solids are sent to the proposed drying beds, the collection of samples will
follow the EPA POTW Sludge Sampling and Analysis Guidance Document.
Each drying bed will be divided into quarters, with a grab sample collected
from the center of each quarter to form a composite grab sample
representing the total drying bed.

The size of samples from the screw press discharge, the stored biosolids in
the sludge storage building, the sample tap on the discharge from the
aerobic digesters, or the proposed drying beds will be small enough to
conveniently transport and carefully handle in the laboratory but large
enough to accurately represent the characteristics of the biosolids. The size
of samples will be at least the minimum volume stated in Table 2.3,
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Containers, Preservation, Holding Times, and Minimum Sample Volumes, in
the EPA POTW Sludge Sampling and Analysis Guidance Document and in
Table 6-6, Proper Conditions for Biosolids Sampling, from A Plain English
Guide to the EPA Part 504 Biosolids Rule.

0 Preservation of Samples

= The methods for preservation of samples described below are applicable to
biosolids quality, pathogen reduction, and vector attraction reduction. The
sample container materials, container preparation, preservation, and
holding time prior to analysis will adhere to Table 2.3, Containers,
Preservation, Holding Times, and Minimum Sample Volumes, in the EPA
POTW Sludge Sampling and Analysis Guidance Document and Table 6-6,
Proper Conditions for Biosolids Sampling, in A Plain English Guide to the EPA
Part 503 Biosolids Rule.

= Sample preservation shall occur by using method-specific containers, usually
made of Teflon, glass, or polyethylene and shall be wide-mouthed for sludge
sampling.

=  Prior to sample collection, containers shall be washed with a good quality
laboratory detergent, thoroughly rinsed with tap water, and then rinsed at
least three times with distilled water prior to air drying.

0 Transportation of Samples

= The methods for transportation of samples described below are applicable
to biosolids quality, pathogen reduction, and vector attraction reduction
and will adhere to Section 2.6, Packaging and Shipping, of the EPA POTW
Sludge Sampling and Analysis Guidance Document and A Plain English Guide
to the EPA Part 503 Biosolids Rule.

= Samples will be packaged to protect the container and reduce the risk of
leakage. Containers will be held upright and cushioned from shock, with
sufficient insulation and/or artificial refrigerant to maintain a sample
temperature of 39.2° Fahrenheit (4° Celsius) throughout transportation.

= The transportation/shipment time of samples will not exceed 24 hours.
e The analytical method for each analysis
0 The analytical method utilized for each analysis will follow the analytical techniques

outlined in 40 CFR 136.

All monitoring and reporting will be conducted in accordance with the City’s NPDES Permit and this
Plan. The monitoring frequency is based on the amount of biosolids generated by the WWTF. The
Biosolids Monitoring and Sampling Plan is included in Appendix A.

Recordkeeping and Reporting Procedures
The City, as the preparer and land applier of biosolids, is required to maintain records to

demonstrate that federal and state biosolids requirements are met. Records will be kept on file by
the City and will be available upon request by the DEQ. Monitoring and sampling records will be
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retained for a period of no less than five years, unless otherwise required by the NPDES Permit or a
site authorization letter. The minimum required records include the following information:

e Pollutant concentrations of each parameter stated in the NPDES Permit
e Pathogen requirements as stated in the NPDES Permit for Class B biosolids

e Description of how one of the vector attraction reduction requirements in 40 CFR 503.14
and site restrictions in 40 CFR 503.32(b)(5) are met for each biosolids land application site
(note: this is for Class B bulk biosolids)

e C(Certification that the information submitted is accurate to determine compliance with
pathogen and vector attraction reduction requirements and site restriction/management
requirements

e lLaboratory reports, sampling logs, and calibration logs of any field instruments
Annual Reporting

A biosolids annual report is required to be submitted to the DEQ each year by February 19, or as
required by the NPDES Permit. Information required with the annual report includes:

e Daily site logs or records, including date, time, and quantity (gallons, pounds) of nitrogen
per acre land-applied

e For each biosolids land application site, the crop grown, the agronomic rate, soil test data
sheets, plant available nitrogen (PAN) from the soil, PAN from the biosolids, and the amount
of commercial fertilizer or other sources of nitrogen applied. All sources of nitrogen will be
reported in pounds of nitrogen per acre (lbs N/acre).

e Map, including scale, showing the biosolids land application sites and the location that
coincides with the daily site application method (i.e., manure spreader)

e Signed copy of the certification statement shown under the Certification Statement section
of this Plan

Appendix B includes a copy of the annual report form to be submitted to the DEQ every year, along
with instructions on how to complete the form.

Certification Statement

The City of is capable of meeting Class B pathogen reduction and vector attraction reduction
requirements. As required under 40 CFR 503.17, the City must retain a certification statement
indicating whether compliance with pathogen reduction, vector attraction reduction, and certain
site restrictions has been met. The certification statement must be retained for a period of five years
and must be submitted with the annual report due February 19 or as required. The City will retain
the following certification statement, and it will be signed by a principal executive officer or ranking
elected official or their duly authorized representative (e.g., individual or position having
responsibility for the overall operation of the system, such as the position of plant manager,
supervisor, superintendent, or equivalent responsibility).

“I certify, under penalty of law, that the information that will be used to determine compliance
with the management practices in Section 503.14, the Class B, Alternative 1, Fecal Coliform

1/21/2025 Anderson Perry & Associates, Inc.
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Testing, pathogen requirements in 40 CFR 503.32(b)(2), the site restrictions in Section 503.32(b)(5),
and the vector attraction reduction requirement in Section 503.33(b)(3) was prepared for the
biosolids land application site(s) on which bulk sewage sludge was applied under my direction
and supervision in accordance with the system designed to ensure that qualified personnel
properly gather and evaluate this information. | am aware that there are significant penalties for
false certification including the possibility of fine and imprisonment.”

Signature Date

The City of is also required, as the land applier, to certify that the management practices in 40 CFR
503.14 are being met. This certification includes that biosolids are being land-applied at approved
agronomic loading rates as specified in DEQ-issued site authorization letters.

“| certify, under penalty of law, that the management practices in 40 CFR 503.14 have been met
for the biosolids land application site(s) on which bulk biosolids are applied. This determination
has been made under my direction and supervision in accordance with the system designed to
ensure that qualified personnel properly gather and evaluate the information used to determine
that the management practices have been met. | am aware that there are significant penalties
for false certification, including the possibility of fine and imprisonment.”

Signature Date

Biosolids Characteristics
Pollutant Characteristics

Table 1 is a representative analysis for pollutant characteristics. Samples from the aerobic digester
basins were collected on June 21, 2023. These data and all previous data indicate that pollutant
concentrations for all regulated pollutants have been met. All test results are included in

Appendix C. A comparison was performed of the pollutant concentrations from Table 3 of 40 CFR
503.13, identifying the maximum monthly average concentrations for the specified pollutants.
Based on the sampling results, the collected samples met all concentration limits outlined on Table 3
of 40 CFR 503.13; therefore, no site life or annual limitations are required.

TABLE 1
ALLOWED BIOSOLIDS POLLUTION LIMITS AND CONCENTRATIONS

Aerobic Digester
Basins Biosolids
Analytical Result

40 CFR 503.13(b)(3)
Pollutant Ceiling
Concentration Limits

Pollutant mg/kg (Ibs/ton) mg/kg (lbs/ton)*
Arsenic (As) ND 75 (0.15)
Cadmium (Cd) ND 85(0.17)
Copper (Cu) 167 (0.334) 4,300 (8.6)
Lead (Pb) ND 840 (1.68)
Mercury (Hg) ND 57 (0.114)
Molybdenum (Mo) ND 75 (0.15)
Nickel (Ni) ND 420 (0.84)

1/21/2025 Anderson Perry & Associates, Inc.
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Aerobic Digester
Basins Biosolids
Analytical Result

40 CFR 503.13(b)(3)
Pollutant Ceiling
Concentration Limits

Pollutant mg/kg (lbs/ton) mg/kg (lbs/ton)*
Selenium (Se) ND 100 (0.2)
Zinc (Zn) 411 (0.822) 7,500 (15.0)

*Analytical results are on a dry weight basis.

mg/kg = milligrams per kilogram

Ibs/ton = pounds per ton
ND = not detected

Nutrient Characteristics and Other Parameters

Table 2 is a representative biosolids analysis for nutrient characteristics and other parameters.

Samples from the aerobic digester basins were collected on June 21, 2023.

TABLE 2

BIOSOLIDS NUTRIENT CHARACTERISTICS
Aerobic Digester Basins Biosolids

Source Analytical Result

Parameter/ Wet Pounds per
Measurement Unit Weight Dry Weight Dry Ton

Total Solids, percent 0.764 N/A N/A
Volatile Solids, percent 99.8 N/A N/A
TKN, mg/kg 510.4 66,800 133.6
NOs-N, mg/kg ND ND ND
NHa-N, mg/kg 33.8 4,430 8.86
Phosphate (P), percent 4.2 N/A N/A

TKN = total Kjeldahl nitrogen
NOs-N = nitrate nitrogen
NH4-N = ammonium nitrogen
N/A = not applicable

Biosolids Utilization Program

Biosolids stored in the sludge storage building after being dewatered through the screw press will be
transported and land-applied to the biosolids land application sites by the City. Biosolids will be loaded,

hauled, spread, and otherwise handled using farming equipment (i.e., manure spreader).

Agronomic Application Rate and Site Crops

Class B biosolids are required to be land-applied to a site at a rate that is equal to or less than the
agronomic rate for the site. An agronomic rate is the whole biosolids application rate (dry weight
basis) designed to provide the annual total amount of nitrogen needed by a crop and to minimize
the amount of nitrogen passing below the root zone of the crop or vegetation to groundwater. The
landowner of the biosolids land application sites provided all the potential crops to be grown. The
nitrogen uptake rate for each potential crop was determined and is shown in Ibs N/acre on Table 3.
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TABLE 3
NITROGEN UPTAKE RATES FOR POTENTIAL CROPS
Irrigated Dryland
Nitrogen Nitrogen
Uptake Rate Irrigated Uptake Rate | Dryland Yield Literature Source for
Site Crop (Ibs N/acre) | Yield Goals | (lbs N/acre) Goals Nitrogen Uptake Rate
Alfalfa 360 5.5to 60 1ton Pacific Northwest Extension
6 tons Publication, PNW0611
Winter Wheat 195 110to 85 40 to Pacific Northwest Extension
130 bushels 70 bushels Publication, PNW513
Barley 160 2.5to 65 1.25 tons OSU Cereal Grain Nutrient
3.5 tons Management
Oats 120 2.5t 40 1ton OSU Cereal Grain Nutrient
3 tons Management
Mustard/Canola 120 1,500 Ibs/ 45 800 Ibs/ OSU Extension Publication,
2,500 Ibs 800 |bs EM 8796
Spring Wheat 120 70 to 55 35 bushels OSU Cereal Grain Nutrient
120 bushels Management
Timothy Hay 100 3.5to 50 1to 3 tons University of Idaho
6 tons Extension Publication
Spelt 90 60 bushels N/A N/A University of Wisconsin-
Madison Extension
Publication
Brown Flax 80 1,800 lbs 40 500 Ibs OSU Extension Publication,
EM 8952-E
Cover Crop 50 Forage left 50 Forage left
Mixture (Oats, standing standing
Barley, Flax,
Peas, Radish)?
Lentils 35 0.5to 1ton 10 500 Ilbs Alberta Pulse Growers
Publication
Peas 20 1.25to 5 1,000 lbs OSU Extension Publication,
2 tons EM 9140

1The application of biosolids on site(s) with the cover crop mixture planted shall have the nitrogen supplied from all
sources be counted toward the agronomic rate of the crop planted following the cover crop mixture.

Ibs = pounds
OSU = Oregon State University

For the purposes of this Plan, example calculations were completed to illustrate how the biosolids
application rate will be determined. The biosolids application rate for one of the City of Enterprise’s
sites was developed based on test results of the biosolids and guidance provided by Washington
State University Puyallup and OSU and the Worksheet for Calculating Biosolids Application Rates in
Agriculture, a Pacific Northwest Extension Publication, PNW511. The example calculations and
assumptions made can be found in Appendix D, Example Nutrient Uptake Calculations. Barley was
used for the example calculations for nitrogen uptake. It is assumed that barley will uptake 120 Ibs
N/acre. There are no published data for barley nitrogen uptake; however, per OSU’s Cereal Grain
Nutrient Management web page, the nitrogen uptake value for barley is 80 percent of the nitrogen
uptake for winter wheat. Using the value stated for winter wheat of 150 lbs N/acre in the Nitrogen
Uptake and Utilization by Pacific Northwest Crops, a Pacific Northwest Extension Publication,
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PNW513, 80 percent of the 150 Ibs N/acre for winter wheat results in a 120 Ibs N/acre application
rate for barley (150 Ibs N/acre x 80 percent = 120 lbs N/acre).

Soil testing was completed at the biosolids land application Site 1 - Parsnip Valley, shown on

Figure 3, to estimate the residual nitrogen in the soil for the example calculations and provide a
baseline for pollutants. The residual soil nitrogen was averaged, with the current, average residual
soil nitrogen at the biosolids land application site equaling 89 Ibs N/acre (see Appendix C for soil
testing). The biosolids will be land-applied semi-annually during the spring and fall. Although the
example calculations utilized the biosolids land application Site 1 - Parsnip Valley, shown on Figure 3,
the biosolids may be land-applied to any of the biosolids land application sites, totaling
approximately 859 acres when accounting for setbacks, at the agronomic rate. See Figures 3 and 4
for the biosolids land application sites.

PAN is calculated by adding inorganic nitrogen retained and organic nitrogen mineralized. Inorganic
nitrogen retained is calculated by multiplying the weight of ammonium nitrogen per dry ton of
biosolids by the percent retained after application. The percent retained is based on the drying
method used and days to incorporation by tillage after application. The biosolids will be dewatered
and not incorporated, therefore retaining approximately 20 percent of the ammonium nitrogen. The
plant available inorganic nitrogen is calculated to be 1.77 pounds of nitrogen per dry ton (lbs N/dry
ton) when not incorporating the biosolids. The organic nitrogen mineralized is calculated by
subtracting the ammonium nitrogen from the TKN and multiplying by the percent of organic
nitrogen that is plant-available in year one. The percent of organic nitrogen available in year one is
approximately 35 percent based on the biosolids processing and moisture content. The amount of
organic nitrogen mineralized is calculated as 43.66 Ibs N/dry ton. The PAN is calculated as 45.43 Ibs
N/dry ton. Taking the 120 lbs N/acre needed for barley and subtracting the average residual
nitrogen of 89 Ibs N/acre determined by the soil testing results in 31 lbs N/acre remaining. The

31 lbs N/acre is divided by the estimated PAN to calculate an application rate of 0.68 dry ton per
acre. A copy of the Example Nutrient Uptake Calculations for biosolids application at the biosolids
land application Site 1 - Parsnip Valley, shown on Figure 3, with no incorporation is included in
Appendix D.

Prior to application, residual soil nitrogen and biosolids testing will be performed to account for
existing nitrogen and ensure the application rate does not exceed the agronomic rate of the planted
crop. The residual soil nitrogen sampling shall be for NH4-N and NOs-N. Sampling shall occur for each
foot of soil depth (i.e., 0 to 1 foot, 1 to 2 feet, etc.) at the applicable biosolids land application site(s),
with discrete samples of each foot of soil depth composited from representative subsamples. This
process will result in a composite sample for each foot of soil depth from the ground surface to the
rooting depth of the planted crop at the biosolids land application site.

For fall-planted crops, the sampling and testing for residual soil nitrogen shall be completed during
the fall prior to planting and will be counted toward the agronomic rate for the fall-planted crop.
Similarly, for spring-planted crops, the sampling and testing for residual soil nitrogen shall be
completed during the spring prior to planting and will be counted toward the agronomic rate for the
spring-planted crop.
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Site Inventory of Existing and Potential Sites

The City does not currently land-apply Class B biosolids. The City previously had a Biosolids
Management Plan with approved application sites that are no longer being utilized.

Site Selection Criteria for Application Site(s)

The City requests that a site be approved for land application. Prior to using any site(s) for land
application, the City is required to receive a written site authorization letter from the DEQ. The City will
look for biosolids land application site(s) within Wallowa, Union, and Baker Counties should the need for
additional land arise. The following site conditions will be considered when determining the suitability of
a site for land application:

e Site(s) will be located on agricultural land in Wallowa, Union, or Baker County.

e Site(s) should be on a stable geological formation not subject to flooding or excessive runoff
from adjacent land.

e  Minimum depth to permanent groundwater should be 4 feet, and the minimum depth to
temporary groundwater should be 1 foot when application of biosolids occurs.

e Topography should be suitable for normal agricultural operations. Liquid biosolids should not be
land-applied on bare soils when the slope exceeds 12 percent. Dewatered or dried biosolids may
be land-applied on well vegetated slopes, up to 30 percent.

e Soil should have a minimum rooting depth of 24 inches.

Application Sites Owner/Leaseholder

The City has identified one landowner with multiple sites to allow flexibility in case crop rotations do
not allow for biosolids application. However, the City will continue to look for additional biosolids
land application sites in the event the identified biosolids land application site(s) change ownership,
crop rotation does not allow biosolids application, or there is another reason that biosolids cannot
be applied to the identified sites. Currently, the City proposes the following new parcels be
approved as biosolids land application sites (see Figures 3 and 4, Biosolids Land Application Sites |
and Il). These sites exceed the acreage needed for biosolids disposal and provide flexibility in
ensuring all site criteria are met. The landowner information for the sites to be utilized for biosolids
land application is as follows:

Site 1: Parsnip Valley Parcel Map No.: 01S44E
Lot: 700
Total Parcel Acreage: 288.29 acres (ac)
Field: 129.0 ac

Site 2: Stangel Pivot Parcel Map No.: 01S44E
Lot: 7000
Total Parcel Acreage: 98.81 ac
Field: 67.2 ac
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Site 3: Circle 137 Parcel Map No.: 01S45E
Lot: 3300
Total Parcel Acreage: 316.33 ac
Field: 134.8 ac

Site 4: Circle 133 Parcel Maps No.: 01S45E, 02S45E

Lots: 3300, 1501
Total Parcel Acreage: 316.33 ac, 317.66 ac
Field: 132.2 ac

Site 5: Ray West Pivot Parcel Map No.: 02S44E
Lot: 601
Total Parcel Acreage: 204.00 ac
Field: 43.4 ac

Site 6: Circle 7 Parcel Map No.: 02S44E
Lot: 601
Total Parcel Acreage: 204.00 ac
Field: 5.2 ac

Site 7: Circle 20 Parcel Maps No.: 01S44E, 01S45E, 02S33E, 02S45E
Lots: 7000, 3300, 601, 1501
Total Parcel Acreages: 98.81 ac, 316.33 ac, 204.00 ac, 317.66 ac
Field: 19.9 ac

Site 8: Circle 16 Parcel Maps No.: 01S45E, 02545E
Lots: 3300, 1501
Total Parcel Acreage: 316.33, 317.66 ac
Field: 16.9 ac

Site 9: Ray East Pivot Parcel Map No.: 02S44E
Lot: 601
Total Parcel Acreage: 204.00 ac
Field: 43.4 ac

Site 10: Circle 114 Parcel Map No.: 02S45E
Lot: 1501
Total Parcel Acreage: 317.66 ac
Field: 115.1 ac

Site 11: Circle 118 Parcel Map No.: 02S45E
Lot: 1501
Total Parcel Acreage: 317.66 ac
Field: 117.6 ac

Landowner/Farmer: Cornerstone Farms J.V.
Kurt Melville/Kevin Melville
64022 Imnaha Highway
Joseph, Oregon, 97846
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Site Management Agreement

The signed site management agreement between the City and the landowner is included in
Appendix E for reference.

Soils

Soils at the biosolids land application sites are generally mapped as Hurwal silt loam, Powwatka silt
loam, Harlow-Bocker complex, and Topper silt loam (see Figures 5 and 6, Soils Map | and I1).
Complete official series descriptions from the National Cooperative Soil Survey completed by the
Natural Resources Conservation Service are included in Appendix F.

In general, Hurwal series silt loams are deep to very deep, well-drained soils with moderately slow
permeability and a depth to water table of more than 80 inches. Roots are present to 58 inches.

Powwatka series silt loams are moderately deep, well-drained soils with moderately slow
permeability and a depth to water table greater than 80 inches. Roots are present to 24 inches.

Harlow-Bocker complex are shallow, well-drained soils that have slow to rapid runoff. Soils have
slow permeability and a depth to water table of more than 80 inches. Roots are present down to
14 inches where there is an abrupt basalt boundary.

Topper silt loams consist of very deep, well-drained soils with moderate permeability and a depth to
water table of more than 80 inches. Roots are present up to 60 inches, with the depth to bedrock
greater than 60 inches.

Public Notice

The City is required to notify the public of the proposed land application activity. A public notice
campaign addressing property owners and/or those residing on the properties adjacent to or near
the biosolids land application sites was completed. Letters and maps were provided to notify them
of the application of biosolids and provide pertinent information. The information explained what
biosolids are along with the benefits and protective measures to be practiced during the application
process. It also included notification of the availability of this Plan for review by the public. Copies of
the public notification letters mailed to property owners adjacent to the biosolids land application
sites are included in Appendix G. The public notification letters were mailed to adjacent landowners
on December 26, 2024.

Site Management Practices

Site access restrictions and setbacks will be followed as outlined in the DEQ's site authorization
letters. The City will ensure that access is restricted by appropriate means as necessary, such as
fencing or posting signs at the biosolids land application sites. Biosolids land application will not
occur in those areas designated as buffer strips and will be achieved through accurate measurement
of the buffer area prior to commencing land application.

Setbacks shall be provided at the biosolids land application sites in accordance with DEQ
requirements. Setbacks of 200 feet will be provided between the biosolids land application sites and
any domestic water sources or wells. A 50-foot setback will be provided between the biosolids land
application sites receiving Class B biosolids and any dwelling, ditch, channel, pond, waterway,
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surface water, or Waters of the State. All dwellings and domestic wells located in relative proximity
to the biosolids land application sites exceed the required 50-foot and 200-foot setbacks,
respectively. The location of the biosolids land application sites with the required setbacks are
shown on Figures 3 and 4.

Crop Management Practices

Biosolids will be applied to the biosolids land application sites for agricultural purposes. Winter
wheat, spring wheat, barley, mustard/canola, flax, oats, spelt, timothy hay, alfalfa, lentils, peas, and
a cover crop mixture of oats, barley, flax, peas, and radish all may be grown at the biosolids land
application sites. Barley, oats, flax, timothy hay, or alfalfa will only be utilized as a feed crop for
animal consumption, while winter wheat, spring wheat, lentils, and peas may be used for seed crop
or human consumption depending on contracts secured by the landowner. Mustard/canola may be
grown for human consumption. Spelt is cultivated solely for human consumption. The cover crop
mixture of oats, barley, flax, peas, and radish may be utilized for grazing; however, all nitrogen
applied through biosolids will be counted toward the following crop’s nitrogen uptake rate. Soil
conditions must be favorable such that runoff, leaching, or soil compaction does not occur. The
timing of land application will take into consideration tilling and irrigation practices that may occur
on an authorized site. Biosolids will not be applied any time that fields are frozen, snow-covered, or
flooded.

The agreement with the proposed biosolids land application site owner stipulates that additional
restrictions apply if food crops are grown. These restrictions are outlined on Figures 2-4 and 2-5 of
A Plain English Guide to the EPA Part 503 Biosolids Rule, which identifies restrictions for harvesting,
grazing of animals, and restrictions for public contact.

The overall management of nutrients at the biosolids land application site considers the amount of
land-applied biosolids, the amount of commercial fertilizer used, and the amount of residual
nutrients in the soil. When additional sources of nitrogen (e.g., commercial fertilizer) are applied to
a site, then the application of biosolids should be reduced to compensate for the additional nitrogen
loading.
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APPENDIX A
Monitoring and Sampling Requirements
for Biosolids Land Application




CITY OF ENTERPRISE, OREGON
BIOSOLIDS MANAGEMENT PLAN
MONITORING AND SAMPLING REQUIREMENTS FOR BIOSOLIDS LAND APPLICATION

MONITORING TYPE OF
ITEM FREQUENCY MONITORING POINT MONITORING PARAMETER'
Biosolids Quality Initial Report Screw Press Discharge Composite Grab®?3 As, Cd, Cr, Cu, Pb, Hg, Mo, Ni, Se, Zn, TKN, NO;-N,
(General) NH,-N, Total P, K, pH, Totals Solids, Volatile Solids
Annually® Screw Press Discharge Composite Grab®? As, Cd, Cr, Cu, Pb, Hg, Mo, Ni, Se, Zn, TKN, NO;-N,
NH,-N, Total P, K, pH, Totals Solids, Volatile Solids
Pathogen Reduction Annually® Compost Pile in Sludge Discrete Grab> 3 Fecal Coliform
(Alternative 1) Storage Building
Vector Attraction Annually3 Sample Tap on Discharge from |piscrete Grab> 3 Additional Digestion for Aerobically Digested Biosolids
Reduction (Option 3) Aerobic Digesters
Soil Quality (Nutrients) Initial Report Proposed Application Site Grab? NO;-N and NH,-N
Before Application Proposed Application Site Grab NO;-N and NH,-N
Biosolids Quantity Daily Loads Taken to Fields Calculated Biosolids Delivered to Application Site
Daily Land Application Site Calculated Pounds PAN per Acre per Field
Reporting Daily Field Log Application Documentation Calculated Quantity (Tons)
Quality (Nutrients Applied)
Location (Field Applied To)
Annual Report4 Application Documentation Observed/Calculated Crops, Acres Applied, Nitrogen Applied (Ibs/ac),
Application Rate (dry tons/ac), Biosolids Quality Test
Data, Pathogen and Vector Attraction Reduction
Monitoring/Management Records
Notes:

! Abbreviations are defined as follows: As = arsenic, Cd = cadmium, Cr = chromium, Cu = copper, Pb = lead, Hg = mercury, Mo = molybdenum,
Ni = nickel, Se = selenium, Zn = zinc, TKN = total Kjeldahl nitrogen, NOs-N = nitrate-nitrogen, NH,-N = ammonium-nitrogen, P = phosphorus,
K = potassium, PAN = plant-available nitrogen, Ibs/ac = pounds per acre, dry tons/ac = dry tons per acre

2Sampling and testing were performed for use in the example nutrient uptake calculations in Appendix D of this Plan.

%See the Monitoring and Sampling section of this Plan.

“ An annual report shall be submitted to the Oregon Department of Environmental Quality as outlined in the City's National Pollutant Discharge Elimination
System Permit No. 101659.

AppA_BMP_Testing&MonitReq_Enterprise_Biosolids_607-77-024.xlsx
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State of Oregon DEQ use only
Department of Environmental Quality
700 NE Multnomah St. Suite 600, Portland, OR 97232

DEQ Wastewater Solids and Biosolids Annual Report
Part I: Wastewater solids production and disposition

Part I: Must be completed by all domestic wastewater facilities.

A. REPORTING PERIOD

1. | This report is for biosolids produced during the calendar year:

B. PERMIT INFORMATION
Permit Type (select one): [_| NPDES or [_] WPCF DEQ File No.:
DEQ Permit No.: EPA Permit No.:
A OR A N

1. |Legal name of facility:

Physical address
2. |Street Address:
City: State: Zip code:

Mailing address [_] Same as physical address.
3. [Mailing Address:
City: State: Zip code:

Facility Type (check all that apply)

(] Major or Tier 1 facility (design flow of 1 mgd or greater, or serving a population of 10,000 or greater)
] Minor or Tier 2 facility (design flow less than 1 mgd or serving a population less than 10,000)

4. [[] Class | wastewater treatment facility (i.e., facility with a pre-treatment program)

] Biosolids only facility

[] Lagoon treatment system

[] Other, please specify:

D. CONTACT INFORMATION

Responsible official

Name: Title:
1. |Email Address: Telephone:
Mailing Address:
City: State: Zip code:
Biosolids contact [_] Same as responsible official
Name: Title:
2. |Email Address: Telephone:
Mailing Address:
City: State: Zip code:

Wastewater solids and biosolids annual report / Part I: Wastewater solids production and disposition
v. 10-26-2018 Page 1



E. WASTEWATER SOLIDS RECEIVED

Please indicate if you received wastewater solids or hauled from other facilities for processing.

Did you receive wastewater solids or hauled waste from other facilities? [ ]Yes []NO
If you received unprocessed wastewater solids, please list sources below. All weight values should be reported in US
tons. (US ton= 2,000 Ibs) Attach additional pages if necessary.

Name Type Quantity |Units (choose one) % solids

1. [ ] septage [] sludge [] gallons [ ] wettons [ ] dry tons 0.00%
[ ] septage [ ] sludge [] gallons [ ] wet tons [ ] dry tons 0.00%

[ ] septage [ ]sludge [ ] gallons [] wettons []dry tons 0.00%

[ ] septage [ ] sludge [ ] gallons [] wettons []dry tons 0.00%

[ ] septage [ ] sludge [ ] gallons [_] wettons [ ] dry tons 0.00%

F. WASTEWATER SOLIDS TREATMENT PROCESSES
Please indicate the solids treatment processes used at your facility (mark all that apply)

Thickening technology Stabilization Technology Dewatering technology
[ ] Gravity [] Aerobic digestion [ ] Belt press
[ ] DAF (] Anaerobic digestion [] Plate and frame press
[] Centrifugation [ ] Lime stabilization ] Screw press
L. 1] other: [ ]ATAD [] Centrifuge
[] Composting (] Vacuum filter
[] Thermal ] Drying beds
[ ] Lagoon [] Heat drying
[ ] Other: [ ] Other:
Dry tons = wet tons x %solids Dry tons = (gal x%solids x83%) ,.0005

100

G. WASTEWATER SOLIDS DISPOSITION

Please indicate how wastewater solids were managed at your facility. Please specify reporting
units. All weight values should be reported in US tons. US ton.= 2,000 Ibs
Disposition of wastewater solids Quantity (choose one) % solids
1 [] Treated and land applied, sold, or given-away as Gallons Wet tons Dry Tons
' biosolids or biosolids-derived products 0.00%
2 [] Sent to landfill. Gallons Wet tons Dry Tons
' Name: 0.00%
3 [] Sent to another permitted facility for treatment. Gallons Wet tons Dry Tons
‘ Name: 0.00%
4 [] Long-term storage at treatment facility (e.g., lagoon, Gallons Wet tons Dry Tons
' drying bed, etc.)* 0.00%
5 [] Other. Gallons Wet tons Dry Tons
' Please specify: 0.00%

* If you operate a lagoon system and do not have accurate data on the quantity of solids in your lagoon, please check the
box for long-term storage, but you may leave the quantity and other information blank.

Wastewater solids and biosolids annual report / Part I: Wastewater solids production and disposition
v. 10-26-2018 Page 2



H. LAGOON SYSTEM OPERATION and MAINTENANCE

The following section is required for facilities that operate wastewater treatment lagoons.

1. |A survey of wastewater solids have been completed within the lastyear: [ ]Y [N

2. [In what year were solids last removed from the lagoon:

When do you estimate the next solids removal? Select only one of the following:

(] Within the next calendar year
] Within the next 5 years
[] Greater than 5 years from present

I. SIGNATURE OF LEGALLY AUTHORIZED REPRESENTATIVE

I certify that the information in this report is true and correct to the best of my knowledge and belief. Information
and records used or referenced with this report will be maintained and made available to the Oregon Department of
Environmental Quality on request.

Signature Title Date

Print Name:

Wastewater solids and biosolids annual report / Part I: Wastewater solids production and disposition
v. 10-26-2018 Page 3



State of Oregon
Department of Environmental Quality DEQ use only
700 NE Multnomah St. Suite 600, Portland, OR 97232

DEQ Wastewater Solids and Biosolids Annual Report
oeanmentot — Pgrt |I: Biosolids production and quality

Part Il: Must be completed by facilities that produced Class A or Class B biosolids for land
application, or sold or gave away biosolids derived products for distribution and marketing.

J. BIOSOLIDS PRODUCTION and DISPOSITION

Please specify quantity (in dry US tons) of finished biosolids stored or produced at your facility.
Class A Class B
1. |Produced during reporting period
Total biosolids production 0 0
Please indicate how finished biosolids were managed (i.e., land applied, sold, stored, or other).
Class A Class B
Land applied in bulk to agricultural land
Land applied in bulk to forest land
Land applied in bulk to reclamation site
Land applied in bulk to a public contact site (e.g., park, roadside golf course)
2 Sold or given away as feedstock for a biosolids-derived product
Sold or given away in bags or other containers
Carried-over into next year (i.e., onsite storage)
Sent to landfill
Other, please specify:
Total biosolids disposition (add above lines) 0 0

Wastewater solids and biosolids annual report / Part lI: Biosolids production and quality
v. 10-26-2018 Page 4



K. BIOSOLIDS SAMPLING

Select your facility’s minimum regulatory monitoring frequency (select only one box):
Monitoring frequency [] Once per year | [_] Once per quarter | [_] Once per 60 days | [_] Once per month
1. (four times per year) [ (six times per year) | (12 times per year)
Metric tons <290 290 > 1,500 1,500 > 15,000 > 15,000
US Tons <319 319> 1,650 1,650 > 16,500 >16,500
Provide details on compliance sampling.
Sample type .
_ Annugl yp o Sampling date
rocesses
- Quarterly Class
- 60 days (select all that apply) Pollutants | Nutrients
- Monthly
(A ] Aerobic dig. [] Air-dried [] Alkaline stabil.
Click Arrow OB ] Anaerobic dig. [ ] Heat dried ] Soil prod/blend
] Compost ] Lagoon [] Other
(A ] Aerobic dig. ] Air-dried [] Alkaline stabil.
Click Arrow B ] Anaerobic dig. [] Heat dried ] Soil prod/blend
[] Compost [] Lagoon [] Other
A ] Aerobic dig. [] Air-dried [] Alkaline stabil.
Click Arrow B ] Anaerobic dig. [] Heat dried ] Soil prod/blend
[] Compost [] Lagoon [] Other
(A ] Aerobic dig. [] Air-dried [] Alkaline stabil.
Click Arrow B [_] Anaerobic dig. [] Heat dried ] Soil prod/blend
] Compost ] Lagoon [] Other
(A ] Aerobic dig. [ ] Air-dried [] Alkaline stabil.
Click Arrow B ] Anaerobic dig. [] Heat dried ] Soil prod/blend
5 ] Compost ] Lagoon [] Other
(A ] Aerobic dig. [ ] Air-dried [] Alkaline stabil.
Click Arrow (B ] Anaerobic dig. [] Heat dried ] Soil prod/blend
] Compost ] Lagoon [] Other
(A ] Aerobic dig. [ ] Air-dried [] Alkaline stabil.
Click Arrow OB ] Anaerobic dig. [ ] Heat dried ] Soil prod/blend
[] Compost [] Lagoon [] Other
(A ] Aerobic dig. [] Air-dried [] Alkaline stabil.
Click Arrow B ] Anaerobic dig. [] Heat dried ] Soil prod/blend
[] Compost [] Lagoon [] Other
(A ] Aerobic dig. ] Air-dried ] Alkaline stabil.
Click Arrow OB ] Anaerobic dig. [] Heat dried ] Soil prod/blend
[] Compost [] Lagoon [] Other
(A ] Aerobic dig. ] Air-dried ] Alkaline stabil.
Click Arrow OB ] Anaerobic dig. [ ] Heat dried ] Soil prod/blend
] Compost ] Lagoon [] Other
(A ] Aerobic dig. [ ] Air-dried [] Alkaline stabil.
Click Arrow B ] Anaerobic dig. [] Heat dried ] Soil prod/blend
] Compost ] Lagoon [] Other
(A ] Aerobic dig. [ ] Air-dried [] Alkaline stabil.
Click Arrow OB ] Anaerobic dig. [] Heat dried ] Soil prod/blend
] Compost ] Lagoon [] Other

Wastewater solids and biosolids annual report / Part lI: Biosolids production and quality
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L. BIOSOLIDS POLLUTANT MONITORING

Report pollutant monitoring data from collected samples. Express results in mg/kg (ppm) based on dry wt.
Please attach laboratory reports for results only. No lab QA/QC.

Biosolid Type: ClassA[ ] ClassB[]

Sample type Average Pollutant Concentrations
- Annual
- Quarterly As Cd Cu Pb Hg Mo Ni Se Zn

- 60 days (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg)
- Monthly

Click Arrow

Click Arrow

Click Arrow

Click Arrow

Click Arrow

Click Arrow

Click Arrow

Click Arrow

Click Arrow

Click Arrow

Click Arrow

Click Arrow

Annual Mean

Table 1* 75 85 4300 840 57 75 420 100 7500
Ceiling conc.

Table 32 41 39 1500 300 17 N/A 420 100 2800
Pollutant conc.

140 CFR § 503.13 Table 1 — Ceiling concentrations. Samples with pollutant concentrations that exceed the Table 1 limits
are not eligible for land application and must be disposed by other means.

240 CFR § 503.13 Table 3 — Pollutant Concentrations. Samples with pollutant concentrations that exceed the Table 3
limits are subject to cumulative pollutant loading rates in 40 CFR § 503.13 Table 2. Annual and cumulative pollutant
additions to land application sites must be submitted with the annual report.

Wastewater solids and biosolids annual report / Part lI: Biosolids production and quality
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M. BIOSOLIDS NUTRIENT MONITORING

Report nutrient monitoring data from collected samples. Express results in mg/kg (ppm) based on
dry weight, except where otherwise noted. Please attach laboratory reports for results only. No lab

QA/QC.
Biosolid Type: ClassA[ ] ClassB[]

Sample type Average Nutrient Concentrations

- Annual

- Quarterly TKN NOs-N NH4-N P K pH Total
1. |- 60 days (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (S.U.) [solids (%)
- Monthly

F. coli
MPN []
CFU[]

Click Arrow

Click Arrow

Click Arrow

Click Arrow

Click Arrow

Click Arrow

Click Arrow

Click Arrow

Click Arrow

Click Arrow

Click Arrow

Click Arrow

Annual Mean

Wastewater solids and biosolids annual report / Part lI: Biosolids production and quality
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N. BIOSOLIDS PATHOGEN REDUCTION MONITORING and RECORDS

Attach documentation on pathogen reduction.

Identify alternative(s) used to meet Class A or Class B pathogen reduction (PR): 40 CFR §503.32

Class A Alternatives

Class B Alternatives

Biosolids have been tested for (select one or both):
[ ] fecal coliform
[ ] salmonella

[ ] Alternative 1: Thermally treated biosolids
[] Alternative 2: Biosolids treated in a high pH-high
temperature process
[] Alternative 3: Biosolids treated in other processes
that meet enteric virus and helminth ova criteria.
[ ] Alternative 4: Biosolids treated in unknown
processes that meet enteric virus and helminth ova
criteria.
[ ] Alternative 5: Use of a Process to Further Reduce
Pathogens (PFRP) (select all that apply)
[ ] (a) Composting
[ ] (b) Heat drying
[ ] (c) Heat treatment
] (d) Thermophilic aerobic digestion
[ ] (e) Beta ray irradiation
[] (f) Gamma ray irradiation
[ ] (g) Pasteurization
[] Alternative 6: Use of a Process equivalent to a
PFRP.
Identify:

] Alternative 1: Monitoring of fecal coliform as
the geometric mean of the density of fecal coliform of
seven representative samples (select option met):

[_] < 2 million Most Probable Number (MPN)
per gram of solids (dry wt. basis)

[_] < 2 million Colony Forming Units (CFU) per
gram of total solids (dry wt. basis)

[ ] Alternative 2: Biosolids treated in one of the
Processes to Significantly Reduce Pathogens (PSRP)
described below:

[ (a) Aerobic digestion
(] (b) Air drying

] (c) Anaerobic digestion
] (d) Composting

[] (e) Lime stabilization

[] Alternative 3: Biosolids treated in a process that is
equivalent to a PSRP.

Identify:

Wastewater solids and biosolids annual report / Part lI: Biosolids production and quality

v. 10-26-2018
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O. BIOSOLIDS VECTOR ATTRACTION REDUCTION and RECORDS

Identify option(s) used to meet vector attraction reduction (VAR): 40 CFR §503.33
Attach documentation demonstrating compliance.

In-plant options:

[] Option 1: 38% reduction in volatile solids content. Select method used for determining volatile solids reduction:
[] Full mass balance equation
[ ] Approximate mass balance equation
[] Van Kleeck equation
[] Volatile solids loss across all sewage sludge treatment processes

[] Option 2: Bench-scale anaerobic digestion for 40 additional days at 30 °C to 37 °C.

[] Option 3: Bench-scale aerobic digestion for 30 additional days at 20 °C.

1. [[_] Option 4: SOUR at 20 °C. (Only for material <2% solids with no dilution.)

[] Option 5: Aerobic treatment for at least 14 days over 40 °C with an average temperature of over 45 °C.

[] Option 6: Alkali addition to raise pH to at least 12 at 25 °C and maintain a pH > 12 for 2 hours and a pH > 11.5
for 22 more hours.

[] Option 7: Drying with no unstabilized (primary) solids to at least 75% solids.

[] Option 8: Drying with unstabilized (primary) solids to at least 90% solids.

Site management options:

[] Option 9: Injection with no biosolids present on land surface 1 hour after injection. (Class A biosolids only:
Injection within 8 hours of pathogen reduction.)

[_] Option 10: Incorporation within 6 hours of application. (Class A biosolids only: Incorporation within 8 hours of
pathogen reduction.)

If VAR was met through Option 1, a 38% reduction in volatile solids, report the average reduction
percentage found.

Biosolid Type Average Volatile Solid Reduction
2. Class A 0.00%
Class B 0.00%
0.00%
0.00%

P. VIOLATIONS OF 40 CFR §503 or OAR CHAPTER 340 DIVISION 50

Did any violations of 40 CFR §503 or OAR Chapter 340 Division 50 occur during the reporting period?
[ ] No.

[ ] Yes. Provide a detailed description of the violation(s) and remedial actions taken to prevent reoccurrences in the
future. If this was a spill, please include the OARS report #.

Wastewater solids and biosolids annual report / Part lI: Biosolids production and quality
v. 10-26-2018 Page 9



Q. SUMMARY OF PART Il ATTACHMENTS

Information DEQ requests with all annual reports:

[_] Analytical laboratory reports for pollutant monitoring. No lab QA/QC

1. |[] Analytical laboratory reports for nutrient monitoring. No lab QA/QC

[] Documentation to demonstrate compliance with pathogen reduction requirements.

] Documentation to demonstrate compliance with vector attraction reduction requirements.

Information required if pollutants in Section L exceed Table 3 values:

2. 1] Annual and cumulative pollutant additions to land application sites, if any pollutant concentration exceeds the
Table 3 values.

Optional and supplemental information:

[] Other information on changes to solids handling or land application site management.
[] Other information on biosolids violations and remedial actions.
[] Other. Please specify:

R. SIGNATURE OF LEGALLY AUTHORIZED REPRESENTATIVE

I certify, under penalty of law, that the information that will be used to determine compliance with the pathogen
requirements in 40 CFR 8503.32 (identified in Section P of this report) and the vector attraction reduction
requirements in 40 CFR 8503.33 (identified in Section Q of this report) was prepared under my direction and
supervision in accordance with the system designed to ensure that qualified personnel properly gather and evaluate
this information. I am aware that there are significant penalties for false certification including the possibility of fine
and imprisonment.

Signature Title Date

Print Name:

Wastewater solids and biosolids annual report / Part lI: Biosolids production and quality
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State of Oregon DEQ use only
Department of Environmental Quality
700 NE Multnomah St. Suite 600, Portland, OR 97232

DEQ Wastewater Solids and Biosolids Annual Report
owenmentct P art ||l: Biosolids land application site information

Part lll: Must be completed by facilities that land applied Class B biosolids during the reporting period.
Add additional pages as needed.

S. LAND APPLICATION SITE INFORMATION |

Location, PLSS Abbl. rate Total Total area | Was site applied
(Township, Range, Section, Tax| Crop(s) (Igg i\llac) applied | applied | to the previous
Lot) (DT/site)* | (acres) year?

[ ]Yes []No
[ ]Yes [ ]No
[ ]Yes [ ]No
[ ]Yes [ ]No
[ ]Yes [ ]No
[ ]Yes []No
[ ]Yes []No
[ ]Yes []No
[ ]Yes []No
[ ]Yes []No
[ ]Yes []No
[ ]Yes []No
[ ]Yes []No
[ ]Yes []No
[ ]Yes []No

Owner

Szl (Last Name)

o IS e I I Bl S A

-
©

-
=

-
N

-
e

-
5=

N

-
o1

Attach additional pages as required to report on all sites that received class B biosolids during the reporting period.

* Please report in units of dry US tons (US ton = 2,000 Ibs)
** Please attach laboratory report showing sample results only. No lab QA/QC.

Wastewater solids and biosolids annual report / Part lll: Biosolids land application site information
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T. SUMMARY OF PART lll ATTACHMENTS

Information required with some annual reports:

1. |[L] Additional copies of Table S for additional land application.

[] Analytical results from soil testing

Example of documentation held by the permittee and available upon request:

[] Additional land application site information.

[] Figures showing where biosolids were applied.

[] Nitrogen loading calculations

U. SIGNATURE OF LEGALLY AUTHORIZED REPRESENTATIVE

I certify, under penalty of law, that the information that will be used to determine compliance with the site restrictions in Sec. 503.32(b)(5) for each site on
which Class B sewage sludge was applied was prepared under my direction and supervision in accordance with the system designed to ensure that qualified
personnel properly gather and evaluate this information. | am aware that there are significant penalties for false certification including the possibility of fine
and imprisonment.

Signature Title Date

Print Name:

Wastewater solids and biosolids annual report / Part lll: Biosolids land application site information
v. 10-26-2018 Page 12



State of Oregon
Department of Environmental Quality
700 NE Multnomah St. Suite 600, Portland, OR 97232

DEQ Wastewater Solids and Biosolids Annual Report

State of Oregon
of

S Instructions
Quality

National Pollutant Discharge Elimination System (NPDES) and Water Pollution Control Facility (WPCF) permittees are
required to report to the Department of Environmental Quality (DEQ) on the production, use, disposal or storage of
domestic wastewater solids. DEQ requests the permit holder submit information on activities during the previous year by
February 19. You must submit 2 copies of the report as directed below and Class I facilities must complete EPA’s online
NeT reporting.

The annual report is in three parts:
e Part I: Wastewater solids production and disposition. Required for all facilities.

e Part II: Biosolids production and quality. Required for facilities that produced Class A or Class B biosolids
for land application, or sold or gave away biosolids derived products for distribution and marketing.

o Part III: Biosolids land application site information. Required for facilities that land applied Class B biosolids.

Depending on your facility’s wastewater solids handling during the previous calendar year, your facility may be required
to submit one, two, or all three parts of the report.

If your facility: If your facility: If your facility:

e Isalagoon system and has not e Processed wastewater solids for e [Land applied Class A or Class B

removed solids during the
previous year
e Transferred solids to another

facility

Then you must submit:

e Part I of the report

wastewater facility for processing
e Transferred solids to a landfill,
incinerator, or energy production

e Put solids into long-term storage

beneficial use on the land as a soil
amendment or fertilizer
Processed and distributed
wastewater solids (by sale or
given away) for use as feedstock
for a biosolids-derived product
(e.g., compost, derived-soil, etc.)
Sold or gave away biosolids or a
biosolids-derived product

Then you must submit:

e Part I of the report
e Part II of the report

biosolids in bulk (including
application using agricultural
equipment such as a manure-
spreader, irrigation cannon, side-
slinger, etc.) to agricultural land,
forest land, reclamation site, or
public contact site (e.g., park,
roadside, golf course)

Then you must submit:

e Part I of the report
e Part II of the report
e Part III of the report

Copy 1: Send a copy of the completed report to your regional DEQ office:

hard copy:

ATTN: Biosolids Program Coordinator

DEQ Water Quality Division

700 NE Multnomah St. Suite 600

Portland, OR 97232

Copy 2: Send an electronic copy of the report to the DEQ Headquarters (heins.pat@deg.state.or.us) or

Copy 3: If you are a Class | facility, your treatment facility has a design flow of 1 MGD or more, or you serve a
population of 10,000 or more, complete EPA’s online NeT reporting.

Instructions for Wastewater Solids and Biosolids Annual Report (last updated:10/26/2018) 1




State of Oregon
Department of Environmental Quality
700 NE Multnomah St. Suite 600, Portland, OR 97232

DEQ Wastewater Solids and Biosolids Annual Report

State of Oregon
of

s Instructions for Part I: Wastewater solids production and disposition
Quality

Required for all domestic wastewater treatment facilities.

A. Reporting Period
1. The annual report is due to DEQ by February 19" and provides information on solids management activities
during the previous calendar year. Enter the calendar year for which the report is being submitted.

B. Permit Information
1. Provide information on your permit:
a. Identify the type of permit, WPCF or NPDES. Choose only one.
b.DEQ File No. This information is located on the cover page of your DEQ-issued permit.
c. DEQ Permit No. This information is located on the cover page of your DEQ-issued permit.
d.EPA Permit No. Applies to NPDES permits only.

C. Facility Information
The facility information clarifies what should be included in the report and who should receive copies of the report. It
expedites DEQ review of the report and ensures that you have submitted a report that complies with the conditions in
your permit.

1. Provide the name of your facility.

2. Provide the physical address of the facility, including street, city, state, and zip code.

3. Provide the mailing address for the facility. If the mailing address is the same as the physical address, you may
check the box “Same as physical address.”

4. Identify the type of facility. Check all boxes that apply. If an important identifier has not been listed, please
provide the information under “Other:” If you have checked any of the first three items and land applied
biosolids, please report to EPA’s online NeT reporting.

D. Contact Information
DEQ uses the contact information for correspondence with the facility on their wastewater solids/biosolids program.

1. Provide full contact information for the responsible official at the treatment facility. The responsible offices is
typically a supervisor, manager, or other person who is accountable for ensuring operations comply with the
conditions in the permit. Any official correspondence on the report or the facility’s compliance with requirements
in the permit will be communicated to the responsible official.

2. Provide full contact information for the biosolids contact at the facility. If the biosolids contact is the same as the
responsible official, check the box “Same as responsible official.” Some facilities have a staff person who
maintains primary responsibility for the solids handling operations. This person often has the most direct
knowledge of information in the report. DEQ will contact the biosolids contact if there are questions on the
technical content of the report.

E. Wastewater Solids Received
DEQ uses information on wastewater solids received to track statewide solids management. This information may
also be available to provide technical assistance to communities or businesses (e.g., septage pumpers) that are seeking
treatment facilities.

1. Please indicate if your facility received wastewater solids or hauled waste for from another facility (or facilities)
for processing. If you received unprocessed wastewater solids or hauled waste, please identify the source of
material, the type of material (septage or sludge), the quantity received and the reporting units. If you have
information on the percent solids (for quantities reported in gallons or wet tons), please provide that information.
If the information is unavailable, this value may be left blank. Please attach additional pages as necessary.

F. Wastewater Solids Treatment Processes
Instructions for Wastewater Solids and Biosolids Annual Report (last updated:10/26/2018) 2



In addition to helping DEQ provide technical assistance to your program, information on wastewater solids treatment
processes supports efforts to identify national and regional trends in solids management and improve beneficial reuse
operations. Organizations, such as the Northwest Biosolids Management Association (NBMA) and the Water
Environment Federation (WEF), often request this type of information when developing technical reports. Research
organizations, such as Oregon State University, may use this information to develop best management practices for
biosolids land application programs.

1. Identify the various solids treatment technologies at your facility, whether used or unused. If a technology is not
listed, please check “other” and identify the type of technology used. Check as many as apply. If you operate a
lagoon system, please check “Lagoon”; other boxes may be left unchecked.

G. Wastewater Solids Disposition
DEQ uses the information in this section to understand how wastewater solids are managed by wastewater treatment
facilities statewide. Wastewater disposition includes reuse, disposal, storage, and transfer to other facilities. When
answering these questions, please check the box for all solids management methods that were used during the
reporting period. Please attach additional pages as needed.

1. Treatment to Class A or B biosolids standards for subsequent use on the land as a fertilizer or soil amendment.
Please report the quantity of untreated sludge that was introduced for treatment. The quantity of finished biosolids
produced by your facility will be reported in Part II of this report.

Disposal at a landfill facility. Please list the name of the facility receiving wastewater solids.

3. Transfer of solids to another wastewater facility for further treatment. Please list the name of the facility or
facilities receiving wastewater solids.

4. Long-term storage at the treatment facility, including sludge lagoons, tanks, drying beds, or other storage units. If
you operate a lagoon system and do not have accurate data on the quantity of solids in your lagoon, please check
the box for long-term storage, but you may leave the quantity and other information blank.

5. Other uses or disposal of wastewater solids, such as but not limited to: transfer to a sewage sludge incinerator,
feedstock for biogas generation or other energy project, or feedstock for another product or process. Please
identify the other use or disposal methods.

H. Lagoon System Operation and Maintenance
The following section is required only for facilities that operate wastewater lagoons or biosolids storage lagoons.
DEQ uses this information to provide technical assistance and for planning purposes. Please respond to all three of
the following:

1. Was a survey of wastewater solids in the lagoon completed within the last year?
2. In what year were wastewater solids last removed from the lagoon?
3. When do you estimate wastewater solids will next be removed from the lagoon? Select only one of the options.

. Signature
The report must be signed by a person legally authorized to represent your treatment facility.

DEFINITION OF LEGALLY AUTHORIZED REPRESENTATIVE
e Corporation: president, secretary, treasurer, vice-president, or any person who performs principal business
function; or a manager of one or more facilities that is authorized in accordance to corporate procedure to sign
such documents.
Partnership: General partner [list of general partners, their addresses, and telephone numbers]
Sole Proprietorship: Owner(s) [each owner must sign the application]
City, County, State, Federal, or other Public Facility: Principal executive officer or ranking elected official
Limited Liability Company: Member [articles of organization]
Trusts: Acting trustee [list of trustees, their addresses, and telephone numbers]

Instructions for Wastewater Solids and Biosolids Annual Report (last updated:10/26/2018) 3



State of Oregon
Department of Environmental Quality
700 NE Multnomah St. Suite 600, Portland, OR 97232

DEQ Wastewater Solids and Biosolids Annual Report

State of Oregon
of

il Instructions for Part ll: Biosolids production and quality
Quality

Required for all facilities that produced Class A or Class B biosolids for land application, or sold or gave away
biosolids derived products for distribution and marketing.

J. Biosolids Production and Disposition
DEQ requires a summary of biosolids production and use from all facilities that produce biosolids for land
application, or sell or give away biosolids derived products for distribution and marketing. The information in this
section should summarize the quantity of finished biosolids produced at the facility during the reporting period as well
as how those finished biosolids were managed. “Finished biosolids” refers to biosolids that have been sufficiently
treated and are ready for use on the land or public distribution. Finished biosolids includes product that has been
placed in storage, but does not include material that is unfit for use or distribution. (For example, a batch of biosolids
compost that is curing on December 31 is not yet finished and should be reported in the next annual report.) DEQ uses
this information to determine compliance with your permit as well as track trends in biosolids production and
management around the state.

1. Please provide the quantity of finished biosolids that were produced or stored onsite at your facility during the
reporting period. If finished biosolids were produced and stored during the previous reporting period, please
report the quantity of material stored at the treatment facility that was carried-over from the previous year.
Carried-over material does not include biosolids that are being staged or stored in the field at a land application
site. Please report the quantity of biosolids in dry tons under the appropriate column for Class A or Class B
biosolids. Provide the total annual biosolids production by adding together the quantity of “carried-over” biosolids
and new biosolids produced during the reporting period.

2. Please indicate how finished biosolids were managed during the reporting period using the categories provided on
the report (i.e., rows). Report the quantity in dry tons under the appropriate column for Class A or Class B
biosolids. If finished biosolids were in onsite storage at the treatment facility on December 31, please reporting
the quantity as “Carried-over into next year.” If finished biosolids are managed in another manner, such as
disposal at a landfill or transfer to another facility, please specify how the biosolids were managed and the
quantity. Provide the total annual biosolids disposition (under Class A or Class B) by adding together the various
biosolids management practices.

K. Biosolids Sampling
Biosolids must be sampled and monitored to demonstrate compliance with your permit. The sampled biosolids must
be representative of the treatment process(es) and characterize the quantity and quality of biosolids produced. The
minimum sampling frequency is based on the total quantity of biosolids produced; however, additional samples may
be required to adequately characterize different treatment processes. For example, a facility that produces 250 US dry
tons of biosolids must sample only once per year; however, if the facility produces biosolids by more than one process
(e.g., alkaline stabilized biosolids in the winter, air-dried biosolids in the summer), additional samples may be
required to meet the requirement that samples be representative. You will report both types of information in this
section.

1. The minimum biosolids sampling frequency is based on the total quantity of finished biosolids produced for
application to the land, including both bulk land application and biosolids produced for sale or distribution (e.g.,
biosolids compost sold to the public). Please select the appropriate testing frequency based on the quantity of
biosolids produced at your facility during the reporting period.

2. Please provide information on the biosolids sampling that occurred during the reporting period. For each sample,
please provide the following information:

a. Select either Class A or Class B biosolids

b.Identify the treatment processes that were used to produce the biosolids. More than one selection may be
made for each sample type. For example, if biosolids were anaerobically digested then composted, select
both “Anaerobic dig.” and “Compost.” This information is used to characterize how different biosolids
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processes affect biosolids characteristics. Oregon State University uses this type of information when
updating their biosolids publications.

c. Please provide the date the sample(s) was taken. If sampling for pollutants and nutrients occurred on
different days, different dates should be reported.

L. Biosolids Pollutant Monitoring
A report on pollutant concentrations in biosolids is required to demonstrate compliance with the pollutant limits
specified in OAR 340-050-0035(2)(a). Please attach analytical laboratory reports for pollutant monitoring.

1. For each of the collected samples identified in the previous section, report the concentration for the nine regulated
pollutants. Please report all concentrations as mg/kg on a dry weight basis. If a pollutant concentration is non-
detect, please report the value using the less-than symbol followed by the reporting limit. For example <0.050
should be reported for a parameter that is non-detect where the reporting limit is 0.050 mg/kg. The 40 CFR
§503.13 pollutant limits are provided as a reference. If the concentration of any pollutant exceed the Table 1
Ceiling Concentration, the biosolids may not be applied to the land and must be disposed in another manner, such
as landfill or incineration. If the concentration of any pollutant exceeds the Table 3 Pollutant Concentration, the
annual and cumulative pollutant additions to specific land application sites for all nine metals must be submitted
with the annual report!.

M. Biosolids Nutrient Monitoring
DEQ requires biosolids be monitored for nutrients and other chemical parameters [OAR 340-050-0035(2)(a)]. Data
on nutrient concentrations, specifically nitrogen, is used to determine compliance with agronomic loading rates.
Please attach analytical laboratory reports for nutrient monitoring.

1. For each of the collected samples identified in Section K, report the concentration for the eight nutrients and other
parameters listed. Please report all concentrations as mg/kg on a dry weight basis. If a pollutant concentration is
non-detect, please report the value using the less-than symbol followed by the reporting limit. For example
<0.0010 should be reported for a parameter that is non-detect where the reporting limit is 0.0010.

N. Biosolids Pathogen Reduction Monitoring and Records
DEQ requires data to determine compliance with pathogen reduction [OAR 340-050-0035(6)(c)]. Please attach
supplemental data on pathogen reduction.

1. Please identify the pathogen reduction alternatives used to produce Class A or Class B biosolids. If more than one
alternative was used, multiple selections may be made. For Class A biosolids, identify whether biosolids were
monitored for fecal coliform or salmonella as well as the Class A pathogen reduction alternative.

O. Biosolids Vector Attraction Reduction and Records
DEQ requires data to determine compliance with vector attraction reduction [OAR 340-050-0035(6)(¢c)]. Please
attach supplemental data on vector attraction reduction.

1. Please identify the options used to achieve vector attraction reduction. If more than one option was used, multiple
selections may be made.

P. Violations of 40 CFR §503 or OAR Chapter 340 Division 50
OAR 340-050-0035(6)(e) requires the permittee to provide “a detailed description of any violation of 40 CFR §503 or
OAR Chapter 240, Division 50 and remedial actions to prevent the recurrence of similar violations in the future.

1. Please indicate (Y/N) if any violation of 40 CFR §503 or OAR 340-050 occurred during the reporting period. If
you received a Warning Letter or other enforcement action from DEQ on your biosolids management program
during the reporting period, you should answer “Yes” and provide a detailed description. Please attach additional
documentation as necessary.

Q. Summary of Part Il Attachments
1. DEQ requests the following information be submitted with Part II of this report:
a. Analytical laboratory reports for pollutant monitoring showing results. No lab QA/QC documents

! A report on the annual and cumulative pollutant loading rates is required for as long as the facility continues use any site that has
received biosolids exceeding the Table 3 values—even if future pollutant concentrations fall below the Table 3 values.
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b. Analytical laboratory reports for nutrient monitoring showing results. No lab QA/QC documents
c. Documentation on demonstrate pathogen reduction
d. Documentation on Vector Attraction Reduction (VAR)
2. The following information is required if pollutant concentrations in land applied biosolids exceed the Table 3
concentrations in 40 CFR §503.13:
a. Annual and cumulative pollutant addition to land application sites
3. The following information may be submitted with this report:
a. Additional documentation on biosolids production or disposition
b. Additional documentation of biosolids sampling
c. Additional information on changes to solids handling or land application site management
d. Additional information on biosolids violations and remedial actions
e. Other information. Please identify.

R. Signature of Legally Authorized Representative
OAR 340-050-0035(3) and 40 CFR §503.17 require the biosolids preparer to maintain records with a certification
statement that biosolids were prepared as required by law. The report must be signed by a person legally authorized to
represent your treatment facility. See definition of Legally Authorized Representative under Section L.
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State of Oregon
Department of Environmental Quality
700 NE Multnomah St. Suite 600, Portland, OR 97232

DEQ Wastewater Solids and Biosolids Annual Report

State of Oregon
of

il Instructions for Part lll: Biosolids production and quality
Quality

Required for all facilities that land applied Class B biosolids.

S. Land Application Site Information
DEQ requires information be submitted in the annual report that is adequate to demonstrate that solids were applied
within agronomic loading rates and other required site management practices.

1. For each site on which biosolids were land applied during the reporting period, please provide the following
information. If needed, please attach additional sheets to include all land application sites. You may provide any
additional information on land application activities at the sites to demonstrate that land application was in
compliance with all permit requirements.

a. The site ID. This should generally correspond to the site name on your DEQ site authorization approval
letter.

b. The location of the site by the Public Land Survey System, which uses the township, range, section, and tax
lot. This information should correspond to that on your DEQ site authorization approval letter.

c. The crop or vegetation grown on the property.

d. The quantity of nitrogen applied to the site as biosolids in Ibs N/ac.

e. The total quantity of biosolids land applied in dry tons/ac.

f. The total area of the site receiving biosolids in acres.

g.Indicate if biosolids were applied to the field during the previous year.

h.If soil testing was done, please check the box “Soil test” and attach results to the report.

T. Summary of Part lll attachments
1. If Part III of the report is completed in full and all land application sites have been reported, no additional
information is required.

2. When necessary, DEQ requests the following additional information be submitted with the report:
a. Reporting forms for additional sites
b. Analytical results from soil testing

3. The following information may be submitted with this report:
a. Additional information necessary to demonstrate that land application occurred as required under your

permit, including the land application plan and site authorization letters.

b. Other information, as appropriate. If other information is submitted, please identify.

U. Signature of Legally Authorized Representative
OAR 340-050-0035(3) and 40 CFR §503.17 requires the biosolids land applied to maintain records with a
certification statement that Class B biosolids were land applied as required by law. The report must be signed by a
person legally authorized to represent your treatment facility. See definition of Legally Authorized Representative
under Section L.
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UMPQUA Research Company - Table Rock

419 SW 5th Street

Pendleton, Oregon 97801

(541) 863-5201 Fax: (541) 863-6199
E-mail: TRLab@URCmail.net
Internet: www.umpquaresearch.com

ANALYSIS REPORT
URC# T3F2111

ORELAP ID# OR100061
Enterprise, City of Project: Wastewater Date Reported:  06/26/23
102 E North St. Project #: General Testing Date Sampled:  06/21/23 09:00

Enterprise, OR 97828

Client Contact: Dave Wilkie

Date Received: 06/21/23 13:35
Sampled By: Dave

Sample Location: Waste Water Digester Biosolids URC Sample #: T3F2111-01 Matrix: Sludge
Inorganics
Analyte Code  Result Units MRL BML Prepared Analyzed Analyst  Qualifier
SM 2540B
Total Solids 0.756 % by Weight 0.030 06/22/23 06/26/23 DTD B
UMPQUA Research Company/TR The results in this report apply to the samples analyzed in accordance with the chain of
ey custody document.
\7{/{3’ A 1{ /ﬁ! J / /‘//_’if e ’L] This analytical report must be reproduced in its entirety.
aled E Lt 7
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UMPQUA Research Company - Table Rock ANALYSIS REPORT

419 SW 5th Street
Pendleton, Oregon 97801 URC # T3F2111

(541) 863-5201 Fax: (541) 863-6199
E-mail: TRLab@URCmail.net
Internet: www.umpquaresearch.com

ORELAP ID# OR100061

Enterprise, City of Project: Wastewater Date Reported:  06/26/23

102 E North St. Project #: General Testing Date Sampled:  06/21/23 09:00

Enterprise, OR 97828 Date Received: 06/21/23 13:35

Client Contact: Dave Wilkie Sampled By: Dave

Sample Location: Waste Water Digester Biosolids URC Sample #: T3F2111-01 Matrix: Sludge
Microbiology
Analyte Code Result Units MRL BML Prepared Analyzed Analyst  Qualifier
SM 9221-B&E

Fecal Coliforms 3400 MPN/g dry 26 06/22/23 14:50 06/23/23 DTD
UMPQUA Research Company/TR The results in this report apply to the samples analyzed in accordance with the chain of

e custody document.
%{'f s /’ 14174 /‘,/_/)f g This analytical report must be reproduced in its entirety.
/ ™ I;{ A //
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UMPQUA Research Company - Table Rock ANALYSIS REPORT

419 SW 5th Street
Pendleton, Oregon 97801 URC # T3F2111

(541) 863-5201 Fax: (541) 863-6199
E-mail: TRLab@URCmail.net
Internet: www.umpquaresearch.com

ORELAP ID# OR100061
Qualifiers and Definitions

B Analyte detected in the method blank
DET Analyte DETECTED
ND Analyte NOT DETECTED at or above the MRL (minimum reporting limit)
NA Not Applicable
NR Not Reported
dry Sample results reported on a dry weight basis
RPD Relative Percent Difference
MRL Minimum Reporting Limit
MDL Minimum Detection Limit
BML Benchmark Level

(69)] ORELAP Accredited Analyte

~) Due to rounding of individual analytes, the "total" may vary slightly from the sum of the individual analyte values.

Analytes flagged with * were subcontracted to Umpqua Research Company/MC. ORELAP ID #: OR100031

UMPQUA Research Company/TR The results in this report apply to the samples analyzed in accordance with the chain of
N custody document.
N, 1)l gt This analytical report must be reproduced in its entirety.
Qey 1116 i ytical rep P ty
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UMPQUA Research Company - Table Rock ANALYSIS REPORT

419 SW 5th Street

Pendleton, Oregon 97801 URC # T3F2113
(541) 863-5201 Fax: (541) 863-6199

E-mail: TRLab@URCmail.net

Internet: www.umpquaresearch.com

ORELAP ID# OR100061

Enterprise, City of Project: Wastewater Date Reported: 07/10/23

102 E North St. Project #: General Testing Date Sampled:  06/21/23 09:00

Enterprise, OR 97828 Date Received: 06/21/23 13:35

Client Contact: Dave Wilkie Sampled By: Dave

Sample Location: Influent URC Sample #: T3F2113-01 Matrix: Aqueous
Inorganics
Analyte Code Result Units MRL BML Prepared Analyzed Analyst  Qualifier
SM 2540D

TSS 162 mg/L 10.0 06/23/23 06/26/23 DTD
SM 5210B

5-day BOD 110 mg/L 2 20 06/22/23 17:01 06/26/23 DTD
UMPQUA Research Company/TR The results in this report apply to the samples analyzed in accordance with the chain of

e custody document.
%{'f s /’ 14174 /‘,/_/)f g This analytical report must be reproduced in its entirety.
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UMPQUA Research Company - Table Rock

419 SW 5th Street

Pendleton, Oregon 97801

(541) 863-5201 Fax: (541) 863-6199
E-mail: TRLab@URCmail.net
Internet: www.umpquaresearch.com

ANALYSIS REPORT
URC# T3F2113

ORELAP ID# OR100061
Enterprise, City of Project: Wastewater Date Reported: 07/10/23
102 E North St. Project #: General Testing Date Sampled:  06/21/23 09:00

Enterprise, OR 97828
Client Contact: Dave Wilkie

Date Received:

Sampled By:

06/21/23 13:35

Dave

Sample Location: Effluent URC Sample #: T3F2113-02 Matrix: Aqueous
Inorganics
Analyte Code  Result Units MRL BML Prepared Analyzed Analyst  Qualifier
SM 2540D
TSS 1.5 mg/L 1.2 06/23/23 06/26/23 DTD
SM 4500 NH3 B
*Ammonia as N ND mg/L 0.30 06/28/23 06/28/23 JBN
SM 5210B
5-day BOD 3 mg/L 2 20 06/22/23 17:01 06/26/23 DTD
UMPQUA Research Company/TR The results in this report apply to the samples analyzed in accordance with the chain of
e custody document.
\7{/{3’ A 1{ /ﬁ! J / /‘//_’if e ’L] This analytical report must be reproduced in its entirety.
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UMPQUA Research Company - Table Rock

419 SW 5th Street

Pendleton, Oregon 97801

(541) 863-5201 Fax: (541) 863-6199
E-mail: TRLab@URCmail.net
Internet: www.umpquaresearch.com
ORELAP ID# OR100061

ANALYSIS REPORT
URC# T3F2113

Enterprise, City of Project: Wastewater Date Reported: 07/10/23

102 E North St.
Enterprise, OR 97828

Project #: General Testing Date Sampled:
Date Received:

Client Contact: Dave Wilkie Sampled By:

06/21/23 09:00
06/21/23 13:35

Dave

Sample Location: Digester BioSolids

URC Sample #: T3F2113-03 Matrix: Sludge

Inorganics
Analyte Code  Result Units MRL BML Prepared Analyzed Analyst  Qualifier
SM 2540B

*Total Solids 0.764 % by Weight 0.017 06/26/23 06/27/23 AHA
SM 2540E

*Volatile Solids 99.8 % by Weight 0.017 06/26/23 06/27/23 AHA

(of TS)

SM 4500 NH3 B

*Ammonia as N 4430 mg/kg dry 981 07/07/23 07/07/23 JBN
SM 4500-H B

pH 7.0 pH Units 06/21/23 16:21 06/21/23 ABK
SM 4500Norg B

*Total Kjeldahl Nitrogen 66800 mg/kg dry 9810 06/29/23 06/30/23 JBN
SM 4500P

*Phosphorus-Total 4.20 % by Weight 0.654 07/03/23 07/03/23 JBN

dry

USEPA 300.0

*Nitrite as N ND mg/kg dry 65.4 06/22/23 14:09 06/22/23 AHA

*Nitrate as N ND mg/kg dry 262 06/22/23 14:09 06/22/23 AHA

UMPQUA Research Company/TR

N ' N T /' —
/){/{rf |_( / / [ T\ L/
(G 4 ’}.I /

The results in this report apply to the samples analyzed in accordance with the chain of
custody document.
This analytical report must be reproduced in its entirety.
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419 SW 5th Street

Pendleton, Oregon 97801

(541) 863-5201 Fax: (541) 863-6199
E-mail: TRLab@URCmail.net
Internet: www.umpquaresearch.com
ORELAP ID# OR100061

UMPQUA Research Company - Table Rock

ANALYSIS REPORT
URC# T3F2113

Enterprise, City of
102 E North St.
Enterprise, OR 97828

Project: Wastewater

Project #: General Testing

Client Contact:

Dave Wilkie

Date Reported:
Date Sampled:
Date Received:

Sampled By:

07/10/23
06/21/23 09:00
06/21/23 13:35

Dave

Sample Location: Digester BioSolids

URC Sample #: T3F2113-03

Matrix: Sludge

Metals

Analyte Code  Result Units MRL BML Prepared Analyzed Analyst  Qualifier

EPA 6010D
*Arsenic ND mg/kg dry 32.7 06/29/23 06/29/23 DST
*Cadmium ND mg/kg dry 6.54 06/29/23 06/29/23 DST
*Chromium ND mg/kg dry 65.4 06/29/23 06/29/23 DST
*Copper 167 mg/kg dry 65.4 06/29/23 06/29/23 DST
*Lead ND mg/kg dry 32.7 06/29/23 06/29/23 DST
*Mercury ND mg/kg dry 13.1 07/05/23 07/05/23 DST
*Molybdenum ND mg/kg dry 65.4 06/29/23 06/29/23 DST
*Nickel ND mg/kg dry 65.4 06/29/23 06/29/23 DST
*Potassium 0.608 % by Weight 0.131 06/29/23 06/29/23 DST

dry

*Selenium ND mg/kg dry 65.4 06/29/23 06/29/23 DST
*Zinc 411 mg/kg dry 131 06/29/23 06/29/23 DST

UMPQUA Research Company/TR
)

s

/\ﬁ{f ) '{ /’ / J ( ' ;{)( Y124 ] This analytical report must be reproduced in its entirety.
) LA . >

Lacy McCamey For Amy Kasiska

The results in this report apply to the samples analyzed in accordance with the chain of
custody document.
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UMPQUA Research Company - Table Rock ANALYSIS REPORT

419 SW 5th Street
Pendleton, Oregon 97801 URC # T3F2113

(541) 863-5201 Fax: (541) 863-6199
E-mail: TRLab@URCmail.net
Internet: www.umpquaresearch.com

ORELAP ID# OR100061
Qualifiers and Definitions
QR-04 Duplicate RPD is above the control limit due to a non-homogeneous sample matrix.
DET Analyte DETECTED
nalyte at or above the minimum reporting limit

ND Analyte NOT DETECTED b he MRL (mini porting limi
NA Not Applicable
NR Not Reported
dry Sample results reported on a dry weight basis
RPD Relative Percent Difference
MRL Minimum Reporting Limit
MDL Minimum Detection Limit
BML Benchmark Level

(69)] ORELAP Accredited Analyte

~) Due to rounding of individual analytes, the "total" may vary slightly from the sum of the individual analyte values.

Analytes flagged with * were subcontracted to Umpqua Research Company/MC. ORELAP ID #: OR100031

UMPQUA Research Company/TR The results in this report apply to the samples analyzed in accordance with the chain of
N custody document.
\7{/{3’ A 1{ /ﬁ! /o /‘//_’if ne ’L] This analytical report must be reproduced in its entirety.
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Soil Testing



Soil & Plant Pre
Soil PAP S

soiltest

farm consultants, inc.

2023 Ofcr (THGAGEE - FeclSOOTSSO = S00MSA22. Fariceting
WALLOWA CO. GRAIN GROWERS Date Received: 11/13/2023
P.O. BOX 190 Grower: CITY OF ENTERPRISE
Field: 1 NWN
ENTERPRISE, OR 97828 Sampled By: KANE
Laboratory #:  S23-28708 Customer Account #:
Soil Test Results  Customer Sample ID:
Phosphorus Olsen mg/kg 13 pH 1:1 6.0
Potassium NH40Ac mg/kg 485 E.C.1:1 m.mhos/cm 0.33
Boron DTPA mg/kg  0.31 Est Sat Paste E.C. m.mhos/cm 0.86
Zinc DTPA mg/kg 1.2 Effervescence None
Manganese DTPA mg/kg 2.8 Lbs/Acre
Copper DTPA mg/kg 0.7 Ammonium - N mg/kg 26.1 84
Iron DTPA mg/kg 35 Organic Matter W.B. % 49 ENR: 0
Calcium NH40Ac meq/100g 13.2 Depth Nitrate-N Sulfate-S  Moisture
Magnesium NH40Ac meq/100g 3.5 inches  mg/kg Ibs/acre  mg/kg Inches
Sodium NH40Ac meqg/100g 0.33 0-12 28.0 90 213
Total Bases NH40Ac meq/100g 18.3 Totals 28.0 90 213
Other Tests: Sum of Tested N: 174  lbs/acre N
Total-N (%) = 0.20 Total-C (%)= 2.0 C:N=10.0
0-12 Mercury Mercury 0.10 mg/Kg
Interpretation Guide Fertilizer recommendations for
80 BU of WHEAT SOFT WINTER after WHEAT SOFT WINTER
Low Medium High
Nitrogen 174  lbs/acre 70 Ibs/acre of Nitrogen
Phosphorus 13 mg/kg 0lbs/acre of P205
Potassium 485 mg/kg 0 Ibs/acre of K20
Sulfur 213  mg/kg 0 Ibs/acre of Sulfur
Boron 0.31 mg/kg 0.5 Ibs/acre of Boron
Zinc 1.2  mg/kg 0 lbs/acre of Zinc
Manganese 2.8 mg/kg 0lbs/acre of Mn

We make every effort to provide an accurate analysis of your sample. For reasonable cause we will repeat tests, but because of factors beyond our control
in sampling procedures and the inherent variability of soil, our liability is limited to the price of the tests. Recommendations are to be used as general
guides and should be modified for specific field conditions and situations. Note: "u" indicates that the element was analyzed for but not detected

This is your Invoice #: S23-28708 Account #: 317300 Reviewed by: K. Bair, PhD, C List Cost: $191.00



Soil & Plant Pre
Soil PAP S

soiltest

farm consultants, inc.

2023 Ofcr (THGAGEE - FeclSOOTSSO = S00MSA22. Fariceting
WALLOWA CO. GRAIN GROWERS Date Received: 11/13/2023
P.O. BOX 190 Grower: CITY OF ENTERPRISE
Field: 2 NWS
ENTERPRISE, OR 97828 Sampled By: KANE
Laboratory #:  $23-28709 Customer Account #:
Soil Test Results  Customer Sample ID:
Phosphorus Olsen mg/kg 14 pH 1:1 6.2
Potassium NH40Ac mg/kg 651 E.C.1:1 m.mhos/cm 0.24
Boron DTPA mg/kg  0.36 Est Sat Paste E.C. m.mhos/cm 0.62
Zinc DTPA mg/kg 0.9 Effervescence None
Manganese DTPA mg/kg 2.4 Lbs/Acre
Copper DTPA mg/kg 0.6 Ammonium - N mg/kg 9.9 32
Iron DTPA mg/kg 32 Organic Matter W.B. % 5.1 ENR: 0
Calcium NH40Ac meq/100g 16.6 Depth Nitrate-N Sulfate-S  Moisture
Magnesium NH40Ac meq/100g 4.8 inches  mg/kg Ibs/acre  mg/kg Inches
Sodium NH40Ac meqg/100g 0.20 0-12 20.2 65 195
Total Bases NH40Ac meq/100g 23.2 Totals 20.2 65 195
Other Tests: Sum of Tested N: 97 Ibs/acre N
Total-N (%) = 0.177 Total-C (%)= 2.01  CN=113
0-12 Mercury Mercury 0.01 mg/Kg
Interpretation Guide Fertilizer recommendations for
80 BU of WHEAT SOFT WINTER after WHEAT SOFT WINTER
Low Medium High
Nitrogen 97 Ibs/acre 150 Ibs/acre of Nitrogen
Phosphorus 14  mg/kg 0lbs/acre of P205
Potassium 651 mg/kg 0lbs/acre of K20
Sulfur 195 mg/kg 0 Ibs/acre of Sulfur
Boron 0.36 mg/kg 0.5 Ibs/acre of Boron
Zinc 0.9 mg/kg 0.5 Ibs/acre of Zinc
Manganese 2.4 mg/kg 0lbs/acre of Mn

We make every effort to provide an accurate analysis of your sample. For reasonable cause we will repeat tests, but because of factors beyond our control
in sampling procedures and the inherent variability of soil, our liability is limited to the price of the tests. Recommendations are to be used as general
guides and should be modified for specific field conditions and situations. Note: "u" indicates that the element was analyzed for but not detected

This is your Invoice #: S23-28709 Account #: 317300 Reviewed by: K. Bair, PhD, C List Cost: $191.00
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Soil PAP S
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farm consultants, inc.

2023 Ofcr (THGAGEE - FeclSOOTSSO = S00MSA22. Fariceting
WALLOWA CO. GRAIN GROWERS Date Received: 11/13/2023
P.O. BOX 190 Grower: CITY OF ENTERPRISE
Field: 3 MIDDLE W
ENTERPRISE, OR 97828 Sampled By: KANE
Laboratory #:  S23-28710 Customer Account #:
Soil Test Results  Customer Sample ID:
Phosphorus Olsen mg/kg 14 pH 1:1 6.3
Potassium NH40Ac mg/kg 767 E.C.1:1 m.mhos/cm 0.23
Boron DTPA mg/kg  0.47 Est Sat Paste E.C. m.mhos/cm 0.60
Zinc DTPA mg/kg 1.2 Effervescence None
Manganese DTPA mg/kg 2.7 Lbs/Acre
Copper DTPA mg/kg 0.6 Ammonium - N mg/kg 10.7 34
Iron DTPA mg/kg 31 Organic Matter W.B. % 5.6 ENR: 0
Calcium NH40Ac meq/100g 16.7 Depth Nitrate-N Sulfate-S  Moisture
Magnesium NH40Ac meq/100g 4.1 inches  mg/kg Ibs/acre  mg/kg Inches
Sodium NH40Ac meqg/100g 0.17 0-12 26.6 85 210
Total Bases NH40Ac meq/100g 22.9 Totals 26.6 85 210
Other Tests: Sum of Tested N: 119 Ibs/acre N
Total-N (%) = 0.213 Total-C (%)= 2.28  C:N=10.7
0-12 Mercury Mercury 0.02 mg/Kg
Interpretation Guide Fertilizer recommendations for
80 BU of WHEAT SOFT WINTER after WHEAT SOFT WINTER
Low Medium High
Nitrogen 119 lbs/acre 125 lbs/acre of Nitrogen
Phosphorus 14  mg/kg 0lbs/acre of P205
Potassium 767 mg/kg 0lbs/acre of K20
Sulfur 210 mg/kg 0 Ibs/acre of Sulfur
Boron 0.47 mg/kg 0 Ibs/acre of Boron
Zinc 1.2  mg/kg 0 lbs/acre of Zinc
Manganese 2.7 mg/kg 0lbs/acre of Mn

We make every effort to provide an accurate analysis of your sample. For reasonable cause we will repeat tests, but because of factors beyond our control
in sampling procedures and the inherent variability of soil, our liability is limited to the price of the tests. Recommendations are to be used as general
guides and should be modified for specific field conditions and situations. Note: "u" indicates that the element was analyzed for but not detected

This is your Invoice #: S23-28710 Account #: 317300 Reviewed by: K. Bair, PhD, C List Cost: $191.00



Soil & Plant Pre
Soil PAP S

soiltest

farm consultants, inc.

2023 Ofcr (THGAGEE - FeclSOOTSSO = S00MSA22. Fariceting

WALLOWA CO. GRAIN GROWERS Date Received: 11/13/2023
P.O. BOX 190 Grower: CITY OF ENTERPRISE

Field: 4 MIDDLE E
ENTERPRISE, OR 97828 Sampled By: KANE
Laboratory #:  $23-28711 Customer Account #:

Soil Test Results  Customer Sample ID:
Phosphorus Olsen mg/kg 12 pH 1:1 6.1
Potassium NH40Ac mg/kg 564 E.C.1:1 m.mhos/cm 0.35
Boron DTPA mg/kg  0.29 Est Sat Paste E.C. m.mhos/cm 0.91
Zinc DTPA mg/kg 0.9 Effervescence None
Manganese DTPA mg/kg 3.4 Lbs/Acre
Copper DTPA mg/kg 0.5 Ammonium - N mg/kg 24.8 79
Iron DTPA mg/kg 31 Organic Matter W.B. % 54  ENR: 0
Calcium NH40Ac meq/100g 16.3 Depth Nitrate-N Sulfate-S  Moisture
Magnesium NH40Ac meq/100g 4.0 inches  mg/kg Ibs/acre  mg/kg Inches
Sodium NH40Ac meqg/100g 0.32 0-12 26.7 85 229
Total Bases NH40Ac meq/100g 22.0 Totals 26.7 85 229
Other Tests: Sum of Tested N: 164  lbs/acre N
Total-N (%) = 0.202 Total-C (%)= 2.18  C:N=10.8
0-12 Mercury Mercury 0.02 mg/Kg
Interpretation Guide Fertilizer recommendations for
80 BU of WHEAT SOFT WINTER after WHEAT SOFT WINTER
Low Medium High

Nitrogen 164  lbs/acre 80 Ibs/acre of Nitrogen
Phosphorus 12 mg/kg 15 Ibs/acre of P205
Potassium 564 mg/kg 0 Ibs/acre of K20
Sulfur 229 mg/kg 0 Ibs/acre of Sulfur
Boron 0.29 mg/kg 0.5 Ibs/acre of Boron
Zinc 0.9 mg/kg 1 Ibs/acre of Zinc
Manganese 3.4 mg/kg 0lbs/acre of Mn

We make every effort to provide an accurate analysis of your sample. For reasonable cause we will repeat tests, but because of factors beyond our control
in sampling procedures and the inherent variability of soil, our liability is limited to the price of the tests. Recommendations are to be used as general
guides and should be modified for specific field conditions and situations. Note: "u" indicates that the element was analyzed for but not detected

This is your Invoice #: S23-28711 Account #: 317300 Reviewed by: K. Bair, PhD, C List Cost: $191.00
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farm consultants, inc.

2023 Ofcr (THGAGEE - FeclSOOTSSO = S00MSA22. Fariceting
WALLOWA CO. GRAIN GROWERS Date Received: 11/13/2023
P.O. BOX 190 Grower: CITY OF ENTERPRISE
Field: 5SWN
ENTERPRISE, OR 97828 Sampled By: KANE
Laboratory #:  $23-28712 Customer Account #:
Soil Test Results  Customer Sample ID:
Phosphorus Olsen mg/kg 14 pH 1:1 6.2
Potassium NH40Ac mg/kg 662 E.C.1:1 m.mhos/cm 0.29
Boron DTPA mg/kg  0.40 Est Sat Paste E.C. m.mhos/cm 0.75
Zinc DTPA mg/kg 1.2 Effervescence None
Manganese DTPA mg/kg 2.9 Lbs/Acre
Copper DTPA mg/kg 0.6 Ammonium - N mg/kg 27.5 88
Iron DTPA mg/kg 35 Organic Matter W.B. % 5.8 ENR: 0
Calcium NH40Ac meq/100g 16.6 Depth Nitrate-N Sulfate-S  Moisture
Magnesium NH40Ac meq/100g 4.4 inches  mg/kg Ibs/acre  mg/kg Inches
Sodium NH40Ac meqg/100g 0.20 0-12 290 93 206
Total Bases NH40Ac meq/100g 22.8 Totals 29.0 93 206
Other Tests: Sum of Tested N: 181 Ibs/acre N
Total-N (%) = 0.232 Total-C (%)= 237  C:N=10.2
0-12 Mercury Mercury 0.01 mg/Kg
Interpretation Guide Fertilizer recommendations for
80 BU of WHEAT SOFT WINTER after WHEAT SOFT WINTER
Low Medium High
Nitrogen 181 lbs/acre 65 lbs/acre of Nitrogen
Phosphorus 14  mg/kg 0lbs/acre of P205
Potassium 662 mg/kg 0lbs/acre of K20
Sulfur 206  mg/kg 0 Ibs/acre of Sulfur
Boron 0.40 mg/kg 0.5 Ibs/acre of Boron
Zinc 1.2  mg/kg 0 lbs/acre of Zinc
Manganese 2.9 mg/kg 0lbs/acre of Mn

We make every effort to provide an accurate analysis of your sample. For reasonable cause we will repeat tests, but because of factors beyond our control
in sampling procedures and the inherent variability of soil, our liability is limited to the price of the tests. Recommendations are to be used as general
guides and should be modified for specific field conditions and situations. Note: "u" indicates that the element was analyzed for but not detected

This is your Invoice #: S23-28712 Account #: 317300 Reviewed by: K. Bair, PhD, C List Cost: $191.00
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2023 Ofcr (THGAGEE - FeclSOOTSSO = S00MSA22. Fariceting
WALLOWA CO. GRAIN GROWERS Date Received: 11/13/2023
P.O. BOX 190 Grower: CITY OF ENTERPRISE
Field: 6 SWS
ENTERPRISE, OR 97828 Sampled By: KANE
Laboratory #:  $23-28713 Customer Account #:
Soil Test Results  Customer Sample ID:

Phosphorus Olsen mg/kg 10 pH 1:1 6.1
Potassium NH40Ac mg/kg 618 E.C.1:1 m.mhos/cm 0.26
Boron DTPA mg/kg  0.37 Est Sat Paste E.C. m.mhos/cm 0.68
Zinc DTPA mg/kg 0.7 Effervescence None
Manganese DTPA mg/kg 2.3 Lbs/Acre
Copper DTPA mg/kg 0.6 Ammonium - N mg/kg 27.6 88
Iron DTPA mg/kg 31 Organic Matter W.B. % 4.6 ENR: 0
Calcium NH40Ac meq/100g 13.0 Depth Nitrate-N Sulfate-S  Moisture
Magnesium NH40Ac meq/100g 3.6 inches  mg/kg Ibs/acre  mg/kg Inches
Sodium NH40Ac meqg/100g 0.22 0-12 364 116 205
Total Bases NH40Ac meq/100g 18.4 Totals 36.4 116 205
Other Tests: Sum of Tested N: 204  l|bs/acre N

Total-N (%) = 0.178 Total-C (%)= 175  C:N= 9.8

0-12 Mercury Mercury 0.01 mg/Kg
Interpretation Guide Fertilizer recommendations for
80 BU of WHEAT SOFT WINTER after WHEAT SOFT WINTER
Low Medium High

Nitrogen 204 Ibs/acre 40 lbs/acre of Nitrogen
Phosphorus 10 mg/kg 30 lbs/acre of P205
Potassium 618 mg/kg 0lbs/acre of K20
Sulfur 205 mg/kg 0 Ibs/acre of Sulfur
Boron 0.37 mg/kg 0.5 Ibs/acre of Boron
Zinc 0.7 mg/kg 2.5 Ibs/acre of Zinc
Manganese 2.3 mg/kg 0lbs/acre of Mn

We make every effort to provide an accurate analysis of your sample. For reasonable cause we will repeat tests, but because of factors beyond our control
in sampling procedures and the inherent variability of soil, our liability is limited to the price of the tests. Recommendations are to be used as general
guides and should be modified for specific field conditions and situations. Note: "u" indicates that the element was analyzed for but not detected

This is your Invoice #: S23-28713 Account #: 317300 Reviewed by: K. Bair, PhD, C List Cost: $191.00
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Biosolids are a product of municipal wastewater
treatment. Raw sewage solids must be processed to
meet U.S. Environmental Protection Agency standards
before they can be called biosolids. Biosolids contain
organic matter and nutrients that are beneficial for soil
and crop productivity.

This publication focuses on matching the nitrogen
(N) supplied by biosolids to the nitrogen needs of
the crop. Regulatory agencies require agronomic rate
calculations for most biosolids applications to cropland.

Overview: agronomic rate calculation

There are six steps to calculate the agronomic rate of
a biosolids application:

1. Collect information on the site and crop,
including crop N requirement.

2. Estimate the plant-available N needed from the
biosolids application.

3. Collect biosolids N data.

4. Estimate plant-available N per dry ton of
biosolids.

5. Calculate the agronomic biosolids application
rate on a dry ton basis.

6. Convert the application rate to an “as is” basis.

In determining biosolids application rates, it’s
important to evaluate trace element concentrations in
biosolids and the regulatory limits for trace element
application (see Appendix A). However, in almost all
cases, nitrogen controls the biosolids application rate.

A companion publication, Fertilizing with Biosolids
(PNW 508), provides additional information about
the value of biosolids as a fertilizer. The “For more
information” section of this publication gives a
summary of Pacific Northwest research and Extension
publications on land application of municipal biosolids.

Dan M. Sullivan, Extension soil scientist and professor of
nutrient management, and Biswanath Dari, agronomist

and assistant professor, both of the Department of Crop
and Soil Science, Oregon State University; Deirdre Griffin
LaHue, sustainable soil management specialist and assistant
professor, Andy I. Bary, senior scientific assistant, and Craig
C. Cogger, Extension soil scientist (emeritus), all of the
Department of Crop and Soil Sciences, Washington State
University

Oregon State University ¢ University of Idaho e Washington State University
PNW 511 « February 2021



WORKSHEET

For guidance on completing this worksheet, see “How to Use the Worksheet,” starting on page 5.

Step 1. Collect site information

Soil and crop information:

Line number Your information Example

1.1 Soil series and texture Hurwal/Powwatka Silt Loams Puyallup sandy loam
(NRCS soil survey)

1.2 Yield goal (units/acre/year*) estimated 1.5 tons per acre 5 tons/acre
from grower records or by agronomist** | * P

13 Crop rotation Barle perennial grass
(grower; e.g., wheat, fallow, wheat) y
14 Plant-available N needed to produce 120 pounds nitrogen per acre 200 Ib N/acre

yield goal (university fertilizer/nutrient | (b N/acre)
management guide; agronomist)
(Ib N/acre/year)

Plant-available N provided by other sources:

Line number Your calculation Example Unit

Pre-application testing

1.5 Nitrate-N applied in irrigation water 10 Ib N/acre

1.6 Preplant nitrate-N in root zone 89 — Ib N/acre
(east of Cascades)***

Adjustments to typical soil N mineralization

1.7 Plowdown of cover or green manure _ — Ib N/acre
crop***

1.8 Previous biosolids applications _ 30 Ib N/acre
(see Table 1, page 7)

1.9 Previous manure applications 0 — Ib N/acre

Grower information

1.10 N applied at seeding — Ib N/acre
(starter fertilizer)

Total

111 Total plant-available N from other 89 40 Ib N/acre
sources = sum of lines 1.5 through 1.10

* Yield goals may be expressed in weight (tons, pounds, etc.) or in volume (bushels).

** The American Society of Agronomy certifies professional agronomists as Certified Crop Advisors (CCAs). See https:/www.
certifiedcropadviser.org for more information.

*** Do not list here if these N sources were accounted for in the nitrogen fertilizer recommendation from a university fertilizer/
nutrient management guide.



Step 2. Estimate the amount of plant-available N needed from biosolids

Line number Your calculation Example Unit
2.1 Plant-available N needed to produce 200 Ib N/acre
. . 120

yield goal (from line 1.4)

2.2 Plant-available N from other sources 40 Ib N/acre

. 89

(from line 1.11)

2.3 Amount of plant-available N needed 31 160 Ib N/acre
from biosolids = line 2.1 - line 2.2

Step 3. Collect biosolids data
Application information:

Line number Your information Example

3.1 Moisture content of biosolids Dewatered liquid

3.2 Biosolids processing method C . anaerobic
(see Table 3, page 10) Aerobic digestion

3.3 Method ofgppllcatlon Surface surface
(surface or injected)

34 Number of days to incorporation . . no incorporation

Lo No incorporation

of biosolids

3.5 Expected application season March to September

Spring and fall

Laboratory biosolids analysis (dry weight basis):

If your biosolids analysis is on an “as is” or wet weight basis, you will need to divide your analysis by the percent total solids
(line 3.10) and multiply the result by 100 to convert to a dry weight basis.

Line number Your calculation Example Unit
3.6 Total Kjeldahl N (TKN)* 66,800 50,000 mg/kg
3.7 Ammonium N* 4.430 10,000 mg/kg
3.8 Nitrate N *,** Not detected not analyzed | mg/kg
3.9 Organic N*,*** = |ine 3.6 - line 3.7 62,370 40,000 mg/kg
3.10 Total solids 076 2.5 percent

* If your analysis is in percent, multiply by 10,000 to convert to mg/kg.
** Nitrate-N analysis required for composted or aerobically digested biosolids, but not for anaerobically digested biosolids.
*** Organic N = total Kjeldahl N —ammonium N.




Step 4. Estimate plant-available N per dry ton of biosolids

Convert biosolids N analysis to Ib per dry ton:

Line number Your calculation Example Unit

4.1 Total Kjeldahl N (TKN)* 133.60 100 Ib N/dry ton
4.2 Ammonium N* 8.86 20 Ib N/dry ton
4.3 Nitrate N* Not detected not analyzed | Ib N/dry ton
4.4 Organic N = line 4.1 - line 4.2 12474 80 Ib N/dry ton

*Multiply mg/kg (from lines 3.6 through 3.9) x 0.002. If your analyses are expressed in percent, multiply by 20 instead of 0.002.

Estimate inorganic N retained:

Line number Your calculation Example Unit
4.5 Percent of ammonium-N retained after 55 percent
C 20

application (see Table 2, page 9)

4.6 Ammonium-N retained after 177 11 Ib N/dry ton
application = line 4.2 x (line 4.5 + 100) )

4.7 Biosolids inorganic N retained = line 11 Ib N/dry ton

. 1.77

4.3 +line 4.6

Estimate organic N mineralized:

Line number Your calculation Example Unit

4.8 Percent of organic N that is plant- 35 35 percent
available in Year 1 (see Table 3, page 10)

4.9 First year plant-available organic N = 43.66 28 Ib N/dry ton

line 4.4 x (line 4.8 + 100)

Plant-available N:

Line number Your calculation Example Unit

4.10 Estimated plant-available N = available 45.43 39 Ib N/dry ton
inorganic N (line 4.7) + available
organic N (line 4.9)




Step 5. Calculate the agronomic biosolids application rate

Line number Your calculation Example Unit

5.1 Amount of plant-available N needed 31 160 Ib N/acre
from biosolids (from line 2.3)

5.2 Estimated plant-available N in 45.43 39 Ib N/dry ton
biosolids (from line 4.10) '

5.3 Agronomic biosolids application 4.1 dry ton/acre

; L 0.68
rate = line 5.1 + line 5.2
Step 6. Convert to “as is” biosolids basis

Desired units Your calculation ET] ]

Gallons per acre = (line 5.3 = line 3.10) x 24,000 21,474 39,400

Inches per acre = (line 5.3 = line 3.10) x 0.88 0.79 1.44

Wet tons per acre = (line 5.3 = line 3.10) x 100 89 47 164

HOW TO USE THE WORKSHEET

Step 1. Collect site information

Soil series and surface soil texture (line 1.1)

Find the location on the Natural Resources
Conservation Service (NRCS) soil survey. Record the
series name and surface texture of the predominant
soil. NRCS soil survey data is available online at https://
websoilsurvey.sc.egov.usda.gov/App/HomePage.htm.

Crop yield goal (line 1.2)

Field records are the best source for crop yield
estimates. You can find proven yields for most grain farms
from the local Farm Service Agency office. For most other
cropping systems, grower records are the only source
available. Be sure to note whether the yield records are
on an “as is” or dry matter basis.

A site used repeatedly for biosolids application should
have yield data collected each year. Use this accumulated
data for determining crop nitrogen requirement.

Yield data is typically not available for grazed pastures
because grazing animals consume the crop in the field.
In these cases, omit the yield goal and go directly to line
1.4. Estimate plant nitrogen needs from the appropriate
university fertilizer/nutrient management guide, based
on the level of pasture management.

Crop rotation (line 1.3)

Consult with the grower and discuss possible crop
rotations. Rotations that include root crops or other
crops with long post-application waiting periods are not
suitable for Class B biosolids application. A companion
publication (Fertilizing with Biosolids, PNW 508)
provides more information about USEPA standards for
Class A and Class B biosolids.

Plant-available N needed to produce yield goal
(line 1.4)

You can estimate plant-available N needs by referring
to university fertilizer/nutrient management guides.

University fertilizer and nutrient management guides

Land grant universities (for example, Washington
State University, Oregon State University, and the
University of Idaho) publish fertilizer and nutrient
management guides that estimate plant-available N
needs. Use the guide most appropriate for the site and
crop. For major crops, guides may cover irrigated or
rainfed (dryland) cropping and different geographic
areas. Don’t use guides produced for irrigated sites
when evaluating dryland sites. When appropriate guides
do not exist, consult university Extension agronomists/



soil scientists or professional agronomists (Certified
Crop Advisors) who have expertise working within the
cropping system.

Nitrogen fertilizer application rates listed in the
fertilizer/nutrient management guides are based on
field trials conducted under the specified climate and
cultural conditions. Growth trial results are averaged
over a variety of soil types and years. Note that guide
recommendations are not the same as crop uptake.
This is because the guides account for N available from
mineralization of soil organic matter and the efficiency
of N removal by the crop.

The N rate recommended in fertilizer/nutrient
management guides assumes average yields, good
management practices, and removal of N from the
field through crop harvest or grazing. In terms of
satisfying crop N needs, plant-available N from biosolids
application is considered equal to fertilizer N.

Agronomist calculations

Because of the general nature of university fertilizer
and nutrient management guides, it may be worthwhile
to have a professional agronomist calculate how much
plant-available N is needed for a specific field. The
American Society of Agronomy certifies professional
agronomists as Certified Crop Advisors (CCAs).

See https://www.certifiedcropadviser.org for more
information.

Always use the same method to calculate the N
requirements. You will need to document your reasons
for using agronomist calculations instead of the
university guide.

Photo: Andy Bary, ©Washington State University
Dewatered biosolids stockpile at field application site

Plant-available N provided by other sources
(lines1.5t01.11)

To make sure there isn’t too much nitrogen applied
to a crop, you must determine how much nitrogen
comes from sources other than biosolids and soil
organic matter. These sources of N are grouped into
three categories in the worksheet:

» Plant-available N estimated by pre-application
testing

» Adjustments to typical soil organic N
mineralization (usually obtained from
an agronomist)

 Information supplied by the grower

N estimated by pre-application testing (lines 1.5
to 1.6)

Irrigation water

Since the amount of nitrate-N in irrigation water
varies, it should be determined by water testing.
Irrigation water containing 5 mg nitrate-N per liter will
contribute 1.1 pounds of nitrogen per acre-inch applied;
irrigation water containing 10 mg nitrate-N per liter will
contribute 2.3 pounds of N per acre-inch.

Preplant nitrate-N in the root zone (east of Cascades)

You can estimate the preplant nitrate-N in the root
zone by testing the soil in early spring. Sample in 1-foot
increments to a depth of at least 2 feet.

Some university fertilizer/nutrient management
guides use preplant soil nitrate-N when calculating
N fertilizer application rates. If you use these guides,
don’t count soil test nitrate-N in our worksheet—it
has already been accounted for in the recommended
fertilizer N rate prescribed in the university fertilizer/
nutrient management guide.

In dryland cropping systems, soil testing below
3 feet is used to assess long-term N management.
Accumulation of nitrate below 3 feet indicates that
past N applications were not efficiently utilized by the
crop. However, soil nitrate-N below 3 feet is typically
not included as a credit when making a N fertilizer
recommendation.

Adjustments to typical soil N mineralization (lines
1.7 to 1.9)

Nitrogen mineralization is the release of nitrogen
from organic forms to plant-available inorganic forms
(ammonium and nitrate). Soil organic matter supplies
plant-available N through mineralization, but this
is accounted for in the university fertilizer/nutrient



management guides. Sites with a history of cover crops,
biosolids applications, or manure applications supply
more plant-available N than do sites without a history of
these inputs, and biosolids recommendations must be
adjusted based on this additional supply of N.

Plowdown of cover crops

Cover crops are not removed from the field, but are
recycled back into the soil. You can get an estimate of
the total N contributed by estimating the biomass dry
matter (Ib per acre) and the nitrogen concentration
(percent total) in the cover crop. Plant-available N
provided by a cover crop typically ranges from 10 to
40 percent of the total N contained in aboveground
cover crop biomass. Consult Estimating Plant-Available
Nitrogen Release from Cover Crops (PNW 636) for more
information.

Previous biosolids applications

Previous biosolids applications contribute to
plant-available nitrogen in the years after the initial
application. In the worksheet, they are considered as
“N from other sources.” We estimate that 8, 3, 1, and
1 percent of the organic N originally applied mineralizes
in Years 2, 3, 4, and 5, respectively, after application
(Table 1). After Year 5, biosolids N is considered part
of “stable” soil organic matter and is not included in
calculations.

In using Table 1, consider the following example.
Suppose:

 You applied biosolids with an average organic N
content of 30,000 mg/kg

» Applications were made the previous 2 years
» The application rate was 4 dry tons per acre

Table 1 gives estimates of nitrogen credits in terms of
the organic N originally applied. Look up 30,000 mg/kg
under Year 2 and Year 3 columns in the table. The table
estimates 4.8 Ib plant-available N per dry ton for year 2,
and 1.8 Ib plant-available N for year 3 (two-year credit of
6.6 Ib N per dry ton). To calculate the N credit in units of
Ib per acre, multiply your application rate (4 dry ton per
acre) by the N credit per ton (6.6 Ib N per dry ton). The N
credit is 26.4 Ib plant-available N per acre.

Previous manure applications

Previous manure applications contribute to plant-
available nitrogen in a similar manner to previous
biosolids applications. To estimate this contribution,
consider field history (manure type, application rate,
and date of application). The Extension publication
Fertilizing with Manure and Other Organic Amendments
(PNW 533) provides plant-available N estimates.

Information supplied by the grower (line 1.10)
N applied at seeding

Some crops need a starter fertilizer (N applied at
seeding) for best growth. These fertilizers usually supply
N, P, and S. Examples are 16-20-0, 10-34-0. Starters are
usually applied at rates that supply 10 to 30 Ib N per
acre. Enter all N supplied by starter fertilizer on line
1.10 in the worksheet.

Table 1. Estimated nitrogen credits for previous biosolids applications at a site

Years after biosolids application
Year 2 Year 3 Year 4 and 5 (Yea::suzr?;!adf,i\;end 5)
Percent of organic N applied first year
8 3 1 13
Biosolids organic N as applied Plant-available N released
(mg/kg dry weight basis) (Ib N per dry ton)

10,000 1.6 0.6 0.2 2.6
................................. 20000 32 12 e o -
................................. 30000 48 18 B e s
................................. 40000 64 24 e o5 104
................................. 50000 80 30 B o 130
................................. 60000 96 36 e - 156




Photo: Brian Campbell, Natural Selection Farms
Dewatered biosolids application to dryland wheat during fallow

Step 2. Estimate plant-available N needed
from biosolids

Next you will estimate the amount of plant-available
N the biosolids must provide. This is the difference
between the total plant-available N needed to produce
the yield goal and the plant-available N from other
sources.

Step. 3. Collect biosolids data

To make the calculation, managers will need the
following analyses:

+ Total Kjeldahl N (TKN)
e« Ammonium-N (NH,-N)

 Nitrate-N (NO,-N; composted or aerobically
digested biosolids only)

o Percent total solids

If your laboratory results are on an “as is” or wet
weight basis, you must convert them to a dry weight
basis. To convert from an “as is” to a dry weight
basis, divide your analysis by the percent solids in the
biosolids and multiply the result by 100. Total Kjeldahl
N includes over 95 percent of the total N in biosolids. In
using the worksheet, we will assume that total Kjeldahl
N equals total N.

Ammonium-N usually makes up most of the
inorganic N present in biosolids. Depending on your
laboratory, results for ammonium-N may be expressed
as either ammonia-N (NH,-N) or ammonium-N
(NH,-N). Make sure that the laboratory determines
ammonium-N on a fresh (not dried) biosolids sample.
The ammonium-N present in fresh biosolids is lost as
gaseous ammonia when biosolids are dried.

There may be significant amounts of nitrate in
aerobically digested biosolids or in composts. There
is little nitrate in anaerobically digested biosolids;
therefore, nitrate analysis is not needed for these
materials.

Determine biosolids organic N by subtracting
ammonium-N from total Kjeldahl N (line 3.6 minus line
3.7). Percent total solids analyses are used to calculate
application rates. Biosolids applications are calculated
as the dry weight of solids applied per acre (e.g., dry
tons per acre).

Step 4. Estimate plant-available N per dry
ton of biosolids

The estimate of plant-available N per dry ton of
biosolids includes:

o Some of the ammonium-N
o All of the nitrate-N
» Some of the organic N

Inorganic N retained (lines 4.5 to 4.7)
Ammonium-N (lines 4.5 to 4.6)

Under some conditions, ammonium is readily
transformed to ammonia and lost as a gas. This gaseous
ammonia loss reduces the amount of plant-available N
supplied by biosolids. The following section explains the
factors used to estimate ammonia-N retained in plant-
available form after application.

Biosolids processing

The following types of biosolids processing cause
most of the ammonia-N to be lost as ammonia gas or
converted to organic forms before application:

» Drying beds
« Alkaline stabilization at pH 12
o Composting

Application method

Ammonia loss occurs only with surface application.
Injecting liquid biosolids eliminates most ammonia
loss, since the injected liquid is not exposed to the
air. Surface applications of liquid biosolids lose less
ammonia than do dewatered biosolids. For liquid
biosolids, the ammonia is less concentrated and is held
as NH,* on negatively-charged soil surfaces after the
liquid contacts the soil.

Ammonia loss is fastest just after application to the
field. As ammonia is lost, the remaining biosolids are
acidified—that is, each molecule of NH, lost generates
H* (acidity). Acidification gradually slows ammonia loss.



Biosolids that remain on the soil surface will eventually
reach a pH near 7, and further ammonia losses will

be small. Ammonia loss takes place very rapidly after
application, with most of the loss occurring during the
first two days after application.

Time to soil incorporation

Tillage to cover biosolids can reduce ammonia loss
by adsorption of ammonium-N onto soil particles.

Table 2 estimates the amount of ammonium-N
retained after field application. To use this table,
you will need information on biosolids stabilization
processes, method of application (surface or injected),
and the number of days to soil incorporation.

Nitrate-N (line 4.3)

We assume 100 percent availability of biosolids
nitrate-N.

Organic N mineralized (lines 4.8 to 4.9)

Biosolids organic N, which includes proteins, amino
acids, and other organic N compounds, is not available
to plants at the time of application. Plant-available N
is released from organic N through microbial activity
in soil. This process is called mineralization. It is
more rapid in soils that are warm and moist, and is
slower in soils that are cold or dry. Biosolids organic
N mineralization rates in soil also depend on the
treatment plant processes that produced the biosolids.

Use Table 3 (page 10) to estimate biosolids
mineralization rates based on processing. Use the
middle of the range presented, unless you have

Photo: City of Portland, Bureau of Environmental Services

Spring grass growth on dryland pasture following dewatered
biosolids application (top) vs. no biosolids (bottom)

information specific to the site or biosolids that justify
using higher or lower values within the range.

Step 5. Calculate the agronomic biosolids
application rate

Perform this calculation using the results of the
previous sections, as shown in lines 5.1 through 5.3.

Step 6. Convert agronomic biosolids
application rate to “as is” basis

Use the appropriate conversion factors (given in
Table 4, page 10) to convert to gallons, acre-inches, or
wet tons per acre.

Table 2. Estimates of ammonium-N retained after biosolids application

Surface-applied Injected
Composted,
Liquid biosolids De.wate'red air-dried, or heat- All biosolids
biosolids s b
dried biosolids

Time to incorporation by tillage

Ammonium-N retained (percent of applied)

Incorporated immediately 95 95 100 100
After 1 day 70 50 100 100

After 2 days 60 30 100 100

No incorporation 55 20 100 100




Table 3. First year mineralization estimates for organic N in biosolids

First-year organic N

Processing mineralization rate
(percent of organic N)
Fresh*
Anaerobic digestion, qul'JHi‘aHgfm(':‘l'éWétered """" 36;40 ,,,,,,,,,,,,,,
Aerobic digestion, liquid or dewate o
Drying bed 30-40
Heat-dried s
ragoon B
Less than 6 months 30240
6 months to 2years 26;25 »»»»»»»»»»»»»»»
21010 years 2020
More than 10 years .10
Compostng o_lo ..............
Blends and soil products ‘|' »»»»»»»»»»»»»»»

*“Fresh” includes all biosolids that have not been stabilized by long-term storage in
lagoons or composting.

TBecause blends (with woody materials) and soil products that contain biosolids vary
widely in composition and age depending on intended use, available N may vary widely
among products. For blends, available N can be estimated through laboratory

incubation studies.

Table 4. Conversion factors

1% = 10,000 mg/kg or ppm

20 Ib/ton
1 mg/kg = 1 ppm

0.0001 %

0.002 Ib/ton
1 wet ton = 1 dry ton + (percent solids x 0.01)
1dryton = 1 wet ton x (percent solids x 0.01)
1 acre-inch = 27,000 gallons

Other considerations for calculations

Small acreage sites without a reliable yield history

Some communities apply biosolids to small acreages
managed by part-time farmers. In many of these cases,
there is no reliable yield history for the site, and the goal
of management is not to make the highest economic
returns. You can be sure of maintaining agronomic use
of biosolids nitrogen on these sites by applying at a rate
substantially below that estimated for maximum yield.

10

Equipment limitations at low application rates

At some low-rainfall dryland cropping locations east
of the Cascades, the agronomic rate calculated with
the worksheet will be lower than can be spread with
manure spreaders (usually 2 to 3 dry tons per acre). At
these locations, you may be able to apply the dewatered
biosolids at the equipment limit, but check with your
permitting agency for local requirements.



Appendix A: Cumulative loading of

Table 5. Trace elements concentration limits for land application

trace elements Concentration limit
Under EPA regulations (40 CFR Part 503.13), .
o . Exceptional TFreve [Feef
managers must maintain records on cumulative litv standard Ceiling limit
i iosoli Element  Symbol UMY S1NCATA  ppa Table 1)*

loading of trace elements only when bulk biosolids emen y (EPA Table 3)*

do not meet EPA Exceptional Quality Standards for (mg/kg) (mg/kg)

trace elements (Table 5). Contact your regulatory -

agency for details on record keeping if your Arsenic . As A 2

biosolids do not meet the standards in Table 5. Cadmium cd 39 85
Copper Cu 1,500 4,300
Lead Pb 300 840
Mercury Hg 17 57
Molybdenum Mo > 75
Nickel Ni 420 420
Selenium Se 100 100
Zinc Zn 2,800 7,500

Source: EPA 40 CFR Part 503

*EPA Table 3 and Table 1 refer to tables in EPA biosolids rule (40 CFR
Part 503).

**Molybdenum concentration standard level is under review by the EPA.
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APPENDIX E
Site Management Agreement




AGREEMENT FOR THE LAND APPLICATION OF DOMESTIC BIOSOLIDS

This Agreement is made and entered into this \( }ﬂ-‘ day Of‘mﬁm 2024, between the Cit\{ of
Enterprise, Oregon, hereafter referred toas the City, and Cornerstone Farms Joint Venture, hereinafter

referred to as the Owner.

RECITALS

A. The Ownerowns real properties shown on Figure 1 - Subject Properties |; and Figure 2 - Subject

Properties Il.
B. The City owns and operates a municipal wastewater treatment facility (WWTF) under National

Pollutant Discharge Elimination System Permit No. 101659 and desires to land apply biosolids
(as defined by 40 Code of Federal Regulations 503) generated by the WWTF on the subject
properties.

C. Land application of domestic biosolids is mutually beneficial to the City and the Owner.

AGREEMENT

The City and the Owner agree to fulfill the following:

A. The City, through its agents, agrees to:

a.

11/18/24

In coordination with the Owner, make available, haul, and spread stable biosolids on
subject properties at an application rate approved by the Oregon Department of
Environmental Quality (DEQ). The City’s obligation is subject to the availability of the
biosolids;

Pick rocks and any plastic material larger than 2 inches in diameter from the spread
biosalids that are inconsistent with those present on the subject properties;

Maintain daily records during biosolids application that indicate the quantity of biosolids
delivered tothe subject properties, the specified area where the biosolids were applied
on the subject properties, application data, means of application, and any additional
information required by the DEQ;

Have its biosolids tested as required by state and federal law, make certain the biosolids
meet minimum requirements forland application pursuantto state and federallaw, and
provide the Owner and the DEQ with copies of the test results, as well as notify the
Owner immediately should the biosolids fail to meet minimum standards for land
application;

Use only those ingress and egress routes to and from subject properties designated by
the Owner;

Conform with all state biosclids rules and guidelines governing land application of
municipal biosolids and any management terms stipulated under the biosolids land
application authorization letter from the DEQ;

Notify the Ownerof any DEQ directives the City receives pertainingto the items covered
by this Agreement; and

Obtain written authorization from the DEQ to land apply biosolids to the subject
property prior to commencing biosolids land application.

Page 1 0of 3
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B. The Owner agrees to: o o
a. Define the areas of the subject properties available for land application of biosolids;

b. Irrigate in accordance with the DEQ-approved Biosolids Management Plan. Irrigation of
affected fields will not resume following biosolids application until the fields are planted
for production. Irrigation will be managed to prevent excessive ponding on or runoff
from the subject properties.

c. Notifythe City immediately of any odor complaint, or other complaints, received by the
Owner relative to the land application of biosolids upon the subject properties;

d. Follow DEQ regulations relative to the types of crops planted and their management;

e. Annually provide the City with anticipated crop type, irrigation, grazing, cutting, and
other crop management practices;

f. Indemnify and hold the City harmless from any and all claims, suits, or causes of action
brought against the City as a result of negligent surface application on the subject
properties. Owner shall not be required to indemnify the City for any claims, suits, or
causes of action brought against the City arising from the content of the biosolids;

g. Comply with the following regulatory requirements:

i, Public contact access is restricted for 30 days after biosolids land application.
Access control is assumed based on the remoteness of the rural private land.

ii. Food crops with harvested parts that touch the biosalids/soil mixture and are
totally above the land surface shall not be harvested until 14 months after
application of biosolids.

i. Food crops with harvested parts below the surface of the land shali not be
harvested until 38 months after biosolids application.

iv. Food crops, feed crops, and fiber crops whose edible parts do not touch the
surface of the soil shall not be harvested until 30 days after biosolids
application.

v. Animals shall not be allowed to graze until 30 days after application of biosolids
to the land.

h. Advise all purchasers, tenants, lessees, or other persons or entities of interest to the
subject properties of this Agreement.

C. Owner acknowledges that biosolids may contain some plastic or other foreign materials
normally present in domestic wastewater, and Owner accepts the biosolids “as is,” except as
noted in this Agreement, subparagraph A.b., above.

D. The parties agree to begin using the subject properties to apply biosolids as soon as possible
after receiving DEQ approval of the Agreement, and that the Agreement shall remain in effect

for three years, unless it is terminated within that time pursuantto the terms of this Agreement.

E. All notifications to the City and the Owner shall be in writing to all parties. Notice to the City
shall be provided to Jeffrey Yanke, Council President, Enterprise City Hall, 102 E. North Street,
Enterprise, Oregon 97828. Notice to the Ownershall be provided to Kurt Melville /Kevin Melville,
64022 Imnaha Highway, Joseph, Oregon 97846.

F. This Agreement shall bind the parties hereto, and it is agreed that there are no other
agreements, written or oral, which add to or change the terms hereof. Any such agreements of
modification shall be expressed in writing, signed by all parties, dated, and attached to this
Agreement.

i1/i8/24 Page 2 of 3
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COMPENSATION

In consideration of the above listed agreement, the City agrees to pay Owner $2,250 for land application
for the 2024-2025 fiscal year, with the payment due by April 15%, 2025, Beginning fiscal year 2025-2026,
the City agreesto pay Owneran annual payment of $4,500, with the payment due tothe Ownerno later
than July 20th.

TERMINATION

Either party may terminate all or any portion of this agreement by giving the other party a 180-day
written Notice of Termination.

CONTINUATION OF AGREEMENT

This agreement shall continue, absent Notice of Termination being provided, set forth with the terms of
this agreement. Additionally, parties shall meet no later than March 31** each year.

EFFECTIVE

Effective on the date first above written.

City of Enterprise, Oregon:

(Jemam PV~ By
e

Jeffrey Yanke, CouncJ President Lacey McQuead, City Administrator
Owner: ,

Sl AL 2220,
By By

Kurt Melville Kevin Melville

Cornerstone Farms Joint Venture Cornerstone Farms Joint Venture
11/18/24 Page 3 of 3
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APPENDIX F
Soil Survey




LOCATION HARLOW WA+OR

Established Series
Rev. HRG/RJE/KWH
06/2006

HARLOW SERIES

The Harlow series consists of shallow, well drained soils formed in loess and colluvium from basalt or argillite.
Harlow soils are on canyons, structural benches, and basalt plateaus. Slopes are 2 to 90 percent. The average
annual precipitation is about 26 inches and average annual temperature is about 43 degrees F.

TAXONOMIC CLASS: Clayey-skeletal, smectitic, frigid Lithic Argixerolls

TYPICAL PEDON: Harlow very stony clay loam- rangeland on a 55 percent southwest facing slope at an
elevation of 4,320 feet. (Colors are for dry soils unless otherwise noted.

A1--0 to 3 inches; dark grayish brown (10YR 4/2) very stony clay loam, very dark brown (10YR 2/2) moist;
moderate fine and medium granular structure; hard, firm, moderately sticky and moderately plastic; many very
fine roots; many very fine irregular pores; 30 percent gravel, 10 percent cobbles, and 5 percent stones; neutral
(pH 6.7); clear wavy boundary.

A2--3 to 6 inches; dark grayish brown (10YR 4/2) very gravelly clay loam, very dark brown (10YR 2/2) moist;
moderate fine and medium granular structure; hard, firm, moderately sticky and moderately plastic; many very
fine roots; many irregular pores; 30 percent gravel and 10 percent cobbles; neutral (pH 7.0); clear wavy
boundary. (Combined thickness of the A horizon is 4 to 8 inches)

Bt1--6 to 10 inches; brown (10YR 5/3) very cobbly clay loam, very dark grayish brown (10YR 3/2) moist;
moderate fine and medium subangular blocky structure; hard, firm, moderately sticky and moderately plastic;
many very fine and few medium roots; common very fine irregular pores; continuous faint stress cutans on faces
of peds; 30 percent gravel and 25 percent cobbles; neutral (pH 7.0); clear wavy boundary.

Bt2--10 to 14 inches; brown (10YR 4/3) extremely cobbly clay, dark brown (10YR 3/3) moist; moderate fine
and medium subangular blocky structure; very hard, firm, very sticky and very plastic; common very fine and
few medium roots; common very fine irregular pores; continuous distinct stress cutans on faces of peds and few
clay films in pores; 30 percent gravel and 35 percent cobbles; neutral (pH 7.2); abrupt irregular boundary.
(Combined thickness of the Bt horizon is 6 to 12 inches)

R--14 inches; basalt

TYPE LOCATION: Asotin County, Washington; about 9 miles southeast of Anatone; 1,400 feet north and
2,400 feet west of southeast corner of sec. 12, T. 6 N., R. 46 E.

RANGE IN CHARACTERISTICS: Thickness of solum and depth to a lithic contact is 10 to 20 inches. The
average annual soil temperature at lithic contact is about 45 degrees F. These soils are usually moist, but are dry
in all parts between 4 and 12 inches for 60 to 75 consecutive days during summer and fall. The particle-size
control section averages 45 to 75 percent angular basalt fragments by volume and is 35 to 50 percent clay in the
fine earth fraction. The mollic epipedon is 10 to 20 inches thick and includes all of the argillic horizon.

The A1 horizon has hue of 7.5YR or 10YR, value of 3 or 4 dry, 2 or 3 moist, and chroma of 2 or 3 dry and 1
through 3 moist. It is loam, silt loam or clay loam with 18 to 35 percent clay. It has 0 to 15 percent stones, 0 to
25 percent cobbles, and 0 to 30 percent gravel.



The A2 horizon is clay loam with 27 to 35 percent clay. It has 0 to 5 percent stones, 10 to 25 percent cobbles,
and 25 to 45 percent gravel.

The Bt horizon has hue of 5YR, 7.5YR or 10YR, value of 3 through 5 dry, 2 or 3 moist, and chroma of 2 or 3 dry
or moist. It is clay loam or clay with 35 to 50 percent clay. It has 0 to 5 percent stones, 15 to 40 percent cobbles,
and 30 to 45 percent gravel.

COMPETING SERIES: These are the Ateron, Camool (T), Canest(T), Chen, Douhide, Graley, Itca, Vennob
and Wallsburg. Ateron soils have a mollic epipedon that does not include the argillic horizon. Canest soils are 5
to 10 inches deep to a lithic contact. Chen, Douhide, and Graley soils have aridic moisture regimes bordering on
xeric. [tca soils are not mollic in the lower part of the Bt horizon and have prismatic structure. Wallsburg soils
lack basalt fragments and have more than 50 percent sandstone, shale and limestone fragments in the particle-
size control section. Camool soils have a surface layer 5 to 9 inches thick that meets Vitrandic subgroup criteria.
Vennob soils have a mollic epipedon 7 to 10 inches thick.

GEOGRAPHIC SETTING: Harlow soils are on canyons, structural benches, and basalt plateaus. Slopes are 2
to 90 percent. These soils formed in loess and colluvium and slope alluvium from basalt or argillite. Elevation
ranges from 2,800 to 6,200 feet. Summers are warm and dry and winters are cool and moist. The average annual
precipitation is 13 to 40 inches. Average annual temperature is 42 to 45 degrees F. Frost-free season is 50 to 115
days.

soils. Getaway, Snell and Sweiting soils are on canyon walls. Klicker and Sweitberg soils are on plateaus. All of
these soils are more than 20 inches deep to a lithic contact.

DRAINAGE AND PERMEABILITY: Well drained; slow to rapid runoff. Slow permeability.

USE AND VEGETATION: Used for livestock grazing and wildlife habitat. Native vegetation is mainly
bluebunch wheatgrass and Idaho fescue.

DISTRIBUTION AND EXTENT: Southeastern Washington and northeastern Oregon; MLRA 9 and 43.. The
series is of moderate extent.

MLRA SOIL SURVEY REGIONAL OFFICE (MO) RESPONSIBLE: Portland, Oregon
SERIES ESTABLISHED: Asotin County, Washington, 1982.
REMARKS: Diagnostic horizons and features recognized in this pedon are:

mollic epipedon - from the surface to 14 inches
argillic horizon - from 6 to 14 inches
lithic contact - at 14 inches.

National Cooperative Soil Survey
U.S.A.



LOCATION HURWAL OR+ID

Established Series
Rev. SCW/WEL/RWL
08/2001

HURWAL SERIES

The Hurwal series consists of deep and very deep, well drained soils formed in loess with an influence of
volcanic ash in the surface. They are on hills and mountains. Slopes are 2 to 60 percent. The mean annual
precipitation is about 18 inches and the mean annual temperature is about 44 degrees F.

TAXONOMIC CLASS: Fine-silty, mixed, superactive, frigid Vitrandic Argixerolls

TYPICAL PEDON: Hurwal ashy silt loam - cultivated, on a 22 percent north facing slope at an elevation of
3860 feet. (Colors are for moist soils unless otherwise noted.)

Ap--0 to 12 inches; black (10YR 2/1) ashy silt loam, dark gray (10YR 4/1) dry; weak very fine granular
structure; slightly hard, friable, slightly sticky and slightly plastic; common fine roots; common irregular pores;
slightly acid (pH 6.3); clear wavy boundary. (7 to 12 inches thick)

A--12 to 18 inches; very dark grayish brown (10YR 3/2) ashy silt loam, dark grayish brown (10YR 4/2) dry;
weak coarse subangular blocky structure; slightly hard, friable, slightly sticky and slightly plastic; common fine
roots; many very fine tubular pores; many black krotovinas; neutral (pH 6.6); clear wavy boundary. (5 to 8
inches thick)

BA--18 to 27 inches; dark brown (10YR 3/3) silty clay loam, brown (10YR 4/3) dry; weak medium subangular
blocky structure; slightly hard, friable, sticky and plastic; common fine roots; many very fine tubular pores; few
clean, bleached coarse silt and very fine sand coatings on ped faces; many krotovinas; neutral (pH 6.7); clear
wavy boundary. (0 to 12 inches thick)

Bt1--27 to 36 inches; dark yellowish brown (10YR 3/4) silty clay loam, brown (10YR 4/3) dry; moderate coarse
prismatic structure parting to weak fine subangular blocky; hard, friable, sticky and plastic; common fine roots;
many very fine tubular pores; common faint clay films on faces of prisms; common clean bleached coarse silt
and very fine sand coatings mainly on prisms; many krotovinas; neutral (pH 6.7); clear wavy boundary.

Bt2--36 to 56 inches; dark yellowish brown (10YR 4/4) silty clay loam, yellowish brown (10YR 5/4) dry; weak
coarse prismatic structure parting to moderate fine subangular blocky; hard, firm, sticky and plastic; common
fine roots; many very fine tubular pores; many faint clay films on faces of prisms; common clean, bleached
coarse silt and very fine sand coatings mainly on prisms; many krotovinas; neutral (pH 7.2); clear wavy
boundary. (Combined thickness of the Bt horizon is 16 to 36 inches)

BC--56 to 58 inches; dark yellowish brown (10YR 4/4) silt loam, yellowish brown (10YR 5/4) dry; weak fine
subangular blocky structure; slightly hard, friable, slightly sticky and slightly plastic; few roots; many very fine
tubular pores; common clean bleached coarse silt and very fine sand coatings on peds; 10 percent gravel; many

krotovinas; slightly calcareous in places; moderately alkaline (pH 8.0); abrupt wavy boundary. (0 to 12 inches
thick)

2R--58 inches; basalt.

TYPE LOCATION: Wallowa County, Oregon; about 5 miles east of Wallowa; 800 feet north and 300 feet west
of the southeast corner of section 10, T. 1 N., R. 43 E.; USGS Evans topographic quadrangle (Latitude 45
degrees, 34 minutes, 38 seconds N, Longitude 117 degrees, 25 minutes, 04 seconds W)



RANGE IN CHARACTERISTICS: The soils are usually moist but are dry for 60 to 90 consecutive days
following the summer solstice. The mean annual soil temperature is 44 to 47 degrees F. The solum is 40 inches
or more thick. Depth to basalt bedrock is 40 to 60 inches or more. The mollic epipedon is 20 to 30 inches thick.
The control section has more than 18 percent clay and less than 15 percent coarser than very fine sand.

The A horizon has value of 2 or 3 moist, 4 or 5 dry, and chroma of 1 or 2 moist and dry. It is ashy silt loam with
18 to 27 percent clay. It has 0 to 5 percent gravel, 20 to 30 percent volcanic glass and glass coated aggregate, and
more than 0.4 percent acid oxalate extractable aluminum plus one-half iron. The soil reaction is slightly acid or
neutral.

The Bt horizon has value of 3 or 4 moist, 4 or 5 dry, and chroma of 3 or 4 dry. It is silty clay loam or silt loam
with 20 to 35 percent clay. It has 0 to 5 percent gravel. Krotovinas 2 to 8 inches in diameter are common in most
profiles. The soil reaction is neutral or slightly alkaline.

The BC horizon, when present, has value of 3 or 4 moist, 5 or 6 dry and chroma of 3 or 4 moist and dry. It is silt
loam or loam with 0 to 15 percent gravel and 0 to 10 percent cobbles. The soil reaction is neutral to moderately
alkaline. Secondary lime occurs in some pedons. It has 0 to 5 percent CaCO3 equivalent.

COMPETING SERIES: This is the Powwatka series. Powwatka soils are 20 to 40 inches to bedrock and have
a mollic epipedon 12 to 20 inches thick.

GEOGRAPHIC SETTING: Hurwal soils are on hills and mountains. They formed in loess with an influence
of volcanic ash in the surface horizons. Slope is 2 to 60 percent. Elevation is 2500 to 5900 feet. The mean annual

precipitation is 13 to 24 inches. The mean annual temperature is 42 to 45 degrees F. The frost-free period is 70 to
100 days.

GEOGRAPHICALLY ASSOCIATED SOILS: These are the Harlow, Parsnip, competing Powwatka, Snell,
Wallowa, and Zumwalt soils. Harlow soils are clayey-skeletal, shallow, and are on adjacent south slopes. Parsnip
soils are 10 to 20 inches to bedrock, have a mollic epipedon 7 to 15 inches thick, and are on adjacent plateaus.
Snell soils are 20 to 40 inches to bedrock, clayey-skeletal, and are on north-facing side slopes. Wallowa soils are
fine-loamy, lack argillic horizons, and are the moderately deep component of patterned ground. Zumwalt soils
have a fine textured control section and are on adjacent hill slopes.

DRAINAGE AND PERMEABILITY: Well drained; moderately slow permeability.

USE AND VEGETATION: These soils are used mainly for dry cropland, grain, hay and pasture, and livestock
grazing. Potential native vegetation is Idaho fescue and bluebunch wheatgrass with chokecherry and snowberry
on north slopes, and basin wildrye on toe slopes and swales.

DISTRIBUTION AND EXTENT: Northeastern Oregon, MLRA 9; and eastern Idaho, MLLRA 13. The series in
not extensive.

MLRA SOIL SURVEY REGIONAL OFFICE (MO) RESPONSIBLE: Portland, Oregon
SERIES ESTABLISHED: Wallowa County Area, Oregon, 1998.

REMARKS: Diagnostic horizons and features recognized in this pedon are:

Pachic epipedon - the zone from the soil surface to a depth of 27 inches (Ap, A, and BA horizons).

Vitrandic feature - the zone from the soil surface to a depth of 18 inches (Ap and A horizons) based on lab data
from similar soils.

Argillic horizon - the zone from 27 to 56 inches (Bt1l and Bt2 horizons).

Particle-size control section - from 27 to 47 inches (Btl and upper Bt2 horizons).



ADDITIONAL DATA: Characterization data on three profiles (S64-Oreg-32-2,3,7) reported in Riverside Soil
Survey Laboratory Report for soils from Wallowa County, Oregon, July 1966.

National Cooperative Soil Survey
U.S.A.
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Preface

Soil surveys contain information that affects land use planning in survey areas.
They highlight soil limitations that affect various land uses and provide information
about the properties of the soils in the survey areas. Soil surveys are designed for
many different users, including farmers, ranchers, foresters, agronomists, urban
planners, community officials, engineers, developers, builders, and home buyers.
Also, conservationists, teachers, students, and specialists in recreation, waste
disposal, and pollution control can use the surveys to help them understand,
protect, or enhance the environment.

Various land use regulations of Federal, State, and local governments may impose
special restrictions on land use or land treatment. Soil surveys identify soil
properties that are used in making various land use or land treatment decisions.
The information is intended to help the land users identify and reduce the effects of
soil limitations on various land uses. The landowner or user is responsible for
identifying and complying with existing laws and regulations.

Although soil survey information can be used for general farm, local, and wider area
planning, onsite investigation is needed to supplement this information in some
cases. Examples include soil quality assessments (http://www.nrcs.usda.gov/wps/
portal/nrcs/main/soils/health/) and certain conservation and engineering
applications. For more detailed information, contact your local USDA Service Center
(https://offices.sc.egov.usda.gov/locator/app?agency=nrcs) or your NRCS State Soil
Scientist (http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/contactus/?
cid=nrcs142p2_053951).

Great differences in soil properties can occur within short distances. Some soils are
seasonally wet or subject to flooding. Some are too unstable to be used as a
foundation for buildings or roads. Clayey or wet soils are poorly suited to use as
septic tank absorption fields. A high water table makes a soil poorly suited to
basements or underground installations.

The National Cooperative Soil Survey is a joint effort of the United States
Department of Agriculture and other Federal agencies, State agencies including the
Agricultural Experiment Stations, and local agencies. The Natural Resources
Conservation Service (NRCS) has leadership for the Federal part of the National
Cooperative Soil Survey.

Information about soils is updated periodically. Updated information is available
through the NRCS Web Soil Survey, the site for official soil survey information.

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its
programs and activities on the basis of race, color, national origin, age, disability,
and where applicable, sex, marital status, familial status, parental status, religion,
sexual orientation, genetic information, political beliefs, reprisal, or because all or a
part of an individual's income is derived from any public assistance program. (Not
all prohibited bases apply to all programs.) Persons with disabilities who require


http://www.nrcs.usda.gov/wps/portal/nrcs/main/soils/health/
http://www.nrcs.usda.gov/wps/portal/nrcs/main/soils/health/
https://offices.sc.egov.usda.gov/locator/app?agency=nrcs
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/contactus/?cid=nrcs142p2_053951
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/contactus/?cid=nrcs142p2_053951

alternative means for communication of program information (Braille, large print,
audiotape, etc.) should contact USDA's TARGET Center at (202) 720-2600 (voice
and TDD). To file a complaint of discrimination, write to USDA, Director, Office of
Civil Rights, 1400 Independence Avenue, S.W., Washington, D.C. 20250-9410 or
call (800) 795-3272 (voice) or (202) 720-6382 (TDD). USDA is an equal opportunity
provider and employer.
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How Soil Surveys Are Made

Soil surveys are made to provide information about the soils and miscellaneous
areas in a specific area. They include a description of the soils and miscellaneous
areas and their location on the landscape and tables that show soil properties and
limitations affecting various uses. Soil scientists observed the steepness, length,
and shape of the slopes; the general pattern of drainage; the kinds of crops and
native plants; and the kinds of bedrock. They observed and described many soil
profiles. A soil profile is the sequence of natural layers, or horizons, in a soil. The
profile extends from the surface down into the unconsolidated material in which the
soil formed or from the surface down to bedrock. The unconsolidated material is
devoid of roots and other living organisms and has not been changed by other
biological activity.

Currently, soils are mapped according to the boundaries of major land resource
areas (MLRAs). MLRAs are geographically associated land resource units that

share common characteristics related to physiography, geology, climate, water

resources, soils, biological resources, and land uses (USDA, 2006). Soil survey
areas typically consist of parts of one or more MLRA.

The soils and miscellaneous areas in a survey area occur in an orderly pattern that
is related to the geology, landforms, relief, climate, and natural vegetation of the
area. Each kind of soil and miscellaneous area is associated with a particular kind
of landform or with a segment of the landform. By observing the soils and
miscellaneous areas in the survey area and relating their position to specific
segments of the landform, a soil scientist develops a concept, or model, of how they
were formed. Thus, during mapping, this model enables the soil scientist to predict
with a considerable degree of accuracy the kind of soil or miscellaneous area at a
specific location on the landscape.

Commonly, individual soils on the landscape merge into one another as their
characteristics gradually change. To construct an accurate soil map, however, soil
scientists must determine the boundaries between the soils. They can observe only
a limited number of soil profiles. Nevertheless, these observations, supplemented
by an understanding of the soil-vegetation-landscape relationship, are sufficient to
verify predictions of the kinds of soil in an area and to determine the boundaries.

Soil scientists recorded the characteristics of the soil profiles that they studied. They
noted soil color, texture, size and shape of soil aggregates, kind and amount of rock
fragments, distribution of plant roots, reaction, and other features that enable them
to identify soils. After describing the soils in the survey area and determining their
properties, the soil scientists assigned the soils to taxonomic classes (units).
Taxonomic classes are concepts. Each taxonomic class has a set of soll
characteristics with precisely defined limits. The classes are used as a basis for
comparison to classify soils systematically. Soil taxonomy, the system of taxonomic
classification used in the United States, is based mainly on the kind and character
of soil properties and the arrangement of horizons within the profile. After the soil
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scientists classified and named the soils in the survey area, they compared the
individual soils with similar soils in the same taxonomic class in other areas so that
they could confirm data and assemble additional data based on experience and
research.

The objective of soil mapping is not to delineate pure map unit components; the
objective is to separate the landscape into landforms or landform segments that
have similar use and management requirements. Each map unit is defined by a
unique combination of soil components and/or miscellaneous areas in predictable
proportions. Some components may be highly contrasting to the other components
of the map unit. The presence of minor components in a map unit in no way
diminishes the usefulness or accuracy of the data. The delineation of such
landforms and landform segments on the map provides sufficient information for the
development of resource plans. If intensive use of small areas is planned, onsite
investigation is needed to define and locate the soils and miscellaneous areas.

Soil scientists make many field observations in the process of producing a soil map.
The frequency of observation is dependent upon several factors, including scale of
mapping, intensity of mapping, design of map units, complexity of the landscape,
and experience of the soil scientist. Observations are made to test and refine the
soil-landscape model and predictions and to verify the classification of the soils at
specific locations. Once the soil-landscape model is refined, a significantly smaller
number of measurements of individual soil properties are made and recorded.
These measurements may include field measurements, such as those for color,
depth to bedrock, and texture, and laboratory measurements, such as those for
content of sand, silt, clay, salt, and other components. Properties of each soll
typically vary from one point to another across the landscape.

Observations for map unit components are aggregated to develop ranges of
characteristics for the components. The aggregated values are presented. Direct
measurements do not exist for every property presented for every map unit
component. Values for some properties are estimated from combinations of other
properties.

While a soil survey is in progress, samples of some of the soils in the area generally
are collected for laboratory analyses and for engineering tests. Soil scientists
interpret the data from these analyses and tests as well as the field-observed
characteristics and the soil properties to determine the expected behavior of the
soils under different uses. Interpretations for all of the soils are field tested through
observation of the soils in different uses and under different levels of management.
Some interpretations are modified to fit local conditions, and some new
interpretations are developed to meet local needs. Data are assembled from other
sources, such as research information, production records, and field experience of
specialists. For example, data on crop yields under defined levels of management
are assembled from farm records and from field or plot experiments on the same
kinds of soil.

Predictions about soil behavior are based not only on soil properties but also on
such variables as climate and biological activity. Soil conditions are predictable over
long periods of time, but they are not predictable from year to year. For example,
soil scientists can predict with a fairly high degree of accuracy that a given soil will
have a high water table within certain depths in most years, but they cannot predict
that a high water table will always be at a specific level in the soil on a specific date.

After soil scientists located and identified the significant natural bodies of soil in the
survey area, they drew the boundaries of these bodies on aerial photographs and
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identified each as a specific map unit. Aerial photographs show trees, buildings,
fields, roads, and rivers, all of which help in locating boundaries accurately.



Soil Map

The soil map section includes the soil map for the defined area of interest, a list of
soil map units on the map and extent of each map unit, and cartographic symbols
displayed on the map. Also presented are various metadata about data used to
produce the map, and a description of each soil map unit.
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MAP INFORMATION

The soil surveys that comprise your AOI were mapped at
1:24,000.

Please rely on the bar scale on each map sheet for map
measurements.

Source of Map: Natural Resources Conservation Service
Web Soil Survey URL:
Coordinate System: Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator
projection, which preserves direction and shape but distorts
distance and area. A projection that preserves area, such as the
Albers equal-area conic projection, should be used if more
accurate calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as
of the version date(s) listed below.

Soil Survey Area:
Survey Area Data:

Wallowa County Area, Oregon
Version 26, Sep 11, 2023

Soil map units are labeled (as space allows) for map scales
1:50,000 or larger.

Date(s) aerial images were photographed: Aug 4, 2020—Aug
14, 2020

The orthophoto or other base map on which the soil lines were
compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, some minor
shifting of map unit boundaries may be evident.
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Map Unit Legend

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

82 Freels silt loam, O to 3 percent 1.7 0.2%
slopes

113 Harlow-Bocker complex, 2 to 15 1.7 0.2%
percent slopes

114 Harlow-Bocker complex, 15 to 31.5 3.8%
30 percent south slopes

135 Hurwal silt loam, 8 to 15 20.7 2.5%
percent slopes

181 Laufer-Thiessen complex, 30 to 3.1 0.4%
60 percent south slopes

230 Powwatka silt loam, 2 to 8 100.3 12.1%
percent slopes

231 Powwatka silt loam, 8 to 15 47.6 5.7%
percent slopes

233 Powwatka silt loam, 15 to 30 1.5 0.2%
percent south slopes

281 Snell-Harlow complex, 15 to 30 5.5 0.7%
percent north slopes

283 Snell-Harlow complex, 15 to 30 6.6 0.8%
percent south slopes

335 Topper silt loam, 2 to 8 percent 342.3 41.2%
slopes

336 Topper silt loam, 8 to 15 percent 239.2 28.8%
slopes

337 Topper silt loam, 15 to 30 15.9 1.9%
percent north slopes

338 Topper silt loam, 15 to 30 53 0.6%
percent south slopes

340 Tuckerdowns gravelly loam, 2 8.2 1.0%
to 8 percent slopes

Totals for Area of Interest 830.9 100.0%

Map Unit Descriptions

The map units delineated on the detailed soil maps in a soil survey represent the
soils or miscellaneous areas in the survey area. The map unit descriptions, along
with the maps, can be used to determine the composition and properties of a unit.

A map unit delineation on a soil map represents an area dominated by one or more
major kinds of soil or miscellaneous areas. A map unit is identified and named
according to the taxonomic classification of the dominant soils. Within a taxonomic
class there are precisely defined limits for the properties of the soils. On the
landscape, however, the soils are natural phenomena, and they have the

11
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characteristic variability of all natural phenomena. Thus, the range of some
observed properties may extend beyond the limits defined for a taxonomic class.
Areas of soils of a single taxonomic class rarely, if ever, can be mapped without
including areas of other taxonomic classes. Consequently, every map unit is made
up of the soils or miscellaneous areas for which it is named and some minor
components that belong to taxonomic classes other than those of the major soils.

Most minor soils have properties similar to those of the dominant soil or soils in the
map unit, and thus they do not affect use and management. These are called
noncontrasting, or similar, components. They may or may not be mentioned in a
particular map unit description. Other minor components, however, have properties
and behavioral characteristics divergent enough to affect use or to require different
management. These are called contrasting, or dissimilar, components. They
generally are in small areas and could not be mapped separately because of the
scale used. Some small areas of strongly contrasting soils or miscellaneous areas
are identified by a special symbol on the maps. If included in the database for a
given area, the contrasting minor components are identified in the map unit
descriptions along with some characteristics of each. A few areas of minor
components may not have been observed, and consequently they are not
mentioned in the descriptions, especially where the pattern was so complex that it
was impractical to make enough observations to identify all the soils and
miscellaneous areas on the landscape.

The presence of minor components in a map unit in no way diminishes the
usefulness or accuracy of the data. The objective of mapping is not to delineate
pure taxonomic classes but rather to separate the landscape into landforms or
landform segments that have similar use and management requirements. The
delineation of such segments on the map provides sufficient information for the
development of resource plans. If intensive use of small areas is planned, however,
onsite investigation is needed to define and locate the soils and miscellaneous
areas.

An identifying symbol precedes the map unit name in the map unit descriptions.
Each description includes general facts about the unit and gives important soil
properties and qualities.

Soils that have profiles that are almost alike make up a soil series. Except for
differences in texture of the surface layer, all the soils of a series have major
horizons that are similar in composition, thickness, and arrangement.

Soils of one series can differ in texture of the surface layer, slope, stoniness,
salinity, degree of erosion, and other characteristics that affect their use. On the
basis of such differences, a soil series is divided into soil phases. Most of the areas
shown on the detailed soil maps are phases of soil series. The name of a soil phase
commonly indicates a feature that affects use or management. For example, Alpha
silt loam, 0 to 2 percent slopes, is a phase of the Alpha series.

Some map units are made up of two or more major soils or miscellaneous areas.
These map units are complexes, associations, or undifferentiated groups.

A complex consists of two or more soils or miscellaneous areas in such an intricate
pattern or in such small areas that they cannot be shown separately on the maps.
The pattern and proportion of the soils or miscellaneous areas are somewhat similar
in all areas. Alpha-Beta complex, 0 to 6 percent slopes, is an example.

An association is made up of two or more geographically associated soils or
miscellaneous areas that are shown as one unit on the maps. Because of present
or anticipated uses of the map units in the survey area, it was not considered

12
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practical or necessary to map the soils or miscellaneous areas separately. The
pattern and relative proportion of the soils or miscellaneous areas are somewhat
similar. Alpha-Beta association, 0 to 2 percent slopes, is an example.

An undifferentiated group is made up of two or more soils or miscellaneous areas
that could be mapped individually but are mapped as one unit because similar
interpretations can be made for use and management. The pattern and proportion
of the soils or miscellaneous areas in a mapped area are not uniform. An area can
be made up of only one of the major soils or miscellaneous areas, or it can be made
up of all of them. Alpha and Beta soils, 0 to 2 percent slopes, is an example.

Some surveys include miscellaneous areas. Such areas have little or no soil
material and support little or no vegetation. Rock outcrop is an example.

13
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Wallowa County Area, Oregon

82—Freels silt loam, 0 to 3 percent slopes

Map Unit Setting
National map unit symbol: 2v7s
Elevation: 3,400 to 4,400 feet
Mean annual precipitation: 13 to 17 inches
Mean annual air temperature: 42 to 45 degrees F
Frost-free period: 70 to 100 days
Farmland classification: Prime farmland if irrigated

Map Unit Composition
Freels and similar soils: 85 percent
Minor components: 4 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Freels

Setting
Landform: Stream terraces, flood plains
Landform position (three-dimensional): Tread
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Alluvium

Typical profile
H1 -0 to 5inches: silt loam
H2 - 5 to 34 inches: silt loam
H3 - 34 to 51 inches: silt loam
H4 - 51 to 60 inches: silt loam

Properties and qualities
Slope: 0 to 3 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Moderately well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high
(0.57 to 1.98 in/hr)
Depth to water table: About 36 to 60 inches
Frequency of flooding: Rare
Frequency of ponding: None
Available water supply, 0 to 60 inches: High (about 10.0 inches)

Interpretive groups
Land capability classification (irrigated): 3c
Land capability classification (nonirrigated): 3c
Hydrologic Soil Group: B
Ecological site: RO10XY0060R - MOUNTAIN LOAMY BOTTOM
Hydric soil rating: No

Minor Components

Sturgill
Percent of map unit: 4 percent
Landform: Flood plains
Landform position (three-dimensional): Tread
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Down-slope shape: Linear

Across-slope shape: Linear

Ecological site: R0O10XY0010R - COLD WET MEADOW
Hydric soil rating: Yes

113—Harlow-Bocker complex, 2 to 15 percent slopes

Map Unit Setting
National map unit symbol: 2tx9
Elevation: 3,400 to 5,000 feet
Mean annual precipitation: 13 to 17 inches
Mean annual air temperature: 42 to 45 degrees F
Frost-free period: 70 to 100 days
Farmland classification: Not prime farmland

Map Unit Composition
Harlow and similar soils: 60 percent
Bocker and similar soils: 25 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Harlow

Setting
Landform: Plateaus, structural benches
Landform position (two-dimensional): Summit
Landform position (three-dimensional): Interfluve
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loess and colluvium derived from basalt

Typical profile
A1 -0to 4inches: very stony loam
A2 -4 to 8inches: very cobbly clay loam
Bt - 8 to 16 inches: extremely cobbly clay
2R - 16 to 26 inches: unweathered bedrock

Properties and qualities
Slope: 2 to 15 percent
Surface area covered with cobbles, stones or boulders: 1.6 percent
Depth to restrictive feature: 10 to 20 inches to lithic bedrock
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to
moderately high (0.06 to 0.20 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Very low (about 1.5 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7s
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Hydrologic Soil Group: D
Ecological site: RO09XY0220R - Cold Shallow 13+ PZ
Hydric soil rating: No

Description of Bocker

Setting
Landform: Structural benches, plateaus
Landform position (two-dimensional): Shoulder
Landform position (three-dimensional): Interfluve
Down-slope shape: Linear
Across-slope shape: Convex
Parent material: Loess and colluvium derived from basalt

Typical profile
A - 0to 2inches: extremely cobbly silt loam
Bw - 2 to 7 inches: very cobbly silt loam
2R - 7 to 17 inches: unweathered bedrock

Properties and qualities

Slope: 2 to 15 percent

Depth to restrictive feature: 4 to 10 inches to lithic bedrock

Drainage class: Well drained

Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high
(0.57 to 1.98 in/hr)

Depth to water table: More than 80 inches

Frequency of flooding: None

Frequency of ponding: None

Available water supply, 0 to 60 inches: Very low (about 0.7 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7s
Hydrologic Soil Group: D
Ecological site: RO09XY0270R - Cold Very Shallow 13+ PZ
Hydric soil rating: No

114—Harlow-Bocker complex, 15 to 30 percent south slopes

Map Unit Setting
National map unit symbol: 2txb
Elevation: 3,400 to 5,000 feet
Mean annual precipitation: 13 to 17 inches
Mean annual air temperature: 42 to 45 degrees F
Frost-free period: 70 to 100 days
Farmland classification: Not prime farmland

Map Unit Composition
Harlow and similar soils: 60 percent
Bocker and similar soils: 25 percent
Estimates are based on observations, descriptions, and transects of the mapunit.
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Description of Harlow

Setting
Landform: Hills
Landform position (two-dimensional): Backslope, footslope
Landform position (three-dimensional): Side slope, base slope
Down-slope shape: Linear
Across-slope shape: Concave
Parent material: Loess and colluvium derived from basalt

Typical profile
A1 -0to 4inches: very stony loam
A2 -4 to 8inches: very cobbly clay loam
Bt - 8 to 16 inches: extremely cobbly clay
2R - 16 to 26 inches: unweathered bedrock

Properties and qualities
Slope: 15 to 30 percent
Surface area covered with cobbles, stones or boulders: 1.6 percent
Depth to restrictive feature: 10 to 20 inches to lithic bedrock
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to
moderately high (0.06 to 0.20 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Very low (about 1.5 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7s
Hydrologic Soil Group: D
Ecological site: RO09XY0360R - Cold Shallow South 13+ PZ
Hydric soil rating: No

Description of Bocker

Setting
Landform: Hills
Landform position (two-dimensional): Shoulder, backslope
Landform position (three-dimensional): Side slope
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loess and colluvium derived from basalt

Typical profile
A - 0to 2inches: extremely cobbly silt loam
Bw - 2 to 7 inches: very cobbly silt loam
2R - 7 to 17 inches: unweathered bedrock

Properties and qualities
Slope: 15 to 30 percent
Depth to restrictive feature: 4 to 10 inches to lithic bedrock
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high
(0.57 to 1.98 in/hr)
Depth to water table: More than 80 inches
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Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Very low (about 0.7 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7s
Hydrologic Soil Group: D
Ecological site: RO09XY0270R - Cold Very Shallow 13+ PZ
Hydric soil rating: No

135—Hurwal silt loam, 8 to 15 percent slopes

Map Unit Setting
National map unit symbol: 2ty1
Elevation: 3,400 to 5,000 feet
Mean annual precipitation: 13 to 17 inches
Mean annual air temperature: 42 to 45 degrees F
Frost-free period: 70 to 100 days
Farmland classification: Farmland of statewide importance

Map Unit Composition
Hurwal and similar soils: 90 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Hurwal

Setting
Landform: Hills
Landform position (two-dimensional): Summit, backslope
Landform position (three-dimensional): Interfluve, side slope
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loess with an influence of volcanic ash in the surface layers

Typical profile
H1-0to 12 inches: silt loam
H2 - 12 to 18 inches: silt loam
H3 - 18 to 56 inches: silty clay loam
H4 - 56 to 60 inches: silt loam

Properties and qualities
Slope: 8 to 15 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20
to 0.57 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum content: 5 percent
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Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: High (about 11.0 inches)

Interpretive groups
Land capability classification (irrigated): 4e
Land capability classification (nonirrigated): 3e
Hydrologic Soil Group: C
Ecological site: RO09XY0050R - Cold Swale 13-17 PZ
Hydric soil rating: No

181—Laufer-Thiessen complex, 30 to 60 percent south slopes

Map Unit Setting
National map unit symbol: 2tzk
Elevation: 1,600 to 4,000 feet
Mean annual precipitation: 13 to 17 inches
Mean annual air temperature: 47 to 50 degrees F
Frost-free period: 100 to 120 days
Farmland classification: Not prime farmland

Map Unit Composition
Laufer and similar soils: 45 percent
Thiessen and similar soils: 40 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Laufer

Setting
Landform: Canyons
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Side slope
Down-slope shape: Linear
Across-slope shape: Convex
Parent material: Loess and colluvium derived from basalt

Typical profile
H1 - 0to 4 inches: very stony silt loam
H2 - 4 to 8 inches: very cobbly clay loam
H3 - 8 to 16 inches: very cobbly clay
H4 - 16 to 26 inches: unweathered bedrock

Properties and qualities
Slope: 30 to 60 percent
Surface area covered with cobbles, stones or boulders: 1.6 percent
Depth to restrictive feature: 10 to 20 inches to lithic bedrock
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20
to 0.57 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Very low (about 1.5 inches)
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Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7s
Hydrologic Soil Group: D
Ecological site: R0O09XY0310R - Shallow South 14+ PZ
Hydric soil rating: No

Description of Thiessen

Setting
Landform: Canyons
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Side slope
Down-slope shape: Linear
Across-slope shape: Concave
Parent material: Loess and colluvium derived from basalt

Typical profile
A - 0to 3inches: very cobbly silt loam
AB - 3to 6 inches: very gravelly clay loam
Bt1 - 6 to 14 inches: very gravelly clay loam
Bt2 - 14 to 23 inches: very cobbly clay
Bt3 - 23 to 34 inches: very cobbly clay
2R - 34 to 44 inches: unweathered bedrock

Properties and qualities
Slope: 30 to 60 percent
Depth to restrictive feature: 20 to 40 inches to lithic bedrock
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to
moderately high (0.06 to 0.20 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Very low (about 2.9 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 6s
Hydrologic Soil Group: D
Ecological site: RO09XY0290R - South 14-17 PZ
Hydric soil rating: No

230—Powwatka silt loam, 2 to 8 percent slopes

Map Unit Setting
National map unit symbol: 2v1f
Elevation: 3,400 to 5,000 feet
Mean annual precipitation: 13 to 17 inches
Mean annual air temperature: 42 to 45 degrees F
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Frost-free period: 70 to 100 days
Farmland classification: Farmland of statewide importance

Map Unit Composition
Powwatka and similar soils: 85 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Powwatka

Setting
Landform: Hills
Landform position (two-dimensional): Summit
Landform position (three-dimensional): Interfluve
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loess over basalt with minor amounts of volcanic ash in the
surface layers

Typical profile
H1 -0 to 14 inches: silt loam
H2 - 14 to 24 inches: silty clay loam
H3 - 24 to 34 inches: unweathered bedrock

Properties and qualities
Slope: 2 to 8 percent
Depth to restrictive feature: 20 to 40 inches to lithic bedrock
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20
to 0.57 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Low (about 4.8 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 4e
Hydrologic Soil Group: C
Ecological site: RO09XY0170R - Cold Loamy 13-17 PZ
Hydric soil rating: No

231—Powwatka silt loam, 8 to 15 percent slopes

Map Unit Setting
National map unit symbol: 2v1g
Elevation: 3,400 to 5,000 feet
Mean annual precipitation: 13 to 17 inches
Mean annual air temperature: 42 to 45 degrees F
Frost-free period: 70 to 100 days
Farmland classification: Farmland of statewide importance
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Map Unit Composition
Powwatka and similar soils: 85 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Powwatka

Setting
Landform: Hills
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Side slope
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loess over basalt with minor amounts of volcanic ash in the
surface layers

Typical profile
H1 -0 to 14 inches: silt loam
H2 - 14 to 24 inches: silty clay loam
H3 - 24 to 34 inches: unweathered bedrock

Properties and qualities
Slope: 8 to 15 percent
Depth to restrictive feature: 20 to 40 inches to lithic bedrock
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20
to 0.57 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Low (about 4.8 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 4e
Hydrologic Soil Group: C
Ecological site: RO09XY0170R - Cold Loamy 13-17 PZ
Hydric soil rating: No

233—Powwatka silt loam, 15 to 30 percent south slopes

Map Unit Setting
National map unit symbol: 2v1j
Elevation: 3,400 to 5,000 feet
Mean annual precipitation: 13 to 17 inches
Mean annual air temperature: 42 to 45 degrees F
Frost-free period: 70 to 100 days
Farmland classification: Farmland of statewide importance

Map Unit Composition

Powwatka and similar soils: 85 percent
Estimates are based on observations, descriptions, and transects of the mapunit.
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Description of Powwatka

Setting
Landform: Hills
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Side slope
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loess over basalt with minor amounts of volcanic ash in the
surface layers

Typical profile
H1-0to 14 inches: silt loam
H2 - 14 to 24 inches: silty clay loam
H3 - 24 to 34 inches: unweathered bedrock

Properties and qualities
Slope: 15 to 30 percent
Depth to restrictive feature: 20 to 40 inches to lithic bedrock
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20
to 0.57 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Low (about 4.8 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 4e
Hydrologic Soil Group: C
Ecological site: RO09XY0340R - Cold South 13-17 PZ
Hydric soil rating: No

281—Snell-Harlow complex, 15 to 30 percent north slopes

Map Unit Setting
National map unit symbol: 2v3b
Elevation: 2,800 to 5,000 feet
Mean annual precipitation: 13 to 30 inches
Mean annual air temperature: 42 to 45 degrees F
Frost-free period: 70 to 100 days
Farmland classification: Farmland of statewide importance

Map Unit Composition
Snell and similar soils: 60 percent
Harlow and similar soils: 25 percent
Estimates are based on observations, descriptions, and transects of the mapunit.
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Description of Snell

Setting
Landform: Plateaus, structural benches
Landform position (two-dimensional): Summit
Landform position (three-dimensional): Interfluve, crest
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loess and colluvium derived from basalt

Typical profile
A1 -0to 4inches: very stony loam
A2 -4to 9inches: stony clay loam
Bt1 - 9 to 18 inches: very stony clay loam
Bt2 - 18 to 24 inches: extremely stony clay loam
2R - 24 to 34 inches: unweathered bedrock

Properties and qualities
Slope: 15 to 30 percent
Depth to restrictive feature: 20 to 40 inches to lithic bedrock
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20
to 0.57 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Very low (about 2.9 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 6s
Hydrologic Soil Group: C
Ecological site: RO09XY0170R - Cold Loamy 13-17 PZ
Hydric soil rating: No

Description of Harlow

Setting
Landform: Canyons
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Side slope
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loess and colluvium derived from basalt

Typical profile
A1 -0to 4inches: very stony loam
A2 -4 to 8inches: very cobbly clay loam
Bt - 8 to 16 inches: extremely cobbly clay
2R - 16 to 26 inches: unweathered bedrock

Properties and qualities
Slope: 15 to 30 percent
Surface area covered with cobbles, stones or boulders: 1.6 percent
Depth to restrictive feature: 10 to 20 inches to lithic bedrock
Drainage class: Well drained
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Capacity of the most limiting layer to transmit water (Ksat): Moderately low to
moderately high (0.06 to 0.20 in/hr)

Depth to water table: More than 80 inches

Frequency of flooding: None

Frequency of ponding: None

Available water supply, 0 to 60 inches: Very low (about 1.5 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7s
Hydrologic Soil Group: D
Ecological site: RO09XY0480R - Shallow North 14+ PZ
Hydric soil rating: No

283—Snell-Harlow complex, 15 to 30 percent south slopes

Map Unit Setting
National map unit symbol: 2v3d
Elevation: 4,000 to 5,000 feet
Mean annual precipitation: 13 to 30 inches
Mean annual air temperature: 42 to 45 degrees F
Frost-free period: 70 to 100 days
Farmland classification: Farmland of statewide importance

Map Unit Composition
Snell and similar soils: 55 percent
Harlow and similar soils: 30 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Snell

Setting
Landform: Plateaus, structural benches
Landform position (two-dimensional): Summit
Landform position (three-dimensional): Interfluve, crest
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loess and colluvium derived from basalt

Typical profile
A1 -0to 4inches: very stony loam
A2 -4to 9inches: stony clay loam
Bt1 - 9 to 18 inches: very stony clay loam
Bt2 - 18 to 24 inches: extremely stony clay loam
2R - 24 to 34 inches: unweathered bedrock

Properties and qualities
Slope: 15 to 30 percent
Depth to restrictive feature: 20 to 40 inches to lithic bedrock
Drainage class: Well drained
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Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20
to 0.57 in/hr)

Depth to water table: More than 80 inches

Frequency of flooding: None

Frequency of ponding: None

Available water supply, 0 to 60 inches: Very low (about 2.9 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 6s
Hydrologic Soil Group: C
Ecological site: RO09XY0170R - Cold Loamy 13-17 PZ
Hydric soil rating: No

Description of Harlow

Setting
Landform: Canyons
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Side slope
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loess and colluvium derived from basalt

Typical profile
A1 -0to 4inches: very stony loam
A2 -4 to 8inches: very cobbly clay loam
Bt - 8 to 16 inches: extremely cobbly clay
2R - 16 to 26 inches: unweathered bedrock

Properties and qualities
Slope: 15 to 30 percent
Surface area covered with cobbles, stones or boulders: 1.6 percent
Depth to restrictive feature: 10 to 20 inches to lithic bedrock
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to
moderately high (0.06 to 0.20 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Very low (about 1.5 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7s
Hydrologic Soil Group: D
Ecological site: RO09XY0480R - Shallow North 14+ PZ
Hydric soil rating: No
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335—Topper silt loam, 2 to 8 percent slopes

Map Unit Setting
National map unit symbol: 2v59
Elevation: 3,400 to 4,500 feet
Mean annual precipitation: 13 to 17 inches
Mean annual air temperature: 42 to 45 degrees F
Frost-free period: 70 to 100 days
Farmland classification: Prime farmland if irrigated

Map Unit Composition
Topper and similar soils: 85 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Topper

Setting
Landform: Hills
Landform position (two-dimensional): Footslope
Landform position (three-dimensional): Base slope
Down-slope shape: Linear
Across-slope shape: Concave
Parent material: Loess with an influence of volcanic ash in the surface layers

Typical profile
H1 -0 to 11 inches: silt loam
H2 - 11 to 25 inches: silt loam
H3 - 25 to 35 inches: silty clay loam
H4 - 35 to 60 inches: silt loam

Properties and qualities
Slope: 2 to 8 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high
(0.57 to 1.98 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum content: 20 percent
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: High (about 11.2 inches)

Interpretive groups
Land capability classification (irrigated): 3e
Land capability classification (nonirrigated): 3e
Hydrologic Soil Group: B
Ecological site: RO09XY0170R - Cold Loamy 13-17 PZ
Hydric soil rating: No
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336—Topper silt loam, 8 to 15 percent slopes

Map Unit Setting
National map unit symbol: 2v5b
Elevation: 3,400 to 4,500 feet
Mean annual precipitation: 13 to 17 inches
Mean annual air temperature: 42 to 45 degrees F
Frost-free period: 70 to 100 days
Farmland classification: Farmland of statewide importance

Map Unit Composition
Topper and similar soils: 85 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Topper

Setting
Landform: Hills
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Side slope
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loess with an influence of volcanic ash in the surface layers

Typical profile
H1 -0 to 11 inches: silt loam
H2 - 11 to 25 inches: silt loam
H3 - 25 to 35 inches: silty clay loam
H4 - 35 to 60 inches: silt loam

Properties and qualities

Slope: 8 to 15 percent

Depth to restrictive feature: More than 80 inches

Drainage class: Well drained

Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high
(0.57 to 1.98 in/hr)

Depth to water table: More than 80 inches

Frequency of flooding: None

Frequency of ponding: None

Calcium carbonate, maximum content: 20 percent

Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)

Available water supply, 0 to 60 inches: High (about 11.2 inches)

Interpretive groups
Land capability classification (irrigated): 4e
Land capability classification (nonirrigated): 3e
Hydrologic Soil Group: B
Ecological site: RO09XY0170R - Cold Loamy 13-17 PZ
Hydric soil rating: No
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337—Topper silt loam, 15 to 30 percent north slopes

Map Unit Setting
National map unit symbol: 2v5c
Elevation: 3,400 to 4,500 feet
Mean annual precipitation: 13 to 17 inches
Mean annual air temperature: 42 to 45 degrees F
Frost-free period: 70 to 100 days
Farmland classification: Farmland of statewide importance

Map Unit Composition
Topper and similar soils: 85 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Topper

Setting
Landform: Hills
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Side slope
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loess with an influence of volcanic ash in the surface layers

Typical profile
H1 - 0to 11 inches: silt loam
H2 - 11 to 25 inches: silt loam
H3 - 25 to 35 inches: silty clay loam
H4 - 35 to 60 inches: silt loam

Properties and qualities
Slope: 15 to 30 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high
(0.57 to 1.98 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum content: 20 percent
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: High (about 11.2 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 4e
Hydrologic Soil Group: B
Ecological site: RO09XY0410R - Deep North 14-17 PZ
Hydric soil rating: No
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338—Topper silt loam, 15 to 30 percent south slopes

Map Unit Setting
National map unit symbol: 2v5d
Elevation: 3,400 to 4,500 feet
Mean annual precipitation: 13 to 17 inches
Mean annual air temperature: 42 to 45 degrees F
Frost-free period: 70 to 100 days
Farmland classification: Farmland of statewide importance

Map Unit Composition
Topper and similar soils: 85 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Topper

Setting
Landform: Hills
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Side slope
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loess with an influence of volcanic ash in the surface layers

Typical profile
H1 - 0to 11 inches: silt loam
H2 - 11 to 25 inches: silt loam
H3 - 25 to 35 inches: silty clay loam
H4 - 35 to 60 inches: silt loam

Properties and qualities
Slope: 15 to 30 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high
(0.57 to 1.98 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum content: 20 percent
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: High (about 11.2 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 4e
Hydrologic Soil Group: B
Ecological site: R0O09XY0340R - Cold South 13-17 PZ
Hydric soil rating: No
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340—Tuckerdowns gravelly loam, 2 to 8 percent slopes

Map Unit Setting
National map unit symbol: 2v5g
Elevation: 3,700 to 4,400 feet
Mean annual precipitation: 13 to 17 inches
Mean annual air temperature: 42 to 45 degrees F
Frost-free period: 70 to 100 days
Farmland classification: Farmland of statewide importance

Map Unit Composition
Tuckerdowns and similar soils: 85 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Tuckerdowns

Setting
Landform: Terraces
Landform position (three-dimensional): Tread
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Alluvium with an influence loess in the surface layers

Typical profile
A1 -0to 3inches: gravelly loam
A2 - 3to 10 inches: gravelly loam
Bw - 10to 17 inches: gravelly loam
Bk1 - 17 to 33 inches: very gravelly sandy clay loam
Bk2 - 33 to 60 inches: extremely gravelly sandy loam

Properties and qualities
Slope: 2 to 8 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high
(0.57 to 1.98 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum content: 20 percent
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: Low (about 5.8 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 3e
Hydrologic Soil Group: B
Ecological site: RO09XY0170R - Cold Loamy 13-17 PZ
Hydric soil rating: No
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Preface

Soil surveys contain information that affects land use planning in survey areas.
They highlight soil limitations that affect various land uses and provide information
about the properties of the soils in the survey areas. Soil surveys are designed for
many different users, including farmers, ranchers, foresters, agronomists, urban
planners, community officials, engineers, developers, builders, and home buyers.
Also, conservationists, teachers, students, and specialists in recreation, waste
disposal, and pollution control can use the surveys to help them understand,
protect, or enhance the environment.

Various land use regulations of Federal, State, and local governments may impose
special restrictions on land use or land treatment. Soil surveys identify soil
properties that are used in making various land use or land treatment decisions.
The information is intended to help the land users identify and reduce the effects of
soil limitations on various land uses. The landowner or user is responsible for
identifying and complying with existing laws and regulations.

Although soil survey information can be used for general farm, local, and wider area
planning, onsite investigation is needed to supplement this information in some
cases. Examples include soil quality assessments (http://www.nrcs.usda.gov/wps/
portal/nrcs/main/soils/health/) and certain conservation and engineering
applications. For more detailed information, contact your local USDA Service Center
(https://offices.sc.egov.usda.gov/locator/app?agency=nrcs) or your NRCS State Soil
Scientist (http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/contactus/?
cid=nrcs142p2_053951).

Great differences in soil properties can occur within short distances. Some soils are
seasonally wet or subject to flooding. Some are too unstable to be used as a
foundation for buildings or roads. Clayey or wet soils are poorly suited to use as
septic tank absorption fields. A high water table makes a soil poorly suited to
basements or underground installations.

The National Cooperative Soil Survey is a joint effort of the United States
Department of Agriculture and other Federal agencies, State agencies including the
Agricultural Experiment Stations, and local agencies. The Natural Resources
Conservation Service (NRCS) has leadership for the Federal part of the National
Cooperative Soil Survey.

Information about soils is updated periodically. Updated information is available
through the NRCS Web Soil Survey, the site for official soil survey information.

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its
programs and activities on the basis of race, color, national origin, age, disability,
and where applicable, sex, marital status, familial status, parental status, religion,
sexual orientation, genetic information, political beliefs, reprisal, or because all or a
part of an individual's income is derived from any public assistance program. (Not
all prohibited bases apply to all programs.) Persons with disabilities who require
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alternative means for communication of program information (Braille, large print,
audiotape, etc.) should contact USDA's TARGET Center at (202) 720-2600 (voice
and TDD). To file a complaint of discrimination, write to USDA, Director, Office of
Civil Rights, 1400 Independence Avenue, S.W., Washington, D.C. 20250-9410 or
call (800) 795-3272 (voice) or (202) 720-6382 (TDD). USDA is an equal opportunity
provider and employer.
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How Soil Surveys Are Made

Soil surveys are made to provide information about the soils and miscellaneous
areas in a specific area. They include a description of the soils and miscellaneous
areas and their location on the landscape and tables that show soil properties and
limitations affecting various uses. Soil scientists observed the steepness, length,
and shape of the slopes; the general pattern of drainage; the kinds of crops and
native plants; and the kinds of bedrock. They observed and described many soil
profiles. A soil profile is the sequence of natural layers, or horizons, in a soil. The
profile extends from the surface down into the unconsolidated material in which the
soil formed or from the surface down to bedrock. The unconsolidated material is
devoid of roots and other living organisms and has not been changed by other
biological activity.

Currently, soils are mapped according to the boundaries of major land resource
areas (MLRAs). MLRAs are geographically associated land resource units that

share common characteristics related to physiography, geology, climate, water

resources, soils, biological resources, and land uses (USDA, 2006). Soil survey
areas typically consist of parts of one or more MLRA.

The soils and miscellaneous areas in a survey area occur in an orderly pattern that
is related to the geology, landforms, relief, climate, and natural vegetation of the
area. Each kind of soil and miscellaneous area is associated with a particular kind
of landform or with a segment of the landform. By observing the soils and
miscellaneous areas in the survey area and relating their position to specific
segments of the landform, a soil scientist develops a concept, or model, of how they
were formed. Thus, during mapping, this model enables the soil scientist to predict
with a considerable degree of accuracy the kind of soil or miscellaneous area at a
specific location on the landscape.

Commonly, individual soils on the landscape merge into one another as their
characteristics gradually change. To construct an accurate soil map, however, soil
scientists must determine the boundaries between the soils. They can observe only
a limited number of soil profiles. Nevertheless, these observations, supplemented
by an understanding of the soil-vegetation-landscape relationship, are sufficient to
verify predictions of the kinds of soil in an area and to determine the boundaries.

Soil scientists recorded the characteristics of the soil profiles that they studied. They
noted soil color, texture, size and shape of soil aggregates, kind and amount of rock
fragments, distribution of plant roots, reaction, and other features that enable them
to identify soils. After describing the soils in the survey area and determining their
properties, the soil scientists assigned the soils to taxonomic classes (units).
Taxonomic classes are concepts. Each taxonomic class has a set of soll
characteristics with precisely defined limits. The classes are used as a basis for
comparison to classify soils systematically. Soil taxonomy, the system of taxonomic
classification used in the United States, is based mainly on the kind and character
of soil properties and the arrangement of horizons within the profile. After the soil
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scientists classified and named the soils in the survey area, they compared the
individual soils with similar soils in the same taxonomic class in other areas so that
they could confirm data and assemble additional data based on experience and
research.

The objective of soil mapping is not to delineate pure map unit components; the
objective is to separate the landscape into landforms or landform segments that
have similar use and management requirements. Each map unit is defined by a
unique combination of soil components and/or miscellaneous areas in predictable
proportions. Some components may be highly contrasting to the other components
of the map unit. The presence of minor components in a map unit in no way
diminishes the usefulness or accuracy of the data. The delineation of such
landforms and landform segments on the map provides sufficient information for the
development of resource plans. If intensive use of small areas is planned, onsite
investigation is needed to define and locate the soils and miscellaneous areas.

Soil scientists make many field observations in the process of producing a soil map.
The frequency of observation is dependent upon several factors, including scale of
mapping, intensity of mapping, design of map units, complexity of the landscape,
and experience of the soil scientist. Observations are made to test and refine the
soil-landscape model and predictions and to verify the classification of the soils at
specific locations. Once the soil-landscape model is refined, a significantly smaller
number of measurements of individual soil properties are made and recorded.
These measurements may include field measurements, such as those for color,
depth to bedrock, and texture, and laboratory measurements, such as those for
content of sand, silt, clay, salt, and other components. Properties of each soll
typically vary from one point to another across the landscape.

Observations for map unit components are aggregated to develop ranges of
characteristics for the components. The aggregated values are presented. Direct
measurements do not exist for every property presented for every map unit
component. Values for some properties are estimated from combinations of other
properties.

While a soil survey is in progress, samples of some of the soils in the area generally
are collected for laboratory analyses and for engineering tests. Soil scientists
interpret the data from these analyses and tests as well as the field-observed
characteristics and the soil properties to determine the expected behavior of the
soils under different uses. Interpretations for all of the soils are field tested through
observation of the soils in different uses and under different levels of management.
Some interpretations are modified to fit local conditions, and some new
interpretations are developed to meet local needs. Data are assembled from other
sources, such as research information, production records, and field experience of
specialists. For example, data on crop yields under defined levels of management
are assembled from farm records and from field or plot experiments on the same
kinds of soil.

Predictions about soil behavior are based not only on soil properties but also on
such variables as climate and biological activity. Soil conditions are predictable over
long periods of time, but they are not predictable from year to year. For example,
soil scientists can predict with a fairly high degree of accuracy that a given soil will
have a high water table within certain depths in most years, but they cannot predict
that a high water table will always be at a specific level in the soil on a specific date.

After soil scientists located and identified the significant natural bodies of soil in the
survey area, they drew the boundaries of these bodies on aerial photographs and
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identified each as a specific map unit. Aerial photographs show trees, buildings,
fields, roads, and rivers, all of which help in locating boundaries accurately.



Soil Map

The soil map section includes the soil map for the defined area of interest, a list of
soil map units on the map and extent of each map unit, and cartographic symbols
displayed on the map. Also presented are various metadata about data used to
produce the map, and a description of each soil map unit.
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MAP INFORMATION

The soil surveys that comprise your AOI were mapped at
1:24,000.

Warning: Soil Map may not be valid at this scale.

Enlargement of maps beyond the scale of mapping can cause
misunderstanding of the detail of mapping and accuracy of soil
line placement. The maps do not show the small areas of
contrasting soils that could have been shown at a more detailed
scale.

Please rely on the bar scale on each map sheet for map
measurements.

Source of Map: Natural Resources Conservation Service
Web Soil Survey URL:
Coordinate System: Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator
projection, which preserves direction and shape but distorts
distance and area. A projection that preserves area, such as the
Albers equal-area conic projection, should be used if more
accurate calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as
of the version date(s) listed below.

Soil Survey Area: Wallowa County Area, Oregon
Survey Area Data: Version 26, Sep 11, 2023

Soil map units are labeled (as space allows) for map scales
1:50,000 or larger.

Date(s) aerial images were photographed: Aug 4, 2020—Aug
14, 2020

The orthophoto or other base map on which the soil lines were
compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, some minor
shifting of map unit boundaries may be evident.
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Map Unit Legend

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

113 Harlow-Bocker complex, 2 to 15 12.9 21%
percent slopes

114 Harlow-Bocker complex, 15 to 61.8 10.0%
30 percent south slopes

134 Hurwal silt loam, 2 to 8 percent 68.1 11.0%
slopes

135 Hurwal silt loam, 8 to 15 267.6 43.2%
percent slopes

136 Hurwal silt loam, 15 to 30 26.7 4.3%
percent north slopes

230 Powwatka silt loam, 2 to 8 281 4.5%
percent slopes

231 Powwatka silt loam, 8 to 15 49.5 8.0%
percent slopes

280 Snell-Harlow complex, 2 to 15 2.9 0.5%
percent slopes

281 Snell-Harlow complex, 15 to 30 0.1 0.0%
percent north slopes

349 Wallowa-Bocker complex, 2 to 101.7 16.4%
15 percent slopes

Totals for Area of Interest 619.4 100.0%

Map Unit Descriptions

The map units delineated on the detailed soil maps in a soil survey represent the
soils or miscellaneous areas in the survey area. The map unit descriptions, along
with the maps, can be used to determine the composition and properties of a unit.

A map unit delineation on a soil map represents an area dominated by one or more
major kinds of soil or miscellaneous areas. A map unit is identified and named
according to the taxonomic classification of the dominant soils. Within a taxonomic
class there are precisely defined limits for the properties of the soils. On the
landscape, however, the soils are natural phenomena, and they have the
characteristic variability of all natural phenomena. Thus, the range of some
observed properties may extend beyond the limits defined for a taxonomic class.
Areas of soils of a single taxonomic class rarely, if ever, can be mapped without
including areas of other taxonomic classes. Consequently, every map unit is made
up of the soils or miscellaneous areas for which it is named and some minor
components that belong to taxonomic classes other than those of the major soils.

Most minor soils have properties similar to those of the dominant soil or soils in the
map unit, and thus they do not affect use and management. These are called
noncontrasting, or similar, components. They may or may not be mentioned in a
particular map unit description. Other minor components, however, have properties
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and behavioral characteristics divergent enough to affect use or to require different
management. These are called contrasting, or dissimilar, components. They
generally are in small areas and could not be mapped separately because of the
scale used. Some small areas of strongly contrasting soils or miscellaneous areas
are identified by a special symbol on the maps. If included in the database for a
given area, the contrasting minor components are identified in the map unit
descriptions along with some characteristics of each. A few areas of minor
components may not have been observed, and consequently they are not
mentioned in the descriptions, especially where the pattern was so complex that it
was impractical to make enough observations to identify all the soils and
miscellaneous areas on the landscape.

The presence of minor components in a map unit in no way diminishes the
usefulness or accuracy of the data. The objective of mapping is not to delineate
pure taxonomic classes but rather to separate the landscape into landforms or
landform segments that have similar use and management requirements. The
delineation of such segments on the map provides sufficient information for the
development of resource plans. If intensive use of small areas is planned, however,
onsite investigation is needed to define and locate the soils and miscellaneous
areas.

An identifying symbol precedes the map unit name in the map unit descriptions.
Each description includes general facts about the unit and gives important soil
properties and qualities.

Soils that have profiles that are almost alike make up a soil series. Except for
differences in texture of the surface layer, all the soils of a series have major
horizons that are similar in composition, thickness, and arrangement.

Soils of one series can differ in texture of the surface layer, slope, stoniness,
salinity, degree of erosion, and other characteristics that affect their use. On the
basis of such differences, a soil series is divided into soil phases. Most of the areas
shown on the detailed soil maps are phases of soil series. The name of a soil phase
commonly indicates a feature that affects use or management. For example, Alpha
silt loam, 0 to 2 percent slopes, is a phase of the Alpha series.

Some map units are made up of two or more major soils or miscellaneous areas.
These map units are complexes, associations, or undifferentiated groups.

A complex consists of two or more soils or miscellaneous areas in such an intricate
pattern or in such small areas that they cannot be shown separately on the maps.
The pattern and proportion of the soils or miscellaneous areas are somewhat similar
in all areas. Alpha-Beta complex, 0 to 6 percent slopes, is an example.

An association is made up of two or more geographically associated soils or
miscellaneous areas that are shown as one unit on the maps. Because of present
or anticipated uses of the map units in the survey area, it was not considered
practical or necessary to map the soils or miscellaneous areas separately. The
pattern and relative proportion of the soils or miscellaneous areas are somewhat
similar. Alpha-Beta association, 0 to 2 percent slopes, is an example.

An undifferentiated group is made up of two or more soils or miscellaneous areas
that could be mapped individually but are mapped as one unit because similar
interpretations can be made for use and management. The pattern and proportion
of the soils or miscellaneous areas in a mapped area are not uniform. An area can
be made up of only one of the major soils or miscellaneous areas, or it can be made
up of all of them. Alpha and Beta soils, 0 to 2 percent slopes, is an example.

12
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Some surveys include miscellaneous areas. Such areas have little or no soil
material and support little or no vegetation. Rock outcrop is an example.

13
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Wallowa County Area, Oregon

113—Harlow-Bocker complex, 2 to 15 percent slopes

Map Unit Setting
National map unit symbol: 2tx9
Elevation: 3,400 to 5,000 feet
Mean annual precipitation: 13 to 17 inches
Mean annual air temperature: 42 to 45 degrees F
Frost-free period: 70 to 100 days
Farmland classification: Not prime farmland

Map Unit Composition
Harlow and similar soils: 60 percent
Bocker and similar soils: 25 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Harlow

Setting
Landform: Plateaus, structural benches
Landform position (two-dimensional): Summit
Landform position (three-dimensional): Interfluve
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loess and colluvium derived from basalt

Typical profile
A1 -0to 4inches: very stony loam
A2 -4 to 8inches: very cobbly clay loam
Bt - 8 to 16 inches: extremely cobbly clay
2R - 16 to 26 inches: unweathered bedrock

Properties and qualities
Slope: 2 to 15 percent
Surface area covered with cobbles, stones or boulders: 1.6 percent
Depth to restrictive feature: 10 to 20 inches to lithic bedrock
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to
moderately high (0.06 to 0.20 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Very low (about 1.5 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7s
Hydrologic Soil Group: D
Ecological site: RO09XY0220R - Cold Shallow 13+ PZ
Hydric soil rating: No

Description of Bocker

Setting
Landform: Structural benches, plateaus

14



Custom Soil Resource Report

Landform position (two-dimensional): Shoulder
Landform position (three-dimensional): Interfluve
Down-slope shape: Linear

Across-slope shape: Convex

Parent material: Loess and colluvium derived from basalt

Typical profile
A - 0to 2inches: extremely cobbly silt loam
Bw - 2 to 7 inches: very cobbly silt loam
2R - 7 to 17 inches: unweathered bedrock

Properties and qualities

Slope: 2 to 15 percent

Depth to restrictive feature: 4 to 10 inches to lithic bedrock

Drainage class: Well drained

Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high
(0.57 to 1.98 in/hr)

Depth to water table: More than 80 inches

Frequency of flooding: None

Frequency of ponding: None

Available water supply, 0 to 60 inches: Very low (about 0.7 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7s
Hydrologic Soil Group: D
Ecological site: RO09XY0270R - Cold Very Shallow 13+ PZ
Hydric soil rating: No

114—Harlow-Bocker complex, 15 to 30 percent south slopes

Map Unit Setting
National map unit symbol: 2txb
Elevation: 3,400 to 5,000 feet
Mean annual precipitation: 13 to 17 inches
Mean annual air temperature: 42 to 45 degrees F
Frost-free period: 70 to 100 days
Farmland classification: Not prime farmland

Map Unit Composition
Harlow and similar soils: 60 percent
Bocker and similar soils: 25 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Harlow

Setting
Landform: Hills
Landform position (two-dimensional): Backslope, footslope
Landform position (three-dimensional): Side slope, base slope
Down-slope shape: Linear
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Across-slope shape: Concave
Parent material: Loess and colluvium derived from basalt

Typical profile
A1 -0to 4inches: very stony loam
A2 -4 to 8inches: very cobbly clay loam
Bt - 8 to 16 inches: extremely cobbly clay
2R - 16 to 26 inches: unweathered bedrock

Properties and qualities
Slope: 15 to 30 percent
Surface area covered with cobbles, stones or boulders: 1.6 percent
Depth to restrictive feature: 10 to 20 inches to lithic bedrock
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to
moderately high (0.06 to 0.20 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Very low (about 1.5 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7s
Hydrologic Soil Group: D
Ecological site: RO09XY0360R - Cold Shallow South 13+ PZ
Hydric soil rating: No

Description of Bocker

Setting
Landform: Hills
Landform position (two-dimensional): Shoulder, backslope
Landform position (three-dimensional): Side slope
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loess and colluvium derived from basalt

Typical profile
A - 0to 2inches: extremely cobbly silt loam
Bw - 2 to 7 inches: very cobbly silt loam
2R - 7 to 17 inches: unweathered bedrock

Properties and qualities
Slope: 15 to 30 percent
Depth to restrictive feature: 4 to 10 inches to lithic bedrock
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high
(0.57 to 1.98 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Very low (about 0.7 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7s
Hydrologic Soil Group: D
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Ecological site: RO09XY0270R - Cold Very Shallow 13+ PZ
Hydric soil rating: No

134—Hurwal silt loam, 2 to 8 percent slopes

Map Unit Setting
National map unit symbol: 2ty0
Elevation: 3,400 to 5,000 feet
Mean annual precipitation: 13 to 17 inches
Mean annual air temperature: 42 to 45 degrees F
Frost-free period: 70 to 100 days
Farmland classification: Prime farmland if irrigated

Map Unit Composition
Hurwal and similar soils: 90 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Hurwal

Setting
Landform: Hills
Landform position (two-dimensional): Summit, footslope
Landform position (three-dimensional): Interfluve, base slope
Down-slope shape: Linear
Across-slope shape: Concave
Parent material: Loess with an influence of volcanic ash in the surface layers

Typical profile
H1 - 0to 12 inches: silt loam
H2 - 12 to 18 inches: silt loam
H3 - 18 to 56 inches: silty clay loam
H4 - 56 to 60 inches: silt loam

Properties and qualities
Slope: 2 to 8 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20
to 0.57 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum content: 5 percent
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: High (about 11.0 inches)

Interpretive groups
Land capability classification (irrigated): 3e
Land capability classification (nonirrigated): 3e
Hydrologic Soil Group: C
Ecological site: RO09XY0050R - Cold Swale 13-17 PZ
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Hydric soil rating: No

135—Hurwal silt loam, 8 to 15 percent slopes

Map Unit Setting
National map unit symbol: 2ty1
Elevation: 3,400 to 5,000 feet
Mean annual precipitation: 13 to 17 inches
Mean annual air temperature: 42 to 45 degrees F
Frost-free period: 70 to 100 days
Farmland classification: Farmland of statewide importance

Map Unit Composition
Hurwal and similar soils: 90 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Hurwal

Setting
Landform: Hills
Landform position (two-dimensional): Summit, backslope
Landform position (three-dimensional): Interfluve, side slope
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loess with an influence of volcanic ash in the surface layers

Typical profile
H1-0to 12 inches: silt loam
H2 - 12 to 18 inches: silt loam
H3 - 18 to 56 inches: silty clay loam
H4 - 56 to 60 inches: silt loam

Properties and qualities
Slope: 8 to 15 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20
to 0.57 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum content: 5 percent
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: High (about 11.0 inches)

Interpretive groups
Land capability classification (irrigated): 4e
Land capability classification (nonirrigated): 3e
Hydrologic Soil Group: C
Ecological site: RO09XY0050R - Cold Swale 13-17 PZ
Hydric soil rating: No
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136—Hurwal silt loam, 15 to 30 percent north slopes

Map Unit Setting
National map unit symbol: 2ty2
Elevation: 3,400 to 5,000 feet
Mean annual precipitation: 13 to 17 inches
Mean annual air temperature: 42 to 45 degrees F
Frost-free period: 70 to 100 days
Farmland classification: Farmland of statewide importance

Map Unit Composition
Hurwal, deep, and similar soils: 85 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Hurwal, Deep

Setting
Landform: Hills
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Side slope
Down-slope shape: Linear
Across-slope shape: Concave
Parent material: Loess with an influence of volcanic ash in the surface layers

Typical profile
H1-0to 12 inches: silt loam
H2 - 12 to 18 inches: silt loam
H3 - 18 to 56 inches: silty clay loam
H4 - 56 to 58 inches: silt loam
H5 - 58 to 68 inches: unweathered bedrock

Properties and qualities
Slope: 15 to 30 percent
Depth to restrictive feature: 40 to 60 inches to lithic bedrock
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20
to 0.57 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum content: 5 percent
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: High (about 10.7 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 4e
Hydrologic Soil Group: C
Ecological site: RO09XY0410R - Deep North 14-17 PZ
Hydric soil rating: No
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230—Powwatka silt loam, 2 to 8 percent slopes

Map Unit Setting
National map unit symbol: 2v1f
Elevation: 3,400 to 5,000 feet
Mean annual precipitation: 13 to 17 inches
Mean annual air temperature: 42 to 45 degrees F
Frost-free period: 70 to 100 days
Farmland classification: Farmland of statewide importance

Map Unit Composition
Powwatka and similar soils: 85 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Powwatka

Setting
Landform: Hills
Landform position (two-dimensional): Summit
Landform position (three-dimensional): Interfluve
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loess over basalt with minor amounts of volcanic ash in the
surface layers

Typical profile
H1-0to 14 inches: silt loam
H2 - 14 to 24 inches: silty clay loam
H3 - 24 to 34 inches: unweathered bedrock

Properties and qualities
Slope: 2 to 8 percent
Depth to restrictive feature: 20 to 40 inches to lithic bedrock
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20
to 0.57 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Low (about 4.8 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 4e
Hydrologic Soil Group: C
Ecological site: RO09XY0170R - Cold Loamy 13-17 PZ
Hydric soil rating: No
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231—Powwatka silt loam, 8 to 15 percent slopes

Map Unit Setting
National map unit symbol: 2v1g
Elevation: 3,400 to 5,000 feet
Mean annual precipitation: 13 to 17 inches
Mean annual air temperature: 42 to 45 degrees F
Frost-free period: 70 to 100 days
Farmland classification: Farmland of statewide importance

Map Unit Composition
Powwatka and similar soils: 85 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Powwatka

Setting
Landform: Hills
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Side slope
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loess over basalt with minor amounts of volcanic ash in the
surface layers

Typical profile
H1-0to 14 inches: silt loam
H2 - 14 to 24 inches: silty clay loam
H3 - 24 to 34 inches: unweathered bedrock

Properties and qualities
Slope: 8 to 15 percent
Depth to restrictive feature: 20 to 40 inches to lithic bedrock
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20
to 0.57 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Low (about 4.8 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 4e
Hydrologic Soil Group: C
Ecological site: RO09XY0170R - Cold Loamy 13-17 PZ
Hydric soil rating: No
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280—Snell-Harlow complex, 2 to 15 percent slopes

Map Unit Setting
National map unit symbol: 2v39
Elevation: 3,400 to 5,000 feet
Mean annual precipitation: 13 to 17 inches
Mean annual air temperature: 42 to 45 degrees F
Frost-free period: 70 to 100 days
Farmland classification: Farmland of statewide importance

Map Unit Composition
Snell and similar soils: 65 percent
Harlow and similar soils: 25 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Snell

Setting
Landform: Plateaus, structural benches
Landform position (two-dimensional): Summit
Landform position (three-dimensional): Interfluve, crest
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loess and colluvium derived from basalt

Typical profile
A1 -0to 4inches: very stony loam
A2 -4to 9inches: stony clay loam
Bt1 - 9 to 18 inches: very stony clay loam
Bt2 - 18 to 24 inches: extremely stony clay loam
2R - 24 to 34 inches: unweathered bedrock

Properties and qualities
Slope: 2 to 15 percent
Depth to restrictive feature: 20 to 40 inches to lithic bedrock
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20
to 0.57 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Very low (about 2.9 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 6s
Hydrologic Soil Group: C
Ecological site: RO09XY0170R - Cold Loamy 13-17 PZ
Hydric soil rating: No
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Description of Harlow

Setting
Landform: Plateaus, structural benches
Landform position (two-dimensional): Summit
Landform position (three-dimensional): Interfluve
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loess and colluvium derived from basalt

Typical profile
A1 -0to 4inches: very stony loam
A2 -4 to 8inches: very cobbly clay loam
Bt - 8 to 16 inches: extremely cobbly clay
2R - 16 to 26 inches: unweathered bedrock

Properties and qualities
Slope: 2 to 15 percent
Surface area covered with cobbles, stones or boulders: 1.6 percent
Depth to restrictive feature: 10 to 20 inches to lithic bedrock
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to
moderately high (0.06 to 0.20 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Very low (about 1.5 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7s
Hydrologic Soil Group: D
Ecological site: RO09XY0220R - Cold Shallow 13+ PZ
Hydric soil rating: No

281—Snell-Harlow complex, 15 to 30 percent north slopes

Map Unit Setting
National map unit symbol: 2v3b
Elevation: 2,800 to 5,000 feet
Mean annual precipitation: 13 to 30 inches
Mean annual air temperature: 42 to 45 degrees F
Frost-free period: 70 to 100 days
Farmland classification: Farmland of statewide importance

Map Unit Composition
Snell and similar soils: 60 percent
Harlow and similar soils: 25 percent
Estimates are based on observations, descriptions, and transects of the mapunit.
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Description of Snell

Setting
Landform: Plateaus, structural benches
Landform position (two-dimensional): Summit
Landform position (three-dimensional): Interfluve, crest
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loess and colluvium derived from basalt

Typical profile
A1 -0to 4inches: very stony loam
A2 -4to 9inches: stony clay loam
Bt1 - 9 to 18 inches: very stony clay loam
Bt2 - 18 to 24 inches: extremely stony clay loam
2R - 24 to 34 inches: unweathered bedrock

Properties and qualities
Slope: 15 to 30 percent
Depth to restrictive feature: 20 to 40 inches to lithic bedrock
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20
to 0.57 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Very low (about 2.9 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 6s
Hydrologic Soil Group: C
Ecological site: RO09XY0170R - Cold Loamy 13-17 PZ
Hydric soil rating: No

Description of Harlow

Setting
Landform: Canyons
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Side slope
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loess and colluvium derived from basalt

Typical profile
A1 -0to 4inches: very stony loam
A2 -4 to 8inches: very cobbly clay loam
Bt - 8 to 16 inches: extremely cobbly clay
2R - 16 to 26 inches: unweathered bedrock

Properties and qualities
Slope: 15 to 30 percent
Surface area covered with cobbles, stones or boulders: 1.6 percent
Depth to restrictive feature: 10 to 20 inches to lithic bedrock
Drainage class: Well drained
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Capacity of the most limiting layer to transmit water (Ksat): Moderately low to
moderately high (0.06 to 0.20 in/hr)

Depth to water table: More than 80 inches

Frequency of flooding: None

Frequency of ponding: None

Available water supply, 0 to 60 inches: Very low (about 1.5 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7s
Hydrologic Soil Group: D
Ecological site: RO09XY0480R - Shallow North 14+ PZ
Hydric soil rating: No

349—Wallowa-Bocker complex, 2 to 15 percent slopes

Map Unit Setting
National map unit symbol: 2v5s
Elevation: 3,400 to 5,000 feet
Mean annual precipitation: 13 to 19 inches
Mean annual air temperature: 42 to 57 degrees F
Frost-free period: 70 to 100 days
Farmland classification: Farmland of statewide importance

Map Unit Composition
Wallowa and similar soils: 50 percent
Bocker and similar soils: 40 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Wallowa

Setting
Landform: Plateaus, mountain slopes
Landform position (two-dimensional): Backslope
Down-slope shape: Convex
Across-slope shape: Convex
Parent material: Loess and colluvium derived from basalt with an influence if
volcanic ash

Typical profile
A - 0to 11 inches: ashy silt loam
Bw - 11 to 29 inches: silt loam
2R - 29 to 39 inches: unweathered bedrock

Properties and qualities
Slope: 2 to 15 percent
Depth to restrictive feature: 20 to 40 inches to lithic bedrock
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high
(0.57 to 1.98 in/hr)
Depth to water table: More than 80 inches
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Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Moderate (about 6.1 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 4e
Hydrologic Soil Group: C
Ecological site: RO09XY0170R - Cold Loamy 13-17 PZ
Other vegetative classification: bluebunch wheatgrass-Sandberg bluegrass-
onespike oatgrass (GB4911)
Hydric soil rating: No

Description of Bocker

Setting
Landform: Hills
Landform position (two-dimensional): Footslope
Landform position (three-dimensional): Side slope
Down-slope shape: Convex
Across-slope shape: Convex
Parent material: Loess and colluvium derived from basalt

Typical profile
A - 0to 2inches: extremely cobbly silt loam
Bw - 2 to 7 inches: very cobbly silt loam
2R - 7 to 17 inches: unweathered bedrock

Properties and qualities
Slope: 2 to 8 percent
Depth to restrictive feature: 4 to 10 inches to lithic bedrock
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high
(0.57 to 1.98 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Very low (about 0.7 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7s
Hydrologic Soil Group: D
Ecological site: RO09XY0360R - Cold Shallow South 13+ PZ
Hydric soil rating: No
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LOCATION POWWATKA OR

Established Series
Rev. MGL/WEL/RWL
08/2001

POWWATKA SERIES

The Powwatka series consists of moderately deep, well drained soils formed in loess with an influence of
volcanic ash in the surface. They are on rolling hills and ridgetops. Slopes are 2 to 30 percent. The mean annual
precipitation is about 15 inches and the mean annual temperature is about 43 degrees F.

TAXONOMIC CLASS: Fine-silty, mixed, superactive, frigid Vitrandic Argixerolls
TYPICAL PEDON: Powwatka ashy silt loam, cultivated. (Colors are for moist soil unless otherwise noted.)

Ap--0 to 8 inches; dark brown (10YR 2/2) ashy silt loam, dark gray (10YR 4/1) dry; weak very fine granular
structure; slightly hard, friable, slightly sticky and slightly plastic; many very fine roots; common irregular
pores; slightly acid (pH 6.4); abrupt smooth boundary.

A--8 to 14 inches; very dark grayish brown (10YR 3/2) ashy silt loam, dark grayish brown (10YR 4/2) dry; weak
fine subangular blocky structure; slightly hard, friable, slightly sticky and plastic; many very fine roots; many
very fine tubular pores; neutral (pH 6.6); clear wavy boundary. (Combined thickness of the A horizon is 8 to 22
inches)

Bt1--14 to 18 inches; dark brown (10YR 3/3) silty clay loam, brown (10YR 5/3) dry, weak fine prismatic
structure parting to moderate fine and very fine subangular blocky; slightly hard, friable, slightly sticky and
plastic; many fine roots; many very fine tubular pores; few faint clay films on ped faces; krotovinas 2 to 4 inches
in diameter; neutral (pH 6.8); gradual wavy boundary.

Bt2--18 to 24 inches; dark brown (7.5YR 4/4) silty clay loam, brown (7.5YR 5/4) dry; weak fine prismatic
structure parting to moderate fine and very fine subangular blocky; hard, friable, sticky and plastic; common
very fine roots; many very fine tubular pores; few faint clay films on ped faces; krotovinas 2 to 4 inches in
diameter; neutral (pH 6.8); abrupt wavy boundary. (Combined thickness of the Bt horizon is 10 to 18 inches)

2R--24 inches; fractured basalt.

TYPE LOCATION: Wallowa County, Oregon; about two miles NE of Lostine, 1,650 feet north and 400 feet
east of the SW corner of section 1, T. 1 S., R. 43 E. (Latitude 45 degrees, 30 minutes, 15 seconds N, Longitude
117 degrees, 23 minutes, 36 seconds W)

RANGE IN CHARACTERISTICS: The mean annual soil temperature is 44 to 47 degrees F. The soils are
usually moist, but are dry in the 4 to 12 inch control section for 60 to 90 consecutive days. The mollic epipedon
is 12 to 20 inches thick and may include the upper part of the Bt horizon. The particle-size control section has
more than 18 percent clay and less than 15 percent coarser than very fine sand. Depth to basalt bedrock is 20 to
40 inches.

The A horizon has value of 2 or 3 moist, 4 or 5 dry and chroma of 1 or 2 moist and dry. It is ashy silt loam or
cobbly ashy silt loam with 18 to 25 percent clay. It has 0 to 30 percent cobbles and 0 to 15 percent gravel. It has
30 to 60 percent volcanic glass and glass coated aggregate and less than 0.1 percent acid oxalate oxalate
extractable aluminum plus one-half iron. Soil reaction is slightly acid or neutral.



The Bt horizon has hue of 7.5YR or 10YR, value of 3 or 4 moist, 4 or 5 dry and chroma of 3 or 4 moist and dry.
It is silt clay loam with 27 to 35 percent clay. The Bt2 horizon has 0 to 10 percent gravel. Soil reaction is slightly
acid or neutral in the upper part and neutral or slightly alkaline in the lower part.

COMPETING SERIES: This is the Hurwal series. Hurwal soils have mollic epipedons more than 20 inches
thick and are greater than 40 inches deep to bedrock.

GEOGRAPHIC SETTING: Powwatka soils are on rolling hills and ridgetops. Slope is 2 to 30 percent. The
soils formed in loess with an influence of volcanic ash in the surface. Elevation is 3,400 to 5,200 feet. The
climate is characterized by cold wet winters and hot dry summers. The mean annual precipitation is 13 to 17
inches. The mean annual temperature is 42 to 45 degrees F. The frost-free period is 60 to 100 days.

GEOGRAPHICALLY ASSOCIATED SOILS: These are the competing Hurwal, and the Harlow, Parsnip, and
Snell series. Harlow soils are clayey-skeletal, less than 20 inches to bedrock and occur on south-facing side
slopes. Hurwal soils occur in drainageways and on footslopes of north-facing side slopes. Parsnip soils are 10 to
20 inches to bedrock and occur on adjacent plateaus. Snell soils are clayey-skeletal, 20 to 40 inches to bedrock,
and occur on north-facing side slopes.

DRAINAGE AND PERMEABILITY: Well drained; moderately slow permeability.

USE AND VEGETATION: The soils are used mainly for dry cropland and livestock grazing. The potential
native vegetation is Idaho fescue and bluebunch wheatgrass.

DISTRIBUTION AND EXTENT: Northeastern Oregon, MLRA 9. The series is of small extent.
MLRA SOIL SURVEY REGIONAL OFFICE (MO) RESPONSIBLE: Portland, Oregon
SERIES ESTABLISHED: Wallowa County, Oregon, 1998.

REMARKS: Diagnostic horizons and features recognized in this pedon include:

Mollic epipedon - from the surface to 18 inches (Ap, A, and Btl horizons).

Argillic horizon - from 14 to 24 inches (Bt1 and Bt2 horizons).

Vitrandic feature - from 0 to 14 inches (Ap and A horizons) based on laboratory data from the associated Parsnip
soil.

Particle-size control section - from 14 to 24 inches (Bt1 and Bt2 horizons).

This series has been reclassified from Typic Argixerolls to Vitrandic Argixerolls.

National Cooperative Soil Survey
U.S.A.



LOCATION TOPPER OR

Established Series
Rev. MGL/AON/RWL
03/2001

TOPPER SERIES

The Topper series consists of very deep, well drained soils that formed in loess with an influence of volcanic ash
in the surface. Topper soils are on hills. Slopes are 2 to 30 percent. The mean annual precipitation is about 16
inches and the mean annual temperature is about 43 degrees F.

TAXONOMIC CLASS: Fine-silty, mixed, superactive, frigid Vitrandic Haploxerolls

TYPICAL PEDON: Topper ashy silt loam, cultivated, at an elevation of 4,160 feet. (Colors are for moist soil
unless otherwise noted.)

Ap--0 to 6 inches; very dark brown (10YR 2/2) ashy silt loam grayish brown (10YR 5/2) dry; weak fine platy
structure; soft, friable, slightly sticky and slightly plastic; many very fine roots; few very fine tubular pores;
neutral (pH 6.8); abrupt smooth boundary.

A--6 to 11 inches; dark brown (10YR 3/3) ashy silt loam, brown (10YR 5/3) dry; weak medium subangular
blocky structure; soft, friable, slightly sticky and slightly plastic; common fine roots; common fine tubular pores;
neutral (pH 6.8); abrupt irregular boundary. (Combined thickness of the A horizon is 10 to 16 inches)

C--11 to 15 inches; brown (10YR 4/3) silt loam, light gray (10YR 7/2) dry; massive; soft, very friable, nonsticky
and nonplastic; few fine roots; common very fine tubular pores; slightly alkaline (pH 7.4); abrupt irregular
boundary. (0 to 8 inches thick)

2Bwb--15 to 25 inches; dark brown (10YR 3/3) silt loam, brown (10YR 5/3) dry; weak coarse prismatic
structure; slightly hard, friable, sticky and plastic; few fine roots; many fine tubular pores; neutral (pH 7.2); clear
smooth boundary. (0 to 12 inches thick)

2Bkb1--25 to 35 inches; dark yellowish brown (10YR 4/4) silty clay loam, yellowish brown (10YR 5/4) dry;
weak medium subangular blocky structure; hard, friable, sticky and plastic; few fine roots; many fine tubular
pores; strongly effervescent; mycelium lime; strongly alkaline (pH 8.6); gradual boundary. (6 to 12 inches thick)

2Bkb2--35 to 60 inches; brown (10YR 5/3) silt loam, light gray (10YR 7/2) dry; massive; soft, friable, slightly
sticky and slightly plastic; few fine roots; many fine tubular pores; strongly effervescent; soft segregated lime
throughout; strongly alkaline (pH 8.6).

TYPE LOCATION: Wallowa County, Oregon; located about 6 miles north of Joseph; center of section 29, T. 1
S., R. 45 E. (Latitude 45 degrees, 26 minutes, 56 seconds N.; Longitude 117 degrees, 13 minutes, 04 seconds W.)

RANGE IN CHARACTERISTICS: The mean annual soil temperature is 44 to 47 degrees F. In most years the
soils are usually moist but dry between 4 and 12 inches for 60 to 90 consecutive days within the 3-month period
following the summer solstice. The mollic epipedon is 10 to 16 inches thick. Depth to secondary lime ranges
from 20 to 40 inches with the calcic horizon having a calcium carbonate equivalent of 15 to 20 percent. The
particle-size control section is 18 to 30 percent clay and less than 15 percent coarser than very fine sand. Depth
to bedrock is greater than 60 inches.

The A horizon has value of 2 or 3 moist, 4 or 5 dry, and chroma of 2 or 3 moist and dry. It has 30 to 60 percent
volcanic glass and glass coated aggregate and less than 0.1 percent acid oxalate extractable aluminum plus one-



half iron. It is ashy silt loam with 18 to 27 percent clay.

The C horizon, when present, has value of 3 or 4 moist, 5 to 7 dry and chroma of 2 to 4 moist and dry. It is
neutral or slightly alkaline. It is silt loam with 18 to 27 percent clay.

The 2Bwb horizon has value of 3 or 4 moist, 5 or 6 dry and chroma of 3 or 4 moist and dry. It is silt loam with
18 to 27 percent clay.

The 2Bkb1 horizon has value of 3 or 4 moist, 5 or 6 dry, and chroma of 3 or 4 moist and dry. It is silt loam or
silty clay loam with 18 to 30 percent clay. It is moderately to strongly calcareous with segregated or mycelium
lime in the lower part.

The 2Bk2 horizon has value of 4 or 5 moist, 6 or 7 dry and chroma of 2 to 4 moist and dry. It is silt loam or loam
with 18 to 27 percent clay. It has 0 to 10 percent gravel and 0 to 5 percent cobbles.

COMPETING SERIES: This is the Hadencreek series. The Hadencreek soils are moderately well drained,
have 5 to 20 percent volcanic glass in the upper 7 to 14 inches, and have 5 to 20 percent calcium carbonate
equivalent in the Bk horizon.

GEOGRAPHIC SETTING: The Topper soils are on hills and have slopes of 2 to 30 percent. The soils formed
in loess and mixed loess and volcanic ash . Elevations of 3,400 to 4,500 feet. The climate is characterized by
cool wet winters and hot dry summers. The mean annual precipitation of 13 to 17 inches. The mean annual
temperature is 42 to 45 degrees F. The frost-free period season is 70 to 100 days.

GEOGRAPHICALLY ASSOCIATED SOILS: These are the Hurwal, Parsnip, Powwatka, and Snell series.
Hurwal soils are on north-facing slopes, have argillic horizons, and lack secondary lime. Parsnip soils are on
broad plateaus, have argillic horizons, and are 10 to 20 inches to bedrock. Powwatka soils are on adjacent hills,
have argillic horizons, lack secondary lime, and are 20 to 40 inches to bedrock. Snell soils are on north-facing
slopes, are clayey-skeletal, and lack secondary lime.

DRAINAGE AND PERMEABILITY: Well drained; moderate permeability.

USE AND VEGETATION: The soils are used mainly for small grain, alfalfa and pasture. Native vegetation is
Idaho fescue with small amounts of associated forbs.

DISTRIBUTION AND EXTENT: Valleys of northeastern Oregon; MLRA 9. The series is inextensive.
MLRA SOIL SURVEY REGIONAL OFFICE (MO) RESPONSIBLE: Portland, Oregon

SERIES ESTABLISHED: Wallowa County, Oregon, 1998. The source of name is Topper lookout.
REMARKS: This series has been reclassified from a Calcic Haploxerolls to a Vitrandic Haploxerolls.
Diagnostic horizons and features recognized in this pedon include:

Mollic epipedon - the zone from 0 to 11 inches (Ap and A horizons)

Calcic horizon - the zone from 25 to 60 inches (2Bkb1 and 2Bkb2 horizons) with an assumed calcium carbonate
equivalent of 15 to 20 percent.

Calcic subgroup feature - presence of calcic horizon beginning at 25 inches.

Vitrandic subgroup feature - the zone from 0 to 11 inches (Ap and A horizons) based on laboratory data from the
associated Parsnip soil.

Particle-size control section - the zone from 10 to 40 inches.
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City of
Enterprise, OR
W

Established [889

December 19, 2024

Diana Collins

65714 Getting Road
Enterprise, Oregon 97828

RE: Proposed Application of Biosolids as Fertilizer Amendment

The City of Enterprise, Oregon, has applied to the Oregon Department of Environmental Quality (DEQ) to land apply
biosolids on properties near you. The properties to receive biosolids are located in Township 2 South, Range 45
East, Section 6. Please see the attached Figure 4 showing the proposed land application sites.

Biosolids are a byproduct of domestic wastewater treatment that contains valuable nutrients. Va rious processes
stabilize the biosolids, kill harmful bacteria, and control odors. Treated biosolids are frequently used instead of
chemical fertilizers, and because many of the nutrients in the biosolids are less mobile in the soil, they are
absorbed by plants and are less likely to adversely affect water resources. Additionally, the biosolids improve soil
tilth and water-holding capacity and provide micronutrients not found in most chemical fertilizers.

Biosolidsreuse is regulated by the U.S. Environmental Protection Agency and the DEQ to protect public health and
the environment. The DEQ will inspect each proposed property and approve it prior to application. As part of the
approval, the DEQ establishes bufferzones from sensitive areas such as wells, streames, roadways, residences, etc.

The City has historically taken biosolids to the landfill; however, the City is now required to land apply the biosolids.
Enclosed is a brochure on biosolids recycling and a DEQ Fact Sheet. If you have any questions regarding the City’s
biosolids program, please contact Dave Wilkie at 541-426-3093. You may also learn more about the DEQ biosolids
program on their website at: https://www.oregon.gov/deq/wa/programs/Pages/Biosolids.aspx

If you are not the resident or occupant of the property adjacent to this site but are the owner, please notify anyone
who resides at this property of this proposed activity.

Sincerely, O
m A A_A

Lacey Mc(ﬁ%’cl,/City Administrator

LM/nc

Encl.

102 E. North St.
Enterprise, OR 97828

(541) 4264196
Fax: (541)426-3395
WWW.enterpriseoregon.org



City of
Enterprise, OR
)

December 19, 2024

Suzette Bonneau
P.O.Box 629
Wallowa, Oregon 97885

RE: Proposed Application of Biosolids as Fertilizer Amendment

The City of Enterprise, Oregon, has applied to the Oregon Department of Environmental Quality (DEQ) to land apply
biosolids on properties near you. The properties to receive biosolids are located in Township 1 South, Range 44
East, Section 3. Please see the attached Figure 3 showing the proposed land application site.

Biosolids are a byproduct of domestic wastewater treatment that contains valuable nutrients. Various processes
stabilize the biosolids, kill harmful bacteria, and control odors. Treated biosolids are frequently used instead of
chemical fertilizers, and because many of the nutrients in the biosolids are less mobile in the soil, they are
absorbed by plants and are less likely to adversely affect water resources. Additionally, the biosolids improve soil
tilth and water-holding capacity and provide micronutrients not found in most chemical fertilizers.

Biosolidsreuse is regulated by the U.S. Environmental Protection Agency and the DEQ to protect public health and
the environment. The DEQ will inspect each proposed property and approve it prior to application. As part of the
approval, the DEQ establishes bufferzones from sensitive areas such as wells, streams, roadways, residences, etc.

The City has historically taken biosolids to the landfill; however, the City is now required to land apply the biosolids.
Enclosed is a brochure on biosolids recycling and a DEQ Fact Sheet. If you have any guestions regarding the City’s
biosolids program, please contact Dave Wilkie at 541-426-3093. You may also learn more about the DEQ biosolids
program on their website at: https://www.oregon.gov/deq/wqg/programs/Pages/Biosolids.aspx

If you are not the resident or occupant of the property adjacent to this site but are the ownetr, please notify anyone
who resides at this property of this proposed activity.

VAJ\_/uO

A4 \\‘-_-'—../
Lacey McQuead, City Administrator

LM/nec

Encl.

102 E. North St.
Enterprise, OR 97828

(541) 426-4196
Fax: (541)426-3395
WWW.enterpriseoregon.org



City of
Enterprise, OR

Established 1889

December 19, 2024

Jack and Deena Woods
63782 Eagle Road
Lostine, Oregon 97857

RE: Proposed Application of Biosolids as Fertilizer Amendment

The City of Enterprise, Oregon, has applied to the Oregon Department of Environmental Quality (DEQ) to land apply
biosolids on properties near you. The properties to receive biosolids are located in Township 2 South, Range 44
East, Section 1. Please see the attached Figure 4 showing the proposed land application sites.

Biosolids are a byproduct of domestic wastewater treatment that contains valuable nutrients. Various processes
stabilize the biosolids, kill harmful bacteria, and control odors. Treated biosolids are frequently used instead of
chemical fertilizers, and because many of the nutrients in the biosolids are less mobile in the soil, they are
absorbed by plants and are less likely to adversely affect water resources. Additionally, the biosolids improve soil
tilth and water-holding capacity and provide micronutrients not found in most chemical fertilizers.

Biosolidsreuse is regulated by the U.S. Environmental Protection Agency and the DEQ to protect public health and
the environment. The DEQ will inspect each proposed property and approve it prior to application. As part of the
approval, the DEQ establishes bufferzones from sensitive areas such as wells, streams, roadways, residences, etc.

The City has historically taken biosolids to the landfill; however, the City is now required to land apply the biosolids.
Enclosed is a brochure on biosolids recycling and a DEQ Fact Sheet. If you have any questions regarding the City’s
biosolids program, please contact Dave Wilkie at 541-426-3093. You may also learn more about the DEQ biosolids
program on their website at: https://www.oregon.gov/deq/wq/programs/Pages/Biosolids.aspx

If you are not the resident or occupant of the property adjacent to this site but are the owner, please notify anyone
who resides at this property of this proposed activity.

Sincerely, Q
K—’(@ A A s
v '

Lacey McQuead, City Administrator

LM/nc

Encl.

102 E. North St.
Enterprise, OR 97828

(541) 4264196
Fax: (541)426-3395

www.enterpriseoregon.org



City of
Enterprise, OR

Established 1889

December 19, 2024

Nicholas and Alexandra West

105 West Logan Street
Enterprise, Oregon 97828

RE: Proposed Application of Biosolids as Fertilizer Amendment

The City of Enterprise, Oregon, has applied to the Oregon Department of Environmental Quality (DEQ) to land apply
biosolids on properties near you. The properties to receive biosolids are located in Township 1 South, Range 44
East, Section 3. Please see the attached Figure 3 showing the proposed land application site.

Biosolids are a byproduct of domestic wastewater treatment that contains valuable nutrients. Various processes
stabilize the biosolids, kill harmful bacteria, and control odors. Treated biosolids are frequently used instead of
chemical fertilizers, and because many of the nutrients in the biosolids are less mobile in the soil, they are
absorbed by plants and are less likely to adversely affect water resources. Additionally, the biosolids improve soil
tilth and water-holding capacity and provide micronutrients not found in most chemical fertilizers.

Biosolidsreuse is regulated by the U.S. Environmental Protection Agency and the DEQ to protect public health and
the environment. The DEQ will inspect each proposed property and approve it prior to application. As part of the
approval, the DEQ establishes buffer zones from sensitive areas such as wells, streams, roadways, residences, etc.

The City has historically taken biosolids to the landfill; however, the City is now required to land apply the biosolids.
Enclosed is a brochure on biosolids recycling and a DEQ Fact Sheet. If you have any questions regarding the City’s
biosolids program, please contact Dave Wilkie at 541-426-3093. You may also learn more about the DEQ biosolids
program on their website at: https://www.oregon.gov/deq/wq/programs/Pages/Biosolids.aspx

If you are not the resident or occupant of the property adjacent to this site but are the owner, please notify anyone
who resides at this property of this proposed activity.

Sincerely
Y

Lacey McQuead, City Administrator

LM/nc

Encl.

102 E. North St.
Enterprise, OR 97828

(541) 4264196
Fax: (541)426-3395
WWww.enterpriseoregon.org



City of
Enterprise, OR

Established 1889

December 19, 2024

Melvin and Dena Stonebrink
80995 School Flat Lane
Wallowa, Oregon 97885

RE: Proposed Application of Biosolids as Fertilizer Amendment

The City of Enterprise, Oregon, has applied to the Oregon Department of Environmental Quality (DEQ) to land apply
biosolids on properties near you. The properties to receive biosolids are located in Township 1 South, Range 44
East, Section 3. Please see the attached Figure 3 showing the proposed land application site.

Biosolids are a byproduct of domestic wastewater treatment that contains valuable nutrients. Various processes
stabilize the biosolids, kill harmful bacteria, and control adors. Treated biosolids are frequently used instead of
chemical fertilizers, and because many of the nutrients in the biosolids are less mobile in the soil, they are
absorbed by plants and are less likely to adversely affect water resources. Additionally, the biosolids improve soil
tilth and water-holding capacity and provide micronutrients not found in most chemical fertilizers.

Biosolidsreuse is regulated by the U.S. Environmental Protection Agency and the DEQ to protect public health and
the environment. The DEQ will inspect each proposed property and approve it prior to application. As part of the
approval, the DEQ establishes bufferzones from sensitive areas such as wells, streams, roadways, residences, etc.

The City has historically taken biosolids to the landfill; however, the City is now required to land apply the biosolids.
Enclosed is a brochure on biosolids recycling and a DEQ Fact Sheet. If you have any questions regarding the City’s
biosolids program, please contact Dave Wilkie at 541-426-3093. You may also learn more about the DEQ biosolids
program on their website at: https://www.oregon.gov/deq/wq/programs/Pages/Biosolids.aspx

If you are not the resident or occupant of the property adjacent to this site but are the owner, please notify anyone
who resides at this property of this proposed activity.

.E‘;incene:lyE z ;

Lacey McQuead, City Administrator
LM/nc

Encl.

102 E. North St.
Enterprise, OR 97828

(541) 426-4196
Fax: (541)426-3395
Www.enterpriseoregon.org



City of
Enterprise, OR 102 E. North St.
g

Enterprise, OR 97828

(541) 4264196
Fax: (541)426-3395

Established 1859 www.enterpriseoregon.org

December 19, 2024

Stangel Industries & Machine Shop
P.O. Box 157
Enterprise, Oregon 97828

RE: Proposed Application of Biosolids as Fertilizer Amendment

The City of Enterprise, Oregon, has applied to the Oregon Department of Environmental Quality (DEQ) to land apply
biosolids on properties near you. The properties to receive biosolids are located in Township 1 South, Range 45
East, Section 31. Please see the attached Figure 4 showing the proposed land application sites.

Biosolids are a byproduct of domestic wastewater treatment that contains valuable nutrients. Various processes
stabilize the biosolids, kill harmful bacteria, and control odors. Treated biosolids are frequently used instead of
chemical fertilizers, and because many of the nutrients in the biosolids are less mobile in the soil, they are
absorbed by plants and are less likely to adversely affect water resources. Additionally, the biosolids improve soil
tilth and water-holding capacity and provide micronutrients not found in most chemical fertilizers.

Biosolids reuse is regulated by the U.S. Environmental Protection Agency and the DEQ to protect public health and
the environment. The DEQ will inspect each proposed property and approve it prior to application. As part of the
approval, the DEQ establishes buffer zones from sensitive areas such as wells, streams, roadways, residences, etc.

The City has historically taken biosolids to the landfill; however, the City is now required to land apply the biosolids.
Enclosed is a brochure on biosolids recycling and a DEQ Fact Sheet. If you have any questions regarding the City’s
biosolids program, please contact Dave Wilkie at 541-426-3093. You may also learn more about the DEQ biosolids
program on their website at: https://www.oregon.gov/deq/wqg/programs/Pages/Biosolids.aspx

If you are not the resident or occupant of the property adjacent to this site but are the owner, please notify anyone
who resides at this property of this proposed activity.

Sincerely,

AN O

Lacey Md, City Administrator

LM/nc

Encl.



City of
Enterprise, OR

stablished 1859

December 19, 2024

Edward Snodderly
P.O. Box 447
Enterprise, Oregon 97828

RE: Proposed Application of Biosolids as Fertilizer Amendment

The City of Enterprise, Oregon, has applied to the Oregon Department of Environmental Quality (DEQ) to land apply
biosolids on properties near you. The properties to receive biosolids are located in Township 1 South, Range 44
East, Section 3. Please see the attached Figure 3 showing the proposed land application site.

Biosolids are a byproduct of domestic wastewater treatment that contains valuable nutrients. Various processes
stabilize the biosolids, kill harmful bacteria, and control odors. Treated biosolids are frequently used instead of
chemicalfertilizers, and because many of the nutrients in the biosolids are less mobile in the soil, they are
absorbed by plants and are less likely to adversely affect water resources. Additionally, the biosolids improve soil
tilth and water-holding capacity and provide micronutrients not found in most chemical fertilizers.

Biosolidsreuse is regulated by the U.S. Environmental Protection Agency and the DEQ to protect public health and
the environment. The DEQ will inspect each proposed property and approve it prior to application. As part of the
approval, the DEQ establishes bufferzones from sensitive areas such as wells, streams, roadways, residences, etc.

The City has historically taken biosolids to the landfill; however, the City is now required to land apply the biosolids.
Enclosed is a brochure on biosolids recycling and a DEQ Fact Sheet. If you have any questions regarding the City’s
biosolids program, please contact Dave Wilkie at 541-426-3093. You may also learn more about the DEQ biosolids
program on their website at: https://www.oregon.gov/deq/wq/programs/Pages/Biosolids.aspx

If you are not the resident or occupant of the property adjacent to this site but are the owner, please notify anyone
who resides at this property of this proposed activity.

N, O

Lacey McQuead, City Administrator

LM/nc

Encl.

102 E. North St.
Enterprise, OR 97828

(541) 4264196
Fax: (541)426-3395
www.enterpriseoregon.org



City of
Entetprise, OR
W

December 19, 2024

IS 5510 Investments LLC
64022 Imnaha Highway
Joseph, Oregon 97846

RE: Proposed Application of Biosolids as Fertilizer Amendment

The City of Enterprise, Oregon, has applied to the Oregon Department of Environmental Quality (DEQ) to land apply
biosolids on properties near you. The properties to receive biosolids are located in Township 1 South, Range 44
East, Section 3. Please see the attached Figure 3 showing the proposed land application site.

Biosolids are a byproduct of domestic wastewater treatment that contains valuable nutrients. Various processes
stabilize the biosolids, kill harmful bacteria, and control odors. Treated biosolids are frequently used instead of
chemical fertilizers, and because many of the nutrients in the biosolids are less mobile in the soil, they are
absorbed by plants and are less likely to adversely affect water resources. Additionally, the biosolids improve soil
tilth and water-holding capacity and provide micronutrients not found in most chemical fertilizers.

Biosolidsreuse is regulated by the U.S. Environmental Protection Agency and the DEQ to protect public health and
the environment. The DEQ will inspect each proposed property and approve it prior to application. As part of the
approval, the DEQ establishes bufferzones from sensitive areas such as wells, streams, roadways, residences, etc.

The City has historically taken biosolids to the landfill; however, the City is now required to land apply the biosolids.
Enclosedis a brochure on biosolids recycling and a DEQ Fact Sheet. If you have any guestions regarding the City’s
biosolids program, please contact Dave Wilkie at 541-426-3093. You may also learn more about the DEQ biosolids
program on their website at: https://www.oregon.gov/deq/wg/programs/Pages/Biosolids.aspx

If you are not the resident or occupant of the property adjacent to this site but are the owner, please notify anyone
who resides at this property of this proposed activity.

Sincerely,
LT, )

Lacey McQuead, City Administrator

LM/nc

Encl.

102 E. North St.
Enterprise, OR 97828

(541) 426-4196
Fax: (541)426-3395
WWww.enterpriseoregon.org



City of
Enterprise, OR

Established 1889

December 19, 2024

Bruce and Kathleen Hanna
541 N.E. Goldie Drive
Hillsboro, Oregon 97124

RE: Proposed Application of Biosolids as Fertilizer Amendment

The City of Enterprise, Oregon, has applied to the Oregon Department of Environmental Quality (DEQ) to land apply
biosolids on properties near you. The properties to receive biosolids are located in Township 2 South, Range 45
East, Section 6. Please see the attached Figure 4 showing the proposed land application sites.

Biosolids are a byproduct of domestic wastewater treatment that contains valuable nutrients. Various processes
stabilize the biosolids, kill harmful bacteria, and control odors. Treated biosolids are frequently used instead of
chemical fertilizers, and because many of the nutrients in the biosolids are less mobile in the soil, they are
absorbed by plants and are less likely to adversely affect water resources. Additionally, the biosolids improve soil
tilth and water-holding capacity and provide micronutrients not found in most chemical fertilizers.

Biosolidsreuse is regulated by the U.S. Environmental Protection Agency and the DEQ to protect public health and
the environment. The DEQ will inspect each proposed property and approve it prior to application. As part of the
approval, the DEQ establishes buffer zones from sensitive areas such as wells, streams, roadways, residences, etc.

The City has historically taken biosolids to the landfill; however, the City is now required to land apply the biosolids.
Enclosed is a brochure on biosolids recycling and a DEQ Fact Sheet. If you have any questions regarding the City’s
biosolids program, please contact Dave Wilkie at 541-426-3093. You may also learn more about the DEQ biosolids
program on their website at: https://www.oregon.gov/deq/waq/programs/Pages/Biosolids.aspx

If you are not the resident or occupant of the property adjacent to this site but are the owner, please notify anyone
who resides at this property of this proposed activity.

Sincerely,
iy b

La?éy McQu\&a‘d,‘Cﬁy Administrator

LM/nc

Encl.

102 E. North St.
Enterprise, OR 97828

(541) 4264196
Fax: (541)426-3395
WWww.enterpriseoregon.org



City of
nterprise, OR
)

102 E. North St.
Enterprise, OR 97828

E

(541) 4264196
Fax: (541)426-3395

Established 1589 Www.enterpriseoregon.org

December 19, 2024

Timothy and Audry Melville
84887 Joseph Highway
Enterprise, Oregon 97828

RE: Proposed Application of Biosolids as Fertilizer Amendment

The City of Enterprise, Oregon, has applied to the Oregon Department of Environmental Quality (DEQ) to land apply
biosolids on properties near you. The properties to receive biosolids are located in Township 1 South, Range 45
East, Section 31. Please see the attached Figure 4 showing the proposed land application sites.

Biosolids are a byproduct of domestic wastewater treatment that contains valuable nutrients. Various processes
stabilize the biosolids, kill harmful bacteria, and control odors. Treated biosolids are frequently used instead of
chemical fertilizers, and because many of the nutrients in the biosolids are less maobile in the soil, they are
absorbed by plants and are less likely to adversely affect water resources. Additionally, the biosolids improve soil
tilth and water-holding capacity and provide micronutrients not found in most chemical fertilizers.

Biosolidsreuse is regulated by the U.S. Environmental Protection Agency and the DEQ to protect public health and
the environment. The DEQ will inspect each proposed property and approve it prior to application. As part of the
approval, the DEQ establishes bufferzones from sensitive areas suchas wells, streams, roadways, residences, etc.

The City has historically taken biosolids to the landfill; however, the City is now required to land apply the biosolids.
Enclosed is a brochure on biosolids recycling and a DEQ Fact Sheet. If you have any questions regarding the City’s
biosolids program, please contact Dave Wilkie at 541-426-3093. You may also learn more about the DEQ biosolids
program on their website at: https://www.oregon.gov/deqg/wqg/programs/Pages/Biosolids.aspx

If you are not the resident or occupant of the property adjacent to this site but are the owner, please notify anyone
who resides at this property of this proposed activity.

Sincerely,

e, O

Lacey McQuead, City Administrator

LM/nc

Encl.



City of
Enterprise, OR

Established 1889

December 18, 2024

Todd and Angela Nash
64541 Alder Slope Road
Enterprise, Oregon 97828

RE: Proposed Application of Biosolids as Fertilizer Amendment

The City of Enterprise, Oregon, has applied to the Oregon Department of Environmental Quality (DEQ) to land apply
biosolids on properties near you. The properties to receive biosolids are located in Township 1 South, Range 45
East, Section 6. Please see the attached Figure 4 showing the proposed land application sites.

Biosolids are a byproduct of domestic wastewater treatment that contains valuable nutrients. Various processes
stabilize the biosolids, kill harmful bacteria, and control odors. Treated biosolids are frequently used instead of
chemical fertilizers, and because many of the nutrients in the biosolids are less mobile in the soil, they are
absorbed by plants and are less likely to adversely affect water resources. Additionally, the biosolids improve soil
tilth and water-holding capacity and provide micronutrients not found in most chemical fertilizers.

Biosolidsreuse is regulated by the U.S. Environmental Protection Agency and the DEQ to protect public health and
the environment. The DEQ will inspect each proposed property and approve it prior to application. As part of the
approval, the DEQ establishes bufferzones from sensitive areas such as wells, streams, roadways, residences, etc.

The City has historically taken biosolids to the landfill; however, the City is now required to land apply the biosolids.
Enclosed is a brochure on biosolids recycling and a DEQ Fact Sheet. If you have any questions regarding the City’s
biosolids program, please contact Dave Wilkie at 541-426-3093. You may also learn more about the DEQ biosolids
program on their website at: https://www.oregon.gov/deq/wa/programs/Pages/Biosolids.aspx

If you are not the resident or occupant of the property adjacent to this site but are the owner, please notify anyone
who resides at this property of this proposed activity.

Sincerel C
mA "

Lamty Administrator

LM/nc

Encl.

102 E. North St.
Enterprise, OR 97828

(541) 426-4196
Fax: (541)426-3395
Www.enterpriseoregon.org



City of
Enterprise, OR

Established 1889

December 19, 2024

Enterprise Christian Church
207 East Main Street
Enterprise, Oregon 97828

RE: Proposed Application of Biosolids as Fertilizer Amendment

The City of Enterprise, Oregon, has applied to the Oregon Department of Environmental Quality (DEQ) to land apply
biosolids on properties near you. The properties to receive biosolids are located in Township 2 South, Range 44
East, Section 1. Please see the attached Figure 4 showing the proposed land application sites.

Biosolids are a byproduct of domestic wastewater treatment that contains valuable nutrients. Various processes
stabilize the biosolids, kill harmful bacteria, and control odors. Treated biosolids are frequently used instead of
chemical fertilizers, and because many of the nutrients in the biosolids are less mobile in the soil, they are
absorbed by plants and are less likely to adversely affect water resources. Additionally, the biosolids improve soil
tilth and water-holding capacity and provide micronutrients not found in most chemical fertilizers.

Biosolidsreuse is regulated by the U.S. Environmental Protection Agency and the DEQ to protect public health and
the environment. The DEQ will inspect each proposed property and approve it prior to application. As part of the
approval, the DEQ establishes bufferzones from sensitive areas such as wells, streams, roadways, residences, etc.

The City has historically taken biosolids to the landfill; however, the City is now required to land apply the biosolids.
Enclosed is a brochure on biosolids recycling and a DEQ Fact Sheet. If you have any questions regarding the City’s
biosolids program, please contact Dave Wilkie at 541-426-3093. You may also learn more about the DEQ biosolids
program on their website at: https://www.oregon.gov/deq/wqg/programs/Pages/Biosolids.aspx

If you are not the resident or occupant of the property adjacent to this site but are the owner, please notify anyone
who resides at this property of this proposed activity.

Sincerely,

Lacey McQuead, City Administrator
LM/ne

Encl.

102 E. North St.
Enterprise, OR 97828

(541) 4264196
Fax: (541)426-3395
WWW.enterpriseoregon.org



Fact Sheet

Biosolids: A Beneficial Resource

Background

Biosolids are the nutrient-rich organic solids that are
derived from the treatment of domestic wastewater at
municipal wastewater facilities. Once biosolids have
been treated to meet state and federal regulations. they
can be beneficially used for land application or, in some
cases. sold or given away like compost.

Recognizing the value of biosolids

Since 1978, DEQ has addressed the need to effectively
manage the beneficial use of biosolids. Oregon’s policy
supports the land application of treated domestic
wastewater biosolids. biosolids-derived products and
domestic septage when managed in a manner that protects
public health and maintains or improves environmental

quality.

What is regulated?

The land application of biosolids. biosolids-derived
products and domestic septage is a highly regulated
practice. Regulatory requirements are established under
Oregon Administrative Rules chapter 340, division 50.
The state rules incorporate most of the federal technical
biosolids regulations. including requirements for pathogen
reduction, vector attraction reduction. and limits for trace
pollutants. Monitoring is also required tor several
nutrients.

How biosolids are used
Land applying biosolids can have several benefits. The

organic matter in biosolids can improve the quality and
overall characteristics of cultivated soil. The additional
nutrients provided by biosolids can improve plant growth,
Approximately 95% of biosolids generated in Oregon are
land applied on DEQ-approved sites for agricultural
purposes such as hay and pasture. In 2001, biosolids from
108 domestic wastewater treatment facilities were land
applied on 18,618 acres, which is about 0.11% of all
Oregon land in farms. Biosolids are also used for
silvieultural and horticultural activities. DEQ works with
wastewater treatment facilities to ensure that management
of biosolids and land application activities are adequately
addressed through a National Pollutant Discharge
Elimination System (NPDES) or Water Pollution Control
Facility (WPCF) permit. a biosolids management plan,
and site authorization letters. Good agronomic practices
and site management activities ensure the protection of
public health and the environment.

: e IO Y
Land application of biosolids at an Oregon farm.

Biosolids Management Plans

Facilities are required to manage and operate their
biosolids operations under a biosolids
management plan. These plans are specific to
each facility and are considered an extension of
the facility’s NPDES or WPCF permit. Together
with a facility”s permit and land application site
authorizations, the plan provides assurance that
biosolids processing and management activities
are addressed in a comprehensive manner and
problems with compliance are minimized. Plans
must be current and on file with the permit. Each
site used for land application of biosolids must be
authorized by DEQ before use. Prior to
authorizing a land application site. a facility must
submit specific site information to DEQ for
evaluation. and then DEQ will conduct a field
visit. Notification to neighbors about the land
application activity is also required. Any site that
may be sensitive to residential housing or have
runoff potential will be subject to a public
comment process.

State rules also outline best management practices
regarding use limitations, criteria for site selection
and approval. and application.

For more information

For program information. please contact the
program coordinator. For specific wastewater
treatment facility and land application site
information, please contact the appropriate
regional specialist (list at right).

Alternative formats

Documents can be provided upon request in an
alternate format for individuals with disabilities or
in a language other than English for people with
limited English skills. To request a document in
another format or language. call DEQ in Portland
at 503-229-5696. or toll-free in Oregon at 1-800-
452-4011, ext. 5696; or email
deginfoi@deq.state.or.us.

Biosolids Program

700 NE Multnomah St., Suite

600

Portland, OR 97232

Phone:  503-229-5696
800-452-4011

Fax: 503-229-6762

Contact: Pat Heins

Program Staff

Pat Heins

Program Coordinator
(503) 229-5749
Heins.pat@deq.state.or.us

Western Region, Eugene

Paul Kennedy

(503-687-7439

kennedy. paulidideg. state.or.us

DEQ is a leader in restoring,
maintaining and enhancing the
quality of Oregon’s air, land
and water.

Last updated: 9/25/18
By: Pat Heins



Frequently Asked Questions

What are biosolids?

Biosolids are the nutrient-rich organic by-product of domestic wastewater treatment. They
contain essential plant nutrients and organic matter, and can be recycled and applied as a fertilizer
and soil amendment, when properly treated and managed.

What is the difference between biosolids and sludge?

The term “sludge” describes the untreated solids produced in the domestic wastewater treatment
process. To make biosolids, sewage sludge is treated through carefully regulated processes
(biological, chemical or physical) to kill pathogens and stabilize organic matter. This reduces
offensive odors and its appeal to insects and rodents. The material only becomes biosolids once it
meets federal and state standards so that it can be safely used for beneficial land application.

Why does the EPA and DEQ consider biosolids safe for land application?
Biosolids have been widely used on farms and other natural resource sites across North America
for decades. Sixty percent of U.S. biosolids are applied to soils, enhancing soil health, recycling
nutrients, sequestering carbon, and providing a productive use for a material that every
community has to manage. (Wastewater treatment is a vital public service, and it creates solids
that have to be managed.) Portland, Seattle, Los Angeles, Denver, Chicago, Boston, and hundreds
of other communities recycle their biosolids to soils. Most major land grant universities have
studied biosolids effects on soils and have found little risk when used according to regulations.
Every U.S. state and Canadian province allows biosolids use on soils. The U.S. Environmental
Protection Agency, U.S. Department of Agriculture and U.S. Food and Drug Administration all
approve biosolids recycling. Thousands of research publications over 45 years and two major
reviews by the National Academy of Sciences have found biosolids use on soils presents
“negligible risk” when managed in accordance with federal regulations and that “there is no
documented scientific evidence that the Part 503 rule (the federal biosolids regulations) has failed
to protect public health.”

What are the benefits of land application of biosolids?

Land application is a cost-effective and sustainable option for managing biosolids. The Oregon
Environmental Quality Commission encourages the land application of biosolids when managed
in a manner which protects the public health and maintains or improves environmental quality.
The Oregon Department of Environmental Quality implements this policy across the state.

Plants need a complex mixture of nutrients, soil, air and water to grow well. Biosolids enrich the

soil with essential nutrients and organic matter. Biosolids typically contain about 50 percent
organic matter, which improves soil tilth, allows the soil to drain and breathe better, and hold

more water. This results in decreased water runoff and soil erosion, with increased water
conservation. These attributes may help a farmer comply with agricultural conservation practices.
Research plots and demonstration sites have shown that the quality of crops grown on biosolids-
amended soils is equal or superior to those grown with commercial fertilizers.

How are biosolids regulated in Oregon?

The land application of biosolids, biosolids-derived products and domestic septage is regulated
under the DEQ regulations found in Oregon Administrative Rules Chapter 340, Division 50. The
state rules incorporate most of the federal biosolids regulations (Chapter 40 Code of Federal
Regulations Part 503), including requirements that reduce pathogens, stabilize organic matter,
and limit trace elements including arsenic, cadmium, copper, lead, mercury, molybdenum, nickel,
selenium, and zinc.

DEQ|

State of Oregon
Department of
Environmental
Quality

Biosolids

700 NE Multnomah St.

Suite 600

Portland, OR 97232

Phone: 503-229-5696
800-452-4011

Fax: 503-229-5850

Contact; Pat Heins

wiw.oregon.gov/DEQ
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land and water.
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Biosolids

In Oregon, monitoring is also required for several macronutrients, including potassium, nitrogen,
and phosphorus. DEQ is responsible for permitting land application sites for Class B biosolids in
Oregon fo protect public health and the environment. For each site whete biosolids are applied,
DEQ issues a site authorization to the wastewater treatment facility that prescribes appropriate
management practices for the site, which account for:

o Site characteristics and soil conditions

o Protection of ground and surface water and wells

. Biosolids chemical properties

. Type of biosolids (liquid, semi-solid, or solid)

. Method of biosolids application

Among other things, the site authorization establishes conditions on:

. Allowable biosolids application rate, season of application

. Public access restrictions

. Required waiting periods between biosolids application and crop harvest or grazing
E Required buffers near homes, highways, and other public areas

What risks do trace metals pose?

EPA thoroughly studied the potential risks from trace metals in biosolids and set maximum levels
in biosolids to ensure protection of public health and the environment. To date, studies indicate
that properly treated and managed biosolids can be land applied in an environmentally sound
manner. Based on the 2017 analytical results, the concentrations of these trace metals found in
biosolids produced in Oregon are well below the maximum levels identified by EPA.

Many of the regulated metals in biosolids are beneficial and necessary for healthy plant growth in
correct amounts, such as copper, molybdenum, and zinc which are micronutrients for plants. The
presence of these micronutrients is one reason why biosolids can be more effective than mineral
fertilizers at promoting plant growth.

What about organic compounds in biosolids?

Many chemicals used in society can be found in frace amounts in wastewater. The fact is few
chemicals of concern are found in biosolids. An EPA 2009 7 argeled National Sewage Sludge
Survey' investigated levels of several trace organic compounds in solids collected from 74
Wwastewater treatment plants nationally. The EPA study found some analytes were present in all
samples, while others were present in none or on ly a few samples. EPA continues to review
hazard and exposure assessments for these pollutants as data and analytical methods improve.

What about pharmaceuticals in biosolids?
Pharmaceuticals such as antibiotics, prescription drugs and personal care products, like soaps,

shampoos, detergents, and perfumes contain a wide variety of chemicals. The effect of these
chemicals on the environment is the focus of considerable research. Although leading scientists
see little threat to the public health and the cnvironment from these chemicals associated with

biosolids, EPA is currently developing better sampling and analytical procedures for these
chemicals. Once improved sampling and analytical methods are in place, EPA plans to conduct
exposure and hazard assessments for these pollutants. This study will take into account toxicity
data for humans and ecological receptors, solids pollutant concentrations, and the fate and
transport of these chemical compounds.

The best way to reduce concentrations of pharmaceuticals in biosolids is by never flushing
unwanted drugs down the toilet, and to support effective drug take back programs. Purchase
soaps and cleaners that are manufactured with the environment in mind - such as those that are

recognized in EPA’s Safer Choice Program®.

*samples collected in 2006 & 2007 - see httgs://nepis.epa.qov/Exe/ZyPDF.cgi/P1003RNO.PDF?Dackey=P1003RNO.PDF
* See https://www.epa.qov/saferchoice
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Biosolids

What about Per- and Polyfluoroalkyl substances (PFAS) in biosolids?
Perfluorooctanoic acid and perfluorooctane sulfonate have had considerable public attention in
recent years, especially in New England. Concerns here in Oregon have focused on impacts near
industrial facilities that used these chemicals specifically airports with foam firefighting systems.
These chemicals are found in carpets, furniture, household dust and air, cooking tools, outdoor
clothing, fire-fighting foams, and other products. Because these chemicals are ubiquitous in
today’s society and the environment there is ongoing uncertainty about their actual affects. These
chemical are being phased out of use here in the U.S and Canada; as a result wastewater
treatment facilities are seeing decreasing concentrations in their systems. In the 2000s
perfluorooctanoic acid was found in the typical biosolids at an average concentration of 34 parts
per billion (ppb) and more recent studies have found average perfluorooctanoic acid
concentrations of 2.3 and 5.3 ppb in the biosolids. Research and risk assessments conducted in
New England have determined that direct contact, inhalation, or ingestion of materials containing
less than 500 parts per billion of perfluorooctanoic acid pose no significant risk.® Thus, biosolids
and residuals present negligible risk via these pathways.

Does the land application of biosolids pollute surface water or
groundwater?

Properly managed biosolids products do not pollute surface water or groundwater. Biosolids
recycling programs follow best management practices to ensure water quality is protected. In fact,
documented improvements in surrounding water quality have been found in numerous biosolids
application projects due to enriched soils and vigorous growth of vegetation that reduce soil
erosion and stabilize contaminants that had previously contributed to stream and groundwater
pollution. Biosolids are not allowed to runoff into surface water, including rivers, streams,
irrigation ditches, or ponds; and, biosolids application rates and site management practices are
designed to prevent the leaching of nutrients to groundwater

Are biosolids tested before land application?

Biosolids are tested by the generating facility before they are land applied. The required
minimum frequency of this sampling is based on the volume of biosolids produced by the facility
each year as summarized in the table below.

Dry weight —metric tons/year | Sampling Frequency
0-<290 Annually
>290 - <1,500 Quarterly
>1,500 - <15,000 Bimonthly
>15,000 Monthly

Is the soil tested at land application sites?

Facilities test the soil at land application sites to calculate the agronomic rate for that field.
 Facilities are required to collect soil samples at a minimum if they land apply biosolids at the

agronomic rate for more than two out of three successive years. Additional or more frequent

testing may be required in their biosolids management plan or site authorization letter.

What notification or signage are required for authorized sites?

There are no federal regulations requiring notification or signage for authorized biosolids sites.
Oregon state regulations requires notification prior to approval of any proposed site that maybe
sensitive to residential housing, runoff or groundwater. DEQ policy requests signs to be posted at
the field and land application notices sent out to adjacent property owners when a facility is
asking DEQ for approval to land apply on a given field. Once DEQ has approved a field with a
site authorization letter, the permittee must follow the requirements established in their biosolids

* See https://www.nebiosalids.org/
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Biosolids

management plan and site authorization letters which can require signs to be posted at the field at
the start of land application and during land application activities. If a facility is required to post
signs, most of them remove the signs after land application activities are completed so the signs
do not interfere with the farming activities or get knocked down and become roadside litter.

What are biosolids agronomic rates? m
The agronomic loading rate is based on a crop’s ability to use nitrogen and considers the plant-
available nitrogen content of the biosolids and other nitrogen sources at the site. Biosolids g‘:‘e"m’eg:?
application at agronomic rates supplies adequate nitrogen to facilitate crop growth while Environmental
protecting water quality. Qualty
Biosolids
700 NE Multhomah St.
S . Suite 600
For Further Information: Portland, OR 97232
. : Phone: 503-229-5696
Oregon Department of Environmental Quality: . o 800-452-4011
httns:l/www.oreaon.qovfdeqfwc/proqramsfPaqesziosollds.aspx Fax:  503-229-5850
Contact: Pat Heins
United States Environmental Protection Agency: i B e R
https://www.epa.gov/biosolids
: ¥ DEQ is a leader in
Oregon State University: restoring, muintaining
http://cropandsoil.oreqonstate.edu/ and enhancing the
quality of Oregon’s air,

. x . land and water.
Washington State University:

https://puyallup.wsu.edu/soils/biosolids/

University of Idaho:
https://iwww.uidaho.edu/extension

University of Arizona, College of Agriculture and Life Sciences:
http://cals.arizona.edu/pubs/consumer/az1 426.pdf

Oregon Association of Clean Water Agencies
hitp://www.oracwa.org/c-biosolids.himl

Northwest Biosolids Management Association:
http://Awww. nwbiosolids.org

National Biosolids Partnership:
http://mww. biosolids.org/

North East Biosolids and Residuals Association;
http://www.nebiosolids.orq/

Alternative formats

Documents can be provided upon request in an alternate format for individuals with disabilities or
in a language other than English for people with limited English skills. To request a document in
another format or language, call DEQ in Portland at 503-229-5 696, or toll-free in Oregon at 1-
800-452-4011, ext. 5696; or email deqginfo@@deq.state.or.us.
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City of Enterprise, Oregon
Site Authorization Documentation

Introduction

This document presents the site authorization documentation required for the land application of
biosolids from the City of Enterprise, Oregon’s wastewater treatment facility (WWTF). This document
has been developed in accordance with the Oregon Department of Environmental Quality’s Biosolids
Land Application Site Authorization Request Checklist.

Site Information

Geographic Area

The City of Enterprise is located approximately 64 miles from La Grande, Oregon, and approximately
6 miles northwest of Joseph, Oregon, in Wallowa County. The WWTF, located in Township 01 South,
Range 44 East, Section 35, Willamette Meridian, serves a current population of approximately

2,126 people. The proposed biosolids land application sites are located both north and southwest of
the City of Enterprise and are zoned for Exclusive Farm Use.

Landscape Position

The proposed biosolids land application sites are located adjacent to Golf Course Road in Section 3,
Township 01 South, Range 44 East, Willamette Meridian and adjacent to the Enterprise Municipal
Airport in Section 3, Township 01 South, Range 44 East, Willamette Meridian; Section 31, Township
01 South, Range 45 East, Willamette Meridian; and Section 6, Township 02 South, Range 45 East,
Willamette Meridian. Figure 1 shows the location and vicinity maps with the proposed biosolids land
application sites as well as the WWTF. The properties may be utilized for cultivating barley, oats,
flax, timothy hay, or alfalfa as a feed crop for animal consumption. The intended use of winter
wheat, spring wheat, lentils, and peas are for seed crop or human consumption depending on
contracts procured by the landowner. Mustard/canola may be grown for human consumption. Spelt
is cultivated solely for human consumption. A cover crop mixture of oats, barley, flax, peas, and
radish may be utilized for grazing; however, all nitrogen applied through biosolids will be counted
toward the following planted crop’s nitrogen uptake rate.

Application Site Owner

Table 1 shows the landowner of the proposed biosolids land application sites. It also indicates the
nearest residences to the biosolids land application sites. Figures 2 and 3 show the biosolids land
application sites with applicable setback distances and the residences near the biosolids land
application sites.

1/21/2025 Anderson Perry & Associates, Inc.
SiteAuthDoc_Enterprise_Biosolids_608-77-024.docx Page 1



City of Enterprise, Oregon
Site Authorization Documentation

TABLE 1
APPLICATION SITES

Owner: Cornerstone Farms J.V.
Kurt Melville/Kevin Melville
Biosolids Land 64022 Imnaha Highway
Application Joseph, Oregon 97846
Site 1 - 541-398-0166
Parsnip Valley Nearest Residence: Evelyn Day
P.O. Box 629
Wallowa, Oregon 97885
Owner: Cornerstone Farms J.V.
Kurt Melville/Kevin Melville
64022 Imnaha Highway
Joseph, Oregon 97846
541-398-0166

Biosolids Land

Ap!allcatlon Nearest Residence: Timothy and Audry Melville
Site 10 - 84887 Joseph Highwa
Circle 114 ph Highway

Enterprise, Oregon 97828
Nearest Residence: Kathleen and Bruce Hanna
541 N.E. Goldie Road
Hillsboro, Oregon 97124

Site Management Agreement

The signed site management agreement between the City of Enterprise and the landowner of the
biosolids land application sites is included for reference in Appendix A.

Adjacent Land Uses

Land adjacent to the biosolids land application site along Golf Course Road is used for agricultural
purposes. The land adjacent to the biosolids land application sites near the Enterprise Municipal
Airport are used for light commercial and airport land uses in the vicinity. The landowners adjacent
to the biosolids land application sites were mailed a public notification letter regarding the proposed
biosolids land application activities at the proposed sites shown on Figures 2 and 3. Copies of the
public notification letters are included in Appendix B. The public notification letters were mailed to
adjacent landowners on December 26, 2024.

Soil Information

The Natural Resources Conservation Service (NRCS) Soil Survey Map of Wallowa County lists the
following soils at the proposed biosolids land application sites: Hurwal series, Powwatka series, Harlow-
Bocker complex, and Topper silt loam. Figures 4 and 5 shows the soil survey map of the proposed
biosolids land application sites. Complete official soil series descriptions from the National Cooperative
Soil Survey completed by NRCS are included in Appendix C. The following paragraphs describe the major
soil series indicated on the soil survey map.

Hurwal Silt Loam

Hurwal silt loam consists of deep to very deep, well-drained soils formed in loess with an influence
of volcanic ash in the surface. The depth to hardpan, a root-restrictive layer, is more than 80 inches.
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Water movement in the most restrictive layer is moderately high, and slopes range from 2 to
60 percent. This soil is not flooded or ponded. There is no zone of water saturation within a depth of
80 inches.

Powwatka Silt Loam

Powwatka silt loam consists of moderately deep, well-drained soils formed in loess with an influence
of volcanic ash in the surface. The depth to hardpan, which is lithic bedrock, is 20 to 40 inches.
Water movement in the most restrictive layer is moderately high, and slopes range from 2 to

30 percent. This soil is not flooded or ponded. There is no zone of water saturation within a depth of
80 inches.

Harlow-Bocker Complex

Harlow-Bocker complex consists of shallow, well-drained soils formed in loess and colluvium from
basalt or argillite. Harlow soils are found in canyons, structural benches, and basalt plateaus. The
depth to hardpan, which is lithic bedrock, is 10 to 20 inches for Harlow and 4 to 10 inches for
Bocker. Water movement in the most restrictive layer for Harlow is moderately low to moderately
high, and water movement is moderately high to high for Bocker in the most restrictive layer. Slopes
range from 2 to 90 percent for Harlow-Bocker complex. This soil is not flooded or ponded. There is
no zone of water saturation within a depth of 80 inches.

Topper Silt Loam

Topper silt loam consists of very deep, well-drained soils that formed in loess with an influence of
volcanic ash in the surface. The depth to hardpan, a root-restrictive layer, is more than 80 inches.
Water movement in the most restrictive layer is moderately high to high, and slopes range from 2 to
30 percent. This soil is not flooded or ponded. There is no zone of water saturation within a depth of
80 inches.

Agriculture and Crop Management Information

As mentioned above, winter wheat, mustard/canola, flax, oats, spring wheat, timothy hay, alfalfa, spelt,
peas, lentils, barley, and a cover crop mixture all may be grown at the biosolids land application sites.
Barley, oats, flax, timothy hay, or alfalfa may be grown as a feed crop for animal consumption, while
winter wheat, spring wheat, lentils, or peas may be grown as a seed crop or human consumption
depending on contracts procured by the landowner. Mustard/canola may be grown for human
consumption or as a cover crop. Spelt is cultivated solely for human consumption. The cover crop
mixture may be utilized for grazing.

Crop Assimilative Capacity

Class B biosolids are required to be land-applied to a site at a rate that is equal to or less than the
agronomic rate for the site. An agronomic rate is the whole biosolids application rate (dry weight
basis) designed to provide the annual total amount of nitrogen needed by a crop and to minimize
the amount of nitrogen passing below the root zone of the crop or vegetation to groundwater. The
nitrogen uptake rate for each crop to be potentially grown at the biosolids land application sites
were determined and are listed on Table 2.
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TABLE 2
NITROGEN UPTAKE RATES FOR POTENTIAL CROPS
Irrigated Dryland
Nitrogen Nitrogen
Uptake Rate Irrigated Uptake Rate Dryland Literature Source for
Crop (Ibs N/acre) Yield Goals | (lbs N/acre) | Yield Goals Nitrogen Uptake Rate
Alfalfa 360 5.5to 60 1ton Pacific Northwest
6 tons Extension Publication,
PNWO0611
Winter Wheat 195 110 to 85 40 to Pacific Northwest
130 bushels 70 bushels Extension Publication,
PNW513
Barley 160 2.5to 65 1.25 tons OSU Cereal Grain Nutrient
3.5 tons Management
Oats 120 2.5t 40 1ton OSU Cereal Grain Nutrient
3 tons Management
Mustard/Canola 120 1,500 lbs/ 45 800 lbs/ OSU Extension Publication,
2,500 Ibs 800 Ibs EM 8796
Spring Wheat 120 70 to 55 35 bushels | OSU Cereal Grain Nutrient
120 bushels Management
Timothy Hay 100 3.5to 6 tons 50 1to 3 tons University of Idaho
Extension Publication
Spelt 90 60 bushels N/A N/A University of Wisconsin-
Madison Extension
Publication
Brown Flax 80 1,800 Ibs 40 500 lbs OSU Extension Publication,
EM 8952-E
Cover Crop 50 Forage left 50 Forage left
Mixture (Oats, standing standing
Barley, Flax,
Peas, Radish)!
Lentils 35 0.5to 1ton 10 500 Ibs Alberta Pulse Growers
Publication
Peas 20 1.25to 5 1,000 lbs OSU Extension Publication,
2 tons EM 9140

1The application of biosolids on site(s) with the cover crop mixture planted shall have the nitrogen supplied from
all sources be counted toward the agronomic rate of the crop planted following the cover crop mixture.

Ibs = pounds

Ibs N/acre = pounds of nitrogen per acre
N/A = not applicable

OSU = Oregon State University

Due to the number of potential crops and available biosolids land application sites, a single crop and
site were selected to be utilized as an example. The biosolids application rate for the City of
Enterprise’s biosolids land application for Site 1 - Parsnip Valley shown on Figure 2 was developed
based on test results of the biosolids and guidance provided by Washington State University and
OSU and the Worksheet for Calculating Biosolids Application Rates in Agriculture, a Pacific
Northwest Extension Publication, PNW511. Example calculations were made for the biosolids land
application Site 1 - Parsnip Valley shown on Figure 2. For the example calculations, it was assumed
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barley would be grown on the site as a dryland crop. It is assumed that barley will uptake 120 Ibs
N/acre. There is no published nitrogen uptake data available for barley; however, per OSU’s Cereal
Grain Nutrient Management web page, barley nitrogen uptake is estimated to be 80 percent of
winter wheat’s nitrogen uptake. The value stated for winter wheat in the Nitrogen Uptake and
Utilization by Pacific Northwest Crops, a Pacific Northwest Extension Publication, PNW 513 (see
Appendix D) is 150 Ibs N/acre; therefore, taking 80 percent of the 150 Ibs N/acre equals 120 lbs
N/acre for barley (150 lbs N/acre x 80 percent = 120 lbs N/acre).

Time of Application

Biosolids from the WWTF are planned to be land-applied semi-annually and are anticipated to be
applied in the early spring, between April and May, and the late fall, between September and
October following harvest.

Harvesting Methods

The crops grown at the biosolids land application sites will be harvested in accordance with standard
practices applicable to the specific crop. Provided vector attraction reduction is met by Option 3, the
biosolids land application sites will not be incorporated to reduce the nitrogen added to the soil.

Irrigation and Fertilizing Practices

Table 3 shows the irrigation and fertilizing practices for the biosolids land application sites.

TABLE 3
IRRIGATION AND FERTILIZING PRACTICES
Site Irrigation Fertilizer?
Site 1 - Parsnip Valley None Supplemental Fertilizer (Commercial)
Site 2 - Stangel Pivot Fresh Water! Supplemental Fertilizer (Commercial)
Site 3 - Circle 137 Fresh Water! Supplemental Fertilizer (Commercial)
Site 4 - Circle 133 Fresh Water! Supplemental Fertilizer (Commercial)
Site 5 - Ray West Pivot Fresh Water! Supplemental Fertilizer (Commercial)
Site 6 - Circle 7 Fresh Water! Supplemental Fertilizer (Commercial)
Site 7 - Circle 20 Fresh Water! Supplemental Fertilizer (Commercial)
Site 8 - Circle 16 Fresh Water! Supplemental Fertilizer (Commercial)
Site 9 - Ray East Pivot Fresh Water! Supplemental Fertilizer (Commercial)
Site 10 - Circle 114 Fresh Water! Supplemental Fertilizer (Commercial)
Site 11 - Circle 118 Fresh Water! Supplemental Fertilizer (Commercial)
Site 12 - Ray South Pivot Fresh Water! Supplemental Fertilizer (Commercial)

1Fresh water supplied for irrigation is surface water from Prairie Creek.

2All biosolids land application sites receiving biosolids will only receive supplemental fertilizer as
required to meet and not exceed the agronomic rate for the site. Supplemental fertilizer generally
consists of UAN 32 for nitrogen, a percentage of Thio-Sul for sulfur, and dry product fertilizer such as
10-40 or 11-52 for phosphate. The ratio and amount of supplemental fertilizer utilized is determined
by residuals from soil tests, farmer experience, and agronomic rates for the crop.
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Biosolids and Land Application Information
Pollutant Characteristics
Table 4 is a representative biosolids analysis for pollutant characteristics. Biosolids samples from the

aerobic digester basins were collected on June 21, 2023. These data and all previous data indicate
that pollutant concentrations for all regulated pollutants have been met. All test results are included

in Appendix E.
TABLE 4
ALLOWED BIOSOLIDS POLLUTION LIMITS AND CONCENTRATIONS
Aerobic Digester 40 CFR 503.13(b)(1)
Basins Biosolids Pollutant Ceiling
Analytical Result Concentration Limits
Pollutant mg/kg (lbs/ton) mg/kg (lbs/ton)*
Arsenic (As) ND 75 (0.15)
Cadmium (Cd) ND 85 (0.17)
Copper (Cu) 167 (0.334) 4,300 (8.6)
Lead (Pb) ND 840 (1.68)
Mercury (Hg) ND 57 (0.114)
Molybdenum (Mo) ND 75 (0.15)
Nickel (Ni) ND 420 (0.84)
Selenium (Se) ND 100 (0.2)
Zinc (Zn) 411 (0.822) 7,500 (15.0)

*Analytical results are on a dry weight basis.
CFR = Code of Federal Regulations

Ibs/ton = pounds per ton

mg/kg = milligrams per kilogram

ND = not detected

Nutrient Characteristics and Other Parameters
Table 5 is a representative biosolids analysis for nutrient characteristics and other parameters.

Biosolids samples from the aerobic digester basins were collected on June 21, 2023. The nutrient
characteristics shown on Table 5 were utilized in the example calculations for the application rate.
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TABLE 5

BIOSOLIDS NUTRIENT CHARACTERISTICS
Aerobic Digester Basins Biosolids

Source Analytical Result

Parameter/ Wet Pounds per
Measurement Unit Weight Dry Weight Dry Ton

Total Solids, percent 0.764 N/A N/A
Volatile Solids, percent 99.8 N/A N/A
TKN, mg/kg 510.4 66,800 133.6
NOs-N, mg/kg ND ND ND
NHa-N, mg/kg 33.8 4,430 8.86
Phosphate (P), percent 4.2 N/A N/A

N/A = Not Applicable

NH4-N = ammonium nitrogen

NOs-N = nitrate nitrogen
TKN = total Kjeldahl nitrogen

Biosolids Application Rates

The application rate at the biosolids land application sites is determined by calculating the capacity
of the biosolids land application sites for nutrients and the total allowable pollutants as determined
by 40 CFR 503.13. The maximum allowable application rate is then determined by the total amount
of biosolids that can be applied to the sites without exceeding the limits.

For the purposes of this document, example calculations were completed to illustrate how the
biosolids application rate will be determined. The biosolids application rate for one of the City of
Enterprise’s sites was developed based on test results of the biosolids and guidance provided by
Washington State University Puyallup and OSU and the Worksheet for Calculating Biosolids
Application Rates in Agriculture, a Pacific Northwest Extension Publication, PNW511. The example
calculations and assumptions made can be found in Appendix F, Example Nutrient Uptake
Calculations. Barley was used for the example calculations for nitrogen uptake. It is assumed that
barley will uptake 120 Ibs N/acre. There are no published data for barley nitrogen uptake; however,
per OSU’s Cereal Grain Nutrient Management web page, the nitrogen uptake value for barley is

80 percent of the nitrogen uptake for winter wheat. Using the value stated for winter wheat of

150 Ibs N/acre in the Nitrogen Uptake and Utilization by Pacific Northwest Crops, a Pacific
Northwest Extension Publication, PNW513, 80 percent of the 150 Ibs N/acre for winter wheat results
in a 120 Ibs N/acre application rate for barley (150 Ibs N/acre x 80 percent = 120 |Ibs N/acre).

Soil testing was completed at the biosolids land application Site 1 - Parsnip Valley, shown on

Figure 2, to estimate the residual nitrogen in the soil for the example calculations and provide a
baseline for pollutants. The residual soil nitrogen was averaged, with the current, average residual
soil nitrogen at the biosolids land application site equaling 89 lbs N/acre. The biosolids will be land-
applied semi-annually during the spring and fall. Although the example calculations utilized the
biosolids land application Site 1 - Parsnip Valley, shown on Figure 2, the biosolids may be
land-applied to any of biosolids land application sites, totaling approximately 859 acres when
accounting for setbacks, at the agronomic rate. See Figures 2 and 3 for the biosolids land application
sites.

Plant available nitrogen (PAN) is calculated by adding the inorganic nitrogen retained and the
organic nitrogen mineralized. Inorganic nitrogen retained is calculated by multiplying the weight of
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ammonium nitrogen per dry ton of biosolids by the percent retained after application and adding
the weight of nitrate nitrogen per dry ton. The percent retained is based on the drying method used
and the days to incorporation after application. The biosolids will be dewatered and not
incorporated and, therefore, will retain approximately 20 percent of the ammonium nitrogen. The
plant available inorganic nitrogen is calculated to be 1.77 pounds of nitrogen per dry ton (Ilbs N/dry
ton). The organic nitrogen mineralized is calculated by subtracting the ammonium nitrogen from the
TKN and multiplying by the percent of organic nitrogen that is plant available in year one. The
percent of organic nitrogen available in year one is approximately 35 percent, based on the biosolids
processing and moisture content. The amount of organic nitrogen mineralized is calculated as

43.66 lbs N/dry ton. The PAN is calculated as 45.43 lbs N/dry ton. Taking the 120 lbs N/acre needed
and subtracting the average residual nitrogen of 89 Ibs N/acre determined by the soil testing results
in 31 Ibs N/acre remaining for barley uptake. The 31 |bs N/acre is divided by the estimated PAN to
calculate an application rate of 0.68 dry ton per acre. A copy of the Example Nutrient Uptake
Calculations for biosolids application at the biosolids land application site shown on Figure 2 with no
incorporation is included in Appendix F.

The biosolids land application sites have approximately 859 total acres available for application
when accounting for setbacks. In the case of the example calculations, the biosolids land application
Site 1 - Parsnip Valley, shown on Figure 2, has approximately 129 acres, and if 0.68 dry ton of
biosolids is land-applied to each acre of barley, a total of approximately 88 dry tons can be applied
to the biosolids land application site. The total amount of biosolids available for application on an
annual basis is approximately 613 cubic yards, or 77 dry tons at a total solids estimate of

14.86 percent. Based on the example calculations, the amount of land available is sufficient if barley
is cultivated. However, the agronomic rate must be calculated for the crop being grown at the time
of land application along with determining the residual nitrogen in the soil.

Sampling and Monitoring Program

In 2023, in preparation for the Biosolids Management Plan, biosolids were sampled and tested from
the aerobic digester basins at the WWTF. The testing provided parameters for use in the example
calculations for determining the applicable land application rate. Sampling and testing of biosolids
will be performed in accordance with the sampling requirements outlined on Table 1 - Frequency of
Monitoring - Land Application in 40 CFR 503.16 and the 1994 U.S. EPA Biosolids Reference Sheet,
Table 2.4-1., Number of Samples Required. Soil testing will be performed before the application of
biosolids to account for existing nitrogen in the soil and ensure the application rate does not exceed
the agronomic rate.

Pathogen/Vector Attraction Reduction Characteristics

The Class B Pathogen Reduction requirements will be met utilizing Alternative 1, Fecal Coliform
Testing, which finds the geometric mean of seven samples' fecal coliform density as listed in
Appendix B of 40 CFR 503. The vector attraction reduction requirements of 40 CFR 503 will be met in
accordance with Option 3, 40 CFR 503.33(b)(3), additional digestion of aerobically digested
biosolids. For Option 3, aerobically digested biosolids with 2 percent or less solids are considered to
have achieved vector attraction reduction if the volatile solids are reduced by less than 15 percent in
a laboratory batch test at 20° Celsius after 30 days. If Option 3 is met, this shows the biosolids have
already been substantially degraded biologically prior to aerobic digestion. As such, there is low
likelihood of the biosolids being a food source for microorganisms, and it is unlikely for vectors to be
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attracted to the biosolids. If the biosolids are unable to meet the requirements of Option 3, the
biosolids will then follow Option 10 for vector attraction reduction and be incorporated into the soil
within six hours after application to land or placement on the surface of the biosolids land
application sites.

Prior to the City land-applying biosolids at the biosolids land application sites, verification that the
biosolids meet compliance with pathogen reduction and vector attraction reduction requirements
will be performed. The dewatered biosolids will be land applied using farming equipment (i.e.,
manure spreader) to evenly apply the biosolids to the surface of the biosolids land application sites
at the recommended rate. The transporting and spreading of biosolids will be completed by the City.

Daily Reporting/Recordkeeping
When biosolids are applied to the biosolids land application sites, records will be kept indicating

how and when the biosolids are moved and how the work is performed in accordance with the
Biosolids Management Plan.
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AGREEMENT FOR THE LAND APPLICATION OF DOMESTIC BIOSOLIDS

This Agreement is made and entered into this \( }ﬂ-‘ day Of‘mﬁm 2024, between the Cit\{ of
Enterprise, Oregon, hereafter referred toas the City, and Cornerstone Farms Joint Venture, hereinafter

referred to as the Owner.

RECITALS

A. The Ownerowns real properties shown on Figure 1 - Subject Properties |; and Figure 2 - Subject

Properties Il.
B. The City owns and operates a municipal wastewater treatment facility (WWTF) under National

Pollutant Discharge Elimination System Permit No. 101659 and desires to land apply biosolids
(as defined by 40 Code of Federal Regulations 503) generated by the WWTF on the subject
properties.

C. Land application of domestic biosolids is mutually beneficial to the City and the Owner.

AGREEMENT

The City and the Owner agree to fulfill the following:

A. The City, through its agents, agrees to:

a.

11/18/24

In coordination with the Owner, make available, haul, and spread stable biosolids on
subject properties at an application rate approved by the Oregon Department of
Environmental Quality (DEQ). The City’s obligation is subject to the availability of the
biosolids;

Pick rocks and any plastic material larger than 2 inches in diameter from the spread
biosalids that are inconsistent with those present on the subject properties;

Maintain daily records during biosolids application that indicate the quantity of biosolids
delivered tothe subject properties, the specified area where the biosolids were applied
on the subject properties, application data, means of application, and any additional
information required by the DEQ;

Have its biosolids tested as required by state and federal law, make certain the biosolids
meet minimum requirements forland application pursuantto state and federallaw, and
provide the Owner and the DEQ with copies of the test results, as well as notify the
Owner immediately should the biosolids fail to meet minimum standards for land
application;

Use only those ingress and egress routes to and from subject properties designated by
the Owner;

Conform with all state biosclids rules and guidelines governing land application of
municipal biosolids and any management terms stipulated under the biosolids land
application authorization letter from the DEQ;

Notify the Ownerof any DEQ directives the City receives pertainingto the items covered
by this Agreement; and

Obtain written authorization from the DEQ to land apply biosolids to the subject
property prior to commencing biosolids land application.
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B. The Owner agrees to: o o
a. Define the areas of the subject properties available for land application of biosolids;

b. Irrigate in accordance with the DEQ-approved Biosolids Management Plan. Irrigation of
affected fields will not resume following biosolids application until the fields are planted
for production. Irrigation will be managed to prevent excessive ponding on or runoff
from the subject properties.

c. Notifythe City immediately of any odor complaint, or other complaints, received by the
Owner relative to the land application of biosolids upon the subject properties;

d. Follow DEQ regulations relative to the types of crops planted and their management;

e. Annually provide the City with anticipated crop type, irrigation, grazing, cutting, and
other crop management practices;

f. Indemnify and hold the City harmless from any and all claims, suits, or causes of action
brought against the City as a result of negligent surface application on the subject
properties. Owner shall not be required to indemnify the City for any claims, suits, or
causes of action brought against the City arising from the content of the biosolids;

g. Comply with the following regulatory requirements:

i, Public contact access is restricted for 30 days after biosolids land application.
Access control is assumed based on the remoteness of the rural private land.

ii. Food crops with harvested parts that touch the biosalids/soil mixture and are
totally above the land surface shall not be harvested until 14 months after
application of biosolids.

i. Food crops with harvested parts below the surface of the land shali not be
harvested until 38 months after biosolids application.

iv. Food crops, feed crops, and fiber crops whose edible parts do not touch the
surface of the soil shall not be harvested until 30 days after biosolids
application.

v. Animals shall not be allowed to graze until 30 days after application of biosolids
to the land.

h. Advise all purchasers, tenants, lessees, or other persons or entities of interest to the
subject properties of this Agreement.

C. Owner acknowledges that biosolids may contain some plastic or other foreign materials
normally present in domestic wastewater, and Owner accepts the biosolids “as is,” except as
noted in this Agreement, subparagraph A.b., above.

D. The parties agree to begin using the subject properties to apply biosolids as soon as possible
after receiving DEQ approval of the Agreement, and that the Agreement shall remain in effect

for three years, unless it is terminated within that time pursuantto the terms of this Agreement.

E. All notifications to the City and the Owner shall be in writing to all parties. Notice to the City
shall be provided to Jeffrey Yanke, Council President, Enterprise City Hall, 102 E. North Street,
Enterprise, Oregon 97828. Notice to the Ownershall be provided to Kurt Melville /Kevin Melville,
64022 Imnaha Highway, Joseph, Oregon 97846.

F. This Agreement shall bind the parties hereto, and it is agreed that there are no other
agreements, written or oral, which add to or change the terms hereof. Any such agreements of
modification shall be expressed in writing, signed by all parties, dated, and attached to this
Agreement.
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COMPENSATION

In consideration of the above listed agreement, the City agrees to pay Owner $2,250 for land application
for the 2024-2025 fiscal year, with the payment due by April 15%, 2025, Beginning fiscal year 2025-2026,
the City agreesto pay Owneran annual payment of $4,500, with the payment due tothe Ownerno later
than July 20th.

TERMINATION

Either party may terminate all or any portion of this agreement by giving the other party a 180-day
written Notice of Termination.

CONTINUATION OF AGREEMENT

This agreement shall continue, absent Notice of Termination being provided, set forth with the terms of
this agreement. Additionally, parties shall meet no later than March 31** each year.

EFFECTIVE

Effective on the date first above written.

City of Enterprise, Oregon:

(Jemam PV~ By
e

Jeffrey Yanke, CouncJ President Lacey McQuead, City Administrator
Owner: ,

Sl AL 2220,
By By

Kurt Melville Kevin Melville

Cornerstone Farms Joint Venture Cornerstone Farms Joint Venture
11/18/24 Page 3 of 3
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APPENDIX B
Public Notification Letters




City of
Enterprise, OR
W

Established [889

December 19, 2024

Diana Collins

65714 Getting Road
Enterprise, Oregon 97828

RE: Proposed Application of Biosolids as Fertilizer Amendment

The City of Enterprise, Oregon, has applied to the Oregon Department of Environmental Quality (DEQ) to land apply
biosolids on properties near you. The properties to receive biosolids are located in Township 2 South, Range 45
East, Section 6. Please see the attached Figure 4 showing the proposed land application sites.

Biosolids are a byproduct of domestic wastewater treatment that contains valuable nutrients. Va rious processes
stabilize the biosolids, kill harmful bacteria, and control odors. Treated biosolids are frequently used instead of
chemical fertilizers, and because many of the nutrients in the biosolids are less mobile in the soil, they are
absorbed by plants and are less likely to adversely affect water resources. Additionally, the biosolids improve soil
tilth and water-holding capacity and provide micronutrients not found in most chemical fertilizers.

Biosolidsreuse is regulated by the U.S. Environmental Protection Agency and the DEQ to protect public health and
the environment. The DEQ will inspect each proposed property and approve it prior to application. As part of the
approval, the DEQ establishes bufferzones from sensitive areas such as wells, streames, roadways, residences, etc.

The City has historically taken biosolids to the landfill; however, the City is now required to land apply the biosolids.
Enclosed is a brochure on biosolids recycling and a DEQ Fact Sheet. If you have any questions regarding the City’s
biosolids program, please contact Dave Wilkie at 541-426-3093. You may also learn more about the DEQ biosolids
program on their website at: https://www.oregon.gov/deq/wa/programs/Pages/Biosolids.aspx

If you are not the resident or occupant of the property adjacent to this site but are the owner, please notify anyone
who resides at this property of this proposed activity.

Sincerely, O
m A A_A

Lacey Mc(ﬁ%’cl,/City Administrator

LM/nc

Encl.

102 E. North St.
Enterprise, OR 97828

(541) 4264196
Fax: (541)426-3395
WWW.enterpriseoregon.org



City of
Enterprise, OR
)

December 19, 2024

Suzette Bonneau
P.O.Box 629
Wallowa, Oregon 97885

RE: Proposed Application of Biosolids as Fertilizer Amendment

The City of Enterprise, Oregon, has applied to the Oregon Department of Environmental Quality (DEQ) to land apply
biosolids on properties near you. The properties to receive biosolids are located in Township 1 South, Range 44
East, Section 3. Please see the attached Figure 3 showing the proposed land application site.

Biosolids are a byproduct of domestic wastewater treatment that contains valuable nutrients. Various processes
stabilize the biosolids, kill harmful bacteria, and control odors. Treated biosolids are frequently used instead of
chemical fertilizers, and because many of the nutrients in the biosolids are less mobile in the soil, they are
absorbed by plants and are less likely to adversely affect water resources. Additionally, the biosolids improve soil
tilth and water-holding capacity and provide micronutrients not found in most chemical fertilizers.

Biosolidsreuse is regulated by the U.S. Environmental Protection Agency and the DEQ to protect public health and
the environment. The DEQ will inspect each proposed property and approve it prior to application. As part of the
approval, the DEQ establishes bufferzones from sensitive areas such as wells, streams, roadways, residences, etc.

The City has historically taken biosolids to the landfill; however, the City is now required to land apply the biosolids.
Enclosed is a brochure on biosolids recycling and a DEQ Fact Sheet. If you have any guestions regarding the City’s
biosolids program, please contact Dave Wilkie at 541-426-3093. You may also learn more about the DEQ biosolids
program on their website at: https://www.oregon.gov/deq/wqg/programs/Pages/Biosolids.aspx

If you are not the resident or occupant of the property adjacent to this site but are the ownetr, please notify anyone
who resides at this property of this proposed activity.

VAJ\_/uO

A4 \\‘-_-'—../
Lacey McQuead, City Administrator

LM/nec

Encl.

102 E. North St.
Enterprise, OR 97828

(541) 426-4196
Fax: (541)426-3395
WWW.enterpriseoregon.org



City of
Enterprise, OR

Established 1889

December 19, 2024

Jack and Deena Woods
63782 Eagle Road
Lostine, Oregon 97857

RE: Proposed Application of Biosolids as Fertilizer Amendment

The City of Enterprise, Oregon, has applied to the Oregon Department of Environmental Quality (DEQ) to land apply
biosolids on properties near you. The properties to receive biosolids are located in Township 2 South, Range 44
East, Section 1. Please see the attached Figure 4 showing the proposed land application sites.

Biosolids are a byproduct of domestic wastewater treatment that contains valuable nutrients. Various processes
stabilize the biosolids, kill harmful bacteria, and control odors. Treated biosolids are frequently used instead of
chemical fertilizers, and because many of the nutrients in the biosolids are less mobile in the soil, they are
absorbed by plants and are less likely to adversely affect water resources. Additionally, the biosolids improve soil
tilth and water-holding capacity and provide micronutrients not found in most chemical fertilizers.

Biosolidsreuse is regulated by the U.S. Environmental Protection Agency and the DEQ to protect public health and
the environment. The DEQ will inspect each proposed property and approve it prior to application. As part of the
approval, the DEQ establishes bufferzones from sensitive areas such as wells, streams, roadways, residences, etc.

The City has historically taken biosolids to the landfill; however, the City is now required to land apply the biosolids.
Enclosed is a brochure on biosolids recycling and a DEQ Fact Sheet. If you have any questions regarding the City’s
biosolids program, please contact Dave Wilkie at 541-426-3093. You may also learn more about the DEQ biosolids
program on their website at: https://www.oregon.gov/deq/wq/programs/Pages/Biosolids.aspx

If you are not the resident or occupant of the property adjacent to this site but are the owner, please notify anyone
who resides at this property of this proposed activity.

Sincerely, Q
K—’(@ A A s
v '

Lacey McQuead, City Administrator

LM/nc

Encl.

102 E. North St.
Enterprise, OR 97828

(541) 4264196
Fax: (541)426-3395

www.enterpriseoregon.org



City of
Enterprise, OR

Established 1889

December 19, 2024

Nicholas and Alexandra West

105 West Logan Street
Enterprise, Oregon 97828

RE: Proposed Application of Biosolids as Fertilizer Amendment

The City of Enterprise, Oregon, has applied to the Oregon Department of Environmental Quality (DEQ) to land apply
biosolids on properties near you. The properties to receive biosolids are located in Township 1 South, Range 44
East, Section 3. Please see the attached Figure 3 showing the proposed land application site.

Biosolids are a byproduct of domestic wastewater treatment that contains valuable nutrients. Various processes
stabilize the biosolids, kill harmful bacteria, and control odors. Treated biosolids are frequently used instead of
chemical fertilizers, and because many of the nutrients in the biosolids are less mobile in the soil, they are
absorbed by plants and are less likely to adversely affect water resources. Additionally, the biosolids improve soil
tilth and water-holding capacity and provide micronutrients not found in most chemical fertilizers.

Biosolidsreuse is regulated by the U.S. Environmental Protection Agency and the DEQ to protect public health and
the environment. The DEQ will inspect each proposed property and approve it prior to application. As part of the
approval, the DEQ establishes buffer zones from sensitive areas such as wells, streams, roadways, residences, etc.

The City has historically taken biosolids to the landfill; however, the City is now required to land apply the biosolids.
Enclosed is a brochure on biosolids recycling and a DEQ Fact Sheet. If you have any questions regarding the City’s
biosolids program, please contact Dave Wilkie at 541-426-3093. You may also learn more about the DEQ biosolids
program on their website at: https://www.oregon.gov/deq/wq/programs/Pages/Biosolids.aspx

If you are not the resident or occupant of the property adjacent to this site but are the owner, please notify anyone
who resides at this property of this proposed activity.

Sincerely
Y

Lacey McQuead, City Administrator

LM/nc

Encl.

102 E. North St.
Enterprise, OR 97828

(541) 4264196
Fax: (541)426-3395
WWww.enterpriseoregon.org



City of
Enterprise, OR

Established 1889

December 19, 2024

Melvin and Dena Stonebrink
80995 School Flat Lane
Wallowa, Oregon 97885

RE: Proposed Application of Biosolids as Fertilizer Amendment

The City of Enterprise, Oregon, has applied to the Oregon Department of Environmental Quality (DEQ) to land apply
biosolids on properties near you. The properties to receive biosolids are located in Township 1 South, Range 44
East, Section 3. Please see the attached Figure 3 showing the proposed land application site.

Biosolids are a byproduct of domestic wastewater treatment that contains valuable nutrients. Various processes
stabilize the biosolids, kill harmful bacteria, and control adors. Treated biosolids are frequently used instead of
chemical fertilizers, and because many of the nutrients in the biosolids are less mobile in the soil, they are
absorbed by plants and are less likely to adversely affect water resources. Additionally, the biosolids improve soil
tilth and water-holding capacity and provide micronutrients not found in most chemical fertilizers.

Biosolidsreuse is regulated by the U.S. Environmental Protection Agency and the DEQ to protect public health and
the environment. The DEQ will inspect each proposed property and approve it prior to application. As part of the
approval, the DEQ establishes bufferzones from sensitive areas such as wells, streams, roadways, residences, etc.

The City has historically taken biosolids to the landfill; however, the City is now required to land apply the biosolids.
Enclosed is a brochure on biosolids recycling and a DEQ Fact Sheet. If you have any questions regarding the City’s
biosolids program, please contact Dave Wilkie at 541-426-3093. You may also learn more about the DEQ biosolids
program on their website at: https://www.oregon.gov/deq/wq/programs/Pages/Biosolids.aspx

If you are not the resident or occupant of the property adjacent to this site but are the owner, please notify anyone
who resides at this property of this proposed activity.

.E‘;incene:lyE z ;

Lacey McQuead, City Administrator
LM/nc

Encl.

102 E. North St.
Enterprise, OR 97828

(541) 426-4196
Fax: (541)426-3395
Www.enterpriseoregon.org



City of
Enterprise, OR 102 E. North St.
g

Enterprise, OR 97828

(541) 4264196
Fax: (541)426-3395

Established 1859 www.enterpriseoregon.org

December 19, 2024

Stangel Industries & Machine Shop
P.O. Box 157
Enterprise, Oregon 97828

RE: Proposed Application of Biosolids as Fertilizer Amendment

The City of Enterprise, Oregon, has applied to the Oregon Department of Environmental Quality (DEQ) to land apply
biosolids on properties near you. The properties to receive biosolids are located in Township 1 South, Range 45
East, Section 31. Please see the attached Figure 4 showing the proposed land application sites.

Biosolids are a byproduct of domestic wastewater treatment that contains valuable nutrients. Various processes
stabilize the biosolids, kill harmful bacteria, and control odors. Treated biosolids are frequently used instead of
chemical fertilizers, and because many of the nutrients in the biosolids are less mobile in the soil, they are
absorbed by plants and are less likely to adversely affect water resources. Additionally, the biosolids improve soil
tilth and water-holding capacity and provide micronutrients not found in most chemical fertilizers.

Biosolids reuse is regulated by the U.S. Environmental Protection Agency and the DEQ to protect public health and
the environment. The DEQ will inspect each proposed property and approve it prior to application. As part of the
approval, the DEQ establishes buffer zones from sensitive areas such as wells, streams, roadways, residences, etc.

The City has historically taken biosolids to the landfill; however, the City is now required to land apply the biosolids.
Enclosed is a brochure on biosolids recycling and a DEQ Fact Sheet. If you have any questions regarding the City’s
biosolids program, please contact Dave Wilkie at 541-426-3093. You may also learn more about the DEQ biosolids
program on their website at: https://www.oregon.gov/deq/wqg/programs/Pages/Biosolids.aspx

If you are not the resident or occupant of the property adjacent to this site but are the owner, please notify anyone
who resides at this property of this proposed activity.

Sincerely,

AN O

Lacey Md, City Administrator

LM/nc

Encl.



City of
Enterprise, OR

stablished 1859

December 19, 2024

Edward Snodderly
P.O. Box 447
Enterprise, Oregon 97828

RE: Proposed Application of Biosolids as Fertilizer Amendment

The City of Enterprise, Oregon, has applied to the Oregon Department of Environmental Quality (DEQ) to land apply
biosolids on properties near you. The properties to receive biosolids are located in Township 1 South, Range 44
East, Section 3. Please see the attached Figure 3 showing the proposed land application site.

Biosolids are a byproduct of domestic wastewater treatment that contains valuable nutrients. Various processes
stabilize the biosolids, kill harmful bacteria, and control odors. Treated biosolids are frequently used instead of
chemicalfertilizers, and because many of the nutrients in the biosolids are less mobile in the soil, they are
absorbed by plants and are less likely to adversely affect water resources. Additionally, the biosolids improve soil
tilth and water-holding capacity and provide micronutrients not found in most chemical fertilizers.

Biosolidsreuse is regulated by the U.S. Environmental Protection Agency and the DEQ to protect public health and
the environment. The DEQ will inspect each proposed property and approve it prior to application. As part of the
approval, the DEQ establishes bufferzones from sensitive areas such as wells, streams, roadways, residences, etc.

The City has historically taken biosolids to the landfill; however, the City is now required to land apply the biosolids.
Enclosed is a brochure on biosolids recycling and a DEQ Fact Sheet. If you have any questions regarding the City’s
biosolids program, please contact Dave Wilkie at 541-426-3093. You may also learn more about the DEQ biosolids
program on their website at: https://www.oregon.gov/deq/wq/programs/Pages/Biosolids.aspx

If you are not the resident or occupant of the property adjacent to this site but are the owner, please notify anyone
who resides at this property of this proposed activity.

N, O

Lacey McQuead, City Administrator

LM/nc

Encl.

102 E. North St.
Enterprise, OR 97828

(541) 4264196
Fax: (541)426-3395
www.enterpriseoregon.org



City of
Entetprise, OR
W

December 19, 2024

IS 5510 Investments LLC
64022 Imnaha Highway
Joseph, Oregon 97846

RE: Proposed Application of Biosolids as Fertilizer Amendment

The City of Enterprise, Oregon, has applied to the Oregon Department of Environmental Quality (DEQ) to land apply
biosolids on properties near you. The properties to receive biosolids are located in Township 1 South, Range 44
East, Section 3. Please see the attached Figure 3 showing the proposed land application site.

Biosolids are a byproduct of domestic wastewater treatment that contains valuable nutrients. Various processes
stabilize the biosolids, kill harmful bacteria, and control odors. Treated biosolids are frequently used instead of
chemical fertilizers, and because many of the nutrients in the biosolids are less mobile in the soil, they are
absorbed by plants and are less likely to adversely affect water resources. Additionally, the biosolids improve soil
tilth and water-holding capacity and provide micronutrients not found in most chemical fertilizers.

Biosolidsreuse is regulated by the U.S. Environmental Protection Agency and the DEQ to protect public health and
the environment. The DEQ will inspect each proposed property and approve it prior to application. As part of the
approval, the DEQ establishes bufferzones from sensitive areas such as wells, streams, roadways, residences, etc.

The City has historically taken biosolids to the landfill; however, the City is now required to land apply the biosolids.
Enclosedis a brochure on biosolids recycling and a DEQ Fact Sheet. If you have any guestions regarding the City’s
biosolids program, please contact Dave Wilkie at 541-426-3093. You may also learn more about the DEQ biosolids
program on their website at: https://www.oregon.gov/deq/wg/programs/Pages/Biosolids.aspx

If you are not the resident or occupant of the property adjacent to this site but are the owner, please notify anyone
who resides at this property of this proposed activity.

Sincerely,
LT, )

Lacey McQuead, City Administrator

LM/nc

Encl.

102 E. North St.
Enterprise, OR 97828

(541) 426-4196
Fax: (541)426-3395
WWww.enterpriseoregon.org



City of
Enterprise, OR

Established 1889

December 19, 2024

Bruce and Kathleen Hanna
541 N.E. Goldie Drive
Hillsboro, Oregon 97124

RE: Proposed Application of Biosolids as Fertilizer Amendment

The City of Enterprise, Oregon, has applied to the Oregon Department of Environmental Quality (DEQ) to land apply
biosolids on properties near you. The properties to receive biosolids are located in Township 2 South, Range 45
East, Section 6. Please see the attached Figure 4 showing the proposed land application sites.

Biosolids are a byproduct of domestic wastewater treatment that contains valuable nutrients. Various processes
stabilize the biosolids, kill harmful bacteria, and control odors. Treated biosolids are frequently used instead of
chemical fertilizers, and because many of the nutrients in the biosolids are less mobile in the soil, they are
absorbed by plants and are less likely to adversely affect water resources. Additionally, the biosolids improve soil
tilth and water-holding capacity and provide micronutrients not found in most chemical fertilizers.

Biosolidsreuse is regulated by the U.S. Environmental Protection Agency and the DEQ to protect public health and
the environment. The DEQ will inspect each proposed property and approve it prior to application. As part of the
approval, the DEQ establishes buffer zones from sensitive areas such as wells, streams, roadways, residences, etc.

The City has historically taken biosolids to the landfill; however, the City is now required to land apply the biosolids.
Enclosed is a brochure on biosolids recycling and a DEQ Fact Sheet. If you have any questions regarding the City’s
biosolids program, please contact Dave Wilkie at 541-426-3093. You may also learn more about the DEQ biosolids
program on their website at: https://www.oregon.gov/deq/waq/programs/Pages/Biosolids.aspx

If you are not the resident or occupant of the property adjacent to this site but are the owner, please notify anyone
who resides at this property of this proposed activity.

Sincerely,
iy b

La?éy McQu\&a‘d,‘Cﬁy Administrator

LM/nc

Encl.

102 E. North St.
Enterprise, OR 97828

(541) 4264196
Fax: (541)426-3395
WWww.enterpriseoregon.org



City of
nterprise, OR
)

102 E. North St.
Enterprise, OR 97828

E

(541) 4264196
Fax: (541)426-3395

Established 1589 Www.enterpriseoregon.org

December 19, 2024

Timothy and Audry Melville
84887 Joseph Highway
Enterprise, Oregon 97828

RE: Proposed Application of Biosolids as Fertilizer Amendment

The City of Enterprise, Oregon, has applied to the Oregon Department of Environmental Quality (DEQ) to land apply
biosolids on properties near you. The properties to receive biosolids are located in Township 1 South, Range 45
East, Section 31. Please see the attached Figure 4 showing the proposed land application sites.

Biosolids are a byproduct of domestic wastewater treatment that contains valuable nutrients. Various processes
stabilize the biosolids, kill harmful bacteria, and control odors. Treated biosolids are frequently used instead of
chemical fertilizers, and because many of the nutrients in the biosolids are less maobile in the soil, they are
absorbed by plants and are less likely to adversely affect water resources. Additionally, the biosolids improve soil
tilth and water-holding capacity and provide micronutrients not found in most chemical fertilizers.

Biosolidsreuse is regulated by the U.S. Environmental Protection Agency and the DEQ to protect public health and
the environment. The DEQ will inspect each proposed property and approve it prior to application. As part of the
approval, the DEQ establishes bufferzones from sensitive areas suchas wells, streams, roadways, residences, etc.

The City has historically taken biosolids to the landfill; however, the City is now required to land apply the biosolids.
Enclosed is a brochure on biosolids recycling and a DEQ Fact Sheet. If you have any questions regarding the City’s
biosolids program, please contact Dave Wilkie at 541-426-3093. You may also learn more about the DEQ biosolids
program on their website at: https://www.oregon.gov/deqg/wqg/programs/Pages/Biosolids.aspx

If you are not the resident or occupant of the property adjacent to this site but are the owner, please notify anyone
who resides at this property of this proposed activity.

Sincerely,

e, O

Lacey McQuead, City Administrator

LM/nc

Encl.



City of
Enterprise, OR

Established 1889

December 18, 2024

Todd and Angela Nash
64541 Alder Slope Road
Enterprise, Oregon 97828

RE: Proposed Application of Biosolids as Fertilizer Amendment

The City of Enterprise, Oregon, has applied to the Oregon Department of Environmental Quality (DEQ) to land apply
biosolids on properties near you. The properties to receive biosolids are located in Township 1 South, Range 45
East, Section 6. Please see the attached Figure 4 showing the proposed land application sites.

Biosolids are a byproduct of domestic wastewater treatment that contains valuable nutrients. Various processes
stabilize the biosolids, kill harmful bacteria, and control odors. Treated biosolids are frequently used instead of
chemical fertilizers, and because many of the nutrients in the biosolids are less mobile in the soil, they are
absorbed by plants and are less likely to adversely affect water resources. Additionally, the biosolids improve soil
tilth and water-holding capacity and provide micronutrients not found in most chemical fertilizers.

Biosolidsreuse is regulated by the U.S. Environmental Protection Agency and the DEQ to protect public health and
the environment. The DEQ will inspect each proposed property and approve it prior to application. As part of the
approval, the DEQ establishes bufferzones from sensitive areas such as wells, streams, roadways, residences, etc.

The City has historically taken biosolids to the landfill; however, the City is now required to land apply the biosolids.
Enclosed is a brochure on biosolids recycling and a DEQ Fact Sheet. If you have any questions regarding the City’s
biosolids program, please contact Dave Wilkie at 541-426-3093. You may also learn more about the DEQ biosolids
program on their website at: https://www.oregon.gov/deq/wa/programs/Pages/Biosolids.aspx

If you are not the resident or occupant of the property adjacent to this site but are the owner, please notify anyone
who resides at this property of this proposed activity.

Sincerel C
mA "

Lamty Administrator

LM/nc

Encl.

102 E. North St.
Enterprise, OR 97828

(541) 426-4196
Fax: (541)426-3395
Www.enterpriseoregon.org



City of
Enterprise, OR

Established 1889

December 19, 2024

Enterprise Christian Church
207 East Main Street
Enterprise, Oregon 97828

RE: Proposed Application of Biosolids as Fertilizer Amendment

The City of Enterprise, Oregon, has applied to the Oregon Department of Environmental Quality (DEQ) to land apply
biosolids on properties near you. The properties to receive biosolids are located in Township 2 South, Range 44
East, Section 1. Please see the attached Figure 4 showing the proposed land application sites.

Biosolids are a byproduct of domestic wastewater treatment that contains valuable nutrients. Various processes
stabilize the biosolids, kill harmful bacteria, and control odors. Treated biosolids are frequently used instead of
chemical fertilizers, and because many of the nutrients in the biosolids are less mobile in the soil, they are
absorbed by plants and are less likely to adversely affect water resources. Additionally, the biosolids improve soil
tilth and water-holding capacity and provide micronutrients not found in most chemical fertilizers.

Biosolidsreuse is regulated by the U.S. Environmental Protection Agency and the DEQ to protect public health and
the environment. The DEQ will inspect each proposed property and approve it prior to application. As part of the
approval, the DEQ establishes bufferzones from sensitive areas such as wells, streams, roadways, residences, etc.

The City has historically taken biosolids to the landfill; however, the City is now required to land apply the biosolids.
Enclosed is a brochure on biosolids recycling and a DEQ Fact Sheet. If you have any questions regarding the City’s
biosolids program, please contact Dave Wilkie at 541-426-3093. You may also learn more about the DEQ biosolids
program on their website at: https://www.oregon.gov/deq/wqg/programs/Pages/Biosolids.aspx

If you are not the resident or occupant of the property adjacent to this site but are the owner, please notify anyone
who resides at this property of this proposed activity.

Sincerely,

Lacey McQuead, City Administrator
LM/ne

Encl.

102 E. North St.
Enterprise, OR 97828

(541) 4264196
Fax: (541)426-3395
WWW.enterpriseoregon.org



Fact Sheet

Biosolids: A Beneficial Resource

Background

Biosolids are the nutrient-rich organic solids that are
derived from the treatment of domestic wastewater at
municipal wastewater facilities. Once biosolids have
been treated to meet state and federal regulations. they
can be beneficially used for land application or, in some
cases. sold or given away like compost.

Recognizing the value of biosolids

Since 1978, DEQ has addressed the need to effectively
manage the beneficial use of biosolids. Oregon’s policy
supports the land application of treated domestic
wastewater biosolids. biosolids-derived products and
domestic septage when managed in a manner that protects
public health and maintains or improves environmental

quality.

What is regulated?

The land application of biosolids. biosolids-derived
products and domestic septage is a highly regulated
practice. Regulatory requirements are established under
Oregon Administrative Rules chapter 340, division 50.
The state rules incorporate most of the federal technical
biosolids regulations. including requirements for pathogen
reduction, vector attraction reduction. and limits for trace
pollutants. Monitoring is also required tor several
nutrients.

How biosolids are used
Land applying biosolids can have several benefits. The

organic matter in biosolids can improve the quality and
overall characteristics of cultivated soil. The additional
nutrients provided by biosolids can improve plant growth,
Approximately 95% of biosolids generated in Oregon are
land applied on DEQ-approved sites for agricultural
purposes such as hay and pasture. In 2001, biosolids from
108 domestic wastewater treatment facilities were land
applied on 18,618 acres, which is about 0.11% of all
Oregon land in farms. Biosolids are also used for
silvieultural and horticultural activities. DEQ works with
wastewater treatment facilities to ensure that management
of biosolids and land application activities are adequately
addressed through a National Pollutant Discharge
Elimination System (NPDES) or Water Pollution Control
Facility (WPCF) permit. a biosolids management plan,
and site authorization letters. Good agronomic practices
and site management activities ensure the protection of
public health and the environment.

: e IO Y
Land application of biosolids at an Oregon farm.

Biosolids Management Plans

Facilities are required to manage and operate their
biosolids operations under a biosolids
management plan. These plans are specific to
each facility and are considered an extension of
the facility’s NPDES or WPCF permit. Together
with a facility”s permit and land application site
authorizations, the plan provides assurance that
biosolids processing and management activities
are addressed in a comprehensive manner and
problems with compliance are minimized. Plans
must be current and on file with the permit. Each
site used for land application of biosolids must be
authorized by DEQ before use. Prior to
authorizing a land application site. a facility must
submit specific site information to DEQ for
evaluation. and then DEQ will conduct a field
visit. Notification to neighbors about the land
application activity is also required. Any site that
may be sensitive to residential housing or have
runoff potential will be subject to a public
comment process.

State rules also outline best management practices
regarding use limitations, criteria for site selection
and approval. and application.

For more information

For program information. please contact the
program coordinator. For specific wastewater
treatment facility and land application site
information, please contact the appropriate
regional specialist (list at right).

Alternative formats

Documents can be provided upon request in an
alternate format for individuals with disabilities or
in a language other than English for people with
limited English skills. To request a document in
another format or language. call DEQ in Portland
at 503-229-5696. or toll-free in Oregon at 1-800-
452-4011, ext. 5696; or email
deginfoi@deq.state.or.us.

Biosolids Program

700 NE Multnomah St., Suite

600
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Frequently Asked Questions

What are biosolids?

Biosolids are the nutrient-rich organic by-product of domestic wastewater treatment. They
contain essential plant nutrients and organic matter, and can be recycled and applied as a fertilizer
and soil amendment, when properly treated and managed.

What is the difference between biosolids and sludge?

The term “sludge” describes the untreated solids produced in the domestic wastewater treatment
process. To make biosolids, sewage sludge is treated through carefully regulated processes
(biological, chemical or physical) to kill pathogens and stabilize organic matter. This reduces
offensive odors and its appeal to insects and rodents. The material only becomes biosolids once it
meets federal and state standards so that it can be safely used for beneficial land application.

Why does the EPA and DEQ consider biosolids safe for land application?
Biosolids have been widely used on farms and other natural resource sites across North America
for decades. Sixty percent of U.S. biosolids are applied to soils, enhancing soil health, recycling
nutrients, sequestering carbon, and providing a productive use for a material that every
community has to manage. (Wastewater treatment is a vital public service, and it creates solids
that have to be managed.) Portland, Seattle, Los Angeles, Denver, Chicago, Boston, and hundreds
of other communities recycle their biosolids to soils. Most major land grant universities have
studied biosolids effects on soils and have found little risk when used according to regulations.
Every U.S. state and Canadian province allows biosolids use on soils. The U.S. Environmental
Protection Agency, U.S. Department of Agriculture and U.S. Food and Drug Administration all
approve biosolids recycling. Thousands of research publications over 45 years and two major
reviews by the National Academy of Sciences have found biosolids use on soils presents
“negligible risk” when managed in accordance with federal regulations and that “there is no
documented scientific evidence that the Part 503 rule (the federal biosolids regulations) has failed
to protect public health.”

What are the benefits of land application of biosolids?

Land application is a cost-effective and sustainable option for managing biosolids. The Oregon
Environmental Quality Commission encourages the land application of biosolids when managed
in a manner which protects the public health and maintains or improves environmental quality.
The Oregon Department of Environmental Quality implements this policy across the state.

Plants need a complex mixture of nutrients, soil, air and water to grow well. Biosolids enrich the

soil with essential nutrients and organic matter. Biosolids typically contain about 50 percent
organic matter, which improves soil tilth, allows the soil to drain and breathe better, and hold

more water. This results in decreased water runoff and soil erosion, with increased water
conservation. These attributes may help a farmer comply with agricultural conservation practices.
Research plots and demonstration sites have shown that the quality of crops grown on biosolids-
amended soils is equal or superior to those grown with commercial fertilizers.

How are biosolids regulated in Oregon?

The land application of biosolids, biosolids-derived products and domestic septage is regulated
under the DEQ regulations found in Oregon Administrative Rules Chapter 340, Division 50. The
state rules incorporate most of the federal biosolids regulations (Chapter 40 Code of Federal
Regulations Part 503), including requirements that reduce pathogens, stabilize organic matter,
and limit trace elements including arsenic, cadmium, copper, lead, mercury, molybdenum, nickel,
selenium, and zinc.
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Biosolids

In Oregon, monitoring is also required for several macronutrients, including potassium, nitrogen,
and phosphorus. DEQ is responsible for permitting land application sites for Class B biosolids in
Oregon fo protect public health and the environment. For each site whete biosolids are applied,
DEQ issues a site authorization to the wastewater treatment facility that prescribes appropriate
management practices for the site, which account for:

o Site characteristics and soil conditions

o Protection of ground and surface water and wells

. Biosolids chemical properties

. Type of biosolids (liquid, semi-solid, or solid)

. Method of biosolids application

Among other things, the site authorization establishes conditions on:

. Allowable biosolids application rate, season of application

. Public access restrictions

. Required waiting periods between biosolids application and crop harvest or grazing
E Required buffers near homes, highways, and other public areas

What risks do trace metals pose?

EPA thoroughly studied the potential risks from trace metals in biosolids and set maximum levels
in biosolids to ensure protection of public health and the environment. To date, studies indicate
that properly treated and managed biosolids can be land applied in an environmentally sound
manner. Based on the 2017 analytical results, the concentrations of these trace metals found in
biosolids produced in Oregon are well below the maximum levels identified by EPA.

Many of the regulated metals in biosolids are beneficial and necessary for healthy plant growth in
correct amounts, such as copper, molybdenum, and zinc which are micronutrients for plants. The
presence of these micronutrients is one reason why biosolids can be more effective than mineral
fertilizers at promoting plant growth.

What about organic compounds in biosolids?

Many chemicals used in society can be found in frace amounts in wastewater. The fact is few
chemicals of concern are found in biosolids. An EPA 2009 7 argeled National Sewage Sludge
Survey' investigated levels of several trace organic compounds in solids collected from 74
Wwastewater treatment plants nationally. The EPA study found some analytes were present in all
samples, while others were present in none or on ly a few samples. EPA continues to review
hazard and exposure assessments for these pollutants as data and analytical methods improve.

What about pharmaceuticals in biosolids?
Pharmaceuticals such as antibiotics, prescription drugs and personal care products, like soaps,

shampoos, detergents, and perfumes contain a wide variety of chemicals. The effect of these
chemicals on the environment is the focus of considerable research. Although leading scientists
see little threat to the public health and the cnvironment from these chemicals associated with

biosolids, EPA is currently developing better sampling and analytical procedures for these
chemicals. Once improved sampling and analytical methods are in place, EPA plans to conduct
exposure and hazard assessments for these pollutants. This study will take into account toxicity
data for humans and ecological receptors, solids pollutant concentrations, and the fate and
transport of these chemical compounds.

The best way to reduce concentrations of pharmaceuticals in biosolids is by never flushing
unwanted drugs down the toilet, and to support effective drug take back programs. Purchase
soaps and cleaners that are manufactured with the environment in mind - such as those that are

recognized in EPA’s Safer Choice Program®.

*samples collected in 2006 & 2007 - see httgs://nepis.epa.qov/Exe/ZyPDF.cgi/P1003RNO.PDF?Dackey=P1003RNO.PDF
* See https://www.epa.qov/saferchoice
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Biosolids

What about Per- and Polyfluoroalkyl substances (PFAS) in biosolids?
Perfluorooctanoic acid and perfluorooctane sulfonate have had considerable public attention in
recent years, especially in New England. Concerns here in Oregon have focused on impacts near
industrial facilities that used these chemicals specifically airports with foam firefighting systems.
These chemicals are found in carpets, furniture, household dust and air, cooking tools, outdoor
clothing, fire-fighting foams, and other products. Because these chemicals are ubiquitous in
today’s society and the environment there is ongoing uncertainty about their actual affects. These
chemical are being phased out of use here in the U.S and Canada; as a result wastewater
treatment facilities are seeing decreasing concentrations in their systems. In the 2000s
perfluorooctanoic acid was found in the typical biosolids at an average concentration of 34 parts
per billion (ppb) and more recent studies have found average perfluorooctanoic acid
concentrations of 2.3 and 5.3 ppb in the biosolids. Research and risk assessments conducted in
New England have determined that direct contact, inhalation, or ingestion of materials containing
less than 500 parts per billion of perfluorooctanoic acid pose no significant risk.® Thus, biosolids
and residuals present negligible risk via these pathways.

Does the land application of biosolids pollute surface water or
groundwater?

Properly managed biosolids products do not pollute surface water or groundwater. Biosolids
recycling programs follow best management practices to ensure water quality is protected. In fact,
documented improvements in surrounding water quality have been found in numerous biosolids
application projects due to enriched soils and vigorous growth of vegetation that reduce soil
erosion and stabilize contaminants that had previously contributed to stream and groundwater
pollution. Biosolids are not allowed to runoff into surface water, including rivers, streams,
irrigation ditches, or ponds; and, biosolids application rates and site management practices are
designed to prevent the leaching of nutrients to groundwater

Are biosolids tested before land application?

Biosolids are tested by the generating facility before they are land applied. The required
minimum frequency of this sampling is based on the volume of biosolids produced by the facility
each year as summarized in the table below.

Dry weight —metric tons/year | Sampling Frequency
0-<290 Annually
>290 - <1,500 Quarterly
>1,500 - <15,000 Bimonthly
>15,000 Monthly

Is the soil tested at land application sites?

Facilities test the soil at land application sites to calculate the agronomic rate for that field.
 Facilities are required to collect soil samples at a minimum if they land apply biosolids at the

agronomic rate for more than two out of three successive years. Additional or more frequent

testing may be required in their biosolids management plan or site authorization letter.

What notification or signage are required for authorized sites?

There are no federal regulations requiring notification or signage for authorized biosolids sites.
Oregon state regulations requires notification prior to approval of any proposed site that maybe
sensitive to residential housing, runoff or groundwater. DEQ policy requests signs to be posted at
the field and land application notices sent out to adjacent property owners when a facility is
asking DEQ for approval to land apply on a given field. Once DEQ has approved a field with a
site authorization letter, the permittee must follow the requirements established in their biosolids

* See https://www.nebiosalids.org/

DEQ

State of Oregon
Department of
Environmental
Quality

Biosolids

700 NE Multnomah St.

Suite 600

Portland, OR 97232

Phone: 503-229-5696
800-452-4011

Fax: 503-229-5850

Contact: Pat Heins

winw.oregon.gov/DEO

DEQ is a leader in
restoring, maintaining
and enhancing the
quality of Oregon’s air,
land and water.



Biosolids

management plan and site authorization letters which can require signs to be posted at the field at
the start of land application and during land application activities. If a facility is required to post
signs, most of them remove the signs after land application activities are completed so the signs
do not interfere with the farming activities or get knocked down and become roadside litter.

What are biosolids agronomic rates? m
The agronomic loading rate is based on a crop’s ability to use nitrogen and considers the plant-
available nitrogen content of the biosolids and other nitrogen sources at the site. Biosolids g‘:‘e"m’eg:?
application at agronomic rates supplies adequate nitrogen to facilitate crop growth while Environmental
protecting water quality. Qualty
Biosolids
700 NE Multhomah St.
S . Suite 600
For Further Information: Portland, OR 97232
. : Phone: 503-229-5696
Oregon Department of Environmental Quality: . o 800-452-4011
httns:l/www.oreaon.qovfdeqfwc/proqramsfPaqesziosollds.aspx Fax:  503-229-5850
Contact: Pat Heins
United States Environmental Protection Agency: i B e R
https://www.epa.gov/biosolids
: ¥ DEQ is a leader in
Oregon State University: restoring, muintaining
http://cropandsoil.oreqonstate.edu/ and enhancing the
quality of Oregon’s air,

. x . land and water.
Washington State University:

https://puyallup.wsu.edu/soils/biosolids/

University of Idaho:
https://iwww.uidaho.edu/extension

University of Arizona, College of Agriculture and Life Sciences:
http://cals.arizona.edu/pubs/consumer/az1 426.pdf

Oregon Association of Clean Water Agencies
hitp://www.oracwa.org/c-biosolids.himl

Northwest Biosolids Management Association:
http://Awww. nwbiosolids.org

National Biosolids Partnership:
http://mww. biosolids.org/

North East Biosolids and Residuals Association;
http://www.nebiosolids.orq/

Alternative formats

Documents can be provided upon request in an alternate format for individuals with disabilities or
in a language other than English for people with limited English skills. To request a document in
another format or language, call DEQ in Portland at 503-229-5 696, or toll-free in Oregon at 1-
800-452-4011, ext. 5696; or email deqginfo@@deq.state.or.us.
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LOCATION HARLOW WA+OR

Established Series
Rev. HRG/RJE/KWH
06/2006

HARLOW SERIES

The Harlow series consists of shallow, well drained soils formed in loess and colluvium from basalt or argillite.
Harlow soils are on canyons, structural benches, and basalt plateaus. Slopes are 2 to 90 percent. The average
annual precipitation is about 26 inches and average annual temperature is about 43 degrees F.

TAXONOMIC CLASS: Clayey-skeletal, smectitic, frigid Lithic Argixerolls

TYPICAL PEDON: Harlow very stony clay loam- rangeland on a 55 percent southwest facing slope at an
elevation of 4,320 feet. (Colors are for dry soils unless otherwise noted.

A1--0 to 3 inches; dark grayish brown (10YR 4/2) very stony clay loam, very dark brown (10YR 2/2) moist;
moderate fine and medium granular structure; hard, firm, moderately sticky and moderately plastic; many very
fine roots; many very fine irregular pores; 30 percent gravel, 10 percent cobbles, and 5 percent stones; neutral
(pH 6.7); clear wavy boundary.

A2--3 to 6 inches; dark grayish brown (10YR 4/2) very gravelly clay loam, very dark brown (10YR 2/2) moist;
moderate fine and medium granular structure; hard, firm, moderately sticky and moderately plastic; many very
fine roots; many irregular pores; 30 percent gravel and 10 percent cobbles; neutral (pH 7.0); clear wavy
boundary. (Combined thickness of the A horizon is 4 to 8 inches)

Bt1--6 to 10 inches; brown (10YR 5/3) very cobbly clay loam, very dark grayish brown (10YR 3/2) moist;
moderate fine and medium subangular blocky structure; hard, firm, moderately sticky and moderately plastic;
many very fine and few medium roots; common very fine irregular pores; continuous faint stress cutans on faces
of peds; 30 percent gravel and 25 percent cobbles; neutral (pH 7.0); clear wavy boundary.

Bt2--10 to 14 inches; brown (10YR 4/3) extremely cobbly clay, dark brown (10YR 3/3) moist; moderate fine
and medium subangular blocky structure; very hard, firm, very sticky and very plastic; common very fine and
few medium roots; common very fine irregular pores; continuous distinct stress cutans on faces of peds and few
clay films in pores; 30 percent gravel and 35 percent cobbles; neutral (pH 7.2); abrupt irregular boundary.
(Combined thickness of the Bt horizon is 6 to 12 inches)

R--14 inches; basalt

TYPE LOCATION: Asotin County, Washington; about 9 miles southeast of Anatone; 1,400 feet north and
2,400 feet west of southeast corner of sec. 12, T. 6 N., R. 46 E.

RANGE IN CHARACTERISTICS: Thickness of solum and depth to a lithic contact is 10 to 20 inches. The
average annual soil temperature at lithic contact is about 45 degrees F. These soils are usually moist, but are dry
in all parts between 4 and 12 inches for 60 to 75 consecutive days during summer and fall. The particle-size
control section averages 45 to 75 percent angular basalt fragments by volume and is 35 to 50 percent clay in the
fine earth fraction. The mollic epipedon is 10 to 20 inches thick and includes all of the argillic horizon.

The A1 horizon has hue of 7.5YR or 10YR, value of 3 or 4 dry, 2 or 3 moist, and chroma of 2 or 3 dry and 1
through 3 moist. It is loam, silt loam or clay loam with 18 to 35 percent clay. It has 0 to 15 percent stones, 0 to
25 percent cobbles, and 0 to 30 percent gravel.



The A2 horizon is clay loam with 27 to 35 percent clay. It has 0 to 5 percent stones, 10 to 25 percent cobbles,
and 25 to 45 percent gravel.

The Bt horizon has hue of 5YR, 7.5YR or 10YR, value of 3 through 5 dry, 2 or 3 moist, and chroma of 2 or 3 dry
or moist. It is clay loam or clay with 35 to 50 percent clay. It has 0 to 5 percent stones, 15 to 40 percent cobbles,
and 30 to 45 percent gravel.

COMPETING SERIES: These are the Ateron, Camool (T), Canest(T), Chen, Douhide, Graley, Itca, Vennob
and Wallsburg. Ateron soils have a mollic epipedon that does not include the argillic horizon. Canest soils are 5
to 10 inches deep to a lithic contact. Chen, Douhide, and Graley soils have aridic moisture regimes bordering on
xeric. [tca soils are not mollic in the lower part of the Bt horizon and have prismatic structure. Wallsburg soils
lack basalt fragments and have more than 50 percent sandstone, shale and limestone fragments in the particle-
size control section. Camool soils have a surface layer 5 to 9 inches thick that meets Vitrandic subgroup criteria.
Vennob soils have a mollic epipedon 7 to 10 inches thick.

GEOGRAPHIC SETTING: Harlow soils are on canyons, structural benches, and basalt plateaus. Slopes are 2
to 90 percent. These soils formed in loess and colluvium and slope alluvium from basalt or argillite. Elevation
ranges from 2,800 to 6,200 feet. Summers are warm and dry and winters are cool and moist. The average annual
precipitation is 13 to 40 inches. Average annual temperature is 42 to 45 degrees F. Frost-free season is 50 to 115
days.

soils. Getaway, Snell and Sweiting soils are on canyon walls. Klicker and Sweitberg soils are on plateaus. All of
these soils are more than 20 inches deep to a lithic contact.

DRAINAGE AND PERMEABILITY: Well drained; slow to rapid runoff. Slow permeability.

USE AND VEGETATION: Used for livestock grazing and wildlife habitat. Native vegetation is mainly
bluebunch wheatgrass and Idaho fescue.

DISTRIBUTION AND EXTENT: Southeastern Washington and northeastern Oregon; MLRA 9 and 43.. The
series is of moderate extent.

MLRA SOIL SURVEY REGIONAL OFFICE (MO) RESPONSIBLE: Portland, Oregon
SERIES ESTABLISHED: Asotin County, Washington, 1982.
REMARKS: Diagnostic horizons and features recognized in this pedon are:

mollic epipedon - from the surface to 14 inches
argillic horizon - from 6 to 14 inches
lithic contact - at 14 inches.

National Cooperative Soil Survey
U.S.A.



LOCATION HURWAL OR+ID

Established Series
Rev. SCW/WEL/RWL
08/2001

HURWAL SERIES

The Hurwal series consists of deep and very deep, well drained soils formed in loess with an influence of
volcanic ash in the surface. They are on hills and mountains. Slopes are 2 to 60 percent. The mean annual
precipitation is about 18 inches and the mean annual temperature is about 44 degrees F.

TAXONOMIC CLASS: Fine-silty, mixed, superactive, frigid Vitrandic Argixerolls

TYPICAL PEDON: Hurwal ashy silt loam - cultivated, on a 22 percent north facing slope at an elevation of
3860 feet. (Colors are for moist soils unless otherwise noted.)

Ap--0 to 12 inches; black (10YR 2/1) ashy silt loam, dark gray (10YR 4/1) dry; weak very fine granular
structure; slightly hard, friable, slightly sticky and slightly plastic; common fine roots; common irregular pores;
slightly acid (pH 6.3); clear wavy boundary. (7 to 12 inches thick)

A--12 to 18 inches; very dark grayish brown (10YR 3/2) ashy silt loam, dark grayish brown (10YR 4/2) dry;
weak coarse subangular blocky structure; slightly hard, friable, slightly sticky and slightly plastic; common fine
roots; many very fine tubular pores; many black krotovinas; neutral (pH 6.6); clear wavy boundary. (5 to 8
inches thick)

BA--18 to 27 inches; dark brown (10YR 3/3) silty clay loam, brown (10YR 4/3) dry; weak medium subangular
blocky structure; slightly hard, friable, sticky and plastic; common fine roots; many very fine tubular pores; few
clean, bleached coarse silt and very fine sand coatings on ped faces; many krotovinas; neutral (pH 6.7); clear
wavy boundary. (0 to 12 inches thick)

Bt1--27 to 36 inches; dark yellowish brown (10YR 3/4) silty clay loam, brown (10YR 4/3) dry; moderate coarse
prismatic structure parting to weak fine subangular blocky; hard, friable, sticky and plastic; common fine roots;
many very fine tubular pores; common faint clay films on faces of prisms; common clean bleached coarse silt
and very fine sand coatings mainly on prisms; many krotovinas; neutral (pH 6.7); clear wavy boundary.

Bt2--36 to 56 inches; dark yellowish brown (10YR 4/4) silty clay loam, yellowish brown (10YR 5/4) dry; weak
coarse prismatic structure parting to moderate fine subangular blocky; hard, firm, sticky and plastic; common
fine roots; many very fine tubular pores; many faint clay films on faces of prisms; common clean, bleached
coarse silt and very fine sand coatings mainly on prisms; many krotovinas; neutral (pH 7.2); clear wavy
boundary. (Combined thickness of the Bt horizon is 16 to 36 inches)

BC--56 to 58 inches; dark yellowish brown (10YR 4/4) silt loam, yellowish brown (10YR 5/4) dry; weak fine
subangular blocky structure; slightly hard, friable, slightly sticky and slightly plastic; few roots; many very fine
tubular pores; common clean bleached coarse silt and very fine sand coatings on peds; 10 percent gravel; many

krotovinas; slightly calcareous in places; moderately alkaline (pH 8.0); abrupt wavy boundary. (0 to 12 inches
thick)

2R--58 inches; basalt.

TYPE LOCATION: Wallowa County, Oregon; about 5 miles east of Wallowa; 800 feet north and 300 feet west
of the southeast corner of section 10, T. 1 N., R. 43 E.; USGS Evans topographic quadrangle (Latitude 45
degrees, 34 minutes, 38 seconds N, Longitude 117 degrees, 25 minutes, 04 seconds W)



RANGE IN CHARACTERISTICS: The soils are usually moist but are dry for 60 to 90 consecutive days
following the summer solstice. The mean annual soil temperature is 44 to 47 degrees F. The solum is 40 inches
or more thick. Depth to basalt bedrock is 40 to 60 inches or more. The mollic epipedon is 20 to 30 inches thick.
The control section has more than 18 percent clay and less than 15 percent coarser than very fine sand.

The A horizon has value of 2 or 3 moist, 4 or 5 dry, and chroma of 1 or 2 moist and dry. It is ashy silt loam with
18 to 27 percent clay. It has 0 to 5 percent gravel, 20 to 30 percent volcanic glass and glass coated aggregate, and
more than 0.4 percent acid oxalate extractable aluminum plus one-half iron. The soil reaction is slightly acid or
neutral.

The Bt horizon has value of 3 or 4 moist, 4 or 5 dry, and chroma of 3 or 4 dry. It is silty clay loam or silt loam
with 20 to 35 percent clay. It has 0 to 5 percent gravel. Krotovinas 2 to 8 inches in diameter are common in most
profiles. The soil reaction is neutral or slightly alkaline.

The BC horizon, when present, has value of 3 or 4 moist, 5 or 6 dry and chroma of 3 or 4 moist and dry. It is silt
loam or loam with 0 to 15 percent gravel and 0 to 10 percent cobbles. The soil reaction is neutral to moderately
alkaline. Secondary lime occurs in some pedons. It has 0 to 5 percent CaCO3 equivalent.

COMPETING SERIES: This is the Powwatka series. Powwatka soils are 20 to 40 inches to bedrock and have
a mollic epipedon 12 to 20 inches thick.

GEOGRAPHIC SETTING: Hurwal soils are on hills and mountains. They formed in loess with an influence
of volcanic ash in the surface horizons. Slope is 2 to 60 percent. Elevation is 2500 to 5900 feet. The mean annual

precipitation is 13 to 24 inches. The mean annual temperature is 42 to 45 degrees F. The frost-free period is 70 to
100 days.

GEOGRAPHICALLY ASSOCIATED SOILS: These are the Harlow, Parsnip, competing Powwatka, Snell,
Wallowa, and Zumwalt soils. Harlow soils are clayey-skeletal, shallow, and are on adjacent south slopes. Parsnip
soils are 10 to 20 inches to bedrock, have a mollic epipedon 7 to 15 inches thick, and are on adjacent plateaus.
Snell soils are 20 to 40 inches to bedrock, clayey-skeletal, and are on north-facing side slopes. Wallowa soils are
fine-loamy, lack argillic horizons, and are the moderately deep component of patterned ground. Zumwalt soils
have a fine textured control section and are on adjacent hill slopes.

DRAINAGE AND PERMEABILITY: Well drained; moderately slow permeability.

USE AND VEGETATION: These soils are used mainly for dry cropland, grain, hay and pasture, and livestock
grazing. Potential native vegetation is Idaho fescue and bluebunch wheatgrass with chokecherry and snowberry
on north slopes, and basin wildrye on toe slopes and swales.

DISTRIBUTION AND EXTENT: Northeastern Oregon, MLRA 9; and eastern Idaho, MLLRA 13. The series in
not extensive.

MLRA SOIL SURVEY REGIONAL OFFICE (MO) RESPONSIBLE: Portland, Oregon
SERIES ESTABLISHED: Wallowa County Area, Oregon, 1998.

REMARKS: Diagnostic horizons and features recognized in this pedon are:

Pachic epipedon - the zone from the soil surface to a depth of 27 inches (Ap, A, and BA horizons).

Vitrandic feature - the zone from the soil surface to a depth of 18 inches (Ap and A horizons) based on lab data
from similar soils.

Argillic horizon - the zone from 27 to 56 inches (Bt1l and Bt2 horizons).

Particle-size control section - from 27 to 47 inches (Btl and upper Bt2 horizons).



ADDITIONAL DATA: Characterization data on three profiles (S64-Oreg-32-2,3,7) reported in Riverside Soil
Survey Laboratory Report for soils from Wallowa County, Oregon, July 1966.

National Cooperative Soil Survey
U.S.A.
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Preface

Soil surveys contain information that affects land use planning in survey areas.
They highlight soil limitations that affect various land uses and provide information
about the properties of the soils in the survey areas. Soil surveys are designed for
many different users, including farmers, ranchers, foresters, agronomists, urban
planners, community officials, engineers, developers, builders, and home buyers.
Also, conservationists, teachers, students, and specialists in recreation, waste
disposal, and pollution control can use the surveys to help them understand,
protect, or enhance the environment.

Various land use regulations of Federal, State, and local governments may impose
special restrictions on land use or land treatment. Soil surveys identify soil
properties that are used in making various land use or land treatment decisions.
The information is intended to help the land users identify and reduce the effects of
soil limitations on various land uses. The landowner or user is responsible for
identifying and complying with existing laws and regulations.

Although soil survey information can be used for general farm, local, and wider area
planning, onsite investigation is needed to supplement this information in some
cases. Examples include soil quality assessments (http://www.nrcs.usda.gov/wps/
portal/nrcs/main/soils/health/) and certain conservation and engineering
applications. For more detailed information, contact your local USDA Service Center
(https://offices.sc.egov.usda.gov/locator/app?agency=nrcs) or your NRCS State Soil
Scientist (http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/contactus/?
cid=nrcs142p2_053951).

Great differences in soil properties can occur within short distances. Some soils are
seasonally wet or subject to flooding. Some are too unstable to be used as a
foundation for buildings or roads. Clayey or wet soils are poorly suited to use as
septic tank absorption fields. A high water table makes a soil poorly suited to
basements or underground installations.

The National Cooperative Soil Survey is a joint effort of the United States
Department of Agriculture and other Federal agencies, State agencies including the
Agricultural Experiment Stations, and local agencies. The Natural Resources
Conservation Service (NRCS) has leadership for the Federal part of the National
Cooperative Soil Survey.

Information about soils is updated periodically. Updated information is available
through the NRCS Web Soil Survey, the site for official soil survey information.

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its
programs and activities on the basis of race, color, national origin, age, disability,
and where applicable, sex, marital status, familial status, parental status, religion,
sexual orientation, genetic information, political beliefs, reprisal, or because all or a
part of an individual's income is derived from any public assistance program. (Not
all prohibited bases apply to all programs.) Persons with disabilities who require


http://www.nrcs.usda.gov/wps/portal/nrcs/main/soils/health/
http://www.nrcs.usda.gov/wps/portal/nrcs/main/soils/health/
https://offices.sc.egov.usda.gov/locator/app?agency=nrcs
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/contactus/?cid=nrcs142p2_053951
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/contactus/?cid=nrcs142p2_053951

alternative means for communication of program information (Braille, large print,
audiotape, etc.) should contact USDA's TARGET Center at (202) 720-2600 (voice
and TDD). To file a complaint of discrimination, write to USDA, Director, Office of
Civil Rights, 1400 Independence Avenue, S.W., Washington, D.C. 20250-9410 or
call (800) 795-3272 (voice) or (202) 720-6382 (TDD). USDA is an equal opportunity
provider and employer.
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How Soil Surveys Are Made

Soil surveys are made to provide information about the soils and miscellaneous
areas in a specific area. They include a description of the soils and miscellaneous
areas and their location on the landscape and tables that show soil properties and
limitations affecting various uses. Soil scientists observed the steepness, length,
and shape of the slopes; the general pattern of drainage; the kinds of crops and
native plants; and the kinds of bedrock. They observed and described many soil
profiles. A soil profile is the sequence of natural layers, or horizons, in a soil. The
profile extends from the surface down into the unconsolidated material in which the
soil formed or from the surface down to bedrock. The unconsolidated material is
devoid of roots and other living organisms and has not been changed by other
biological activity.

Currently, soils are mapped according to the boundaries of major land resource
areas (MLRAs). MLRAs are geographically associated land resource units that

share common characteristics related to physiography, geology, climate, water

resources, soils, biological resources, and land uses (USDA, 2006). Soil survey
areas typically consist of parts of one or more MLRA.

The soils and miscellaneous areas in a survey area occur in an orderly pattern that
is related to the geology, landforms, relief, climate, and natural vegetation of the
area. Each kind of soil and miscellaneous area is associated with a particular kind
of landform or with a segment of the landform. By observing the soils and
miscellaneous areas in the survey area and relating their position to specific
segments of the landform, a soil scientist develops a concept, or model, of how they
were formed. Thus, during mapping, this model enables the soil scientist to predict
with a considerable degree of accuracy the kind of soil or miscellaneous area at a
specific location on the landscape.

Commonly, individual soils on the landscape merge into one another as their
characteristics gradually change. To construct an accurate soil map, however, soil
scientists must determine the boundaries between the soils. They can observe only
a limited number of soil profiles. Nevertheless, these observations, supplemented
by an understanding of the soil-vegetation-landscape relationship, are sufficient to
verify predictions of the kinds of soil in an area and to determine the boundaries.

Soil scientists recorded the characteristics of the soil profiles that they studied. They
noted soil color, texture, size and shape of soil aggregates, kind and amount of rock
fragments, distribution of plant roots, reaction, and other features that enable them
to identify soils. After describing the soils in the survey area and determining their
properties, the soil scientists assigned the soils to taxonomic classes (units).
Taxonomic classes are concepts. Each taxonomic class has a set of soll
characteristics with precisely defined limits. The classes are used as a basis for
comparison to classify soils systematically. Soil taxonomy, the system of taxonomic
classification used in the United States, is based mainly on the kind and character
of soil properties and the arrangement of horizons within the profile. After the soil
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scientists classified and named the soils in the survey area, they compared the
individual soils with similar soils in the same taxonomic class in other areas so that
they could confirm data and assemble additional data based on experience and
research.

The objective of soil mapping is not to delineate pure map unit components; the
objective is to separate the landscape into landforms or landform segments that
have similar use and management requirements. Each map unit is defined by a
unique combination of soil components and/or miscellaneous areas in predictable
proportions. Some components may be highly contrasting to the other components
of the map unit. The presence of minor components in a map unit in no way
diminishes the usefulness or accuracy of the data. The delineation of such
landforms and landform segments on the map provides sufficient information for the
development of resource plans. If intensive use of small areas is planned, onsite
investigation is needed to define and locate the soils and miscellaneous areas.

Soil scientists make many field observations in the process of producing a soil map.
The frequency of observation is dependent upon several factors, including scale of
mapping, intensity of mapping, design of map units, complexity of the landscape,
and experience of the soil scientist. Observations are made to test and refine the
soil-landscape model and predictions and to verify the classification of the soils at
specific locations. Once the soil-landscape model is refined, a significantly smaller
number of measurements of individual soil properties are made and recorded.
These measurements may include field measurements, such as those for color,
depth to bedrock, and texture, and laboratory measurements, such as those for
content of sand, silt, clay, salt, and other components. Properties of each soll
typically vary from one point to another across the landscape.

Observations for map unit components are aggregated to develop ranges of
characteristics for the components. The aggregated values are presented. Direct
measurements do not exist for every property presented for every map unit
component. Values for some properties are estimated from combinations of other
properties.

While a soil survey is in progress, samples of some of the soils in the area generally
are collected for laboratory analyses and for engineering tests. Soil scientists
interpret the data from these analyses and tests as well as the field-observed
characteristics and the soil properties to determine the expected behavior of the
soils under different uses. Interpretations for all of the soils are field tested through
observation of the soils in different uses and under different levels of management.
Some interpretations are modified to fit local conditions, and some new
interpretations are developed to meet local needs. Data are assembled from other
sources, such as research information, production records, and field experience of
specialists. For example, data on crop yields under defined levels of management
are assembled from farm records and from field or plot experiments on the same
kinds of soil.

Predictions about soil behavior are based not only on soil properties but also on
such variables as climate and biological activity. Soil conditions are predictable over
long periods of time, but they are not predictable from year to year. For example,
soil scientists can predict with a fairly high degree of accuracy that a given soil will
have a high water table within certain depths in most years, but they cannot predict
that a high water table will always be at a specific level in the soil on a specific date.

After soil scientists located and identified the significant natural bodies of soil in the
survey area, they drew the boundaries of these bodies on aerial photographs and
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identified each as a specific map unit. Aerial photographs show trees, buildings,
fields, roads, and rivers, all of which help in locating boundaries accurately.



Soil Map

The soil map section includes the soil map for the defined area of interest, a list of
soil map units on the map and extent of each map unit, and cartographic symbols
displayed on the map. Also presented are various metadata about data used to
produce the map, and a description of each soil map unit.
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MAP INFORMATION

The soil surveys that comprise your AOI were mapped at
1:24,000.

Please rely on the bar scale on each map sheet for map
measurements.

Source of Map: Natural Resources Conservation Service
Web Soil Survey URL:
Coordinate System: Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator
projection, which preserves direction and shape but distorts
distance and area. A projection that preserves area, such as the
Albers equal-area conic projection, should be used if more
accurate calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as
of the version date(s) listed below.

Soil Survey Area:
Survey Area Data:

Wallowa County Area, Oregon
Version 26, Sep 11, 2023

Soil map units are labeled (as space allows) for map scales
1:50,000 or larger.

Date(s) aerial images were photographed: Aug 4, 2020—Aug
14, 2020

The orthophoto or other base map on which the soil lines were
compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, some minor
shifting of map unit boundaries may be evident.
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Map Unit Legend

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

82 Freels silt loam, O to 3 percent 1.7 0.2%
slopes

113 Harlow-Bocker complex, 2 to 15 1.7 0.2%
percent slopes

114 Harlow-Bocker complex, 15 to 31.5 3.8%
30 percent south slopes

135 Hurwal silt loam, 8 to 15 20.7 2.5%
percent slopes

181 Laufer-Thiessen complex, 30 to 3.1 0.4%
60 percent south slopes

230 Powwatka silt loam, 2 to 8 100.3 12.1%
percent slopes

231 Powwatka silt loam, 8 to 15 47.6 5.7%
percent slopes

233 Powwatka silt loam, 15 to 30 1.5 0.2%
percent south slopes

281 Snell-Harlow complex, 15 to 30 5.5 0.7%
percent north slopes

283 Snell-Harlow complex, 15 to 30 6.6 0.8%
percent south slopes

335 Topper silt loam, 2 to 8 percent 342.3 41.2%
slopes

336 Topper silt loam, 8 to 15 percent 239.2 28.8%
slopes

337 Topper silt loam, 15 to 30 15.9 1.9%
percent north slopes

338 Topper silt loam, 15 to 30 53 0.6%
percent south slopes

340 Tuckerdowns gravelly loam, 2 8.2 1.0%
to 8 percent slopes

Totals for Area of Interest 830.9 100.0%

Map Unit Descriptions

The map units delineated on the detailed soil maps in a soil survey represent the
soils or miscellaneous areas in the survey area. The map unit descriptions, along
with the maps, can be used to determine the composition and properties of a unit.

A map unit delineation on a soil map represents an area dominated by one or more
major kinds of soil or miscellaneous areas. A map unit is identified and named
according to the taxonomic classification of the dominant soils. Within a taxonomic
class there are precisely defined limits for the properties of the soils. On the
landscape, however, the soils are natural phenomena, and they have the

11
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characteristic variability of all natural phenomena. Thus, the range of some
observed properties may extend beyond the limits defined for a taxonomic class.
Areas of soils of a single taxonomic class rarely, if ever, can be mapped without
including areas of other taxonomic classes. Consequently, every map unit is made
up of the soils or miscellaneous areas for which it is named and some minor
components that belong to taxonomic classes other than those of the major soils.

Most minor soils have properties similar to those of the dominant soil or soils in the
map unit, and thus they do not affect use and management. These are called
noncontrasting, or similar, components. They may or may not be mentioned in a
particular map unit description. Other minor components, however, have properties
and behavioral characteristics divergent enough to affect use or to require different
management. These are called contrasting, or dissimilar, components. They
generally are in small areas and could not be mapped separately because of the
scale used. Some small areas of strongly contrasting soils or miscellaneous areas
are identified by a special symbol on the maps. If included in the database for a
given area, the contrasting minor components are identified in the map unit
descriptions along with some characteristics of each. A few areas of minor
components may not have been observed, and consequently they are not
mentioned in the descriptions, especially where the pattern was so complex that it
was impractical to make enough observations to identify all the soils and
miscellaneous areas on the landscape.

The presence of minor components in a map unit in no way diminishes the
usefulness or accuracy of the data. The objective of mapping is not to delineate
pure taxonomic classes but rather to separate the landscape into landforms or
landform segments that have similar use and management requirements. The
delineation of such segments on the map provides sufficient information for the
development of resource plans. If intensive use of small areas is planned, however,
onsite investigation is needed to define and locate the soils and miscellaneous
areas.

An identifying symbol precedes the map unit name in the map unit descriptions.
Each description includes general facts about the unit and gives important soil
properties and qualities.

Soils that have profiles that are almost alike make up a soil series. Except for
differences in texture of the surface layer, all the soils of a series have major
horizons that are similar in composition, thickness, and arrangement.

Soils of one series can differ in texture of the surface layer, slope, stoniness,
salinity, degree of erosion, and other characteristics that affect their use. On the
basis of such differences, a soil series is divided into soil phases. Most of the areas
shown on the detailed soil maps are phases of soil series. The name of a soil phase
commonly indicates a feature that affects use or management. For example, Alpha
silt loam, 0 to 2 percent slopes, is a phase of the Alpha series.

Some map units are made up of two or more major soils or miscellaneous areas.
These map units are complexes, associations, or undifferentiated groups.

A complex consists of two or more soils or miscellaneous areas in such an intricate
pattern or in such small areas that they cannot be shown separately on the maps.
The pattern and proportion of the soils or miscellaneous areas are somewhat similar
in all areas. Alpha-Beta complex, 0 to 6 percent slopes, is an example.

An association is made up of two or more geographically associated soils or
miscellaneous areas that are shown as one unit on the maps. Because of present
or anticipated uses of the map units in the survey area, it was not considered

12
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practical or necessary to map the soils or miscellaneous areas separately. The
pattern and relative proportion of the soils or miscellaneous areas are somewhat
similar. Alpha-Beta association, 0 to 2 percent slopes, is an example.

An undifferentiated group is made up of two or more soils or miscellaneous areas
that could be mapped individually but are mapped as one unit because similar
interpretations can be made for use and management. The pattern and proportion
of the soils or miscellaneous areas in a mapped area are not uniform. An area can
be made up of only one of the major soils or miscellaneous areas, or it can be made
up of all of them. Alpha and Beta soils, 0 to 2 percent slopes, is an example.

Some surveys include miscellaneous areas. Such areas have little or no soil
material and support little or no vegetation. Rock outcrop is an example.

13
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Wallowa County Area, Oregon

82—Freels silt loam, 0 to 3 percent slopes

Map Unit Setting
National map unit symbol: 2v7s
Elevation: 3,400 to 4,400 feet
Mean annual precipitation: 13 to 17 inches
Mean annual air temperature: 42 to 45 degrees F
Frost-free period: 70 to 100 days
Farmland classification: Prime farmland if irrigated

Map Unit Composition
Freels and similar soils: 85 percent
Minor components: 4 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Freels

Setting
Landform: Stream terraces, flood plains
Landform position (three-dimensional): Tread
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Alluvium

Typical profile
H1 -0 to 5inches: silt loam
H2 - 5 to 34 inches: silt loam
H3 - 34 to 51 inches: silt loam
H4 - 51 to 60 inches: silt loam

Properties and qualities
Slope: 0 to 3 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Moderately well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high
(0.57 to 1.98 in/hr)
Depth to water table: About 36 to 60 inches
Frequency of flooding: Rare
Frequency of ponding: None
Available water supply, 0 to 60 inches: High (about 10.0 inches)

Interpretive groups
Land capability classification (irrigated): 3c
Land capability classification (nonirrigated): 3c
Hydrologic Soil Group: B
Ecological site: RO10XY0060R - MOUNTAIN LOAMY BOTTOM
Hydric soil rating: No

Minor Components

Sturgill
Percent of map unit: 4 percent
Landform: Flood plains
Landform position (three-dimensional): Tread

14
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Down-slope shape: Linear

Across-slope shape: Linear

Ecological site: R0O10XY0010R - COLD WET MEADOW
Hydric soil rating: Yes

113—Harlow-Bocker complex, 2 to 15 percent slopes

Map Unit Setting
National map unit symbol: 2tx9
Elevation: 3,400 to 5,000 feet
Mean annual precipitation: 13 to 17 inches
Mean annual air temperature: 42 to 45 degrees F
Frost-free period: 70 to 100 days
Farmland classification: Not prime farmland

Map Unit Composition
Harlow and similar soils: 60 percent
Bocker and similar soils: 25 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Harlow

Setting
Landform: Plateaus, structural benches
Landform position (two-dimensional): Summit
Landform position (three-dimensional): Interfluve
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loess and colluvium derived from basalt

Typical profile
A1 -0to 4inches: very stony loam
A2 -4 to 8inches: very cobbly clay loam
Bt - 8 to 16 inches: extremely cobbly clay
2R - 16 to 26 inches: unweathered bedrock

Properties and qualities
Slope: 2 to 15 percent
Surface area covered with cobbles, stones or boulders: 1.6 percent
Depth to restrictive feature: 10 to 20 inches to lithic bedrock
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to
moderately high (0.06 to 0.20 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Very low (about 1.5 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7s
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Hydrologic Soil Group: D
Ecological site: RO09XY0220R - Cold Shallow 13+ PZ
Hydric soil rating: No

Description of Bocker

Setting
Landform: Structural benches, plateaus
Landform position (two-dimensional): Shoulder
Landform position (three-dimensional): Interfluve
Down-slope shape: Linear
Across-slope shape: Convex
Parent material: Loess and colluvium derived from basalt

Typical profile
A - 0to 2inches: extremely cobbly silt loam
Bw - 2 to 7 inches: very cobbly silt loam
2R - 7 to 17 inches: unweathered bedrock

Properties and qualities

Slope: 2 to 15 percent

Depth to restrictive feature: 4 to 10 inches to lithic bedrock

Drainage class: Well drained

Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high
(0.57 to 1.98 in/hr)

Depth to water table: More than 80 inches

Frequency of flooding: None

Frequency of ponding: None

Available water supply, 0 to 60 inches: Very low (about 0.7 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7s
Hydrologic Soil Group: D
Ecological site: RO09XY0270R - Cold Very Shallow 13+ PZ
Hydric soil rating: No

114—Harlow-Bocker complex, 15 to 30 percent south slopes

Map Unit Setting
National map unit symbol: 2txb
Elevation: 3,400 to 5,000 feet
Mean annual precipitation: 13 to 17 inches
Mean annual air temperature: 42 to 45 degrees F
Frost-free period: 70 to 100 days
Farmland classification: Not prime farmland

Map Unit Composition
Harlow and similar soils: 60 percent
Bocker and similar soils: 25 percent
Estimates are based on observations, descriptions, and transects of the mapunit.
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Description of Harlow

Setting
Landform: Hills
Landform position (two-dimensional): Backslope, footslope
Landform position (three-dimensional): Side slope, base slope
Down-slope shape: Linear
Across-slope shape: Concave
Parent material: Loess and colluvium derived from basalt

Typical profile
A1 -0to 4inches: very stony loam
A2 -4 to 8inches: very cobbly clay loam
Bt - 8 to 16 inches: extremely cobbly clay
2R - 16 to 26 inches: unweathered bedrock

Properties and qualities
Slope: 15 to 30 percent
Surface area covered with cobbles, stones or boulders: 1.6 percent
Depth to restrictive feature: 10 to 20 inches to lithic bedrock
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to
moderately high (0.06 to 0.20 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Very low (about 1.5 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7s
Hydrologic Soil Group: D
Ecological site: RO09XY0360R - Cold Shallow South 13+ PZ
Hydric soil rating: No

Description of Bocker

Setting
Landform: Hills
Landform position (two-dimensional): Shoulder, backslope
Landform position (three-dimensional): Side slope
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loess and colluvium derived from basalt

Typical profile
A - 0to 2inches: extremely cobbly silt loam
Bw - 2 to 7 inches: very cobbly silt loam
2R - 7 to 17 inches: unweathered bedrock

Properties and qualities
Slope: 15 to 30 percent
Depth to restrictive feature: 4 to 10 inches to lithic bedrock
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high
(0.57 to 1.98 in/hr)
Depth to water table: More than 80 inches
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Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Very low (about 0.7 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7s
Hydrologic Soil Group: D
Ecological site: RO09XY0270R - Cold Very Shallow 13+ PZ
Hydric soil rating: No

135—Hurwal silt loam, 8 to 15 percent slopes

Map Unit Setting
National map unit symbol: 2ty1
Elevation: 3,400 to 5,000 feet
Mean annual precipitation: 13 to 17 inches
Mean annual air temperature: 42 to 45 degrees F
Frost-free period: 70 to 100 days
Farmland classification: Farmland of statewide importance

Map Unit Composition
Hurwal and similar soils: 90 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Hurwal

Setting
Landform: Hills
Landform position (two-dimensional): Summit, backslope
Landform position (three-dimensional): Interfluve, side slope
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loess with an influence of volcanic ash in the surface layers

Typical profile
H1-0to 12 inches: silt loam
H2 - 12 to 18 inches: silt loam
H3 - 18 to 56 inches: silty clay loam
H4 - 56 to 60 inches: silt loam

Properties and qualities
Slope: 8 to 15 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20
to 0.57 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum content: 5 percent
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Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: High (about 11.0 inches)

Interpretive groups
Land capability classification (irrigated): 4e
Land capability classification (nonirrigated): 3e
Hydrologic Soil Group: C
Ecological site: RO09XY0050R - Cold Swale 13-17 PZ
Hydric soil rating: No

181—Laufer-Thiessen complex, 30 to 60 percent south slopes

Map Unit Setting
National map unit symbol: 2tzk
Elevation: 1,600 to 4,000 feet
Mean annual precipitation: 13 to 17 inches
Mean annual air temperature: 47 to 50 degrees F
Frost-free period: 100 to 120 days
Farmland classification: Not prime farmland

Map Unit Composition
Laufer and similar soils: 45 percent
Thiessen and similar soils: 40 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Laufer

Setting
Landform: Canyons
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Side slope
Down-slope shape: Linear
Across-slope shape: Convex
Parent material: Loess and colluvium derived from basalt

Typical profile
H1 - 0to 4 inches: very stony silt loam
H2 - 4 to 8 inches: very cobbly clay loam
H3 - 8 to 16 inches: very cobbly clay
H4 - 16 to 26 inches: unweathered bedrock

Properties and qualities
Slope: 30 to 60 percent
Surface area covered with cobbles, stones or boulders: 1.6 percent
Depth to restrictive feature: 10 to 20 inches to lithic bedrock
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20
to 0.57 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Very low (about 1.5 inches)
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Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7s
Hydrologic Soil Group: D
Ecological site: R0O09XY0310R - Shallow South 14+ PZ
Hydric soil rating: No

Description of Thiessen

Setting
Landform: Canyons
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Side slope
Down-slope shape: Linear
Across-slope shape: Concave
Parent material: Loess and colluvium derived from basalt

Typical profile
A - 0to 3inches: very cobbly silt loam
AB - 3to 6 inches: very gravelly clay loam
Bt1 - 6 to 14 inches: very gravelly clay loam
Bt2 - 14 to 23 inches: very cobbly clay
Bt3 - 23 to 34 inches: very cobbly clay
2R - 34 to 44 inches: unweathered bedrock

Properties and qualities
Slope: 30 to 60 percent
Depth to restrictive feature: 20 to 40 inches to lithic bedrock
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to
moderately high (0.06 to 0.20 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Very low (about 2.9 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 6s
Hydrologic Soil Group: D
Ecological site: RO09XY0290R - South 14-17 PZ
Hydric soil rating: No

230—Powwatka silt loam, 2 to 8 percent slopes

Map Unit Setting
National map unit symbol: 2v1f
Elevation: 3,400 to 5,000 feet
Mean annual precipitation: 13 to 17 inches
Mean annual air temperature: 42 to 45 degrees F
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Frost-free period: 70 to 100 days
Farmland classification: Farmland of statewide importance

Map Unit Composition
Powwatka and similar soils: 85 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Powwatka

Setting
Landform: Hills
Landform position (two-dimensional): Summit
Landform position (three-dimensional): Interfluve
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loess over basalt with minor amounts of volcanic ash in the
surface layers

Typical profile
H1 -0 to 14 inches: silt loam
H2 - 14 to 24 inches: silty clay loam
H3 - 24 to 34 inches: unweathered bedrock

Properties and qualities
Slope: 2 to 8 percent
Depth to restrictive feature: 20 to 40 inches to lithic bedrock
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20
to 0.57 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Low (about 4.8 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 4e
Hydrologic Soil Group: C
Ecological site: RO09XY0170R - Cold Loamy 13-17 PZ
Hydric soil rating: No

231—Powwatka silt loam, 8 to 15 percent slopes

Map Unit Setting
National map unit symbol: 2v1g
Elevation: 3,400 to 5,000 feet
Mean annual precipitation: 13 to 17 inches
Mean annual air temperature: 42 to 45 degrees F
Frost-free period: 70 to 100 days
Farmland classification: Farmland of statewide importance
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Map Unit Composition
Powwatka and similar soils: 85 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Powwatka

Setting
Landform: Hills
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Side slope
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loess over basalt with minor amounts of volcanic ash in the
surface layers

Typical profile
H1 -0 to 14 inches: silt loam
H2 - 14 to 24 inches: silty clay loam
H3 - 24 to 34 inches: unweathered bedrock

Properties and qualities
Slope: 8 to 15 percent
Depth to restrictive feature: 20 to 40 inches to lithic bedrock
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20
to 0.57 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Low (about 4.8 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 4e
Hydrologic Soil Group: C
Ecological site: RO09XY0170R - Cold Loamy 13-17 PZ
Hydric soil rating: No

233—Powwatka silt loam, 15 to 30 percent south slopes

Map Unit Setting
National map unit symbol: 2v1j
Elevation: 3,400 to 5,000 feet
Mean annual precipitation: 13 to 17 inches
Mean annual air temperature: 42 to 45 degrees F
Frost-free period: 70 to 100 days
Farmland classification: Farmland of statewide importance

Map Unit Composition

Powwatka and similar soils: 85 percent
Estimates are based on observations, descriptions, and transects of the mapunit.
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Description of Powwatka

Setting
Landform: Hills
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Side slope
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loess over basalt with minor amounts of volcanic ash in the
surface layers

Typical profile
H1-0to 14 inches: silt loam
H2 - 14 to 24 inches: silty clay loam
H3 - 24 to 34 inches: unweathered bedrock

Properties and qualities
Slope: 15 to 30 percent
Depth to restrictive feature: 20 to 40 inches to lithic bedrock
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20
to 0.57 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Low (about 4.8 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 4e
Hydrologic Soil Group: C
Ecological site: RO09XY0340R - Cold South 13-17 PZ
Hydric soil rating: No

281—Snell-Harlow complex, 15 to 30 percent north slopes

Map Unit Setting
National map unit symbol: 2v3b
Elevation: 2,800 to 5,000 feet
Mean annual precipitation: 13 to 30 inches
Mean annual air temperature: 42 to 45 degrees F
Frost-free period: 70 to 100 days
Farmland classification: Farmland of statewide importance

Map Unit Composition
Snell and similar soils: 60 percent
Harlow and similar soils: 25 percent
Estimates are based on observations, descriptions, and transects of the mapunit.
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Description of Snell

Setting
Landform: Plateaus, structural benches
Landform position (two-dimensional): Summit
Landform position (three-dimensional): Interfluve, crest
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loess and colluvium derived from basalt

Typical profile
A1 -0to 4inches: very stony loam
A2 -4to 9inches: stony clay loam
Bt1 - 9 to 18 inches: very stony clay loam
Bt2 - 18 to 24 inches: extremely stony clay loam
2R - 24 to 34 inches: unweathered bedrock

Properties and qualities
Slope: 15 to 30 percent
Depth to restrictive feature: 20 to 40 inches to lithic bedrock
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20
to 0.57 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Very low (about 2.9 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 6s
Hydrologic Soil Group: C
Ecological site: RO09XY0170R - Cold Loamy 13-17 PZ
Hydric soil rating: No

Description of Harlow

Setting
Landform: Canyons
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Side slope
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loess and colluvium derived from basalt

Typical profile
A1 -0to 4inches: very stony loam
A2 -4 to 8inches: very cobbly clay loam
Bt - 8 to 16 inches: extremely cobbly clay
2R - 16 to 26 inches: unweathered bedrock

Properties and qualities
Slope: 15 to 30 percent
Surface area covered with cobbles, stones or boulders: 1.6 percent
Depth to restrictive feature: 10 to 20 inches to lithic bedrock
Drainage class: Well drained
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Capacity of the most limiting layer to transmit water (Ksat): Moderately low to
moderately high (0.06 to 0.20 in/hr)

Depth to water table: More than 80 inches

Frequency of flooding: None

Frequency of ponding: None

Available water supply, 0 to 60 inches: Very low (about 1.5 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7s
Hydrologic Soil Group: D
Ecological site: RO09XY0480R - Shallow North 14+ PZ
Hydric soil rating: No

283—Snell-Harlow complex, 15 to 30 percent south slopes

Map Unit Setting
National map unit symbol: 2v3d
Elevation: 4,000 to 5,000 feet
Mean annual precipitation: 13 to 30 inches
Mean annual air temperature: 42 to 45 degrees F
Frost-free period: 70 to 100 days
Farmland classification: Farmland of statewide importance

Map Unit Composition
Snell and similar soils: 55 percent
Harlow and similar soils: 30 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Snell

Setting
Landform: Plateaus, structural benches
Landform position (two-dimensional): Summit
Landform position (three-dimensional): Interfluve, crest
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loess and colluvium derived from basalt

Typical profile
A1 -0to 4inches: very stony loam
A2 -4to 9inches: stony clay loam
Bt1 - 9 to 18 inches: very stony clay loam
Bt2 - 18 to 24 inches: extremely stony clay loam
2R - 24 to 34 inches: unweathered bedrock

Properties and qualities
Slope: 15 to 30 percent
Depth to restrictive feature: 20 to 40 inches to lithic bedrock
Drainage class: Well drained
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Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20
to 0.57 in/hr)

Depth to water table: More than 80 inches

Frequency of flooding: None

Frequency of ponding: None

Available water supply, 0 to 60 inches: Very low (about 2.9 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 6s
Hydrologic Soil Group: C
Ecological site: RO09XY0170R - Cold Loamy 13-17 PZ
Hydric soil rating: No

Description of Harlow

Setting
Landform: Canyons
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Side slope
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loess and colluvium derived from basalt

Typical profile
A1 -0to 4inches: very stony loam
A2 -4 to 8inches: very cobbly clay loam
Bt - 8 to 16 inches: extremely cobbly clay
2R - 16 to 26 inches: unweathered bedrock

Properties and qualities
Slope: 15 to 30 percent
Surface area covered with cobbles, stones or boulders: 1.6 percent
Depth to restrictive feature: 10 to 20 inches to lithic bedrock
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to
moderately high (0.06 to 0.20 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Very low (about 1.5 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7s
Hydrologic Soil Group: D
Ecological site: RO09XY0480R - Shallow North 14+ PZ
Hydric soil rating: No
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335—Topper silt loam, 2 to 8 percent slopes

Map Unit Setting
National map unit symbol: 2v59
Elevation: 3,400 to 4,500 feet
Mean annual precipitation: 13 to 17 inches
Mean annual air temperature: 42 to 45 degrees F
Frost-free period: 70 to 100 days
Farmland classification: Prime farmland if irrigated

Map Unit Composition
Topper and similar soils: 85 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Topper

Setting
Landform: Hills
Landform position (two-dimensional): Footslope
Landform position (three-dimensional): Base slope
Down-slope shape: Linear
Across-slope shape: Concave
Parent material: Loess with an influence of volcanic ash in the surface layers

Typical profile
H1 -0 to 11 inches: silt loam
H2 - 11 to 25 inches: silt loam
H3 - 25 to 35 inches: silty clay loam
H4 - 35 to 60 inches: silt loam

Properties and qualities
Slope: 2 to 8 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high
(0.57 to 1.98 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum content: 20 percent
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: High (about 11.2 inches)

Interpretive groups
Land capability classification (irrigated): 3e
Land capability classification (nonirrigated): 3e
Hydrologic Soil Group: B
Ecological site: RO09XY0170R - Cold Loamy 13-17 PZ
Hydric soil rating: No
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336—Topper silt loam, 8 to 15 percent slopes

Map Unit Setting
National map unit symbol: 2v5b
Elevation: 3,400 to 4,500 feet
Mean annual precipitation: 13 to 17 inches
Mean annual air temperature: 42 to 45 degrees F
Frost-free period: 70 to 100 days
Farmland classification: Farmland of statewide importance

Map Unit Composition
Topper and similar soils: 85 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Topper

Setting
Landform: Hills
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Side slope
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loess with an influence of volcanic ash in the surface layers

Typical profile
H1 -0 to 11 inches: silt loam
H2 - 11 to 25 inches: silt loam
H3 - 25 to 35 inches: silty clay loam
H4 - 35 to 60 inches: silt loam

Properties and qualities

Slope: 8 to 15 percent

Depth to restrictive feature: More than 80 inches

Drainage class: Well drained

Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high
(0.57 to 1.98 in/hr)

Depth to water table: More than 80 inches

Frequency of flooding: None

Frequency of ponding: None

Calcium carbonate, maximum content: 20 percent

Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)

Available water supply, 0 to 60 inches: High (about 11.2 inches)

Interpretive groups
Land capability classification (irrigated): 4e
Land capability classification (nonirrigated): 3e
Hydrologic Soil Group: B
Ecological site: RO09XY0170R - Cold Loamy 13-17 PZ
Hydric soil rating: No
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337—Topper silt loam, 15 to 30 percent north slopes

Map Unit Setting
National map unit symbol: 2v5c
Elevation: 3,400 to 4,500 feet
Mean annual precipitation: 13 to 17 inches
Mean annual air temperature: 42 to 45 degrees F
Frost-free period: 70 to 100 days
Farmland classification: Farmland of statewide importance

Map Unit Composition
Topper and similar soils: 85 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Topper

Setting
Landform: Hills
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Side slope
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loess with an influence of volcanic ash in the surface layers

Typical profile
H1 - 0to 11 inches: silt loam
H2 - 11 to 25 inches: silt loam
H3 - 25 to 35 inches: silty clay loam
H4 - 35 to 60 inches: silt loam

Properties and qualities
Slope: 15 to 30 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high
(0.57 to 1.98 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum content: 20 percent
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: High (about 11.2 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 4e
Hydrologic Soil Group: B
Ecological site: RO09XY0410R - Deep North 14-17 PZ
Hydric soil rating: No
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338—Topper silt loam, 15 to 30 percent south slopes

Map Unit Setting
National map unit symbol: 2v5d
Elevation: 3,400 to 4,500 feet
Mean annual precipitation: 13 to 17 inches
Mean annual air temperature: 42 to 45 degrees F
Frost-free period: 70 to 100 days
Farmland classification: Farmland of statewide importance

Map Unit Composition
Topper and similar soils: 85 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Topper

Setting
Landform: Hills
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Side slope
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loess with an influence of volcanic ash in the surface layers

Typical profile
H1 - 0to 11 inches: silt loam
H2 - 11 to 25 inches: silt loam
H3 - 25 to 35 inches: silty clay loam
H4 - 35 to 60 inches: silt loam

Properties and qualities
Slope: 15 to 30 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high
(0.57 to 1.98 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum content: 20 percent
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: High (about 11.2 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 4e
Hydrologic Soil Group: B
Ecological site: R0O09XY0340R - Cold South 13-17 PZ
Hydric soil rating: No
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340—Tuckerdowns gravelly loam, 2 to 8 percent slopes

Map Unit Setting
National map unit symbol: 2v5g
Elevation: 3,700 to 4,400 feet
Mean annual precipitation: 13 to 17 inches
Mean annual air temperature: 42 to 45 degrees F
Frost-free period: 70 to 100 days
Farmland classification: Farmland of statewide importance

Map Unit Composition
Tuckerdowns and similar soils: 85 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Tuckerdowns

Setting
Landform: Terraces
Landform position (three-dimensional): Tread
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Alluvium with an influence loess in the surface layers

Typical profile
A1 -0to 3inches: gravelly loam
A2 - 3to 10 inches: gravelly loam
Bw - 10to 17 inches: gravelly loam
Bk1 - 17 to 33 inches: very gravelly sandy clay loam
Bk2 - 33 to 60 inches: extremely gravelly sandy loam

Properties and qualities
Slope: 2 to 8 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high
(0.57 to 1.98 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum content: 20 percent
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: Low (about 5.8 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 3e
Hydrologic Soil Group: B
Ecological site: RO09XY0170R - Cold Loamy 13-17 PZ
Hydric soil rating: No
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Preface

Soil surveys contain information that affects land use planning in survey areas.
They highlight soil limitations that affect various land uses and provide information
about the properties of the soils in the survey areas. Soil surveys are designed for
many different users, including farmers, ranchers, foresters, agronomists, urban
planners, community officials, engineers, developers, builders, and home buyers.
Also, conservationists, teachers, students, and specialists in recreation, waste
disposal, and pollution control can use the surveys to help them understand,
protect, or enhance the environment.

Various land use regulations of Federal, State, and local governments may impose
special restrictions on land use or land treatment. Soil surveys identify soil
properties that are used in making various land use or land treatment decisions.
The information is intended to help the land users identify and reduce the effects of
soil limitations on various land uses. The landowner or user is responsible for
identifying and complying with existing laws and regulations.

Although soil survey information can be used for general farm, local, and wider area
planning, onsite investigation is needed to supplement this information in some
cases. Examples include soil quality assessments (http://www.nrcs.usda.gov/wps/
portal/nrcs/main/soils/health/) and certain conservation and engineering
applications. For more detailed information, contact your local USDA Service Center
(https://offices.sc.egov.usda.gov/locator/app?agency=nrcs) or your NRCS State Soil
Scientist (http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/contactus/?
cid=nrcs142p2_053951).

Great differences in soil properties can occur within short distances. Some soils are
seasonally wet or subject to flooding. Some are too unstable to be used as a
foundation for buildings or roads. Clayey or wet soils are poorly suited to use as
septic tank absorption fields. A high water table makes a soil poorly suited to
basements or underground installations.

The National Cooperative Soil Survey is a joint effort of the United States
Department of Agriculture and other Federal agencies, State agencies including the
Agricultural Experiment Stations, and local agencies. The Natural Resources
Conservation Service (NRCS) has leadership for the Federal part of the National
Cooperative Soil Survey.

Information about soils is updated periodically. Updated information is available
through the NRCS Web Soil Survey, the site for official soil survey information.

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its
programs and activities on the basis of race, color, national origin, age, disability,
and where applicable, sex, marital status, familial status, parental status, religion,
sexual orientation, genetic information, political beliefs, reprisal, or because all or a
part of an individual's income is derived from any public assistance program. (Not
all prohibited bases apply to all programs.) Persons with disabilities who require


http://www.nrcs.usda.gov/wps/portal/nrcs/main/soils/health/
http://www.nrcs.usda.gov/wps/portal/nrcs/main/soils/health/
https://offices.sc.egov.usda.gov/locator/app?agency=nrcs
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/contactus/?cid=nrcs142p2_053951
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/contactus/?cid=nrcs142p2_053951

alternative means for communication of program information (Braille, large print,
audiotape, etc.) should contact USDA's TARGET Center at (202) 720-2600 (voice
and TDD). To file a complaint of discrimination, write to USDA, Director, Office of
Civil Rights, 1400 Independence Avenue, S.W., Washington, D.C. 20250-9410 or
call (800) 795-3272 (voice) or (202) 720-6382 (TDD). USDA is an equal opportunity
provider and employer.
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How Soil Surveys Are Made

Soil surveys are made to provide information about the soils and miscellaneous
areas in a specific area. They include a description of the soils and miscellaneous
areas and their location on the landscape and tables that show soil properties and
limitations affecting various uses. Soil scientists observed the steepness, length,
and shape of the slopes; the general pattern of drainage; the kinds of crops and
native plants; and the kinds of bedrock. They observed and described many soil
profiles. A soil profile is the sequence of natural layers, or horizons, in a soil. The
profile extends from the surface down into the unconsolidated material in which the
soil formed or from the surface down to bedrock. The unconsolidated material is
devoid of roots and other living organisms and has not been changed by other
biological activity.

Currently, soils are mapped according to the boundaries of major land resource
areas (MLRAs). MLRAs are geographically associated land resource units that

share common characteristics related to physiography, geology, climate, water

resources, soils, biological resources, and land uses (USDA, 2006). Soil survey
areas typically consist of parts of one or more MLRA.

The soils and miscellaneous areas in a survey area occur in an orderly pattern that
is related to the geology, landforms, relief, climate, and natural vegetation of the
area. Each kind of soil and miscellaneous area is associated with a particular kind
of landform or with a segment of the landform. By observing the soils and
miscellaneous areas in the survey area and relating their position to specific
segments of the landform, a soil scientist develops a concept, or model, of how they
were formed. Thus, during mapping, this model enables the soil scientist to predict
with a considerable degree of accuracy the kind of soil or miscellaneous area at a
specific location on the landscape.

Commonly, individual soils on the landscape merge into one another as their
characteristics gradually change. To construct an accurate soil map, however, soil
scientists must determine the boundaries between the soils. They can observe only
a limited number of soil profiles. Nevertheless, these observations, supplemented
by an understanding of the soil-vegetation-landscape relationship, are sufficient to
verify predictions of the kinds of soil in an area and to determine the boundaries.

Soil scientists recorded the characteristics of the soil profiles that they studied. They
noted soil color, texture, size and shape of soil aggregates, kind and amount of rock
fragments, distribution of plant roots, reaction, and other features that enable them
to identify soils. After describing the soils in the survey area and determining their
properties, the soil scientists assigned the soils to taxonomic classes (units).
Taxonomic classes are concepts. Each taxonomic class has a set of soll
characteristics with precisely defined limits. The classes are used as a basis for
comparison to classify soils systematically. Soil taxonomy, the system of taxonomic
classification used in the United States, is based mainly on the kind and character
of soil properties and the arrangement of horizons within the profile. After the soil
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scientists classified and named the soils in the survey area, they compared the
individual soils with similar soils in the same taxonomic class in other areas so that
they could confirm data and assemble additional data based on experience and
research.

The objective of soil mapping is not to delineate pure map unit components; the
objective is to separate the landscape into landforms or landform segments that
have similar use and management requirements. Each map unit is defined by a
unique combination of soil components and/or miscellaneous areas in predictable
proportions. Some components may be highly contrasting to the other components
of the map unit. The presence of minor components in a map unit in no way
diminishes the usefulness or accuracy of the data. The delineation of such
landforms and landform segments on the map provides sufficient information for the
development of resource plans. If intensive use of small areas is planned, onsite
investigation is needed to define and locate the soils and miscellaneous areas.

Soil scientists make many field observations in the process of producing a soil map.
The frequency of observation is dependent upon several factors, including scale of
mapping, intensity of mapping, design of map units, complexity of the landscape,
and experience of the soil scientist. Observations are made to test and refine the
soil-landscape model and predictions and to verify the classification of the soils at
specific locations. Once the soil-landscape model is refined, a significantly smaller
number of measurements of individual soil properties are made and recorded.
These measurements may include field measurements, such as those for color,
depth to bedrock, and texture, and laboratory measurements, such as those for
content of sand, silt, clay, salt, and other components. Properties of each soll
typically vary from one point to another across the landscape.

Observations for map unit components are aggregated to develop ranges of
characteristics for the components. The aggregated values are presented. Direct
measurements do not exist for every property presented for every map unit
component. Values for some properties are estimated from combinations of other
properties.

While a soil survey is in progress, samples of some of the soils in the area generally
are collected for laboratory analyses and for engineering tests. Soil scientists
interpret the data from these analyses and tests as well as the field-observed
characteristics and the soil properties to determine the expected behavior of the
soils under different uses. Interpretations for all of the soils are field tested through
observation of the soils in different uses and under different levels of management.
Some interpretations are modified to fit local conditions, and some new
interpretations are developed to meet local needs. Data are assembled from other
sources, such as research information, production records, and field experience of
specialists. For example, data on crop yields under defined levels of management
are assembled from farm records and from field or plot experiments on the same
kinds of soil.

Predictions about soil behavior are based not only on soil properties but also on
such variables as climate and biological activity. Soil conditions are predictable over
long periods of time, but they are not predictable from year to year. For example,
soil scientists can predict with a fairly high degree of accuracy that a given soil will
have a high water table within certain depths in most years, but they cannot predict
that a high water table will always be at a specific level in the soil on a specific date.

After soil scientists located and identified the significant natural bodies of soil in the
survey area, they drew the boundaries of these bodies on aerial photographs and
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identified each as a specific map unit. Aerial photographs show trees, buildings,
fields, roads, and rivers, all of which help in locating boundaries accurately.



Soil Map

The soil map section includes the soil map for the defined area of interest, a list of
soil map units on the map and extent of each map unit, and cartographic symbols
displayed on the map. Also presented are various metadata about data used to
produce the map, and a description of each soil map unit.
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MAP INFORMATION

The soil surveys that comprise your AOI were mapped at
1:24,000.

Warning: Soil Map may not be valid at this scale.

Enlargement of maps beyond the scale of mapping can cause
misunderstanding of the detail of mapping and accuracy of soil
line placement. The maps do not show the small areas of
contrasting soils that could have been shown at a more detailed
scale.

Please rely on the bar scale on each map sheet for map
measurements.

Source of Map: Natural Resources Conservation Service
Web Soil Survey URL:
Coordinate System: Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator
projection, which preserves direction and shape but distorts
distance and area. A projection that preserves area, such as the
Albers equal-area conic projection, should be used if more
accurate calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as
of the version date(s) listed below.

Soil Survey Area: Wallowa County Area, Oregon
Survey Area Data: Version 26, Sep 11, 2023

Soil map units are labeled (as space allows) for map scales
1:50,000 or larger.

Date(s) aerial images were photographed: Aug 4, 2020—Aug
14, 2020

The orthophoto or other base map on which the soil lines were
compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, some minor
shifting of map unit boundaries may be evident.
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Map Unit Legend

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

113 Harlow-Bocker complex, 2 to 15 12.9 21%
percent slopes

114 Harlow-Bocker complex, 15 to 61.8 10.0%
30 percent south slopes

134 Hurwal silt loam, 2 to 8 percent 68.1 11.0%
slopes

135 Hurwal silt loam, 8 to 15 267.6 43.2%
percent slopes

136 Hurwal silt loam, 15 to 30 26.7 4.3%
percent north slopes

230 Powwatka silt loam, 2 to 8 281 4.5%
percent slopes

231 Powwatka silt loam, 8 to 15 49.5 8.0%
percent slopes

280 Snell-Harlow complex, 2 to 15 2.9 0.5%
percent slopes

281 Snell-Harlow complex, 15 to 30 0.1 0.0%
percent north slopes

349 Wallowa-Bocker complex, 2 to 101.7 16.4%
15 percent slopes

Totals for Area of Interest 619.4 100.0%

Map Unit Descriptions

The map units delineated on the detailed soil maps in a soil survey represent the
soils or miscellaneous areas in the survey area. The map unit descriptions, along
with the maps, can be used to determine the composition and properties of a unit.

A map unit delineation on a soil map represents an area dominated by one or more
major kinds of soil or miscellaneous areas. A map unit is identified and named
according to the taxonomic classification of the dominant soils. Within a taxonomic
class there are precisely defined limits for the properties of the soils. On the
landscape, however, the soils are natural phenomena, and they have the
characteristic variability of all natural phenomena. Thus, the range of some
observed properties may extend beyond the limits defined for a taxonomic class.
Areas of soils of a single taxonomic class rarely, if ever, can be mapped without
including areas of other taxonomic classes. Consequently, every map unit is made
up of the soils or miscellaneous areas for which it is named and some minor
components that belong to taxonomic classes other than those of the major soils.

Most minor soils have properties similar to those of the dominant soil or soils in the
map unit, and thus they do not affect use and management. These are called
noncontrasting, or similar, components. They may or may not be mentioned in a
particular map unit description. Other minor components, however, have properties

11
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and behavioral characteristics divergent enough to affect use or to require different
management. These are called contrasting, or dissimilar, components. They
generally are in small areas and could not be mapped separately because of the
scale used. Some small areas of strongly contrasting soils or miscellaneous areas
are identified by a special symbol on the maps. If included in the database for a
given area, the contrasting minor components are identified in the map unit
descriptions along with some characteristics of each. A few areas of minor
components may not have been observed, and consequently they are not
mentioned in the descriptions, especially where the pattern was so complex that it
was impractical to make enough observations to identify all the soils and
miscellaneous areas on the landscape.

The presence of minor components in a map unit in no way diminishes the
usefulness or accuracy of the data. The objective of mapping is not to delineate
pure taxonomic classes but rather to separate the landscape into landforms or
landform segments that have similar use and management requirements. The
delineation of such segments on the map provides sufficient information for the
development of resource plans. If intensive use of small areas is planned, however,
onsite investigation is needed to define and locate the soils and miscellaneous
areas.

An identifying symbol precedes the map unit name in the map unit descriptions.
Each description includes general facts about the unit and gives important soil
properties and qualities.

Soils that have profiles that are almost alike make up a soil series. Except for
differences in texture of the surface layer, all the soils of a series have major
horizons that are similar in composition, thickness, and arrangement.

Soils of one series can differ in texture of the surface layer, slope, stoniness,
salinity, degree of erosion, and other characteristics that affect their use. On the
basis of such differences, a soil series is divided into soil phases. Most of the areas
shown on the detailed soil maps are phases of soil series. The name of a soil phase
commonly indicates a feature that affects use or management. For example, Alpha
silt loam, 0 to 2 percent slopes, is a phase of the Alpha series.

Some map units are made up of two or more major soils or miscellaneous areas.
These map units are complexes, associations, or undifferentiated groups.

A complex consists of two or more soils or miscellaneous areas in such an intricate
pattern or in such small areas that they cannot be shown separately on the maps.
The pattern and proportion of the soils or miscellaneous areas are somewhat similar
in all areas. Alpha-Beta complex, 0 to 6 percent slopes, is an example.

An association is made up of two or more geographically associated soils or
miscellaneous areas that are shown as one unit on the maps. Because of present
or anticipated uses of the map units in the survey area, it was not considered
practical or necessary to map the soils or miscellaneous areas separately. The
pattern and relative proportion of the soils or miscellaneous areas are somewhat
similar. Alpha-Beta association, 0 to 2 percent slopes, is an example.

An undifferentiated group is made up of two or more soils or miscellaneous areas
that could be mapped individually but are mapped as one unit because similar
interpretations can be made for use and management. The pattern and proportion
of the soils or miscellaneous areas in a mapped area are not uniform. An area can
be made up of only one of the major soils or miscellaneous areas, or it can be made
up of all of them. Alpha and Beta soils, 0 to 2 percent slopes, is an example.

12
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Some surveys include miscellaneous areas. Such areas have little or no soil
material and support little or no vegetation. Rock outcrop is an example.

13
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Wallowa County Area, Oregon

113—Harlow-Bocker complex, 2 to 15 percent slopes

Map Unit Setting
National map unit symbol: 2tx9
Elevation: 3,400 to 5,000 feet
Mean annual precipitation: 13 to 17 inches
Mean annual air temperature: 42 to 45 degrees F
Frost-free period: 70 to 100 days
Farmland classification: Not prime farmland

Map Unit Composition
Harlow and similar soils: 60 percent
Bocker and similar soils: 25 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Harlow

Setting
Landform: Plateaus, structural benches
Landform position (two-dimensional): Summit
Landform position (three-dimensional): Interfluve
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loess and colluvium derived from basalt

Typical profile
A1 -0to 4inches: very stony loam
A2 -4 to 8inches: very cobbly clay loam
Bt - 8 to 16 inches: extremely cobbly clay
2R - 16 to 26 inches: unweathered bedrock

Properties and qualities
Slope: 2 to 15 percent
Surface area covered with cobbles, stones or boulders: 1.6 percent
Depth to restrictive feature: 10 to 20 inches to lithic bedrock
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to
moderately high (0.06 to 0.20 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Very low (about 1.5 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7s
Hydrologic Soil Group: D
Ecological site: RO09XY0220R - Cold Shallow 13+ PZ
Hydric soil rating: No

Description of Bocker

Setting
Landform: Structural benches, plateaus

14
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Landform position (two-dimensional): Shoulder
Landform position (three-dimensional): Interfluve
Down-slope shape: Linear

Across-slope shape: Convex

Parent material: Loess and colluvium derived from basalt

Typical profile
A - 0to 2inches: extremely cobbly silt loam
Bw - 2 to 7 inches: very cobbly silt loam
2R - 7 to 17 inches: unweathered bedrock

Properties and qualities

Slope: 2 to 15 percent

Depth to restrictive feature: 4 to 10 inches to lithic bedrock

Drainage class: Well drained

Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high
(0.57 to 1.98 in/hr)

Depth to water table: More than 80 inches

Frequency of flooding: None

Frequency of ponding: None

Available water supply, 0 to 60 inches: Very low (about 0.7 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7s
Hydrologic Soil Group: D
Ecological site: RO09XY0270R - Cold Very Shallow 13+ PZ
Hydric soil rating: No

114—Harlow-Bocker complex, 15 to 30 percent south slopes

Map Unit Setting
National map unit symbol: 2txb
Elevation: 3,400 to 5,000 feet
Mean annual precipitation: 13 to 17 inches
Mean annual air temperature: 42 to 45 degrees F
Frost-free period: 70 to 100 days
Farmland classification: Not prime farmland

Map Unit Composition
Harlow and similar soils: 60 percent
Bocker and similar soils: 25 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Harlow

Setting
Landform: Hills
Landform position (two-dimensional): Backslope, footslope
Landform position (three-dimensional): Side slope, base slope
Down-slope shape: Linear
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Across-slope shape: Concave
Parent material: Loess and colluvium derived from basalt

Typical profile
A1 -0to 4inches: very stony loam
A2 -4 to 8inches: very cobbly clay loam
Bt - 8 to 16 inches: extremely cobbly clay
2R - 16 to 26 inches: unweathered bedrock

Properties and qualities
Slope: 15 to 30 percent
Surface area covered with cobbles, stones or boulders: 1.6 percent
Depth to restrictive feature: 10 to 20 inches to lithic bedrock
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to
moderately high (0.06 to 0.20 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Very low (about 1.5 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7s
Hydrologic Soil Group: D
Ecological site: RO09XY0360R - Cold Shallow South 13+ PZ
Hydric soil rating: No

Description of Bocker

Setting
Landform: Hills
Landform position (two-dimensional): Shoulder, backslope
Landform position (three-dimensional): Side slope
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loess and colluvium derived from basalt

Typical profile
A - 0to 2inches: extremely cobbly silt loam
Bw - 2 to 7 inches: very cobbly silt loam
2R - 7 to 17 inches: unweathered bedrock

Properties and qualities
Slope: 15 to 30 percent
Depth to restrictive feature: 4 to 10 inches to lithic bedrock
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high
(0.57 to 1.98 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Very low (about 0.7 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7s
Hydrologic Soil Group: D
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Ecological site: RO09XY0270R - Cold Very Shallow 13+ PZ
Hydric soil rating: No

134—Hurwal silt loam, 2 to 8 percent slopes

Map Unit Setting
National map unit symbol: 2ty0
Elevation: 3,400 to 5,000 feet
Mean annual precipitation: 13 to 17 inches
Mean annual air temperature: 42 to 45 degrees F
Frost-free period: 70 to 100 days
Farmland classification: Prime farmland if irrigated

Map Unit Composition
Hurwal and similar soils: 90 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Hurwal

Setting
Landform: Hills
Landform position (two-dimensional): Summit, footslope
Landform position (three-dimensional): Interfluve, base slope
Down-slope shape: Linear
Across-slope shape: Concave
Parent material: Loess with an influence of volcanic ash in the surface layers

Typical profile
H1 - 0to 12 inches: silt loam
H2 - 12 to 18 inches: silt loam
H3 - 18 to 56 inches: silty clay loam
H4 - 56 to 60 inches: silt loam

Properties and qualities
Slope: 2 to 8 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20
to 0.57 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum content: 5 percent
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: High (about 11.0 inches)

Interpretive groups
Land capability classification (irrigated): 3e
Land capability classification (nonirrigated): 3e
Hydrologic Soil Group: C
Ecological site: RO09XY0050R - Cold Swale 13-17 PZ
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Hydric soil rating: No

135—Hurwal silt loam, 8 to 15 percent slopes

Map Unit Setting
National map unit symbol: 2ty1
Elevation: 3,400 to 5,000 feet
Mean annual precipitation: 13 to 17 inches
Mean annual air temperature: 42 to 45 degrees F
Frost-free period: 70 to 100 days
Farmland classification: Farmland of statewide importance

Map Unit Composition
Hurwal and similar soils: 90 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Hurwal

Setting
Landform: Hills
Landform position (two-dimensional): Summit, backslope
Landform position (three-dimensional): Interfluve, side slope
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loess with an influence of volcanic ash in the surface layers

Typical profile
H1-0to 12 inches: silt loam
H2 - 12 to 18 inches: silt loam
H3 - 18 to 56 inches: silty clay loam
H4 - 56 to 60 inches: silt loam

Properties and qualities
Slope: 8 to 15 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20
to 0.57 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum content: 5 percent
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: High (about 11.0 inches)

Interpretive groups
Land capability classification (irrigated): 4e
Land capability classification (nonirrigated): 3e
Hydrologic Soil Group: C
Ecological site: RO09XY0050R - Cold Swale 13-17 PZ
Hydric soil rating: No
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136—Hurwal silt loam, 15 to 30 percent north slopes

Map Unit Setting
National map unit symbol: 2ty2
Elevation: 3,400 to 5,000 feet
Mean annual precipitation: 13 to 17 inches
Mean annual air temperature: 42 to 45 degrees F
Frost-free period: 70 to 100 days
Farmland classification: Farmland of statewide importance

Map Unit Composition
Hurwal, deep, and similar soils: 85 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Hurwal, Deep

Setting
Landform: Hills
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Side slope
Down-slope shape: Linear
Across-slope shape: Concave
Parent material: Loess with an influence of volcanic ash in the surface layers

Typical profile
H1-0to 12 inches: silt loam
H2 - 12 to 18 inches: silt loam
H3 - 18 to 56 inches: silty clay loam
H4 - 56 to 58 inches: silt loam
H5 - 58 to 68 inches: unweathered bedrock

Properties and qualities
Slope: 15 to 30 percent
Depth to restrictive feature: 40 to 60 inches to lithic bedrock
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20
to 0.57 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum content: 5 percent
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: High (about 10.7 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 4e
Hydrologic Soil Group: C
Ecological site: RO09XY0410R - Deep North 14-17 PZ
Hydric soil rating: No
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230—Powwatka silt loam, 2 to 8 percent slopes

Map Unit Setting
National map unit symbol: 2v1f
Elevation: 3,400 to 5,000 feet
Mean annual precipitation: 13 to 17 inches
Mean annual air temperature: 42 to 45 degrees F
Frost-free period: 70 to 100 days
Farmland classification: Farmland of statewide importance

Map Unit Composition
Powwatka and similar soils: 85 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Powwatka

Setting
Landform: Hills
Landform position (two-dimensional): Summit
Landform position (three-dimensional): Interfluve
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loess over basalt with minor amounts of volcanic ash in the
surface layers

Typical profile
H1-0to 14 inches: silt loam
H2 - 14 to 24 inches: silty clay loam
H3 - 24 to 34 inches: unweathered bedrock

Properties and qualities
Slope: 2 to 8 percent
Depth to restrictive feature: 20 to 40 inches to lithic bedrock
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20
to 0.57 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Low (about 4.8 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 4e
Hydrologic Soil Group: C
Ecological site: RO09XY0170R - Cold Loamy 13-17 PZ
Hydric soil rating: No
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231—Powwatka silt loam, 8 to 15 percent slopes

Map Unit Setting
National map unit symbol: 2v1g
Elevation: 3,400 to 5,000 feet
Mean annual precipitation: 13 to 17 inches
Mean annual air temperature: 42 to 45 degrees F
Frost-free period: 70 to 100 days
Farmland classification: Farmland of statewide importance

Map Unit Composition
Powwatka and similar soils: 85 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Powwatka

Setting
Landform: Hills
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Side slope
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loess over basalt with minor amounts of volcanic ash in the
surface layers

Typical profile
H1-0to 14 inches: silt loam
H2 - 14 to 24 inches: silty clay loam
H3 - 24 to 34 inches: unweathered bedrock

Properties and qualities
Slope: 8 to 15 percent
Depth to restrictive feature: 20 to 40 inches to lithic bedrock
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20
to 0.57 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Low (about 4.8 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 4e
Hydrologic Soil Group: C
Ecological site: RO09XY0170R - Cold Loamy 13-17 PZ
Hydric soil rating: No

21



Custom Soil Resource Report

280—Snell-Harlow complex, 2 to 15 percent slopes

Map Unit Setting
National map unit symbol: 2v39
Elevation: 3,400 to 5,000 feet
Mean annual precipitation: 13 to 17 inches
Mean annual air temperature: 42 to 45 degrees F
Frost-free period: 70 to 100 days
Farmland classification: Farmland of statewide importance

Map Unit Composition
Snell and similar soils: 65 percent
Harlow and similar soils: 25 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Snell

Setting
Landform: Plateaus, structural benches
Landform position (two-dimensional): Summit
Landform position (three-dimensional): Interfluve, crest
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loess and colluvium derived from basalt

Typical profile
A1 -0to 4inches: very stony loam
A2 -4to 9inches: stony clay loam
Bt1 - 9 to 18 inches: very stony clay loam
Bt2 - 18 to 24 inches: extremely stony clay loam
2R - 24 to 34 inches: unweathered bedrock

Properties and qualities
Slope: 2 to 15 percent
Depth to restrictive feature: 20 to 40 inches to lithic bedrock
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20
to 0.57 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Very low (about 2.9 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 6s
Hydrologic Soil Group: C
Ecological site: RO09XY0170R - Cold Loamy 13-17 PZ
Hydric soil rating: No
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Description of Harlow

Setting
Landform: Plateaus, structural benches
Landform position (two-dimensional): Summit
Landform position (three-dimensional): Interfluve
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loess and colluvium derived from basalt

Typical profile
A1 -0to 4inches: very stony loam
A2 -4 to 8inches: very cobbly clay loam
Bt - 8 to 16 inches: extremely cobbly clay
2R - 16 to 26 inches: unweathered bedrock

Properties and qualities
Slope: 2 to 15 percent
Surface area covered with cobbles, stones or boulders: 1.6 percent
Depth to restrictive feature: 10 to 20 inches to lithic bedrock
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to
moderately high (0.06 to 0.20 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Very low (about 1.5 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7s
Hydrologic Soil Group: D
Ecological site: RO09XY0220R - Cold Shallow 13+ PZ
Hydric soil rating: No

281—Snell-Harlow complex, 15 to 30 percent north slopes

Map Unit Setting
National map unit symbol: 2v3b
Elevation: 2,800 to 5,000 feet
Mean annual precipitation: 13 to 30 inches
Mean annual air temperature: 42 to 45 degrees F
Frost-free period: 70 to 100 days
Farmland classification: Farmland of statewide importance

Map Unit Composition
Snell and similar soils: 60 percent
Harlow and similar soils: 25 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

23



Custom Soil Resource Report

Description of Snell

Setting
Landform: Plateaus, structural benches
Landform position (two-dimensional): Summit
Landform position (three-dimensional): Interfluve, crest
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loess and colluvium derived from basalt

Typical profile
A1 -0to 4inches: very stony loam
A2 -4to 9inches: stony clay loam
Bt1 - 9 to 18 inches: very stony clay loam
Bt2 - 18 to 24 inches: extremely stony clay loam
2R - 24 to 34 inches: unweathered bedrock

Properties and qualities
Slope: 15 to 30 percent
Depth to restrictive feature: 20 to 40 inches to lithic bedrock
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20
to 0.57 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Very low (about 2.9 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 6s
Hydrologic Soil Group: C
Ecological site: RO09XY0170R - Cold Loamy 13-17 PZ
Hydric soil rating: No

Description of Harlow

Setting
Landform: Canyons
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Side slope
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loess and colluvium derived from basalt

Typical profile
A1 -0to 4inches: very stony loam
A2 -4 to 8inches: very cobbly clay loam
Bt - 8 to 16 inches: extremely cobbly clay
2R - 16 to 26 inches: unweathered bedrock

Properties and qualities
Slope: 15 to 30 percent
Surface area covered with cobbles, stones or boulders: 1.6 percent
Depth to restrictive feature: 10 to 20 inches to lithic bedrock
Drainage class: Well drained
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Capacity of the most limiting layer to transmit water (Ksat): Moderately low to
moderately high (0.06 to 0.20 in/hr)

Depth to water table: More than 80 inches

Frequency of flooding: None

Frequency of ponding: None

Available water supply, 0 to 60 inches: Very low (about 1.5 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7s
Hydrologic Soil Group: D
Ecological site: RO09XY0480R - Shallow North 14+ PZ
Hydric soil rating: No

349—Wallowa-Bocker complex, 2 to 15 percent slopes

Map Unit Setting
National map unit symbol: 2v5s
Elevation: 3,400 to 5,000 feet
Mean annual precipitation: 13 to 19 inches
Mean annual air temperature: 42 to 57 degrees F
Frost-free period: 70 to 100 days
Farmland classification: Farmland of statewide importance

Map Unit Composition
Wallowa and similar soils: 50 percent
Bocker and similar soils: 40 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Wallowa

Setting
Landform: Plateaus, mountain slopes
Landform position (two-dimensional): Backslope
Down-slope shape: Convex
Across-slope shape: Convex
Parent material: Loess and colluvium derived from basalt with an influence if
volcanic ash

Typical profile
A - 0to 11 inches: ashy silt loam
Bw - 11 to 29 inches: silt loam
2R - 29 to 39 inches: unweathered bedrock

Properties and qualities
Slope: 2 to 15 percent
Depth to restrictive feature: 20 to 40 inches to lithic bedrock
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high
(0.57 to 1.98 in/hr)
Depth to water table: More than 80 inches
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Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Moderate (about 6.1 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 4e
Hydrologic Soil Group: C
Ecological site: RO09XY0170R - Cold Loamy 13-17 PZ
Other vegetative classification: bluebunch wheatgrass-Sandberg bluegrass-
onespike oatgrass (GB4911)
Hydric soil rating: No

Description of Bocker

Setting
Landform: Hills
Landform position (two-dimensional): Footslope
Landform position (three-dimensional): Side slope
Down-slope shape: Convex
Across-slope shape: Convex
Parent material: Loess and colluvium derived from basalt

Typical profile
A - 0to 2inches: extremely cobbly silt loam
Bw - 2 to 7 inches: very cobbly silt loam
2R - 7 to 17 inches: unweathered bedrock

Properties and qualities
Slope: 2 to 8 percent
Depth to restrictive feature: 4 to 10 inches to lithic bedrock
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high
(0.57 to 1.98 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Very low (about 0.7 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7s
Hydrologic Soil Group: D
Ecological site: RO09XY0360R - Cold Shallow South 13+ PZ
Hydric soil rating: No
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LOCATION POWWATKA OR

Established Series
Rev. MGL/WEL/RWL
08/2001

POWWATKA SERIES

The Powwatka series consists of moderately deep, well drained soils formed in loess with an influence of
volcanic ash in the surface. They are on rolling hills and ridgetops. Slopes are 2 to 30 percent. The mean annual
precipitation is about 15 inches and the mean annual temperature is about 43 degrees F.

TAXONOMIC CLASS: Fine-silty, mixed, superactive, frigid Vitrandic Argixerolls
TYPICAL PEDON: Powwatka ashy silt loam, cultivated. (Colors are for moist soil unless otherwise noted.)

Ap--0 to 8 inches; dark brown (10YR 2/2) ashy silt loam, dark gray (10YR 4/1) dry; weak very fine granular
structure; slightly hard, friable, slightly sticky and slightly plastic; many very fine roots; common irregular
pores; slightly acid (pH 6.4); abrupt smooth boundary.

A--8 to 14 inches; very dark grayish brown (10YR 3/2) ashy silt loam, dark grayish brown (10YR 4/2) dry; weak
fine subangular blocky structure; slightly hard, friable, slightly sticky and plastic; many very fine roots; many
very fine tubular pores; neutral (pH 6.6); clear wavy boundary. (Combined thickness of the A horizon is 8 to 22
inches)

Bt1--14 to 18 inches; dark brown (10YR 3/3) silty clay loam, brown (10YR 5/3) dry, weak fine prismatic
structure parting to moderate fine and very fine subangular blocky; slightly hard, friable, slightly sticky and
plastic; many fine roots; many very fine tubular pores; few faint clay films on ped faces; krotovinas 2 to 4 inches
in diameter; neutral (pH 6.8); gradual wavy boundary.

Bt2--18 to 24 inches; dark brown (7.5YR 4/4) silty clay loam, brown (7.5YR 5/4) dry; weak fine prismatic
structure parting to moderate fine and very fine subangular blocky; hard, friable, sticky and plastic; common
very fine roots; many very fine tubular pores; few faint clay films on ped faces; krotovinas 2 to 4 inches in
diameter; neutral (pH 6.8); abrupt wavy boundary. (Combined thickness of the Bt horizon is 10 to 18 inches)

2R--24 inches; fractured basalt.

TYPE LOCATION: Wallowa County, Oregon; about two miles NE of Lostine, 1,650 feet north and 400 feet
east of the SW corner of section 1, T. 1 S., R. 43 E. (Latitude 45 degrees, 30 minutes, 15 seconds N, Longitude
117 degrees, 23 minutes, 36 seconds W)

RANGE IN CHARACTERISTICS: The mean annual soil temperature is 44 to 47 degrees F. The soils are
usually moist, but are dry in the 4 to 12 inch control section for 60 to 90 consecutive days. The mollic epipedon
is 12 to 20 inches thick and may include the upper part of the Bt horizon. The particle-size control section has
more than 18 percent clay and less than 15 percent coarser than very fine sand. Depth to basalt bedrock is 20 to
40 inches.

The A horizon has value of 2 or 3 moist, 4 or 5 dry and chroma of 1 or 2 moist and dry. It is ashy silt loam or
cobbly ashy silt loam with 18 to 25 percent clay. It has 0 to 30 percent cobbles and 0 to 15 percent gravel. It has
30 to 60 percent volcanic glass and glass coated aggregate and less than 0.1 percent acid oxalate oxalate
extractable aluminum plus one-half iron. Soil reaction is slightly acid or neutral.



The Bt horizon has hue of 7.5YR or 10YR, value of 3 or 4 moist, 4 or 5 dry and chroma of 3 or 4 moist and dry.
It is silt clay loam with 27 to 35 percent clay. The Bt2 horizon has 0 to 10 percent gravel. Soil reaction is slightly
acid or neutral in the upper part and neutral or slightly alkaline in the lower part.

COMPETING SERIES: This is the Hurwal series. Hurwal soils have mollic epipedons more than 20 inches
thick and are greater than 40 inches deep to bedrock.

GEOGRAPHIC SETTING: Powwatka soils are on rolling hills and ridgetops. Slope is 2 to 30 percent. The
soils formed in loess with an influence of volcanic ash in the surface. Elevation is 3,400 to 5,200 feet. The
climate is characterized by cold wet winters and hot dry summers. The mean annual precipitation is 13 to 17
inches. The mean annual temperature is 42 to 45 degrees F. The frost-free period is 60 to 100 days.

GEOGRAPHICALLY ASSOCIATED SOILS: These are the competing Hurwal, and the Harlow, Parsnip, and
Snell series. Harlow soils are clayey-skeletal, less than 20 inches to bedrock and occur on south-facing side
slopes. Hurwal soils occur in drainageways and on footslopes of north-facing side slopes. Parsnip soils are 10 to
20 inches to bedrock and occur on adjacent plateaus. Snell soils are clayey-skeletal, 20 to 40 inches to bedrock,
and occur on north-facing side slopes.

DRAINAGE AND PERMEABILITY: Well drained; moderately slow permeability.

USE AND VEGETATION: The soils are used mainly for dry cropland and livestock grazing. The potential
native vegetation is Idaho fescue and bluebunch wheatgrass.

DISTRIBUTION AND EXTENT: Northeastern Oregon, MLRA 9. The series is of small extent.
MLRA SOIL SURVEY REGIONAL OFFICE (MO) RESPONSIBLE: Portland, Oregon
SERIES ESTABLISHED: Wallowa County, Oregon, 1998.

REMARKS: Diagnostic horizons and features recognized in this pedon include:

Mollic epipedon - from the surface to 18 inches (Ap, A, and Btl horizons).

Argillic horizon - from 14 to 24 inches (Bt1 and Bt2 horizons).

Vitrandic feature - from 0 to 14 inches (Ap and A horizons) based on laboratory data from the associated Parsnip
soil.

Particle-size control section - from 14 to 24 inches (Bt1 and Bt2 horizons).

This series has been reclassified from Typic Argixerolls to Vitrandic Argixerolls.

National Cooperative Soil Survey
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LOCATION TOPPER OR

Established Series
Rev. MGL/AON/RWL
03/2001

TOPPER SERIES

The Topper series consists of very deep, well drained soils that formed in loess with an influence of volcanic ash
in the surface. Topper soils are on hills. Slopes are 2 to 30 percent. The mean annual precipitation is about 16
inches and the mean annual temperature is about 43 degrees F.

TAXONOMIC CLASS: Fine-silty, mixed, superactive, frigid Vitrandic Haploxerolls

TYPICAL PEDON: Topper ashy silt loam, cultivated, at an elevation of 4,160 feet. (Colors are for moist soil
unless otherwise noted.)

Ap--0 to 6 inches; very dark brown (10YR 2/2) ashy silt loam grayish brown (10YR 5/2) dry; weak fine platy
structure; soft, friable, slightly sticky and slightly plastic; many very fine roots; few very fine tubular pores;
neutral (pH 6.8); abrupt smooth boundary.

A--6 to 11 inches; dark brown (10YR 3/3) ashy silt loam, brown (10YR 5/3) dry; weak medium subangular
blocky structure; soft, friable, slightly sticky and slightly plastic; common fine roots; common fine tubular pores;
neutral (pH 6.8); abrupt irregular boundary. (Combined thickness of the A horizon is 10 to 16 inches)

C--11 to 15 inches; brown (10YR 4/3) silt loam, light gray (10YR 7/2) dry; massive; soft, very friable, nonsticky
and nonplastic; few fine roots; common very fine tubular pores; slightly alkaline (pH 7.4); abrupt irregular
boundary. (0 to 8 inches thick)

2Bwb--15 to 25 inches; dark brown (10YR 3/3) silt loam, brown (10YR 5/3) dry; weak coarse prismatic
structure; slightly hard, friable, sticky and plastic; few fine roots; many fine tubular pores; neutral (pH 7.2); clear
smooth boundary. (0 to 12 inches thick)

2Bkb1--25 to 35 inches; dark yellowish brown (10YR 4/4) silty clay loam, yellowish brown (10YR 5/4) dry;
weak medium subangular blocky structure; hard, friable, sticky and plastic; few fine roots; many fine tubular
pores; strongly effervescent; mycelium lime; strongly alkaline (pH 8.6); gradual boundary. (6 to 12 inches thick)

2Bkb2--35 to 60 inches; brown (10YR 5/3) silt loam, light gray (10YR 7/2) dry; massive; soft, friable, slightly
sticky and slightly plastic; few fine roots; many fine tubular pores; strongly effervescent; soft segregated lime
throughout; strongly alkaline (pH 8.6).

TYPE LOCATION: Wallowa County, Oregon; located about 6 miles north of Joseph; center of section 29, T. 1
S., R. 45 E. (Latitude 45 degrees, 26 minutes, 56 seconds N.; Longitude 117 degrees, 13 minutes, 04 seconds W.)

RANGE IN CHARACTERISTICS: The mean annual soil temperature is 44 to 47 degrees F. In most years the
soils are usually moist but dry between 4 and 12 inches for 60 to 90 consecutive days within the 3-month period
following the summer solstice. The mollic epipedon is 10 to 16 inches thick. Depth to secondary lime ranges
from 20 to 40 inches with the calcic horizon having a calcium carbonate equivalent of 15 to 20 percent. The
particle-size control section is 18 to 30 percent clay and less than 15 percent coarser than very fine sand. Depth
to bedrock is greater than 60 inches.

The A horizon has value of 2 or 3 moist, 4 or 5 dry, and chroma of 2 or 3 moist and dry. It has 30 to 60 percent
volcanic glass and glass coated aggregate and less than 0.1 percent acid oxalate extractable aluminum plus one-



half iron. It is ashy silt loam with 18 to 27 percent clay.

The C horizon, when present, has value of 3 or 4 moist, 5 to 7 dry and chroma of 2 to 4 moist and dry. It is
neutral or slightly alkaline. It is silt loam with 18 to 27 percent clay.

The 2Bwb horizon has value of 3 or 4 moist, 5 or 6 dry and chroma of 3 or 4 moist and dry. It is silt loam with
18 to 27 percent clay.

The 2Bkb1 horizon has value of 3 or 4 moist, 5 or 6 dry, and chroma of 3 or 4 moist and dry. It is silt loam or
silty clay loam with 18 to 30 percent clay. It is moderately to strongly calcareous with segregated or mycelium
lime in the lower part.

The 2Bk2 horizon has value of 4 or 5 moist, 6 or 7 dry and chroma of 2 to 4 moist and dry. It is silt loam or loam
with 18 to 27 percent clay. It has 0 to 10 percent gravel and 0 to 5 percent cobbles.

COMPETING SERIES: This is the Hadencreek series. The Hadencreek soils are moderately well drained,
have 5 to 20 percent volcanic glass in the upper 7 to 14 inches, and have 5 to 20 percent calcium carbonate
equivalent in the Bk horizon.

GEOGRAPHIC SETTING: The Topper soils are on hills and have slopes of 2 to 30 percent. The soils formed
in loess and mixed loess and volcanic ash . Elevations of 3,400 to 4,500 feet. The climate is characterized by
cool wet winters and hot dry summers. The mean annual precipitation of 13 to 17 inches. The mean annual
temperature is 42 to 45 degrees F. The frost-free period season is 70 to 100 days.

GEOGRAPHICALLY ASSOCIATED SOILS: These are the Hurwal, Parsnip, Powwatka, and Snell series.
Hurwal soils are on north-facing slopes, have argillic horizons, and lack secondary lime. Parsnip soils are on
broad plateaus, have argillic horizons, and are 10 to 20 inches to bedrock. Powwatka soils are on adjacent hills,
have argillic horizons, lack secondary lime, and are 20 to 40 inches to bedrock. Snell soils are on north-facing
slopes, are clayey-skeletal, and lack secondary lime.

DRAINAGE AND PERMEABILITY: Well drained; moderate permeability.

USE AND VEGETATION: The soils are used mainly for small grain, alfalfa and pasture. Native vegetation is
Idaho fescue with small amounts of associated forbs.

DISTRIBUTION AND EXTENT: Valleys of northeastern Oregon; MLRA 9. The series is inextensive.
MLRA SOIL SURVEY REGIONAL OFFICE (MO) RESPONSIBLE: Portland, Oregon

SERIES ESTABLISHED: Wallowa County, Oregon, 1998. The source of name is Topper lookout.
REMARKS: This series has been reclassified from a Calcic Haploxerolls to a Vitrandic Haploxerolls.
Diagnostic horizons and features recognized in this pedon include:

Mollic epipedon - the zone from 0 to 11 inches (Ap and A horizons)

Calcic horizon - the zone from 25 to 60 inches (2Bkb1 and 2Bkb2 horizons) with an assumed calcium carbonate
equivalent of 15 to 20 percent.

Calcic subgroup feature - presence of calcic horizon beginning at 25 inches.

Vitrandic subgroup feature - the zone from 0 to 11 inches (Ap and A horizons) based on laboratory data from the
associated Parsnip soil.

Particle-size control section - the zone from 10 to 40 inches.
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Southern Idyo Fertilizer Guide

JIL

Irrlgated Alfalfa

Jeffrey Stark, Brad Brown and Glenn Shewmaker

The following fertilizer recommendations are
based on university and USDA-ARS research that
relates crop yield response to nutrient application
rates at different soil test values. The recommenda-
tions are designed to produce above average yields if
other environmental or cultural factors are not
limiting. Good crop management is assumed.

The suggested fertilizer rates also assume that soil
samples are properly collected, processed, and
analyzed, and that they represent the areas to be
fertilized. Many fields have appreciable variation in
residual soil fertility and potential productivity. Areas
within fields that differ appreciably should be
sampled and fertilized separately if they are large
enough to alow nutrient application rates to be
conveniently adjusted and if the differential applica-
tion would be cost effective.

Precision ag technology and variable rate applica-
tors currently provide options for differentially
fertilizing field areas. For information on mapping
soil nutrient concentrations and variably applying
fertilizer, contact an extension soil fertility specialist,
your local county extension educator, or reputable
fertilizer dealers/consultants.

Soil Sampling

Representative soil samples are essential. Each
soil sample submitted to a soil test laboratory should
consist of acomposite of at least 20 individual cores
from within the area of interest. Collect separate
samples from the O- to 12-inch and 12- to 24-inch
depths. Skip areas that represent only a small portion
of the field such as gravelly areas, saline or sodic
areas, wet spots, and turn rows.

Do not store moist samples under warm conditions
because microbial activity can change the extractable

Universityofldaho

N in the sample. Samples that are not air-dried should
be sent to the |aboratory as quickly as possible.

Fertilizer Recommendations

Nutrient requirements for alfalfaarerelatively
high compared to many other crops commonly grown
in Idaho. Each ton of alfalfa hay removes about 60 Ib
nitrogen (N) per acre, 50 |b potassium (K) per acre,
30 Ib calcium (Ca) per acre, 8 Ib phosphorus (P) per
acre, and about 6 Ib per acre of both sulfur (S) and
magnesium (Mg). Requirements for phosphorus and
potassium fertilizers are much higher than for S,
manganese (Mn), zinc (Zn), iron (Fe), and boron (B).

Nitrogen

Essentially al N required by established alfalfais
provided by the symbiotic relationship with N-fixing
Rhizobium bacteria and N mineralized from soil
organic matter. Topdressed N usually does not
improve yield, quality, or vigor of established stands.
However, applications of 20 to 40 Ib N per acre may
be helpful during stand establishment prior to nodula-
tion of theroots. Applied N would most likely be
needed following small grain production in which the
residue is returned to the soil. Application of larger
amounts may inhibit nodulation, decrease symbiotic
N fixation, and encourage grass weeds, thereby
reducing alfalfa growth or quality when harvested.
Alfafareceiving appreciable amounts of animal
manures, dairy effluent, or other organic N sources
will also have reduced N fixation. The probability of
an N response is usually greatest on coarse-textured
soils with low organic matter content.

Nitrogen fertilizer may be required for maximum
afafaproduction and quality if the roots are poorly
nodulated. Poor nodulation as well as poor Rhizobial
activity and N-fixing capacity can result from a
number of factors, including lack of proper seed

College of Agricultural and Life Sciences

University of Idaho Extension O Agricultural Experiment Station

C1S 1102



inoculation at planting, diseases, insects, water
deficits, nutrient deficiencies or toxicities, or other
soil physical or chemical conditions that reduce the
effectiveness of the Rhizobium inoculant. Poor
inoculation results from not using inoculant, using
inoculant that has lost its viability (expired shelf life),
or using Rhizobium inoculant strains that are not
effective. Poor inoculation, nodulation, or Rhyzobial
effectivenessis indicated when alfalfa protein is low
(less than 18%) when cut at the early bloom stage.
Healthy Rhizobium nodules should be pink when cut
open if they are effectively fixing atmospheric N.

If nodulation or Rhyzobial effectiveness is limited
by pests, water deficits, or soil conditions such as
salinity, sodicity, nutrient deficiencies, or soil com-
paction, then attempts should be made to correct the
problem through appropriate management practices.
For more information on proper inoculation of
alfalfa, refer to CIS 838 Inoculation of Legumes in
Idaho.

Alfalfa is sometimes used to scavenge nutrients
from soils receiving excessive animal manure or
other biological waste applications. An alfalfa crop
yielding 6 tons per acre can remove up to 360 Ib of N
per acre. However, excessive nitrogen uptake can
increase the forage nitrate toxicity hazard for dairy
and beef cattle. In addition, animal manure applica-
tions can promote grass and weed growth, which in
turn can also increase the potential for nitrate toxicity
if the population of the noxious weed Kochia in-
creases.

Producers sometimes plant a companion crop
when establishing alfalfa in order to increase the
productivity of the first cutting. However, this
practice is not recommended because the alfalfa
stand typically is reduced by competition from the
companion crop. If growers plant alfalfa with a
companion crop, both crops compete for the avail-
able N. Under these conditions, N rates of 30 to 40
Ib per acre are suggested if available soil N does not
exceed 60 to 80 1b per acre.

Phosphorus

Adequate P availability is important for maintain-
ing plant health, winterhardiness, and optimum root,
stem, and leaf growth. Since phosphorus is relatively
immobile in soil, P fertilizer should be incorporated
into the soil prior to planting to raise soil P concen-
trations to optimum levels for early plant growth.
The phosphorus recommendations presented in Table
1 are based on the soil test P concentration and free

lime content in the top foot of soil, and the yield
potential. Significant amounts of free lime in the soil
will make less phosphorus available to plants as it
precipitates soil solution P.

Table 1. Recommended P fertilization rates for irrigated
alfalfabased onsoiltest Pand freelime content.

Soil test P? Free Lime Content (%)
(0 to 12 inch) 0 4 8 12
ppmP e P,O, (Ib/acre)-----------

0 300 340 380 420
3 250 290 330 370
6 200 240 280 320
9 150 190 230 270
12 100 140 180 220
15 50 90 130 170
18 0 40 80 120
21 0 0 30 70

'NaHCO, extraction

NOTE: Add 10 Ib P,O, per acre for each 1 ton per acre
increase in yield goal above 6 tons per acre.

Topdressed P applications can also be effective
but should be made following harvest in the fall or in
the spring before regrowth in order to maximize soil
contact. Knifing ammonium polyphosphate (10-34-0)
into the soil or applying surface bands in the fall or
spring are also effective P fertilization methods for
alfalfa.

As the stand ages and plant density decreases, the
ability of the alfalfa root system to take up P dimin-
ishes due to decreased soil P concentrations and root
activity. Under these conditions, smaller P rates
applied more frequently may increase P uptake
efficiency.

Effective sources of P for alfalfa include
monoammonium phosphate (11-52-0), triple super-
phosphate (0-45-0), ammonium polyphosphate (10-
34-0), and phosphoric acid. Fertilizer P can be
broadcast as 11-52-0 or applied through the irrigation
system as 10-34-0 with equal effectiveness. Phospho-
rus sources should be selected on the basis of cost,
local availability, and equipment requirements.



Potassium

Alfalfa hasahigh K requirement. A crop of 8 tons
per acre will remove about 480 |b of KO per acre.
Most Idaho soils and surface irrigation waters are
naturally high in K. However, K deficiencies can
develop in intensively cropped fields, particularly
those fields cropped to alfalfafor many years. Sandy
soils are generally more prone to developing K
deficiencies than silt loam or clay soils and therefore
have a higher probability of responding to K fertiliza-
tion.

Potassium movement in soilsis limited, although
it is more mobile than P. Like phosphorus, potassium
fertilizer recommendations are based on calibrated
relationships between soil test concentrationsin the
top foot of soil and yield response (Table 2). Soil test
K should generally be in the range of 160 to 200 ppm
for optimum afafayield. Potassium fertilizer should
aso be incorporated during seedbed preparation prior
to establishment, or broadcast in the fall or early
spring on established stands. Potassium chloride (O-
0-60), potassium sulfate (0-0-52), K-Mag, and
variousliquid K fertilizers are all effective K sources
for afafa

Table 2. Recommended K fertilization rates for irrigated
alfalfa based on soil test K concentrations and

yield goal.
Soil test K? Yield goal (tons/acre)
(0 to 12 inch) 6 7 8 9
ppm K application rate (Ib K,0/acre)
0 240 300 360 420
40 180 240 300 360
80 120 180 240 300
120 60 120 180 240
160 0 60 120 180
200 0 0 60 120
240 0 0 0 60

!NaHCO, extraction

Potassium applications exceeding 300 Ib K, O per
acre should be split between fall and spring to avoid
salt damage. Excessive K applications should be
avoided since alfafawill remove substantially more
K than it needs for maximum yield. Excessive K
concentrations in afalfa can contribute to milk fever
indairy cattle.

Sulfur

Sulfur isakey contributor to alfalfayield and
quality. Sulfur requirements for alfalfavary with soil
texture, leaching losses, soil test SO,-S concentration,
and S content of the irrigation water. About 30 to 40
Ib of SO,-S should be applied before planting to soils
containing less than 10ppm SO,-S in the top foot of
soil. Thisamount should provide adequate soil Sfor
several years, provided the SO,-S is not leached from
the rooting depth. The SO,-S form is mobile and can
be leached to lower soil profile depths. For estab-
lished afalfa, sampling to a depth of two feet will
provide amore accurate indication of S availability
to alfalfaroots beyond the first foot.

Areasirrigated with water from the Snake River or
streams fed by return flow should have adequate S
for afalfa production. High rainfall areas, mountain
valleys, and foothills are more likely to have S
deficiencies, particularly on course-textured soils
with low organic matter content.

Sulfur fertilizer sources should be carefully
selected because elemental S must be converted to
SO,-S by soil microorganisms before plant roots can
take it up. Conversion of elemental Sto SO,-S may
take several months in warm, moist soil. Conse-
guently, elemental S fertilizers usually cannot supply
adequate levels of Sto alfalfaintheyear that it is
applied. However, elemental Sfertilizers can supply
considerable S during the year following application.
Sulfate-sulfur sources such as gypsum (calcium
sulfate), ammonium sulfate (21-0-0), or potassium
sulfate (0-0-52-18) are recommended to correct S
deficiencies during the year of application.

Secondary Nutrients and Micronutrients

Calcium and magnesium deficienciesin afadfaare
rare in the irrigated areas of southern Idaho. Most
soilsin the Snake River plain have adequate amounts
of Caand Mg for alfalfa production, although low
soil Mg concentrations are sometimes encountered
on very sandy soilsthat have been heavily fertilized
with K for long periods. Under these conditions,
applications of MgSO, or K-Mag at 20 to 40 |b of
Mg per acre may provide a benefit.

Micronutrient applications should be based on
recent soil test results (Table 3). Boron deficiencies
can usually be corrected by applying 2to 31b of B
per acre for the duration of the crop. However, on
very sandy soils, or high rainfall areas where soils are
subject to excessive leaching of B, annual applica-
tions of 1/2to 1 Ib of B per acre may be more



effective. Commonly used forms of B include boric
acid, Borax, and sodium borate.

Zinc, Mn, and Fe deficiencies can be corrected by
applying 5 to 10 Ib per acre of the required nutrient
using Zn, Mn, or Fe sulfates or other soluble forms.
Molybdenum availability is generally adequate in the
alkaline soils that are prevalent in the irrigated areas
of southern Idaho.

Table 3. Adequate soil test micronutrient concentra-
tions for alfalfa.

Nutrient Adequate concentration (ppm)*
Boron >0.5
Zinc >1.0
Manganese >1.0
Iron >5.0

Table 4. Sufficiency ranges for alfalfa stem tissue

sampled at early bloom.

!DTPA extractable zinc, manganese, and iron

Tissue Testing

Plant tissue testing provides an effective means of
evaluating the nutrient status of an established afafa
stand. Samples should be collected from about 20 to
30 plants at early bloom in representative areas of the
field that are free from water stress or obvious pest
problems. The top six inches of the stem should be
sampled and sent immediately to a soil testing lab for
analysis. Sufficiency ranges for the various nutrients
are presented in Table 4. Nutrient concentrations
bel ow these ranges indicate a need for supplemental
fertilization.

When nutrient deficiencies are identified during
the growing season, the deficiencies can often be
corrected by injecting water-soluble fertilizers
through the sprinkler system. Liquid formsof N, P,
K, S, and micronutrients are commonly available in
Idaho and should be selected on the basis of cost
relative to dry fertilizers and ease of application. |If
dfalfaisfurrow irrigated, foliar sprays can be used to
correct micronutrient deficiencies but avoid foliar
applications of N, P, K, and S at high rates that can
cause foliar burning.

Nutrient Sufficiency range

...... %p------
Nitrogen 3.00-5.00
Phosphorus 0.25-0.75
Potassium 2.50-4.00
Calcium 0.50-3.00
Magnesium 0.30-1.00
Sulfur 0.25-0.50

----ppm---
Boron 30-80
Zinc 20-70
Manganese 30-100
Iron 30-150
Copper 5-25
Molybdenum 1-5
For Further Reading

You may order this and other publica-
tions about fertilizers and cropsin
southern Idaho from the University of
Idaho Cooperative Extension officesin
your county or Ag Publications, P.O.
Box 442240, University of 1daho,
Moscow, |D 83844-2240, phone (208)
885-7982, fax (208) 885-7982, email
agpub@uidaho.edu, or http://
info.ag.uidaho.edu on the internet.

CIS 838 Inoculation of Legumes in
Idaho, 30.35

Issued in furtherance of cooperative extension work in agriculture and home economics, Acts of May 8 and June 30,
1914, in cooperation with the U.S. Department of Agriculture, Charlotte V. Eberlein, Interim Director of Cooperative

Extension System, University of Idaho, Moscow, Idaho 83844. The University of Idaho provides equal opportunity in
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utrient management is necessary to
‘ \ ‘ produce high-yielding, high-quality
alfalfa economically, while at the same
time preserving soil, air, and water quality.
As the term implies, nutrient management
includes activities such as sampling to monitor
soil and plant tissue nutrient levels, adjusting
nutrient application rates based on soil and
tissue test results, and varying the placement,
timing, and source of nutrients to optimize
plant availability and uptake.

The information presented here is applicable
to alfalfa grown throughout Idaho and east of
the Cascade mountain range in Oregon and
Washington. Different climates, soils, and
topography result in considerable variation
in alfalfa yields across a region, an individual

farm, and even within a field on the same farm.

Due to this inherent variability, a one-size-
fits-all recommendation for the management
of any one nutrient is of little value. Nutrient
management choices should be based on
individual grower practices, realistic yield
expectations, and current soil and tissue test
information.

This document summarizes locally-based
guidelines for managing major nutrients in
alfalfa, emphasizes how producers can tailor
recommendations to their production system,
and identifies opportunities where information
such as soil and tissue test results can help

refine and improve nutrient management
practices to optimize alfalfa yield, quality, and
economic returns. The recommendations are
based on existing Extension bulletins, recent
research data, field experiences, and estimates of
nutrient removal and efficiency.

Nutrient removal by alfalfa

Growing alfalfa removes large quantities of
nutrients from soil (Table 1). In fact, high-
yielding stands of alfalfa hay remove as much
or more nutrients than any other intensive
forage managed for hay or silage. Growers

have historically relied on phosphorus and
potassium as the main nutrients added for
optimal alfalfa production. Areas with a long
history of alfalfa and other intensive crops have
commonly mined soil nutrient reserves. This,
coupled with modern, higher-yielding varieties
and production systems, means that many
alfalfa fields now require supplementation with
multiple nutrients.

Soil pH and alfalfa

Optimum alfalfa yields occur when soil pH is
near 7.0; however, alfalfa can tolerate soil in

the pH range 6.0-8.2 and still produce high
yields. Northern Idaho and western Oregon and
Washington, where rainfall is high, have lower
soil pH than more arid regions of the inland



Table 1. Average tissue nutrient contents and their removal in alfalfa hay production.

Nutrients removed per ton

Nutrient concentration in of early bloom alfalfa hay Range of nutrients
early bloom hay (analysis from previous removed per ton of hay at

Nutrient (dry matter basis)’ column, 88% dry matter) 88% dry matter?
Nitrogen (N) 19.9% crude protein (3% N) 561b N 50-701b N
Phosphorus (P) 0.2% P 81bP,0OS} 8-16 Ib P,O,
Potassium (K) 2.6% K 54 Ib K,0* 48-721b K,0
Sulfur (S) 0.3% S 5IbS 4-61bS
Calcium (Ca) 1.6% Ca 30Ib Ca 28-351b Ca
Magnesium (Mg) 0.3% Mg 6 Ib Mg 5-8 1b Mg
Boron (B) — — 0.051b B
Zinc (Zn) 30 ppm® Zn 0.051b Zn 0.051b Zn
Copper (Cu) 12.7 ppm°® Cu 0.02 b Cu 0.02 Ib Cu
Molybdenum (Mo) 0.29 ppm* Mo 0.0005 Ib Mo 0.0005 Ib Mo

'Adapted from National Research Council 2000, pp. 134-135.

2Variations in nutrient removal that may occur with different soil residual nutrient values.
3To convert P (phosphorus) to P,O, (oxide form), divide by 0.44.

“To convert K (potassium) to K20 (oxide form), divide by 0.83.

Sparts per million

Figure 1. Symptoms of phosphorus deficiency in alfalfa include short plants, thin and weedy stands,
and small, dark, or blue-green leaves. The overview photo is of a severely phosphorus-deficient stand
of alfalfa. The left insert photo is of a phosphorus-deficient stand, while the right insert photo is of a
phosphorus-fertilized stand.
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Pacific Northwest. Soil pH below 6.0 limits
nitrogen fixation and alfalfa yield. In these low
pH areas, lime may be needed to increase soil pH.
A soil test to determine alfalfa lime requirements
(SMP bulffer test) will indicate the lime application
rates needed for low pH soils. For more infor-
mation on this test, contact a soil testing lab
(Daniels 2005) and see Oregon State University
(Hart 1990) and University of Idaho (Mahler
1994) Extension bulletins on lime materials.

Many inland Pacific Northwest soils have
become acidic (pH less than 7.0) due to
long-term use of ammonium-based nitrogen
fertilizer. Often these acidified soils have higher
pH subsoil. When this situation exists, deep
tillage can mix the topsoil and subsoil and delay
the need for lime application.

Nitrogen (N)

Fortunately, alfalfa obtains most of the
nitrogen it needs from the atmosphere
through a symbiotic association with rhizobia
(Sinorhizobium meliloti) bacteria that inhabit
nodules in the alfalfa root system. Successful
conversion of atmospheric nitrogen to a form
usable by alfalfa (“fixation”) depends on the
presence of rhizobia in soil or inoculated seed,
suitable soil pH (discussed above), and nutrient
availability—particularly molybdenum, copper,
and cobalt (discussed later).

Rhizobia require a source of energy (carbo-
hydrate) from alfalfa. This comes at some

cost to the plant, so alfalfa preferentially uses
ammonium- and nitrate-nitrogen in the soil, if
available, rather than fixing its own nitrogen.
Nitrogen fixation is, however, a very cost-
effective way to obtain nitrogen. Given the high
nitrogen content of alfalfa (Table 1), fertilizing
stands with nitrogen is seldom economical.
For long-term production, correcting the
underlying problem that is limiting fixation

or shifting to non-legume (grass) production

is normally more economical than fertilizing
alfalfa with nitrogen.

Alfalfa is deep-rooted and drought-tolerant,
making it well-suited for nitrogen uptake. The
crop is commonly used to dispose of waste

nitrogen from a variety of industries. At 50-70
Ib per ton of hay, alfalta removes more nitrogen
than almost any other crop. When nitrogen

is supplied via wastewater or manure, alfalfa
preferentially absorbs nitrogen from the soil
rather than fixing it from the atmosphere. A
reasonable nitrogen application rate for disposal
situations is 80% of the nitrogen removed by
the hay crop. Fertilizing alfalfa with nitrogen
may increase nitrate in the hay, so monitoring
is helpful to curtail this problem if necessary.

Phosphorus (P)

Phosphorus is an important nutrient in
alfalfa production with mild to moderate
deficiencies commonly delaying maturity and
limiting hay yield. Visual symptoms (Figure 1)
can be difficult to recognize since they also
resemble drought stress and certain diseases.
Also, visual symptoms may not be apparent
until deficiencies become severe enough to
significantly reduce yield and allow grassy
weeds to encroach on the stand.

Soil testing is a reliable way to diagnose
phosphorus deficiency before it causes major
yield reductions. Samples should be collected in
late fall or early spring when alfalfa is dormant.
Soil samples collected in-season will have lower
test levels as a result of active absorption by
growing plants and the relatively slow release of
plant-available phosphorus from soil minerals.
Tissue testing can also be used to diagnose
phosphorus deficiencies during the growing
season. Guidelines for phosphorus and other
important alfalfa nutrient concentrations are
summarized in Table 2. Soil or tissue testing

for phosphorus should be done annually in
irrigated systems and every 2-3 years in dryland
systems to monitor nutrient levels.

Phosphorus recommendations based on soil
test results are summarized in Table 3. For new
stands, apply the amount of P,O specified in
Table 2 plus enough additional P,O, for 2 years
of production based on expected yields and
estimated crop removal (Table 1). Phosphorus
movement in soil is very limited, so extra
phosphorus applied during or prior to stand
establishment will be available in future years.



Soil Testing for Alfalfa

It is difficult to generalize about the

location and occurrence of specific nutrient
deficiencies. Soils are inherently variable due to
geologic processes and historic crop yields and
nutrient applications. Some irrigation water
sources also add nutrients to soil. For these
reasons, soil testing is necessary to determine
which nutrients are needed and in what
amounts. Soil testing also provides important
information on soil pH, salinity, and other
conditions that may influence alfalfa growth.
Common sampling depths for alfalfa are the
surface 0—6 inches for lime requirements and
0-12 inches for most nutrients and soil pH. See
the reference section at the end of this guide
for information on where to send soil samples
for analysis (Daniels 2005).

If a field will be fertilized as one unit, collect a
minimum of 20 soil cores from representative
locations throughout the field and combine
these for the sample. This composite sampling
technique provides a field average measure

of soil properties. (If you are concerned about
unusual or unrepresentative areas, collect cores
from these separately and clearly distinguish
via labeling.)

An alternative sampling approach is to divide
a field into management units based on
knowledge of variability in soil properties
and yield potential. However, this approach
is only warranted if you have the ability to
manage units within a field separately. For
example, you could separate a field into 2-3
management units based on slope, drainage,
and/or soil type. Sample each management
unit separately by collecting cores from several
locations within the unit. Fertilize each unit
according to the soil test results.

Additional information on soil sampling
strategies can be found in publications listed
at the end of this guide (Staben et al. 2003,
Summers and Putnam 2008).

When possible, incorporate fertilizer into the
surface 3-5 inches of soil with light tillage prior
to establishing a new stand so that phosphorus
will still be available to the plant when the soil
surface dries.

Table 2. Interpretations of tissue tests for nutrient
concentrations in alfalfa sampled at first bloom'2.

Critical Concentration

concentration including
Nutrient for sufficiency excess
Nitrogen (N) ‘3:51:’2
Phosphorus (P) 852:8%222
Potassum (9 2555%  aboved
Sulfr (5 025-0.30%
Boron (B) 204ppm  above 200
Manganese (Mn) 301_55 (F)) F;;m 125-250
Iron (Fe) 40‘—1?0%p;;>m
Zinc (Zn) 201—27(F))F;)rgm
Copper (Cu) S—SZ.FS)%n[;m
Molybdenum (Mo) 10 _2 F;gr:ss Z%%\\Z 11%6

Correct insufficiencies in a manner similar to correcting low soil
test results for these nutrients.

2The first concentration listed per nutrient corresponds to the
whole plant top, while the second corresponds to the top 1/3
of the plant.

3Excess potassium may aggravate milk fever in “close-up” cows,
hyperkalemic periodic paralysis in genetically susceptible
horses, and winter tetany in beef cows.

“Tissue concentrations of boron above this level indicate plant
toxicity, which may reduce yield.

SWhen a molybdenum tissue test indicates deficiency, this
nutrient can be applied as a seed treatment at a maximum
rate of 1 oz/acre or broadcast at 1-2 oz/acre.

°High molybdenum may cause secondary copper deficiency
in ruminants. The ratio of copper to molybdenum should be
above 2.

Supplemental applications of phosphorus made
to established stands should be based on soil
and/or tissue tests. Broadcast applications of dry
phosphorus fertilizers are most effective when
made in the fall or early spring to allow time

for the phosphorus to dissolve before active
growth begins. In furrow-irrigated systems, fall
application of phosphorus is more important

if dry forms are used since winter moisture is
necessary to dissolve fertilizer pellets stranded on
the beds. Fluid phosphorus forms are preferred for
in-season applications to actively growing stands.



Tissue Testing for Alfalfa

Tissue testing is an effective way to directly
monitor the nutrient status of alfalfa and
diagnose nutrient-related problems. For certain
elements like molybdenum where no soil test
is available, tissue testing is the only way to
accurately determine whether the nutrient is
present in sufficient quantities that yield quality
alfalfa.

Diagnosis of a nutrient deficiency with tissue
testing may necessitate subsequent soil testing
since insufficient databases exist from which to
develop fertilizer recommendations based on
tissue tests alone. One good source to check
for tissue test-based fertilizer recommendation
information is Summers and Putnam 2008.

Both growth stage and plant parts are
important when sampling alfalfa tissue
(Table 2). Gather sample tissues by removing
the appropriate plant part at first bloom in
10 locations throughout a field, and then
combine. Keep tissue samples cool and
transport them to a testing lab as soon as
possible (Daniels 2005). When you get the
results, compare the tissue nutrient levels to
the critical values given in Table 2 to determine
if your alfalfa’s nutrient concentrations are
sufficient.

Another way to diagnose nutrient deficiencies
in your alfalfa is to collect paired tissue samples
where one composite sample is from a good
section of a field and another, separate
composite is from a problem area. Clearly label
each composite and send to a lab. Compare
the findings for the problem area with the
critical levels in Table 2 as well as what the lab
found for both the good and problem areas to
identify major differences.

Fluids can be applied through an irrigation system
(fertigation), in surface bands spaced 12 inches

or less apart with stream nozzles, or sprayed
uniformly on fields using a fan nozzle.

Several high analysis (high P,O, concentration)
sources of phosphorus fertilizer are available,
including dry triple superphosphate (0-45-

0; 45% P,0, by weight), monoammonium

phosphate (11-52-0; 52% P,O, by weight),
diammonium phosphate (18-46-0; 46% P,O,

by weight), fluid ammonium polyphosphate
(10-34-0 or 11-37-0, 34 or 37% P,O, concen-
trations on a weight basis), and phosphoric
acids (various P,0, concentrations). High
analysis forms are typically the least expensive
fertilizers per unit of phosphorus. Other, lower
analysis phosphorus fertilizers are available such
as 16-20-0-13S (20% P,0,), but the extra cost for
nitrogen in the material is often not warranted
and the sulfur concentration is too high to
make this a practical phosphorus fertilizer
source. Numerous comparisons indicate that
when topdressed at the same rate of P,O,, the
fertilizer sources mentioned above are equally
effective. Therefore, it is most economical

to select a phosphorus source based on local
availability, ease of application, and cost per
unit of P,O,. Rock phosphate is insoluble and is
not recommended as a source of phosphorus for
alfalfa.

Potassium (K)

After phosphorus, potassium is often the second
most limiting nutrient in alfalfa production.
Moderate potassium deficiencies can limit
yields and reduce stand life. Visual symptoms
(Figure 2) are easy to recognize but may not
become apparent until deficiencies are severe
enough to significantly reduce yield and
shorten stand life.

Figure 2. Potassium deficiency in alfalfa is
represented by necrotic spots on the outer
margins of young leaves and thin, declining
stands.



Predicting Alfalfa Responses to Phosphorus Fertilizer

Soil test interpretations and fertilizer recommendations are based in part on the probability of obtaining
a yield response to fertilizer application as well as the magnitude of that yield response. The probability
and magnitude of a response are generally higher when initial soil test values are lower; however, both
depend on many other factors that influence yield, including water availability, stand quality, and pest

pressures.

The graph below and to the left illustrates an example of relative alfalfa yields at soil test phosphorus
levels using the Olsen (sodium bicarbonate) extraction procedure. Relative yield is used here in order

to combine data from a large number of studies and identify trends. According to the lefthand graph,
yield approaches 95% of the maximum for most locations when the Olsen soil test for phosphorus
results in 15 ppm. The graph below and to the right shows an example of relative alfalfa yield responses
to phosphorus fertilizer application when the initial soil test is very low (3-5 ppm), low (5-10 ppm), or
moderate (10-15 ppm). As expected, the yield response is greatest and the most fertilizer phosphorus
is required to reach maximum yield when the initial soil test indicates phosphorus is very low.

Yield expressed as a percent of maximum

Initial soil test phosphorus

— === 3-5ppm
5-10 ppm
10-15 ppm

®

Bicarbonate (Olsen) soil test phosphorus (ppm)

Data from Koenig et al. 1999

0 o i =0 i 0

Phosphorus applied (Ib P,0 /acre)

The phosphorus fertilizer recommendations summarized in Table 3 are based on initial soil test values
and yield potentials for irrigated and dryland production situations. There is some uncertainty in
developing these recommendations since individual soil types vary in their ability to supply phosphorus
and yield is influenced annually by more factors than just the soil test level. However, attempts to
further refine fertilizer recommendations are not justified given the uncertainty and variability in

yield responses to soil test phosphorus levels and fertilizer rates. Growers are encouraged to use the
recommendations in this document as a guide as well as monitor their alfalfa yields and soil and plant
tissue concentrations to evaluate the success of their fertilizer programs.

Alfalfa removes large quantities of potassium
from soil (Table 1). In areas with a long history
of alfalfa production, soil potassium reserves
are commonly depleted. Soil testing is a reliable
way to diagnose potassium deficiency before it
causes significant yield reductions. The standard
sampling depth for potassium is 0-12 inches.
Samples should be collected in late fall or early
spring when alfalfa is dormant. Soil samples
collected in-season will have lower test levels as
a result of active absorption by growing plants
and the relatively slow release of plant-available

potassium from soil minerals. Tissue sampling
can be used to diagnose potassium deficiencies
in-season. In areas with a history of potassium
deficiency, soil or tissue sampling for potassium
should be done annually to monitor nutrient
levels.

Potassium recommendations based on soil
test results are summarized in Table 4. Alfalfa
will absorb more potassium than it needs for
optimum yields. This tendency for “luxury
consumption” may result in the harvest of



Table 3. Soil test-based phosphorus fertilizer recommendations for irrigated and dryland alfalfa.

Table 3a. Per acre recommendations based on P soil testing.

Soil test for phosphorus!’
Olsen (bicarbonate)

P,0.? recommendation

Morgan (accetate) method Irrigated Dryland

—mg/kg of soil or ppm—

—Ilb P,0,/acre’*—

0-5* 0-3* 150-200 50-75
5-10 3-4 100-150 25-50
10-15 4-5 50-100 0-25
15-20 5-6 0-50 0
above 20 above 6 0 0

Table 3b. Per ton recommendations based on yield expectations and P soil testing.

Soil test for phosphorus!’

Olsen (bicarbonate)
method

—mg/kg of soil or ppm—

Morgan (accetate) method

P,0. recommendation

Irrigated Dryland

—Ilb P,0,/acre’*—

0-54 0-3* 20-30 15-20
5-10 3-4 15-20 10-15
10-15 4-5 8-15 0-10
15-20 5-6 0-8 0
above 20 above 6 0 0

'Soil testing for phosphorus is based on a 0-12-inch sample depth. Olsen is the preferred extract method. While some labs use Morgan, it is the least
reliable extract method and should be avoided. Interpretations are given here only because some testing labs still use the Morgan procedure. In
southern Idaho, soil lime content is also included in the interpretation of an Olsen soil test for phosphorus (Stark et al. 2002).

2Fertilizer labels are expressed in % P,O. To convert P,O, to P, multiply by 0.44.

*Recommendations in Table 3a assume a 6-8 ton/acre yield for irrigated and a 2-3 ton/acre yield for dryland alfalfa.

“‘Low soil test levels severely limit yield. Test soil and apply phosphate annually until levels are adequate.

Table 4. Soil test-based potassium fertilizer recommendations for irrigated and dryland alfalfa.

Table 4a. Per acre recommendations based on K soil testing?.

Soil test for potassium

Olsen (sodium bicarbonate), Morgan (acetate), or
equivalent exchangeable method'

K,O recommendation?

Irrigated Dryland

—mg/kg of soil or ppm—

—Ilb K,O/acre’—

0-50* 200-300° 50-100
50-100 100-200 0-50
100-150 50-100 0
150-200 0-50 0
above 200 0 0

Table 4b. Per ton recommendations based on yield expectations and K soil testing.

Soil test for potassium

Olsen (sodium bicarbonate), Morgan (acetate), or
equivalent exchangeable method’

—mg/kg of soil or ppm—

K,O recommendation?

Irrigated Dryland

—Ilb K,O/acre’—

0-50* 30-40° 20-30
50-100 15-25 0-20
100-150 10-15 0
150-200 0-5 0
above 200 0 0

'Soil testing for potassium is based on a 0-12-inch sample depth. These 2 extract methods are commonly used for potassium. Both are accurate across a
range of soil conditions and the results and interpretations are identical.

2Fertilizer labels are expressed in % K,0. To convert K,O to K, multiply K,O by 0.83.

3Recommendations in Table 4a assume a 6-8 ton/acre yield for irrigated and a 2-3 ton/acre yield for dryland alfalfa.

“‘Low soil test levels severely limit yield. Test soil and apply potash annually until levels are adequate.

>Split K,O applications by applying 50% in early spring and 50% after the second cutting.



Predicting Alfalfa Responses to Potassium Fertilizer

Similar to phosphorus, potassium fertilizer recommendations at a given soil test level are based in

part on the probability of obtaining a yield response and the magnitude of that response. The graph
below and to the left illustrates an example of relative alfalfa yield at a soil test potassium level using
Olsen (sodium bicarbonate) or acetate extract procedures. Again, relative yield is used in order to
combine data from a large number of studies and identify trends. The relationship is not as clear as for
phosphorus. Yield approaches 90% of the maximum for most locations when soil test potassium is 150

The graph below and to the right shows an example of relative alfalfa yield responses to potassium
fertilizer application when an initial soil test result is very low (50-75 ppm), low (75-100 ppm),

or moderate (100-125 ppm). As with phosphorus, the lower the level of potassium an initial soil
test indicates, the greater the yield response will be but more fertilizer potassium required to reach

maximum yield.

110

100

Yield expressed as a percent of maximum

/ Initial soil test potassium
/ —— —_ 50-75ppm
— — 75-100 ppm
100-125 ppm

S0 100 150 200

Bicarbonate (Olsen) soil test potassium (ppm)

Data from Koenig et al. 2001

high potassium hay and accelerated removal

of potassium from soil. For this reason,

large applications to meet multiple years of
potassium needs are not recommended; annual
applications above 200 1b K,O/acre should be

split between early spring and mid-season dates.

Several high analysis sources of potassium
fertilizer are available, including dry potassium
chloride (0-0-60; 60% K,O by weight),
potassium sulfate (0-0-50-18S; 50% K,O by
weight), and potassium-magnesium sulfate
(0-0-22-18S, 22% K,O by weight). Fluid forms
of potassium fertilizer also exist, but these
contain less potassium per pound and are
commonly more expensive than dry sources.
High analysis (high K,O concentration) forms
are typically the least expensive fertilizers

per unit of potassium. As with phosphorus,
multiple comparisons indicate that when

100 200 300 400 500 BOD
Potassium applied (Ib K,O/acre)

applied at the same rate of K,O, the materials
mentioned above are equally effective.
Therefore, it is most economical to select a
potassium source based on local availability,
ease of application, and cost per unit of K,O.
Irrigation water may also contain potassium;
to estimate, analyze a sample of irrigation
water and multiply the parts per million of
potassium by 3.28 to convert to pounds of K,O
per acre-foot of water.

Sulfur (S)

Sulfur deficiency in alfalfa is common in

areas with high rainfall, as well as sandy soils
and when irrigation water with low sulfur
concentrations is used. The effects of sulfur
deficiency (Figure 3) resemble those of nitrogen
deficiency, except that sulfur deficiency
symptoms appear on the newest foliage first. A



deficiency in sulfur for alfalfa results in reduced
yield, crude protein content, and feed value.

The soil test for sulfur is somewhat unreliable
due to the mobility of the plant-available form
of sulfur (sulfate) and inability of the soil test
to estimate sulfur release from soil organic
matter. Most soil tests report sulfur in the
sulfate (SO,-S) form. Interpretations of sulfate-
sulfur soil test values are summarized in Table
5. Tissue testing can also be used to monitor
the sulfur status of alfalfa. Irrigation water from
return flows and certain groundwater wells
may contain substantial sulfur, so analysis of
these sources may be warranted. To estimate
this contribution, multiply parts per million
sulfate-sulfur (SO,-S) in irrigation water by 2.72
to convert to pounds of sulfur per acre-foot of
water applied.

Common sources of dry sulfur fertilizer include
ammonium sulfate (21-0-0-24S; 24% sulfur),
potassium sulfate (0-0-50-18S; 18% sulfur),
potassium-magnesium sulfate (0-0-22-18S,
18% S), gypsum (0-0-0-17S, 17% sulfur), and
elemental sulfur (0-0-0-90S; 90% sulfur). Fluids
such as potassium thiosulfate (0-0-25-17S, 17%
S), potassium polysulfide (0-0-22-23S, 23% S),
ammonium thiosulfate (12-0-0-268S, 26% S),
and ammonium polysulfide (20-0-0-40S, 40%
S) are also available. Many of these fluids can
be mixed with irrigation water and applied
in-season. Undiluted fluid forms of sulfur will

Figure 3. Symptoms of
sulfur deficiency in alfalfa
include short plants, thin
stands, and light green
color. The main photo
shows a sulfur Z-strip
applied to a sulfur-deficient
field of alfalfa. The inset
photo illustrates alfalfa that
is sulfur-deficient (right)
and sulfur-fertilized (left).

burn tissue if applied to actively growing alfalfa,
but are generally safe when applied to dormant
alfalfa.

Micronutrients

Zinc, molybdenum, and boron deficiencies
occur relatively frequently in alfalfa. Zinc
deficiency is more common in high pH soils.
Molybdenum and boron deficiencies are more
common in high rainfall areas with low pH
soils. Soil or tissue testing can be used as a guide
to zinc and boron deficiencies, although the
boron test has not proven reliable. Copper and
manganese deficiencies are very rare in alfalfa.
Micronutrient soil (Table 6) or tissue testing
can be used to determine if copper fertilization
is necessary. Manganese deficiency should be
diagnosed with a tissue test. There is no soil
test for molybdenum, so it is best to rely on
tissue testing to diagnose a deficiency. A very
small amount of cobalt is needed for nitrogen
fixation; however, there is no evidence that
cobalt deficiency is a problem and no soil tests
or critical tissue values for alfalfa are available.

Sources of zinc, iron, copper, and manganese
include metal salts and oxides (e.g., zinc sulfate
or zinc oxide) and chelated forms. Chelated
forms are more available to alfalfa than salts or
oxides and can generally be applied at lower
rates to correct deficiencies. However, chelated
forms cost more than salts or oxides. Sodium



Table 5. Soil test-based sulfur fertilizer recommendations for irrigated and dryland alfalfa.
Table 5a. Per acre recommendations based on S soil testing.

Sulfur recommendation

Soil test for sulfur in the sulfate form (SO ,-S)’

Irrigated Dryland
mg/kg of soil or ppm —Ib/acre— —Ib sulfate or sulfide-sulfur/acre**—
0-5 0-20 25-35 10-20
5-10 20-40 15-25 0-10
10-15 40-60 10-15 0
above 15 above 60 0 0

Table 5b. Per ton recommendations based on yield expectations and S soil testing.

Sulfur recommendation

Soil test for sulfur in the sulfate form (SO ,-S)’

Irrigated Dryland
mg/kg of soil or ppm —Ib/acre— Ib sulfate or sulfide-sulfur/ton of expected yield?
0-5 0-20 3-5 2-4
5-10 20-40 2-3 0-2
10-15 40-60 0-2 0
above 15 above 60 0 0

'Soil testing for sulfur is based on a 0-12-inch sample depth. Various extract methods are used for sulfur, but the results and interpretations are identical.
All soil test sulfur methods are subject to limitations described in the sulfur section of the text.

2Sulfate- and sulfide-sulfur forms are rapidly available to the plant and should be used to correct a deficiency. Combining these recommendations with
50-100 Ib of elemental sulfur (0-0-0-90 S, a slow release form) will provide sufficient sulfur for the current year of production plus an additional 10-20
tons of hay production over the next 2-3 years.

3These recommendations assume 6-8 ton/acre yield for irrigated and a 2-3 ton/acre yield for dryland alfalfa.

Table 6. Micronutrient soil test concentrations, interpretations, and recommendations for alfalfa’.

Micronutrient Marginal Adequate
soil test concentration in mg/kg or ppm?

Zinc below 0.8 0.8-1.0 above 1.0
Copper below 0.2 — above 0.2
Manganese Rely on tissue testing to diagnose a deficiency.
Molybdenum Rely on tissue testing to diagnose a deficiency.

Boron (coarse-textured soils)? below 0.2 0.3-0.4 0.5-1.0
Boron (fine-textured soils)* below 0.3 0.4-0.8 0.9-1.5

Recommendation Apply 10 Ib of zinc and Apply 5 Ib of zinc and NA
2 Ib of copper or boron. 1 Ib of copper or boron.

'Soil test levels are based on a 0-12-inch sample depth.

°The soil test extraction method for zinc and copper is abbreviated DTPA (Diethylene triamine pentaacetic acid). Boron is extracted
with hot water.

3sand, loamy sand, sandy loam

“loam, silt loam, clay loam, clay
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or calcium salts of boron and molybdenum are
highly soluble and available to plants.

Additional considerations

Fertigation

Application of liquid fertilizers via irrigation
is an efficient and convenient way to supply
nutrients to alfalfa, including during the
growing season. Liquid sources of phosphorus,
potassium, sulfur, and micronutrients are
available. It is important to carefully compare
the cost and convenience of using liquid
sources vs. dry fertilizer materials. Also under-
stand that some fluid fertilizer sources can
precipitate in irrigation lines and plug orifices,
while others are corrosive. Seek advice from
your fertilizer and irrigation system dealers on
injecting specific chemicals into your system.

Manure and alfalfa

Livestock manures contain large quantities
of phosphorus and potassium, and smaller
amounts of all other nutrients alfalfa requires.

11

When applied to grain or other crops in a
rotation, manure is an efficient way to build
soil nutrient levels before reestablishing alfalfa.
Manure can also be applied to dormant alfalfa,
but may increase weed problems in established
alfalfa stands by supplying weed seeds and high
rates of nitrogen that stimulate grassy weed
growth.

Potassium and animal health

The high potassium content of alfalfa hay

is related to milk fever in dairy cows and
hyperkalemic periodic paralysis in genetically
susceptible horses. Potassium levels in hay can
be moderated by limiting potassium fertilizer

to anticipated crop use and available soil
potassium as determined by soil testing. Not
surprisingly, alfalfa harvested from fields known
to have low soil test potassium will be lower

in potassium content than hay harvested from
fields with adequate soil potassium. Delaying
alfalfa harvest until early to mid-bloom also
reduces hay potassium content. Rain that occurs
while the crop is still in the windrow causes
potassium to leach from hay.
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Cereal Grain Nutrient Management

Nutrient Management In Cereal Grain Crops

Nutrient management is important for wheat production before planting and in late
winter. Soil pH, phosphorus, potassium, calcium, and magnesium need to be adequate
before planting. A common problem with direct seed or no-till wheat production is low
soil pH in the top 2-3 inches of soil. Stratified soil samples should be taken before direct
seeding. Nitrogen typically is the nutrient most limiting to wheat production. The

amount of spring N to apply can be determined from a soil test when a sample is
collected in late January. If consecutive crops of wheat are planted, soil pH, phosphorus,
chloride, and nitrogen source changes substantially from first year wheat.

Compared to winter wheat, less nitrogen is required for barley, oats or spring wheat
compared to winter wheat. For barley, use approximately 80% of the winter wheat
nitrogen rate. For oats use approximately 60% of the winter wheat rate and for spring
wheat, apply between 50 and 60 % of the winter wheat nitrogen rate.
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Oilseed Crops

Flax

D.T. Ehrensing

History

Flax (Linum usitatissimum L.) is an ancient crop grown for seed
and oil and for the strong fiber produced in its stems. The plant was
domesticated approximately 7,000 years ago. The ancient Egyptians
produced fabrics from flax including linen, which they used to wrap
their dead for embalming.

Flax was introduced to North America by the earliest European
settlers and has been produced in the U.S. and Canada since then. It
was grown as early as 1617 in Quebec and moved across the continent
with settlers in the 1800s. Flax was always one of the first crops settlers
planted as they broke prairie sod
throughout the upper Midwest,
Great Plains, and Canadian
Prairies.

Although it was once grown
throughout the United States,
the majority of domestic oilseed
flax is currently produced in
the Dakotas and Minnesota,
primarily because it is a crop
that matures rapidly under
cool, short-season growing
conditions. Large-scale
production of oilseed flax still
occurs in the Canadian Prairies.

Fiber flax has been produced commercially for centuries in
northern and eastern Europe, but the highest quality fiber is produced
in cool coastal areas. Fiber flax was brought to Oregon in 1843, and
the Willamette Valley was a major producer of high-quality flax fiber
from the late 1800s until about 1960. Mechanical harvesters and
improved processing machinery developed by the USDA in Corvallis
in the 1940s ushered in the age of efficient mechanization for fiber flax.

Oregon state Extension Daryl T. Ehrensing, agronomist, Department of
UNIVERSITY | Service Crop and Soil Science, Oregon State University



Following World War II, European fiber flax growers rapidly adopted the
machinery developed in the United States.

The advent of synthetic fibers in the late 1950s as well as development
of easier-to-grow and more profitable crops like grass seed hastened the
decline of the Oregon fiber flax industry. Belgium, France (Normandy),
and the Netherlands are the primary fiber flax producing countries
today.

Description

Flax is an annual herbaceous plant that can be
grown as a winter annual in mild climates. Flax plants
grow from 12 to 48 inches high. The flowers have five
petals and form a five-celled boll that can contain up to
10 seeds. Flowering continues until plant growth stops.

Distinct varieties have been developed for oilseed B
and fiber flax. Oilseed flax varieties tend to be short, N
highly branched plants bred to maximize the number  Flax flowers.
of flowers per unit area. Fiber flax varieties are tall,
unbranched plants that are grown at very high density to maximize fiber
production.

Although flax generally is planted as a spring crop, a few winter-
hardy varieties have been developed that allow fall planting in many
areas. Winter varieties tend to be intermediate between oilseed and fiber
types, and may offer the opportunity to produce high oilseed yields and
better quality fiber than traditional oilseed varieties.

Uses
Oilseed flax

Currently, oilseed flax is more economically important than fiber
flax. Most world flax production is for linseed or flaxseed oil, flaxseed
meal, and flax straw. Flax seeds are an excellent source of oil, containing
from 40 to 45 percent oil.

The fatty acid profile typically found in linseed oil is shown in
Table 1 (page 3). The distinguishing characteristic of linseed oil is the
high linolenic acid (18:3) content (> 50%). The fatty acid composition of
sunflower is shown for comparison.

Linseed oil was the only class of flaxseed oil until 1990, when low
linolenic-acid flax cultivars were developed. Low linolenic-acid flax
cultivars are called linola or solin flax.

Oilseed Crops
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Table 1. The fatty acid content of linseed, low linolenic acid flaxseed
(linola or solin), and sunflower oil.

16:02 18:0 18:1 18:2 18:3

Oil source %
Linseed 5.3 3.1 16.2 14.7 59.6
Solin flax 9.5 4.6 15.6 65.3 2.1

Sunflower 6.0 40 16.5 724 0.0

a Fatty acid profiles show the percentage of each fatty acid componentin a
vegetable oil. The first number in the notation at the top of each column in the
profile (e.g., 18:3) indicates the number of carbon atoms in the fatty acid. The
number after the colon indicates the number of double bonds in the fatty acid.
Although fatty acid profiles vary somewhat from sample to sample, they are
generally used to characterize vegetable oils from particular species or varieties of
plants.

Industrial uses

Because it contains high levels of linolenic acid, linseed oil is highly
reactive and oxidatively unstable. As a result, linseed oil goes rancid
(oxidizes) more rapidly than most other seed oils. Many of the industrial
uses of linseed oil, however, rely on the chemical properties of linolenic
acid. Linseed oil is a drying oil, which rapidly changes to a hard, tough,
elastic substance when exposed in a thin film to air. It is used in paints,
resins, varnishes, printing inks, and linoleum. Linoleum is a mixture
of solidified linseed oil mixed with gums and cork dust or wood flour.
Although it fell out of favor for many years, linoleum production has
increased recently because it is considered a “green” building material.

Historically, the straw residue from oilseed flax was considered a
waste product, and most oilseed flax straw is still burned in the field.
But, fiber from oilseed flax straw makes strong, high quality paper (U.S.
currency, tea bags, bible paper). In Canada, oilseed flax straw is gathered
to central locations, processed through a hammer mill to remove most
of the woody stem core, and baled for shipment to paper mills.

Recent research has led to renewed interest in industrial uses for flax
straw and fiber.
o Flax straw is a carbon-neutral fuel that burns cleanly and has the
same heating value as soft coal.
 Because paper fibers lose strength each time they are recycled,
adding small amounts of flax fiber to paper pulp greatly increases
the strength of recycled paper.
« The automotive and aerospace industries are using flax fiber to
replace fiberglass in a wide range of fiber-reinforced composites,
due to its high performance and light weight. Flax fiber also takes
much less energy to produce than fiberglass and is biodegradable.
+ Demand for flax fiber in composites is currently growing by
50 percent per year in Europe, and American manufacturers are Oilseed Crops
investigating industrial uses of flax. 3



Nutritional uses

Although normally though of as an industrial oil, linseed oil is a
rich source of essential fatty acids and is the richest natural source of
linolenic acid, an omega-3 fatty acid that may reduce the risk of heart
disease. Increasing interest in healthy lifestyles and diets has created
growing markets for both conventional and organically grown flax seed
and flaxseed products.

Linola or solin flax oil, due to its low 18:3 content, is more
oxidatively stable than linseed oil. The fatty acid composition and
chemical, physical, and storage properties of solin oil are close to those
of sunflower and other important edible oils.

Flaxseed meal is a good source of dietary protein. Most flaxseed meal
is fed to animals. Whole flax seeds are used in cereals, breads, and other
baked foods. Flax seed is also an excellent source of soluble and insoluble
dietary fiber: the dietary fiber content of flax seeds is 25 percent. Eating
foods rich in soluble fibers can reduce blood serum cholesterol.

Fiber flax

Fiber flax cultivars produce long fiber (line fiber, in the
trade) and short fiber (tow). Long fiber is spun and woven to
produce very high-quality linen fabric. Linen is used to make
fine clothing, sheets, tablecloths, and other household goods.
Linen yarn is used to make the very finest lace.

Short fiber generally is blended with cotton or wool and
spun into yarn to make a wide variety of apparel, upholstery,
and carpet fabric. The recent development of wrinkle-free
linen/cotton blends has been particularly popular because
they feel cool in hot, humid climates and need no ironing.

The by-products of fiber flax processing are shives and
seeds. Shives are the woody core of the flax stem separated
from the fibers. In Oregon flax mills, shives were burned
to heat the water. Since the 1950s, shives have been used to
make strong, lightweight particleboard panels in Europe.
Shives are also extremely absorbent and can be used as

. . L . Fiber flax stems after high-density
animal bedding or to absorb liquid spills. planting.

Adaptation

Climate

Oilseed flax is widely adapted to a broad range of soil and
environmental conditions. Cool temperatures after flowering tend to
increase oil (particularly linolenic acid) content. As a result, flax oil yield
and quality are generally better in higher latitudes. Oilseed Crops
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Fiber flax also will grow in many environments; however, cool
weather conditions during crop development are essential to produce
high-quality fiber. The best quality flax fiber generally comes from
temperate regions (near 45° latitude) with a strong coastal climatic
influence.

Soil

Flax generally does best on well-drained soils with good water-
holding capacity, such as silt-loams and clay loams. Flax does not
tolerate poorly drained soils well. Surface crusting on heavy soils can
retard germination and interfere with good crop establishment. Do not
plant flax on sandy soils unless plenty of moisture is available.

Cultural practices

Most flax varieties are spring planted. Flax is cold-hardy to about
25°E and frost damage has rarely been a problem with spring seeding.

Because flax will germinate and grow under relatively cool conditions,
winter flax can be planted later in the fall than other oilseed crops. In
dry fall planting conditions, this may be a significant advantage over
crops like canola that are more sensitive to planting date.

Fiber flax typically is sown from mid-February through mid-April in
Oregon.

Seedbed preparation

Under conventional tillage, flax should
be sown in a firm, moist seedbed. A clean,
firm, smooth seedbed is vital for flax
production, especially fiber flax.

With the development of effective
herbicide programs, direct seeding has
become viable for oilseed flax. In Canada,
direct seeding improves both yield and
water use efficiency in flax production
compared to conventional tillage.

Seeding rate By’
Flax seed.
Seeding rates and optimum stand

densities for oilseed and fiber flax differ

greatly. Oilseed flax typically is planted at a rate of 30 to 40 b of seed per
acre. The optimum stand density for oilseed flax is about 30 plants per
square foot.

Oilseed Crops
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Fiber flax seed normally is planted at 100 to 150 Ib/acre, depending
on seed size and germination rate. The optimum stand densities for
fiber flax are 175 to 200 plants per square foot. Fiber flax seeding rates
are commonly adjusted to take into account 1,000-seed weight and
germination rate of each seed lot.

Seeding depth

Plant flax seed shallow, in the range of % to 1% inches deep.

Row spacing

Use conventional grain drills to plant oilseed flax in rows 6 to
8 inches apart. Use press wheels or some other mechanism to firm the
soil over the seed behind the planter.

To increase plant density, plant fiber flax using a unique planter and
technique known as underground broadcasting. V-shaped planter shoes
are pulled through the soil just below the soil surface while spreader
plates randomly distribute the seed underground. The result is bands
of uniformly distributed seed placed at uniform depth and at high seed
density.

Variety selection

Most oilseed flax varieties that are readily available in the United
States were developed at North Dakota State University or in Canada.
Performance information for many varieties is available at
http://www.ag.ndsu.edu/pubs/plantsci/smgrains/a1049-10.htm.
Agronomic descriptions of North Dakota State University varieties are
available at http://www.ag.ndsu.nodak.edu/aginfo/seedstock/varieties/
VA-FLAX htm.

Solin oilseed flax varieties were developed in Canada. They are not
currently available in the United States.

Many excellent fiber flax varieties were developed in Oregon in the
mid-1900s, but modern European fiber flax varieties have much higher
fiber content (approximately 30 percent vs. 15 percent). They also are
more disease- and lodging-resistant than earlier varieties.

Fertilizer

Nitrogen

Oilseed flax responds well to moderate nitrogen application. Excess
nitrogen application stimulates vegetative growth and increases disease
susceptibility and lodging. Eighty pounds of N per acre is the maximum
amount normally applied. Most recommendations subtract available

Oilseed Crops
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soil-test nitrate-N and N available from previous crops from the base
rate of 80 Ib N/acre to arrive at an application rate.

Fiber flax has a moderate to low requirement for nitrogen and
is prone to lodging at high nitrogen rates. Once lodged, fiber flax is
extremely difficult to harvest. Traditional fiber varieties such as ‘Cascade’
were grown with a maximum of 40 Ib/acre of available nitrogen. Newer
European varieties use 70 to 75 lb/acre of available nitrogen, and
growers rarely apply more than 50 Ib/acre of nitrogen.

Phosphorus and potassium

Phosphorus and potassium applications are not generally made for
flax except in cases of extreme soil deficiency.

Zinc

Flax is sensitive to zinc deficiency, and applications of zinc sulfate are
common in Europe. Zinc-deficient plants are chlorotic, and the primary
terminal bud may die. Liming prior to planting a flax crop appears to
increase problems with zinc deficiency. No zinc deficiency symptoms in
fiber flax have been reported in Oregon.

Weed control

Oilseed flax is a relatively poor competitor with weeds, especially
when planted on wider row spacing. There is a wide variety of herbicides
that can provide effective control of both grass and broadleaf weeds;
however, many are registered for use only in Canada.

Although high-density fiber flax is quite competitive, weed control
is very important during its early development. Several herbicides
currently registered for use on oilseed flax in the U.S. can also be used in
fiber flax production. MCPA causes rapid curling to the tips of the flax
stems, but the plants will recover within a few days.

Pest management

Diseases

The most serious fungal diseases of flax are Fusarium wilt (Fusarium
oxysporum f. sp. lini), flax rust (Melampsora lini), and pasmo (Septoria
linicola). While these were extremely serious diseases in the past,
careful use of crop rotation and the development of varieties resistant to
Fusarium and rust have greatly reduced the impact of plant diseases in
flax production.

Treat flax seed with fungicides to help control seedling diseases.

Insects

Insect pests are rarely a problem in flax production. The most widely
cited insect pests of flax are cutworms, wireworms, aphids, grasshoppers,
aster leathopper, tarnished plant bug, and beet webworm. Most can be

Oilseed Crops
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controlled or reduced using cultural practices, insecticides, and crop
rotation.

Harvest
QOilseed flax

Modern oilseed flax varieties have very little seed shattering and can
be harvested by direct combining or by swathing and field drying before
threshing with a combine. Swathing is commonly used in Canada to
ensure uniform drying of fields with uneven maturity or weed control
problems. To enhance drying when swathing flax, leave 4 to 6 inches of
stubble to keep the windrow off the ground. Mature oilseed flax straw is
readily cut with a sickle bar; however, immature flax is very difficult to
cut and can rapidly dull a sickle bar.

Flax seed moisture must be 10 percent or less before storing seed.

Fiber flax

Fiber flax is harvested by pulling rather than cutting. Specialized
machinery uses rubber belts that pull and then lay the crop down in
windrows with the stems oriented perpendicular to the swath.

Depending on variety and weather conditions, flax is ready for
pulling 85 to 100 days after planting. Pull the crop when about % of the
leaves have fallen and the stems are ¥ to % yellowed. At this point, the
seeds are still somewhat immature, but fiber quality is highest.

Following pulling, fiber flax must be retted to allow clean separation
of the fiber from the stems. Retting is the microbial breakdown of
pectins that bind the fiber bundles together within the flax stems,
allowing easy mechanical separation of the fibers. Retting requires
adequate moisture and temperatures high enough for microbial activity.
The key to producing high-quality fiber is to halt the retting process
before the continued breakdown of cellulose weakens the fibers.

Most of the fiber flax produced today is field retted. Previously,
both European and Oregon flax was retted by submerging flax bundles
in tanks of water over several days or weeks. Since World War II, most
European production has moved toward field retting to save cost and
avoid problems of water pollution.

To do field retting, lay the pulled flax in windrows behind the puller,
exposing the flax to dew and rain. Depending on temperature and
moisture, retting usually takes 2 to 4 weeks under good conditions. Be
sure to turn the windrows to expose both sides to moisture and promote
uniform retting. Specialized, self-propelled machines turn flax at about
1.6 acres per hour. You may need to turn windrows two or three times
depending on weather conditions. Oilseed Crops
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Bale dry, retted flax straw for storage and processing using modified
round balers that insert strands of baling twine between each layer of
flax. Round bales allow the windrows to be unrolled into the processing
machinery as a continuous ribbon, greatly reducing hand labor.

Moisture content of flax straw should not exceed 16 percent. If flax
bales become wet, the retting process will continue, usually degrading
fiber quality.

Yield

Dryland spring oilseed flax with adequate moisture can yield
2,000 to 3,000 Ib of seed per acre. Winter oilseed flaxseed yield without
irrigation usually ranges from 1,800 to 2,400 Ib/acre.

Total biomass yield (seed and stems) after field retting of fiber flax
averages about 6,000 Ib/acre in the Willamette Valley. Approximately
30 percent (2,000 Ib/acre) can be extracted as useful fiber, and about
15 percent (900 Ib/acre) is seed. The remaining biomass is mostly shives,
unrecoverable fiber, and chaff.
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Fertility Management

TILLAGE

DIRECT SEEDING

SPRING
BANDING

SEED
PLACEMENT

Less tillage means slower breakdown of crop residues, such
as straw and chaff, as well as soil organic matter.

Nitrogen contained in crop residue is tied up for a longer
time in a direct seeding system and is less available to plants.
If the lentil crop is properly inoculated, however, this should
not pose a problem.

Spring banding is the most efficient method of applying
fertilizer — banding fertilizer in a lentil crop is better than
broadcasting, since less fertilizer will be available for weed
growth, especially if the fertilizer is placed close to the seed.

Never sacrifice seed placement for fertilizer placement -
proper seeding depth and soil-to-seed contact is critical.

In heavy clay soils, seed and fertilizer separation may be
reduced due to soil lumping.

High seeding speeds may affect seed and fertilizer separation
by collapsing the banding trenches.

Too much seed-placed fertilizer can hurt crop emergence,
cause severe crop damage and/or increased days to maturity.
Studies on seed-placed phosphorus using double disc
openers suggest a maximum of 30 lb./acre of P2 O5.

Soil moisture conditions, row width and width of spread, soil
texture and fertilizer type dictate what rate of fertilizer can be
safely placed with the seed (higher moisture levels allow for
more seed-placed fertilizer).

Row width and width of spread of the seeding tool
determines the Seedbed Utilization (SBU) or how fertilizer is
scattered in relation to the seed — wider row spacings lead to
reduced seedling emergence and yield loss (the same holds
true for narrow spread patterns).

The higher the percentage of Seedbed Utilization (SBU), the
more fertilizer may be placed with the seed.



Fertility Requirements

AMOUNT
REQUIRED

NITROGEN (N)

Understanding the fertilizer requirements of lentil is critical to reaching optir
yields. The crop will respond to added fertilizer nutrients when soil test level
low to medium. It is always best to soil test as an aid in developing a sound
fertilizer management program.

Lentils can derive up to 80% of its nitrogen requirements through nitrogen
fixation. The remaining nitrogen comes from the soil (available at time of see
plus mineralized during growing season).

As the supply of nitrogen from soil and fertilizer increases, the amount of nit
fixed by the plant decreases.

Nitrogen is necessary for high yields, but generally nitrogen fertilizer applica
is not required for lentil.

N starvation may occur during and immediately following emergence. Lentil
plants begin root nodule formation about two weeks after plant emergence.
During this period, plants may turn pale green, called the “period of N starva
and it is normal. With proper inoculation, nodules will soon start to function
eliminate this problem.

Where combined levels of soil and fertilizer nitrogen reach 28 to 40 kilogran
hectare (kg/ha) or 25 to 35 pounds per acre (lb/ac), development of nodules
nitrogen fixation may be delayed. Combined soil and fertilizer nitrogen level
greater than 55 kg/ha (50 lb/ac) can prevent effective nodulation and nitroge
fixation.

It can take three up to four weeks following planting for nodules to become
functional.

Early plant growth may be poor in soils with nitrogen levels less than 11 kg/h
Ib/ac), causing plants to appear yellow prior to the onset of active nitrogen
fixation due to nitrogen deficiency. This early deficiency can be corrected by
adding low levels (10 to 15 kg/ha) of starter nitrogen at seeding.

Although high levels of starter nitrogen may appear to help the crop overcor
nitrogen deficiency during early crop growth stages, final seed yields may nc
increase. Typical applications levels of monoammonium phosphate (ex. 12-5
often provide the small amount of nitrogen needed for early plant growth ar
depending on the soil test, may provide the starter nitrogen required.

If called for, N should never be seed placed. Instead, applications before see:
(or side-banding where there is separation of the seed and N band) are
recommended.

Yellowing of a lentil crop may also be due to flooding, which deprives roots «
needed oxygen (these conditions, if they persist, will also cause inoculant fai
Yellowing may also be a condition of seedling root rot.

Soils with high N content prior to planting will inhibit nodule formation and :
unsuitable for lentil production.

Mid-season N applications are normally not recommended. An exception wc
be under conditions of failed inoculation and obvious N deficiency.

Too much soil N reduces yield by encouraging rank plant growth and delayir
maturity.



PHOSPHORUS
(P205)

POTASSIUM

(K20)

SULPHUR (S)

Lentils have a relatively high requirement for phosphorus.

Phosphorus promotes the development of extensive root systems and vigorc
seedlings. Encouraging vigorous root growth is an important step in promoti
good nodule development.

Phosphorus also plays an important role in the nitrogen fixing process and ir
promoting earlier, more uniform maturity.

Lentils grown on soils testing low in available phosphorus or under cool wet
conditions may respond to phosphate fertilizer. However, dramatic yield
responses are not always achieved. Even if seed yield increases are not achie
every year, a lentil crop may benefit from improved stress tolerance as a rest
phosphorus application.

The maximum safe rate of actual phosphate applied with the seed is 22 kg/h
Ib/ac) with 10% to15% seedbed utilization (SBU) under good to excellent moi
conditions.

Calculate SBU by dividing seed spread by row spacing. Fore.g.a2.5cm (1in
spread with 25.4 cm (10 in) row spacing, equates to 1/10 or 10% SBU. Rates ¢
seed-placed phosphate should be reduced if less than ideal moisture conditi
exist.

Higher rates of phosphate fertilizer placed in the seed row with narrow open
like discs or knives can damage the emerging seedling and reduce the stand.
If higher phosphate rates are required, band the fertilizer away from the seec
(sideband or to the side and below), or increase phosphate levels in the year:
prior to growing lentils.

Lentil is moderately tolerant to seed-placed phosphate. Up to 15 lb. of P205
acre may be safely applied with the seed.

Even though seed yield may not be increased every year in response to
phosphorus fertilizer, the crop may still benefit from earlier maturity.
Research has also shown that although phosphorus is a limiting factor in ma
Alberta soils, build-up of soil phosphorus tends to raise available soil phosph
levels and phosphorus fertilizer responses are often not dramatic.

Lentils have a high demand for potassium.

Use a soil test to determine whether additional potassium is needed.
Seed-placing potassium may cause seedling damage. As with phosphate, a w
opener may allow for slightly higher safe seed-placed rates.

The sum of seed-placed potassium (K20) plus phosphate fertilizers must not
exceed the recommended safe rate of phosphate mentioned previously (22 |
or 20 lb/ac).

Most of the potassium taken up remains with soil residue and is not removec
the grain.

Many Alberta soils are medium to high in exchangeable potassium, often ran
from 400 to 1000 lb. of potassium/acre in the 0 inch to 6 inch depth of soil.
Potassium deficiencies are most likely to occur on sandy soils that are intens
cropped or on Grey-Black transition soils and Grey Wooded soils.

Sulphur is required in a relatively significant amount.

A 30 bu/ac lentil crop requires approximately 9 to 11 kg/ha (8 to 10 lb/ac) as
lentils remove about 0.2 Ib/bu of sulphur.

Soils testing low in available sulphur should have this deficiency corrected b
side-banding, mid-row banding, or broadcasting ammonium sulphate, whicl
contains sulphur in a plant-available form.



MICRONUTRIENTS

IMPACT OF
MICRONUTRIENTS
ON OTHER CROPS

Most research indicates limited yield response from the addition of sulphur
fertilizer except in fields testing very low in sulphur.

Sulphur is normally not limited in most irrigated soil as irrigation water conte
substantial amounts of sulfate-sulphur (amounts in the water vary over time]
approximately 30 lb./ac. of sulfate/sulphur is added to the soil with 12 inche:
irrigation water.

Some soils are deficient in plant-available sulphur in the topsoil but have enc
sulphur in the subsoil to meet crop requirements.

In wetter, cooler conditions, plants may suffer from a lack of sulphur before
roots grow down into the subsoil containing sulphur.

Sulphur deficiencies are frequently a problem in the Black and Grey Wooded
areas of Alberta and occasionally a problem in the Brown and Dark Brown sc
areas.

Test soil to a depth of 24 inches to determine if sulphur fertilizer is required -
analysis levels are less than 20 lb./ac., follow recommendations of the analys
report.

Micronutrient deficiencies for lentil production have not been identified as a
widespread problem through lentil growing areas of Western Canada.
Micronutrients namely boron (B), chlorine (Cl), copper (Cu), iron (Fe), manga
(Mn), molybdenum (Mo) and zinc (Zn) are usually adequately supplied by mo
types.

If a micronutrient deficiency is suspected, it is advisable to analyze soil and g
samples within the suspect area and compare the analysis to soil and plant
samples collected from a non-affected area of the same field.

If the analysis confirms a micronutrient deficiency at a relatively early growtt
stage, a foliar application of the appropriate micronutrient fertilizer may cori
the problem.

Note that lentil is not grown continuously on the same land — other rotation
crops such as flax, wheat, canola and barley may respond optimally to the tc
up levels of these minerals:

o The three remaining micro-nutrients — iron, manganese and molybder
have a much more critical effect.

o Most Alberta soils are adequate for iron but high pH soils or alkaline so
may lock up manganese availability so that a foliar application of this
micronutrient may be necessary.

o Molybdenum becomes much less available in acidic soils (below pH 6.!
especially at pH 5.5 or less.

o Molybdenum is absolutely essential in the nitrogen fixation process in
legumes — without it, no nitrogen can be fixed (in Europe, producers n
apply 200 to 300 grams of actual molybdenum to the seed crop or soil
every few years or lime the soil to bring up the pH and release more
molybdenum).

Based on soil test results, micro-nutrient fertilizer should be applied in test s
the first year. Sandy, low organic matter may show best response.

For more information, recommended soil micronutrient levels are tabulated
fact sheet: Minerals for Plants, Animals and Man, Agdex 531-3 and Micronutr
Requirements of Crops, Agdex 531-1,
(https://wwwl.agric.gov.ab.ca/Sdepartment/deptdocs.nsf/all/agdex789/$file
3.pdf?OpenElement)



RESOURCES

¢ Intercropping Pulses with Mustard (https://albertapulse.com/wp-
content/uploads/2020/05/Intercropping-Pulses-with-Mustard.pdf)

¢ Lentil Response to Soils with High Residual Nitrogen or Nitrogen Fertilizer
(https://albertapulse.com/wp-content/uploads/2020/05/Lentil-Response-to-Soils-
with-High-Residual-Nitrogen-or-Nitrogen-Fertilzer.pdf)

¢ Phosphorus Management for Pulses (https://albertapulse.com/wp-
content/uploads/2020/05/Phosphorus-Management-for-Pulses.pdf)

¢ Safe rates of seed placed fertilizer for pulses and soybeans
(https://albertapulse.com/wp-content/uploads/2020/05/Safe-rates-of-seed-placed-
fertilizer-for-pulses-and-soybeans.pdf)

LINKS

e Phosphorus in Pulse Production
(https://harvest.usask.ca/bitstream/handle/10388/8817/3.J.%20Schoenau%2c%202016.|
sequence=1&isAllowed=y)

¢ Phosphorus Fertilization in Crop Production
(https://www.saskatchewan.ca/business/agriculture-natural-resources-and-
industry/agribusiness-farmers-and-ranchers/crops-and-irrigation/soils-fertility-and-
nutrients/phosphorus-fertilization-in-crop-production)

¢ Potassium Fertilization in Crop Production
(https://www.saskatchewan.ca/business/agriculture-natural-resources-and-
industry/agribusiness-farmers-and-ranchers/crops-and-irrigation/soils-fertility-and-
nutrients/potassium-fertilization-in-crop-production)

e Sulphur Fertilization in Crop Production
(https://www.saskatchewan.ca/business/agriculture-natural-resources-and-
industry/agribusiness-farmers-and-ranchers/crops-and-irrigation/soils-fertility-and-
nutrients/sulphur-fertilization-in-crop-production)

Special thanks to Saskatchewan Pulse Growers

Want to stay connected? Sign up for our newsletter.
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Edible Mustard

D. Wysocki and M.K. Corp

Dryland Cropping Systems EM 8796 e July 2002

History

Mustard and rapeseeds
(Brassica sp.) are native to
the temperate regions of
Europe. They were among
the first domesticated crops.
Mustard has been cultivated
for at least 4,000 years as an
oil, spice, and medicinal
plant. It has been cultivated
not only for seed, but also as
a forage, green manure, and
garden crop. It was intro-
duced into western and
northern Europe in the
early Middle Ages.

Mustard has been a
major specialty crop in North America since the mid-1940s. Production of mustard in
the Upper Midwest began in the early 1960s. Production acres in Canada peaked in
the mid 1980s. Alberta, Manitoba, and Saskatchewan currently grow a large share of
the world’s mustard crop. In 1996, Saskatchewan harvested 470,000 acres with a yield
of 425 million pounds.

Yellow, brown, and oriental mustards are grown in North America. Yellow mustard
(Brassica hirta) comprises the majority of the acreage grown in Oregon. Brown and
oriental mustards (Brassica juncea) are not produced currently in Oregon.

Today, people consume more than 700 million pounds of mustard worldwide each
year. Yellow mustard usually is used as a condiment and as dry mustard. Brown and
oriental mustards are used for oil and spices.

Don Wysocki, Extension soil scientist, CBARC; and Mary K. Corp, Extension agent, Umatilla County,
Oregon State University.

OREGON STATE UNIVERSITY
EXTENSION SERVICE
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Description

Yellow mustard is a spring annual broad-
leaf with a well-defined taproot. Mustard
emerges rapidly (5 to 10 days) and grows
quickly under favorable moisture and tempera-
ture conditions. The crop canopy covers the
ground completely in about 30 days after
planting. At approximately 35 to 40 days after
sowing, plants begin to bud. Five to 7 days
later, flowering begins. Plants reach full bloom
7 to 10 days after flower initiation.

A long bloom period (longer than 15 days)
is ideal. Seed yield is related directly to length
of bloom.

Varieties of yellow mustard usually mature
in 80 to 85 days. Brown and oriental types
require 90 to 95 days. Mature plants vary in
height from 30 to 45 inches, depending on
genetic potential and environmental condi-
tions.

Conditions for growth

Climate

Mustard is a cool season crop with a short
growing season. Adequate water and cool
temperatures (less than 85°F) favor a long
bloom period. Seedlings are tolerant of mild
frosts (26 to 33°F) after emergence, but severe
frosts (below 26°F) can destroy the crop.

Mustard, especially the brown and
oriental types, has a drought tolerance between
that of wheat and rapeseed. Moisture stress
caused by hot, dry conditions during the
flowering period frequently causes lower
yields.

Soil

Mustard is adapted best to fertile, well-
drained, loamy soils, but it can grow in
variable soil types with good drainage. Soils
prone to crusting prior to seedling emergence
can cause problems. Avoid dry sand and dry,
sandy loam soils, also.

Photo courtesy of University of Saskatchewan
(http://interactive.usask.ca/skinteractive/modules/
agriculture/crops/oilseeds/mustard.html)

Seed germination
Seed will germinate at a soil temperature
as low as 40°E

Cultural practices

Small grains following mustard usually
yield more than when they follow continuous
small grain. Sunflower, canola, safflower, flax,
dry bean, field peas, lentils, and soybean have
similar diseases and insect pests to mustard.
Avoid close rotation of these crops to mustard.

Seedbeds

Seedbeds for mustard are similar to those
required for small grains. The soil should be
firm and fairly level. Till deep enough to kill
weeds, but keep soil moisture close to the




surface and leave a firm seedbed. Roll or pack
the seedbed (before sowing) if the soil is loose
or uneven, and also if soil moisture varies.

Sowing depth and seed placement

Seed depth depends on seedbed, soil and
weather conditions, and the type of seeding
equipment available. Ideally, sow mustard into
firm, moist soil with a minimum of soil cover.
When sowing with a disc or hoe drill, place
seed 0.5 to 1 inch deep into moist soil and
press over the row. Uniform placement assures
even, vigorous emergence.

You can plant mustard successfully into
small grain stubble provided the seed makes
good contact with moist soil and is not more
than 1.5 inches deep (preferably not more
than 1 inch). You can use disc and hoe drills
or air seeders to seed mustard, but uniform
depth control is critical for seed placement.

Row spacing

If mustard stands are poor (less than 4 to
5 plants per square foot 10 days after plant-
ing), decide rapidly whether to replant.
Uniform, competitive stands are important, as
with all spring crops.

It is best to plant mustard at a 6- to 7-inch
row spacing to ensure a competitive stand.
You can use a row spacing up to 12 inches;
however, the canopy will not close as quickly.
Therefore, weed competition and evaporative
water loss may be greater. Row spacing wider
than 12 inches is not recommended.

Sowing rate and date

Yellow mustard has approximately
100,000 seeds per pound. Sow seed at a rate of
18 to 27 seeds per square foot. This rate is
equivalent to 8 to 12 pounds per acre, depend-
ing on seed size. Research trials in Umatilla
County, Oregon consistently have achieved
adequate stands with 7 pounds per acre. Use
higher rates where seedbed conditions are
poor or emergence may be a problem.

Sow mustard when the soil temperature in
the seedbed consistently exceeds 40°E Gener-

ally, at Pendleton, Oregon, soil temperature
reaches this condition about mid-March.
Delayed planting can impact yield, because
the flowering period is later in the season,
which increases chances of late-season heat
stress. Timely planting is important.

Variety selections

The contracting company has supplied
the mustard seed, so growers generally have
not had the option to select or purchase other
varieties. Commercial varieties of yellow
mustard available currently include ‘Gisiba,’

‘Ochre,” ‘Tilney,” and ‘AC Pennant.’

Fertilizer

Mustard responds to nitrogen and phos-
phate fertilizer in a manner similar to small
grains or spring canola. As with small grains,
nitrogen is used in the greatest quantities.

Yellow mustard is a new crop to eastern
Oregon, and there is limited information on
nitrogen fertility rates specific to the area. A
North Dakota fertilizer guide (SF 718, Fertiliz-
ing Mustard, Canola, and Crambe) recom-
mends 6.5 pounds N per 100 pounds of
expected seed yield. Table 1 is based on the
North Dakota recommendation and amended
with information from fertility trials in
Oregon. Oregon experience shows best
response at about 8 pounds N per 100 pounds
seed production expected.

A series of fertility trials conducted in
northern Idaho in 1994-97 showed that a total
N supply of 125 pounds per acre (both residual

Table 1. Nitrogen need based on
expected mustard yield.

Expected yield Ib/a Soil N-NO, +
Fertilizer N 1b/a
1,000 80
1,500 120
2,000 150
2,500 180




Dryland Cropping Systems

soil N and applied) was adequate for yields up
to 1,500 pounds per acre. Nitrogen beyond
this level delayed flowering and increased
lodging in some instances (both undesirable
effects).

Add phosphorus and sulfur according to
the recommendations for spring wheat. Spring
crops respond to these nutrients, particularly
in an annual crop rotation. An application of
20 pounds P,O, and 10 pounds S per acre is
typically adequate. Work in Idaho showed
that mustard was not responsive to higher
rates of sulfur, as is canola.

Mixing low rates of dry phosphorus
fertilizer (less than 100 pounds per acre 16-20-
0-14) with mustard seed and planting them
together has been effective. However, the
combination must be mixed thoroughly and
must stay well-mixed to assure uniform
seeding.

Weed control

Weed control starts with clean field
selection combined with shallow seeding for
quick and uniform emergence to achieve a
competitive stand.

Weeds have not been a serious problem in
mustard production in eastern Oregon.
However, cow cockle seeds are a potential
contaminant in mustard. Cow cockle has a
black seed approximately the same size and
weight as a mustard seed. These seeds can
cause cleaning losses and market grade
reductions. Such losses reduce profits to the
grower.

Weeds growing as an understory in a
mustard crop do not reduce yield. However,
they may contribute seed to perpetuate weed
problems in future crops.

Mustard plants are sensitive to herbicides
such as 2,4-D, Banvel, and MCPA. You must
avoid spray drift. Sulfonylurea herbicides used
on previous grain crops can cause emergence
problems in mustard.

Insects

Insects have not caused serious problems
on yellow mustard in eastern Oregon. But, as
mustard acreage increases, growers should

monitor fields for potential problems. Flea
beetles and diamondback moth caterpillars are
the most likely insects to cause damage.

Adult flea beetles feed on cotyledons and
first true leaves, causing a shotholed appear-
ance. Severely damaged seedlings may die,
while less seriously damaged plants often suffer
a reduction in vigor and stamina. Hot, sunny
weather is conducive to feeding activity, while
cool, damp weather slows feeding and favors
crop growth. Once the crop advances beyond
the seedling stage, serious damage is rare,
because mustard can outgrow beetle defolia-
tion.

Diamondback moth caterpillars attain a
length of 0.5 inch and are light yellow-green
to green. Larvae eat leaves, flowers, and green
pods and are extremely active when touched.

Aphids have been observed in some
eastern Oregon fields. They have not been a
problem to date.

Diseases

Sclerotinia stalk rot (white mold) is the
only disease that has been observed on
mustard in eastern Oregon. It has been
observed only at low levels. However, canola,
dry edible bean, crambe, and safflower have a
similar problem with white mold. Do not grow
mustard in short rotation with these crops, or
the problem could build to economic levels.

Mustard grown in rotation with small
grains is relatively free of disease. The rotation
prevents serious disease problems and provides
an excellent biologic break for cereal root
diseases.

Harvesting

Wind, rain, and normal drying generally
do not cause mustard to shatter before cutting.

Yellow mustard can be direct-combined if
the field is not weedy and the crop is uni-
formly ripe. The harvest operation can cause
some shatter if the crop is overripe or extremely
dry. When direct-combining, wait until the
crop is mature and dry. You can remove the
reel or lift it above the crop if the stand is
good. If the reel is needed, operate it at a
reduced speed.




Adjust the combine so that the seeds are
completely threshed while using the lowest
possible cylinder speed. Set cylinder speed at
approximately 600 rpm. Careful adjustment of
the cylinder speed and cylinder opening is
important to avoid cracking.

To test for cracking, run your hand into
the threshed seed. If there is cracked mustard,
pieces of the seed coat will adhere to the hair
on the back of your hand. If this occurs, adjust
the combine further. Cracked seed is consid-
ered dockage and is a loss to the producer.

You may need to vary the cylinder speed
during the day as crop moisture content varies.
Reduce fan speed to limit seed loss, but
maintain sufficient air to ensure clean seed.

Drying and storage

Mustard harvested in eastern Oregon
typically does not need drying. You may need
to make some arrangements for short-term
storage, on or off the farm, to coordinate
delivery.

Yield potential

Mustard yields in eastern Oregon have
been variable due to differences among
varieties, cultural practices, and environmental
conditions. Table 2 lists yields from research
trials in Pendleton and Moro. Data is from the
1995-1996 growing seasons.

Economics

Production

Cash production costs for mustard are
similar to growing a spring grain crop. There
are no herbicides currently registered for
mustards in the United States, so that is not a
part of production costs. Insects have not
developed as a problem to date, so insecticides
also are not a production cost.

Table 2. Yield of mustard at Pendleton and Moro under fallow and recrop conditions.

Pendleton recrop Pendleton fallow  Moro recrop Moro fallow Overall avg.
Rank* Yield Rank Yield Rank Yield Rank Yield Rank  Yield
/27 Ib/a 27  lb/a 27  Ib/a 27  1b/a 27 Ib/a
1995
Gisiba 8 1,565 4 1,465 9 1,264 20 1,129 6 1,356
Kirby 1 1,789 1 1,712 5 1,308 1 1,480 1 1,572
Ochre 7 1,579 6 1,387 1 1471 15 1,180 3 1,404
Tilney 27 1,347 20 1,098 27 1,077 2 1,365 21 1,222
Trial avg. 1,507 1,162 1,222 1,256 1,371
1996
/12 Ib/a /12 Ib/a /12 Ib/a /12 1b/a /12 Ibja
Gisiba 2 859 3 1,148 6 579 8 1,110 4 924
Kirby 7 730 1 1,218 2 621 2 1,220 1 947
Ochre 8 684 4 1,119 7 577 9 1,047 9 857
Tilney 3 815 7 1,083 5 584 3 1,155 5 909
Trial avg. 717 1,058 563 1,075 853

* [XX indicates number of entries in trial. Entries not listed were experimental lines.




Markets

Mustard is produced as a specialty grain.
Grow mustard under contract to guarantee a
selling price and market. Prices have ranged
from $0.08 to $0.18 per pound. Contract
prices usually are not set until January for the
following season.

Mustard grown in eastern Oregon has an
early-to-market advantage, often as much as
4 weeks ahead of Canadian production areas.
Eastern Oregon mustard also is noted for its
excellent milling qualities.

Consumption of mustard has been steady.
Growth of the mustard market is related
directly to population growth.

There are a limited number of alternative
markets when a surplus is produced.

For more information

OSU Extension publications
Other publications in the Dryland
Cropping Systems set:
Garbanzo Beans (Chickpea), EM 8791 (2002).
Safflower, EM 8792 (2002).
Sudangrass, EM 8793 (2002).
Grain Sorghum, EM 8794 (2002).
Dryland Alfalfa, EM 8795 (2002).

These are available online at
eesc.oregonstate.edu, or contact one of the
following county offices:

Baker, Clackamas, Crook, Gilliam, Jefferson,
Josephine, Klamath, Linn, Malheur, Marion,
Morrow, Sherman, Umatilla, Union, Wallowa,

Wasco, Yambhill

World Wide Web

You can access our Publications and
Videos catalog and many of our publications
on the Web at eesc.oregonstate.edu
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Green Pea Nutrient Management
Inland Northwest—east of the Cascades

Clive Kaiser, Don Horneck, Rich Koenig, Lyndon Porter, and Linda Brewer

ood management practices are essential to
optimize crop response to fertilizer inputs.
Response to fertilization depends on ade-

quate available water over the growing season. Other
optimal practices include:

» Good seedbed preparation

« Crop rotation

o Use of adapted varieties

« Proper weed control

» Proper insect and disease control

« Proper seeding methods

« Timely planting and harvesting
Soil pH

While traditional tillage can provide a good seed
bed, minimum tillage or direct seeding can help
conserve soil organic matter and soil water; improve
water infiltration; limit exposure of the weed seed

bank to light, thus reducing germination; and reduce
the need for weed control. However, long-term

EM 9140
April 2016

Photo: Clive Kaiser, © Oregon State Universit

minimum tillage or no-till practices may lead to the
development of acidified layers in the soil profile.
For more on managing soil pH in these systems,

see Evaluating Soil Nutrients and pH by Depth in
Situations of Limited or No Tillage in Western Oregon
(EM 9014). Follow recommended soil sampling

and testing procedures to estimate fertilizer needs.
Keep in mind that peas root primarily in the top

2 feet of soil. For the purposes of this publication,
all recommendations are based on the results from a
representative sample from the top 1 foot of soil. For
pea production, “low soil pH” is less than 5.5.

Clive Kaiser, Oregon State University Extension
horticulturist, Umatilla County; Don Horneck, former
Oregon State University Extension agronomist and
professor; Rich Koenig, professor and associate dean and
director, Washington State University Extension; Lyndon
Porter, research plant pathologist, USDA-ARS, Prosser,
Washington; and Linda Brewer, senior research assistant Il
Oregon State University

Oregon State

UNIVERSITY
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Crop rotation

Crop rotation to suppress disease pressure is
another important management practice. Where
possible, avoid rotations of 2 or 3 years between
pea crops. Short rotations can lead to the build-up
of soilborne pathogens and yield reduction. Where
soilborne disease pressure is high, up to 6 years
without legumes in the rotation can be required to
suppress damping-off pathogens such as Fusarium.
The typical rotation in dryland production areas of
eastern Washington and north-central and north-
eastern Oregon is 3 years, which will not suppress
these plant diseases.

Inoculation

When peas have not been in the rotation in the
last 3 years, they require inoculation with a fresh,
effective, live culture of Rhizobium leguminosarum
specific to peas. Inoculation is an easy, inexpensive,
risk-reducing practice that is becoming standard
regardless of the length of the rotation. Inoculate
pea seed immediately before planting to provide an
adequate rhizobium population for good nodulation.
Follow the storage and handling recommendations
on the product label.

Soil pH below 5.5 in the surface foot of soil and
low calcium concentrations will reduce popula-
tions of R. leguminosarum and nodulation. When
soil pH is below 5.5 in the top foot or if stratified
pH is below 5.5 in the upper 6 inches, inoculum
should be added to the pea seed regardless of the
rotation interval. Other elements essential for nodu-
lation include phosphorus (P), iron, sulfur, and
molybdenum.

Inoculation is less important in fields that are in a
2-year pea-wheat rotation, particularly if pea yields
have been satisfactory. Where potatoes are grown in
rotation with peas and soils are fumigated, inocula-
tion is necessary.

See “Nitrogen (N)” to learn more about the
relationship between soil N levels, nodulation, N fix-
ation by legumes, and the value of R. leguminosarum
inoculation.

Fertilizer Recommendations

Fertilizer placement

Fertilizer placement is an important management
practice in any production system. When banding
fertilizer, avoid placing nitrogen (N), potassium (K),
or sulfur (S) with the seed. These nutrients are highly
soluble and may damage emerging roots. Instead,
place fertilizers 2 inches directly below or 2 inches
below and to the side of the seed. In legumes, placing
N away from the roots also encourages nodulation.

P may be placed with the seed at amounts of less
than 10 Ib/acre P,O;. Seedling injury from banded
fertilizers tends to be more serious:

o Indrier or coarse-textured, sandy soils

« When high rates are banded, including bands
at wider row spacing

« Where the fertilizer band is placed less than
2 inches from the seed

In the recommendations that follow, the higher
rates are recommended when water is not limited
during the growing season. When water is limited,
choose the lower rate. Recommendations are based
on field experiments conducted in Hermiston, OR.

Nitrogen (N)

In most cases, supplemental N is not required for
peas since R. leguminosarum can fix atmospheric N.
If soil tests indicate a need for N, apply 15-20 1b N/
acre banded with P and K, if indicated, at planting.
Peas generally respond to N when soil pH is low,
because low pH results in poor nodulation. When N
from any source is supplied, peas take up more soil
N and depend less on fixed N. The same is true when
residual soil N levels are more than 35 to 40 Ib/acre’.
Too much N supports excess vegetative growth and
may result in weaker plants that are more susceptible
to Sclerotinia and other diseases.

A water-soluble formulation of N such as cal-
cium nitrate may be applied through fertigation,
although it is fairly expensive. Avoid liquid fertilizers
made from urea. They are prone to volatilization at
soil pH above 8.0 and at temperatures above 77°F.
Ammonium-based fertilizers acidify the soil. See
“Lime” below for more on acid soils.

! http://publications.gov.sk.ca/documents/20/86385-0c18f233-
c517-4510-b398-e08fd216aad2.pdf
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For organic production systems, see the “Organic
Fertilizer and Cover Crop Calculator” developed by OSU.

Phosphorus (P)

Phosphorus is essential for vigorous, even growth
of seedlings. Band P to optimize availability to
emerging roots and to reduce application rates.
While P can be broadcast and incorporated prior to
planting, P applied in this way will be less available
to emerging roots. Double or triple superphosphate
is more available to plant roots and has the added
advantage of supplying calcium as well.

Base the decision to apply P, and the amount of P
to apply, on soil test analysis (Table 1). Confirm the
test method used by your lab before deciding how
much P to apply.

Table 1. Phosphorus fertilizer rates for peas based on
results from the Olsen soil test (sodium bicarbonate
extract). Rates are for banded applications. If P is to be
broadcast, apply at twice the rate recommended in the
table.

Amount of P as P,0,
Soil P concentration (ppm) (Ib/acre) to apply
0-10 40-60
10-20 0-40
>20 0

Potassium (K)

Apply K fertilizers only if a soil test identifies a
deficiency. Apply and incorporate K before planting,
or band quantities less than 20 Ib/acre at planting. If
banding N, P, and K, do not exceed 60 Ib N+P+K/
acre. If additional K is required, broadcast and
incorporate it into the soil prior to planting. Table 2
provides recommended K rates based on soil test K
levels.

Table 2. Potassium fertilizer rates for peas based on
broadcast application methods

Amount Kas K,0
Soil K concentration (ppm) (Ib/acre) to apply
0-75 90-120
75-150 60-90
150-200 40-60
>200 0

Sulfur (S)

Plants absorb S in the form of sulfate (SO,). Soil
bacteria convert elemental S and certain thiosulfate
and sulfide forms to sulfate before S becomes avail-
able to the plant. This conversion is more rapid when
soils are warm and moist, but does require time. For
that reason, plan ahead when providing S to early-
planted annual crops. Apply elemental S in the fall or
at regular intervals so that sulfate is available when
required. Conversion of S to sulfate will acidify the
soil and lower soil pH.

Peas have a low S requirement that can be pro-
vided with an application of 15-20 Ib S/acre as
sulfate at planting if the soil test result is less than
10 ppm sulfate-sulfur (SO,S). A sulfur soil test
has limited value in making S recommendations.
However, when soil test results indicate more than
20 ppm S, additional S will likely not improve yields.

Ammonium thiosulfate applied at planting may
injure emerging roots.

Other nutrients

The response of peas to micronutrients has been
mixed; however, low soil boron (B) can limit yield
when other nutrients are adequate. In research trials,
the application of 0.5 to 1 1b B/acre increased yields
by up to 500 Ib/acre when boron soil-test results
were below 0.5 ppm. Boron should be broadcast.
Never apply boron with the seed.

Zinc applied at rates of up to 5 Ib/acre may
increase yields when the soil zinc test is below
0.8 ppm. Zinc can be broadcast or banded.

Molybdenum becomes less available at low soil
pH. Apply molybdenum when soil pH drops below
5.5, as peas are at risk of nodulation problems and
possibly molybdenum deficiency. A seed coat appli-
cation of molybdenum may improve performance
and delay the need for lime. Growers in Washington
have seen improved nodulation from added molyb-
denum on lower pH, sandy soils.

Lime

In studies in eastern Oregon and eastern
Washington, pea yields did not increase significantly
after liming. However, soil pH below 5.5 in the top
foot limits N fixation and pea growth. Under such
conditions, consider applying 1 to 2 t/acre of <100-
score lime. A lime requirement soil test will support
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a more accurate decision. Apply lime and incorpo-
rate it into the surface 6 inches of soil at least several
weeks before seeding. A lime application is effective
for several years. See Eastern Oregon Liming Guide
(EM 9060).

For More Information

Acidifying Soil for Crop Production: Inland Pacific
Northwest (PNW 599-E) https://catalog.extension.
oregonstate.edu/pnw599

Eastern Oregon Liming Guide (EM 9060) https:/
catalog.extension.oregonstate.edu/em9060

Evaluating Soil Nutrients and pH by Depth in
Situations of Limited or No Tillage in Western
Oregon (EM 9014) https://catalog.extension.
oregonstate.edu/em9014

© 2016 Oregon State University.

Laboratories serving Oregon: Soil, Water, Plant Tissue,
and Feed Analysis (EM 8677) https://catalog.
extension.oregonstate.edu/em8677

Monitoring soil nutrients using a management unit
approach (PNW 570) https://catalog.extension.
oregonstate.edu/pnw570

Northern Idaho Fertilizer Guide: Peas and Lentils.
University of Idaho. http://www.webpages.uidaho.
edu/~karenl/wqg/wqfert/cis448.html

Soil Test Interpretation Guide (EC 1478) https://
catalog.extension.oregonstate.edu/ec1478

Extension work is a cooperative program of Oregon State University, the U.S. Department of Agriculture, and Oregon counties. Oregon
State University Extension Service offers educational programs, activities, and materials without discrimination on the basis of race,
color, national origin, religion, sex, gender identity (including gender expression), sexual orientation, disability, age, marital status,
familial/parental status, income derived from a public assistance program, political beliefs, genetic information, veteran’s status, reprisal
or retaliation for prior civil rights activity. (Not all prohibited bases apply to all programs.) Oregon State University Extension Service is
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Radish

RADISH

Raphanus sativus
Last revised February 15, 2010
Photo credit: Bill Mansour, Oregon State University

Radishes take many forms and are used in a large variety of ways world-wide. The common
red and icicle types are commonly used fresh as salad vegetables and garnish in the U.S.
Oriental types, such as the elongated and round daikon radishes, are less well-known in the
U.S. but are important staple foods in countries like Korea, Japan, Taiwan, and others in Asia,
and by these ethnic groups in the U.S. These types are used fresh, pickled (as is Kimchi), dried
for future use, and cooked in countless Oriental dishes. Seeds of radish are sprouted and
these sprouts are another important food in these Asian countries.

Many varieties of radish exist. Some are unique novelties, others are popular for home garden
use, and still others are important in commerce. Most are adapted to production in the Pacific
Northwest. Only a few are listed below.

VARIETIES

See the Vegetable Variety Selection Resources page to find varieties that have been shown to
perform well in the Pacific NW.

SOIL

Radishes do best on either light mineral soils or muck soils but may be grown on a wide range
on soils. Daikon radish requires deep, friable soil for best quality roots.

SEED AND SEED TREATMENT

Radish seed numbers approximately 2,000-4,000 per ounce depending on type and variety.
Use hot-water treated seed and fungicide treat seed to protect against several serious seed
borne diseases. Hot water seed treatments are very specific (122 F exactly, for 25 to 30
minutes; the wet seed then quickly cooled and dried). The seed treatments are best done by
the seed company, and can usually be provided upon request.



SEEDING

Important: Before planting this Crucifer crop, consider the following important factors:

1. No crucifer crop, or related weed has been present in the field for at least 2 years, 4 years
preferable. Crucifer crops include cabbage, cauliflower, broccoli, kale, kohlrabi, Brussels
sprouts, Chinese cabbage, all mustards, turnips, rutabagas, radishes etc. Cruciferous weeds
include wild radish, wild mustards etc. Also, crucifer plant waste should not have been
dumped on these fields.

2. Soil pH should be 6.5 or higher. Soil pH over 6.8 is necessary to manage club root. The
application of 1500 |Ib/acre of hydrated lime, 6 weeks prior to planting is recommended for
soils with pH less than 7.5 for club root control when planting club root susceptible radishes.

Use a drill with a 2 or 4-inch scatter shoe to drop 24 seeds 1/2 inch deep per foot of row.
Space rows 8 inches apart. Oregon growers commonly apply a mixture of sawdust and
chicken manure to a depth of 1/4 to 1/2 inch over the planted beds.

Daikon in-row spacing should be 4-6 inches, with rows 24-36 inches apart. Adjust planting
rates accordingly. Some Chinese radishes can weigh 100 Ibs. These would be spaced 24-36
inches apart in rows 36-48 inches apart.

FERTILIZER

For the most current advice, see Nutrient Management for Sustainable Vegetable Cropping
Systems in Western Oregon, available as a free download from the OSU Extension Catalog

A soil test is the most accurate guide to fertilizer requirements. The following
recommendations are general guidelines.

Maintain a pH 6.5-7.0, adding lime or dolomitic lime (if magnesium is needed) as indicated by
soil test.

For red globe radish, poultry manure is often used to supply 50-75 |b N/acre. Care is needed
to guard against excessive top growth. Excessive N is particularly bad during periods of warm,
wet weather. Buildup of soil N during the season results in progressively larger tops, so N
applications should be reduced as the season progresses.

Add P and K as indicated below.

Nitrogen rates for Daikon radish should be 130-150 Ib/acre. Divide this among several
applications, applying two thirds of the total during the last half of the growth period. Adjust N
rates and irrigation as necessary to maintain vigorous, uniform growth.

In the absence of a soil test, for both red globe and daikon radish, P, K, S and B, should be
applied as follows:



Phosphate: 130-150 (P205) Ib/acre

Potash: 100-150 (K20) Ib/acre

Sulfur: 30-50 Ib/acre per season

Boron: 1-5 Ib/acre, or as needed according to soil test.

If fertilizer is to be banded at time of seeding, rates greater than 60 Ib/acre of potash should
be broadcast and incorporated before seeding.

IRRIGATION

Globe radishes are shallow rooted and quick growing, requiring frequent, uniform irrigation
for optimum growth and tenderness. Earliest plantings may receive sufficient rain to mature
the crop, later plantings may need a total of 5-6 inches of water depending on planting date,
seasonal variation, and variety. Use care to prevent excessive top growth.

Daikon radishes require full season to reach maturity, and 12-15 inches of water under
western Oregon conditions. For best root quality, irrigate to maintain uniform, vigorous
growth.

Soil type does not affect the amount of total water needed, but does dictate frequency of
water application. Lighter soils need more frequent water applications, but less water applied
per application.

HARVESTING, HANDLING, AND STORAGE

The University of California-Davis has a file on Minimal Processing of Fresh Vegetables that
discusses film wrapping and other topics.

Red radish may yield up to 800 cartons/acre per crop. Three or four crops may be obtained
per season on the same ground. Daikon radish yields would be approximately 15-20
tons/acre.

All harvesting is done by hand. Red radishes are pulled and tied in bunches. The bunches are
washed and should be cooled immediately after harvest for best shelf life. Bunches are
packed either 2 or 4 dozen/carton. About 90 percent are currently packed in 4-dozen cartons.
The 2-dozen cartons are mostly used for shipments to California. Average yield of the 4-dozen
cartons is 500-800/acre.

Radishes should be kept moist and cool at all times to prevent dehydration. Daikon radish
may be mechanically undercut before harvest.



STORAGE (Quoted or modified from USDA Ag. Handbook 66 and
other sources)

Hold radishes at 32 F and 95 to 100% relative humidity. Most spring radishes are topped and
packaged in plastic bags. They should be cooled quickly to 40 F or below to maintain their
crispness. Hydrocooling is an effective method of cooling radishes. Black spot is reduced by
washing radishes in chlorinated water. Topped radishes can usually be held for 3 to 4 weeks
at 32 F and a somewhat shorter time at 40 F. They will keep at least a week at 45 F. When
temperatures are higher than 32, low oxygen (1%) is beneficial in reducing tip and root growth
and softening. The regrowth of tops can be greatly retarded by trimming off the growing
points, which are aggregated within a few millimeters on to of the root.

Bunched radishes have a much shorter market life because of the perishability of the tops.
They can be held at 32 F and a relative humidity of 95% for 1 to 2 weeks. Addition of package
and top ice aids in keeping the tops fresh.

Daikon, Chinese, or black, radishes require the same storage conditions as topped carrots and
should keep in good condition for 2 to 4 months at 32 F.

PACKAGING

Topped radishes are commonly packed in 15-lb cartons containing 30 film bags each 6 ounces
(Florida); 11.5-Ib cartons of 30 film bags each 6 ounces (California) or 25-Ib loose packed film
bags.

Bunched radishes are packed in cartons of 24-48 count bunches of 6-9 radishes per bunch.

Daikon may be marketed in cartons or 20-lb plastic bags.
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Spelt
E.S. Oplingerl, E. A. Oelkez, A. R. Kaminskil, K. A. Kellingl, J. D. DoII1, B. R. Durganz, and R. T. Schuler!

1 Departments of Agronomy, Soil Science and Agricultural Engineering, College of Agricultural and Life Sciences and
Cooperative Extension Service, University of Wisconsin-Madison 53706.

2 Department of Agronomy and Plant Genetics, University of Minnesota, St. Paul, MN 55108.
May, 1990.

I. History:

Spelt (Triticum aestivum var. spelta) is a sub-species of common wheat. It has been grown in Europe for about 300 years.
Spelt was introduced to the United States in the 1890s.

Most of the nation's spelt acreage is in Ohio. That state grows between 100,000 and 200,000 acres of spelt annually, about 10
times more than any other state. A few varieties of spelt were developed in the early part of this century. They are no longer
identifiable, and spelt has been considered an undeveloped crop. In 1986, The Ohio State University released an improved
winter variety, named 'Champ'.

Spelt is often erroneously called "speltz." Sometimes emmer, another subspecies of wheat that includes durum wheat, is
incorrectly called spelt.

II. Uses:

Ground spelt is used primarily as an alternative feed grain to oats and barley. Its nutritional value is close to that of oats. The
protein content of the Champ variety of spelt is about 11.7%, compared to 12% to 13% for oats. The spelt hull has nearly as
much feeding value as the kernel.

Spelt can also be used as a food grain after removal of the hulls. It is popular in Europe, particularly in Germany. American
food manufacturers in this country have begun to use spelt to meet the nation's increasing demand for pasta and high fiber
cereals. Spelt can also be used in flour and baked goods to replace soft red winter wheat.

III. Growth Habits:

The growth habits of spelt are similar to those of winter wheat. Spelt generally lodges less than soft red wheat, but more than
semi-dwarf hard red spring or winter wheat. Under conditions where soft red wheat tends to lodge, spelt has produced more
grain. Spelt has large pithy stems. As with oats, the hulls remain on the grain in threshing and comprise 20% to 30% of the

grain weight. No official test weight has been established for spelt, but recent tests show that unhulled it averaged 28 Ib/bu.
The test weight of hulled seed is close to that of wheat (60 Ib/bu).

IV. Environment Requirements:

A. Climate:

Spelt is generally more winter hardy than most soft red winter wheat, but less winter hardy than most hard red winter wheat
varieties. There is very little evidence that any spring types of spelt exist. The new Champ variety from Ohio is a winter type.

B. Soil:
Spelt can be grown on poorly-drained, low-fertility soils. It grows well on sandy soils in the Midwest. Some growers claim it

can produce more grain than oats on a bushel basis on these soils. However, the test weightof spelt is often less than that of
oats.

C. Seed Preparation and Germination:

Seed should be cleaned and tested for germination before planting. Seed treatment with a fungicide, such as Vitavax, would
prevent problems with bunts; however, the label should be consulted to see if the fungicide is cleared for use on spelt.
Because the hulls are attached, germination is slower than for wheat.

V. Cultural Practices:

A. Seedbed Preparation:

Soil preparation is the same as that for winter wheat.

B. Seeding Date:



Sunflower The seeding date is the same as that for winter wheat -- mid-September in the Upper Midwest.

Vernonia

C. Method and Rate of Seeding:
Other

Spelt should be seeded with a drill set as for oats to plant 80 to 100 Ib/acre. When the seedbed is dry, spelt should be seeded
Canarygrass slightly deeper than winter wheat. The grain drill should be calibrated to ensure that the desired seeding rate is obtained.
Cool Season Grasses

Ginseng D. Fertility and Lime Requirements:

Hop
Requirements for fertilization are similar to those for winter wheat. On soils with optimum or lower soil tests, apply a complete

fertilizer with a combination drill at seeding time. Avoid direct contact of the fertilizer with the seed. An additional topdressing
Jerusalem Artichoke of nitrogen in early spring may improve yields. The topdressing should contain 10 to 20 Ib less nitrogen per acre than for
wheat; the straw of spelt is tall, and excess nitrogen can cause lodging. Common rates of nutrients to be applied are 50 to 60

Industrial Hemp

Kenaf Ib/acre N, 25 Ib/acre P,05 and 30 Ib/acre K,0. Apply lime to maintain soil pH at about 6.0.

Rutabaga

Sugarcane . .

Sugarbeet E. Variety Selection:

Turnip Champ is the only improved variety that has been released (Ohio State, 1986) in recent decades. Champ is awnless, brown-

hulled, and about the same maturity as common spelt. Although Champ is slightly taller than common spelt, its straw strength
is considerably improved. Its winter hardiness is about equal to that of common spelt. Table 1 compares yields and other performance characteristics
for Champ with common spelt from trials in Ohio. Champ has very good resistance to leaf rust but is only moderately resistant to powdery mildew. The
protein content of champ has consistently been 1 to 1.5% higher than common spelt. Certified seed of this variety is available from Certified seed
growers in Ohio.

Table 1. Comparative performance of Champ spelt and common spelt at three locations in Ohio, 1981-85.
Entry JL?IS) Dat(eJ:::)ded Pla(inr::.;w t % lodged -IET;;bV:IJt) % protein
[No. of tests [ o) | (6) [ @® [ a2 [ o | (2) |
[champ [ 3009 | 2 | 51 | 12 [ 277 11.7
[common [ 2442 | 3 | 49 | 48 [ 279 10.5

F. Weed Control:

The best weed control practices are tillage, establishment of a good stand, and weed control in previous crops. Since no chemicals are specifically
cleared for use on spelt, all the recommended cultural practices for winter wheat need to be followed to assure a dense, vigorous crop that competes
well with weeds.

G. Diseases and Their Control:

Spelt is not resistant to loose smut or stinking smut (bunt). Treatment of the seed with a fungicide prior to planting could help prevent a smut problem,
but the label should be consulted for clearance for use on spelt. Stem or leaf rust also can be a problem for spelt. Other foliage diseases can occur, but
can be reduced by crop rotation. Avoid planting spelt after other cereal crops.

H. Insects and Other Predators and Their Control:

The Hessian fly, greenbug, and wheat stem sawfly are the primary insect pests that attack wheat fields. Spelt has the same susceptibility to the Hessian
fly as wheat. Early fall seeding may result in weak plants with poor root systems that are more susceptible to the Hessian fly in some areas of the
Midwest. However, these insects have not been a problem on wheat in the Upper Midwest and may not be a serious concern on spelt.

I. Harvesting:

Spelt can be direct combined or windrowed and threshed similar to winter wheat. For direct combining, the moisture content of the crop should be 14%
or less. If there are many weeds, the crop should be windrowed and the windrow allowed to dry for a few days. The crop can then be picked up and
threshed with a combine fitted with a pick-up attachment. The combine should be adjusted in a manner similar to that for harvesting oats.

J. Drying and Storage:

Follow same practices as for winter wheat.

VI. Yield Potential and Performance Results:

In plot yield trials in Ohio in the early 1980s, Champ produced an average of 3,009 Ib/acre and common spelt produced an average of 2,442 Ib/acre
(See Table 1). Newly released soft red winter wheat varieties such as 'Cardinal' yielded 10% more than Champ in Ohio. No performance data are
available for Minnesota or Wisconsin.

VII. Economics of Production and Markets:

The value of spelt for feed is similar to oats on a per pound basis. However, because the test weight of spelt can vary considerably, the feeding value
could be lower than for oats. Hence, the demand for seed is limited.

The demand for spelt may increase in the coming decade, however, because of its recently developed uses in the food industry. Some acreage in Ohio
is contracted for production of spelt for pasta. It is advisable to identify a market before growing spelt.

VIII. Information Sources:



* Winter Oats, Barley, Rye and Spelt. 1956. Mimeo AY-86b. Agronomy Department, Agricultural Extension Service, Purdue University, Purdue, IN.
* Information for Raising Champ Spelt. 1989. French's Hybrids, Inc., RFD 3, Box 132, Wakeman, OH.
* Spelt. Ohio Agronomy Guide - 12th Edition. 1987. Ohio Cooperative Extension Service. The Ohio State University, Columbus, OH.

* Spelt...an Obscure Crop Finds a Home. 1976. H. N. Lafever and L. G. Campbell. Ohio Report 61, (3):41-43. Ohio Ag. Resh. and Dev. Center, Wooster,
OH.

* Registration of 'Champ' Spelt. 1988. H. N. Lafever. Crop Science 28:377-378.

The information given in this publication is for educational purposes only. Reference to commercial products or trade names is made with the
understanding that no discrimination is intended nor endorsement implied by the Minnesota or Wisconsin Extension Services.

If you would like to subscribe (or unsubscribe) to updates during the growing season, click here.
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CONSIDER THE VALUE OF PLANT NUTRIENTS
IN YOUR HAY AND CORN SILAGE

Glenn E. Shewmaker’

ABSTRACT

Alfalfa and corn silage are major crops in acreage and economic importance for the Pacific Northwest and
are marketed for and used by dairy cows, beef cattle, and other livestock. With the large increases in
fertilizer prices, the value of nutrients in a ton of hay or corn silage can no longer be considered
insignificant! How many pounds of nutrients are you exporting? What is the cost to replace the major
nutrients? This paper describes a process and uses some current values to determine the magnitudes,
sustainability, and economics of nutrient export.

Keywords: nutrient uptake, nutrient export, alfalfa hay, corn silage, fertilizer prices

INTRODUCTION

There are published values for nutrient uptake and crop use of nutrients. You can download a document
“Nutrients Removed in Harvested Portion of Crop” from International Plant Nutrition Institute (IPNI)
(http://www.ipni.net/ International Plant Nutrition Institute, 2012). Although IPNI has some values, |
wanted to use more local crops and concentrations and include sulfur (S) to estimate nutrient export and
cost.

METHODS

I used a series of spreadsheets to generate data. Thus the results are “book values” and actual nutrient
analyses of crops exported would provide more accurate results. However, the magnitudes of nutrients
exported should be within 30% of these values. I focused this study on the macro-minerals nitrogen (N),
phosphorus (expressed on the fertilizer analysis form of available phosphoric acid or phosphate, P,0Os),
potassium (expressed as the water soluble potash form, K,0), and sulfur (S). Certainly other nutrients
such as calcium (Ca), magnesium (Mg), and micro nutrients such as copper (Cu), zinc (Zn), manganese
(Mn), etc. are also exported and will have to be replaced eventually. Replacement of some of the
nutrients comes from the weathering or mineralization of soil particles, but the time required is long-term,
and there is a limit to the soils ability to mineralize nutrients.

Nutrient Concentrations in Crops
I'used a feed mineral table in a spreadsheet to generate the data:

Table 1 (Feed Mineral Table 2008.xls) uses selected feeds from Table 11-1 Means and SD for
Composition Data of Feeds Commonly Used in Beef Cattle Diets, in the Nutrient Requirements of Beef
Cattle, 2000, by the National Research Council. I have substituted some values from forage quality
databases from University of Idaho research because they should be more reflective of actual soil,
environmental, and agronomic management in Idaho.

'G. Shewmaker, University of Idaho Kimberly R&E Center, 3608 N 3600 E, Kimberly, ID 83341. Published In:
Proceedings, Idaho Hay and Forage Conference 1-2 March 2012, Burley, ID, University of Idaho Extension.
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Nutrients Removed in Crops

Table 2 (Nutrients Removed Table 2012.xls) is used to calculate the value of nutrients exported in various
crops. The P and K concentrations must be converted to the oxide form by multiplication of 2.29 * P =
P,Os and 1.2 *K = K,0. Yield is multiplied by the nutrient concentration of each crop to determine
nutrients removed in the crop.

Cost of Replacement of Nutrients Exported in Crops

This step calculates the cost of replacing nutrients exported in crops by applying nutrients as commercial
fertilizers. Average fertilizer prices for southern Idaho are summarized by Patterson and Painter (2011)
and shown in Table 3. Fertilizer prices should be compared on the basis of cost per pound of nutrient, not
on the cost per pound of fertilizer material. I calculated the price of fertilizer on a multiple nutrient basis
to fairly compare fertilizers (Table 4). The following process compares mixed blends of fertilizer sources:

1.

First calculate the pounds of nutrients in a ton of fertilizer. To do this, add the percentage of
nutrients together and multiply a ton by the sum.
(2,000 Ib. per ton x total percent nutrients = pound of nutrients in a ton of fertilizer.)

Example 1: Urea (46-0-0-0)
2,000 Ib./ton x (0.46 + 0+ 0+0) = 920 1b. of nutrients in a ton of Urea.

Example 2: Mono-ammonium phosphate, MAP (11-52-0-0)
2,000 Ib./ton x (0.11 + 0.52 + 0 + 0) = 1,260 Ib. of nutrients in a ton of 11-52-0-0.

There is quite a difference in the amount of nutrients you receive per ton of fertilizer. What does
this mean economically?

I calculated fertilizer nutrient prices on the “Fert Price Multiple” sheet with data from Patterson
and Painter 2011: Idaho Crop Input Price Summary for 2011. The cost per pound of nutrients in
each fertilizer is calculated by dividing the cost per ton of fertilizer by the pounds of nutrients per
ton.

(Cost per ton ~ pounds of nutrient per ton = cost per pound of nutrient.)

Example 1: Urea (46-0-0-0)
$555 per ton + 920 Ib. of nutrient per ton = $0.60 per Ib. of nutrient.

Example 2: Mono-ammonium phosphate (11-52-0-0)
$725 per ton + 1,260 1b. of nutrient/ton = $0.58 per Ib. of nutrient for N and P,Os.

In this example, 11-52-0-0 would be the better value if you need both N and P,Os. This method
works as a basic comparison of multiple nutrient fertilizers, but does not take into account any
difference in price between the different nutrients, as all nutrients have an equal value. This
method can also be used to compare single nutrient fertilizers.

I used the price of N from urea and P,Os from MAP for fertilizer products that are currently
available in Idaho. The crop nutrient utilization data from IMC was also used as a comparison.

The lowest price of each nutrient (dollars/Ib nutrient) is multiplied by the pounds of nutrient
removed in the crop, which produces the value of nutrients in dollars/acre.
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RESULTS

Amount of Nutrients Removed in Crops Each Year
The concentrations of nutrients in crops generally decline with plant maturity—especially forages where
the whole plant 3 inches or more above the soil is harvested. For example, Figure 1 shows the nutrient
concentrations of alfalfa forage as a function of growth stage. Soil type, fertility management, irrigation
management, and harvest management also affect the nutrient composition of forages. Some nutrients are
mobilized as grass crops senesce resulting in low concentrations in the straw, e.g. barley and wheat straw.
We have focused on the mature stages of forages because yield and crop removal are maximized.
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Yield is the largest variable in mineral removal that we can manage. The higher the yield, the higher the
amount of nutrients removed. Alfalfa removes the most nutrients (913 Ibs/acre) followed by corn silage
at 809 Ibs/acre, then barley silage at 295 lbs/acre (Table 2). The grain crops remove smaller amounts of
nutrients (193 to 314 Ibs/acre) but still important amounts in the long term.

The largest amount of N is removed in alfalfa. However, since alfalfa is a legume it uses the Rhizobia
bacteria in the nodules to fix atmospheric N into the plant, and can leave up to 200 Ibs N which can be
mineralized and available to crops in the year following rotation out of alfalfa, even with the forage
removed. This is called a N credit and considering this credit is a good nutrient management practice,
especially in organic operations. Although alfalfa at bud stage removes 456 1bs N/acre and at full bloom
384 Ibs N/acre, we can assume that N concentrations in the soil are not negatively affected. Peas and
beans are also legumes which fix N, but less is available for a N credit in the year after production. Corn
silage removes the second most N at 282 Ibs/acre, and those pounds need replacement.

Phosphate removal is mostly a function of yield at sufficient or higher soil levels of P, since plant
maturity doesn’t affect the concentration much. There are some differences between crops. The largest
amount of P,Os removed is in corn silage, 116 lbs/acre at 11 tons DM yield or about 32 tons fresh
silage/acre. Alfalfa at bud stage removes 84 Ibs P,Os/acre at 8 tons/acre.

Potassium (K,0) is the largest amount of nutrient removed with 456 lbs K,O/acre in barley silage, 346 1bs
K,O/acre for alfalfa, and 385 Ibs K,O/acre for corn silage. Although most of our Idaho soils have had
adequate soil levels of K,O historically, 100 years of crop removal have mined the soils and we are seeing
more soil test levels below 200 ppm K,O (or 166 ppm K). Corn, alfalfa and other crops can take up more
K than necessary for plant growth. This is called luxury consumption and will export more K if soil
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levels are high, often from high rates of manure application. Animal nutritionists do not want high K
concentrations in forages because an improper ratio of K /(Ca + Mg) causes problems with milk fever and
grass tetany.

Value of Nutrients Removed Each Year in Crops
Table 5 shows the value of nutrients removed each year in crops. Since the N removed in alfalfa is not a
negative in the soil, we will deduct the N value from the total, resulting in $228 value of nutrients
removed in alfalfa. Corn silage removes nutrients valued at $438/acre, followed by barley silage at
$424/acre. Barley grain and straw combined removes nutrients valued at $313/acre. Corn grain removes
nutrients valued at $163/acre. Grass hay removes much N and K which results in nutrients removed at
$231/acre.

RECOMMENDATIONS

The removal of nutrients by crops, especially forage crops, should cause producers to consider the long
term mining of nutrients from the soil. How sustainable is your nutrient management? In 100 years corn
silage could remove over 22 tons of nutrients per acre from your soil. It should also be considered when
marketing forage crops. With current fertilizer prices, how long can you afford to sell hay and corn silage
and not get some of the nutrients back from the dairy or feedlot? It may be unreasonable in the short term
to market forage crops based totally on nutrient removal because you would need to sell alfalfa hay at
$38/ton and grass hay at $58/ton just to replace the N, P, K, and S (Table 5). Corn silage would require
$40/ton DM or about $11/ton fresh corn silage to recover nutrient costs.

I recommend negotiating with your forage crop consumer to get back some of the nutrients in the form of

manure, if you are close to the consumer, or compost if you are further away. That is simply good
nutrient management and benefits both parties.
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Table 1. Feed Mineral Table: Selected feedstuffs and nutrient concentration on a dry matter

basis.
DM Cp Ash Ca N P K S
Feedstuff % % % % % % % %

Alfalfa, bud stage 90 21 7 1.90 3.80 0.28 2.4 0.29
Alfalfa hay full bloom 88 16 8 1.20 2.40 0.23 1.7 0.25
Barley hay 90 9 8 0.30 1.44 0.28 1.6 0.19
Barley silage 35 12 9 0.46 1.92 0.30 2.4 0.22
Barley straw 90 4 7 0.33 0.64 0.08 2.1 0.16
Barley grain 89 13 3 0.06 1.92 0.38 0.6 0.16
Corn fodder 80 9 7 0.50 1.44 0.25 0.9 0.14
Corn stover mature 80 7 0.35 0.80 0.19 1.1 0.14
Corn silage mature 34 5 0.28 1.28 0.23 1.1 0.12
Corn grain whole 88 9 2 0.02 1.44 0.30 0.4 0.13
Grass hay 88 10 6 0.60 1.60 0.21 2.0 0.20
Meadow hay 90 7 9 0.61 1.12 0.18 1.6 0.17
Oat hay 90 10 8 0.40 1.60 0.27 1.6 0.21
Oat straw 91 4 8 0.24 0.64 0.07 2.4 0.22
Oat grain 89 13 4 0.05 2.08 0.41 0.5 0.20
Pea straw 89 7 7 0.60 1.12 0.15 1.1 0.15
Peas cull 89 25 4 0.15 4.00 0.45 1.1 0.26
Potatoes cull 21 10 5 0.03 1.60 0.24 2.2 0.09
Sorghum stover 87 10 0.49 0.80 0.12 1.2
Sorghum silage 32 6 0.48 1.44 0.21 1.7 0.11
Sudangrass hay 88 10 0.50 1.44 0.22 2.2 0.12
Timothy hay full bloom 88 5 0.43 1.28 0.20 1.8 0.13
Triticale hay 90 10 8 0.30 1.60 0.26 2.3

Triticale silage 34 14 7 0.58 2.24 0.34 2.7 0.28
Wheat straw 91 3 8 0.16 0.48 0.05 1.3 0.17
Wheat grain 89 14 2 0.05 2.24 0.43 0.4 0.15
Wheatgrass crested hay 92 10 7 0.33 1.60 0.20 2
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Table 2. Nutrient concentrations and mass of nutrients removed in selected crops.

Field Crops Nutrient Nutrients removed in crop
concentration

Yield N| P,Os| K,O S N| P,Os| KO S| Sum

ton/ac Ib/ton dry matter basis ------Ib/acre - - -
Barley grain 3.1 38.4 17.4 19 3.2 120 54 59 10 243
Corn grain 50| 28.8 13.7 13 2.6 145 69 66 13 293
Oat Grain 24| 41.6 18.8 16 4.0 100 45 38 10 193
Wheat Grain 39| 4438 19.7 13 3.0 175 77 51 12 314

Forage Crops

Alfalfa hay at bud * 6 76 13 58 5.7 456 77 346 34 913
Alfalfa hay full 8 48 11 41 5.0 384 84 326 40 835
bloom
Barley hay 6 29 13 51 3.8 173 77 306 23 578
Barley silage 6 38 14 76 4.4 230 82 456 26 795
Barley straw 4 13 4 66 3.2 51 15 264 13 343
Corn stover mature 7 16 9 35 2.8 112 61 245 20 438
Corn silage mature 11 26 11 35 2.4 282 116 385 26 809
Grass hay 4 32 10 63 4.0 128 38 252 16 434
Meadow hay 5 22 8 51 34 112 41 255 17 425
Oat hay 5 32 12 51 4.2 160 62 255 21 498
Oat straw 4 13 3 76 4.4 51 13 304 18 386
Pea straw 1 22 7 35 3.0 22 7 35 3 67
Timothy hay full 4 26 9 57 2.6 102 37 228 10 378
bloom
Triticale hay 3 32 12 73 3.0 96 36 219 9 360
Triticale silage 2 45 16 85 5.6 90 31 170 11 302
Wheat straw 2 10 2 41 34 19 5 82 7 113

* Legumes obtain most of their N from the air.
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Table 3. Current and historical fertilizer component prices for southern Idaho: 2009 — 2011 and

percentage change from 2010 to 2011 (Patterson, 2011).

Nutrient
Source concentration 2009 2010 2011 Change
(N-P,05-K,0 %)
Dry nitrogen (46-0-0) $0.50 $0.47 $0.61 30%
Liquid nitrogen (32-0-0) $0.56 $0.48 $0.70 46%
P,05 dry (11-52-0)* $0.46 $0.34 $0.57 68%
P,05 liquid (10-34-0)* $0.63 $0.50 $0.76 52%
K,0 (0-0-60) $0.69 $0.43 $0.51 19%
Sulfur $0.19 $0.17 $0.22 29%

*Nitrogen in 11-52-0 and 10-34-0 was valued at the price of N in urea and Solution

32, respectively

Table 4. The value of fertilizer nutrients as commercial fertilizer.

Product Fertilizer cost Nutrient concentration Total Nutrient cost'
N P,Os KO S |nutrients| N P,0s KO S

Nitrogen: $/ton $/1b % % % % Ib/ton $/Ib $/Ib $/1b $/Ib
Ammoniumsulfate =~ $410  $0.21 20 0 0 24 880 = $0.47 - - $0.47
Urea $555 | $0.28 46 0 0 0 920 = $0.60 - - -
Anhydrous ammonia $945 = $0.47 82 0 0 0 1640 $0.58 - - -
Solution 32 liquid $445  $0.22 32 0 0 0 640  $0.70 - - -
Thio Sul liquid $345  $0.17 12 0 0 26 760  $0.45 - - $0.45
Phosphate:

16-20-0 $550  $0.28 16 20 20 0 1120 $049  $049  $0.49 -
11-52-0 (MAP) $725  $0.36 11 52 0 0 1260  $0.58 = $0.58 - -
10-34-0 (liquid) $657  $0.33 10 34 0 0 880 | $0.75 $0.75 - -
3-30-0-4 $575  $0.29 3 30 0 4 740  $0.78 = $0.78 - $0.78
11-37-0 $600  $0.30 11 37 0 0 960 = $0.63 $0.63 - -
Potash:

Muriate of potash $615  $0.31 0 0 60 0 1200 - -- $0.51 -
Sulfate of potash $680  $0.34 0 0 50 17 1340 - -- $0.51 $0.51
Liquid potash $180  $0.09 0 0 13 0 260 - -- $0.69 -
Sulfur:

Elemental (90%) $390  $0.20 0 0 0 90 1800 - -- - $0.22
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Table 5. The value of nutrients removed in selected crops. Nutrient values used were: N at $0.60/1b,
P,0Os at $0.58/1b, K,0 at $0.51/1b, and S at $0.22/1b.

Field Crops | Value of nutrients exported
Yield N| POs| KO| S| Total
ton/ac Dollars/acre $/ton
Barley grain 3.1 72 31 30 2 136 | $ 44
Corn grain 5.0 87 40 33 3 163 $ 32
Oat Grain 2.4 60 26 20 2 108 $ 45
Wheat Grain 3.9 105 45 26 3 178 § 46
Forage Crops

Alfalfa hay at bud * 6 274 45 176 8 2281 $ 38
Alfalfa hay full bloom 8 230 49 166 9 224§ 28
Barley hay 6 104 45 156 5 3091 §$ 52
Barley silage 6 138 48 233 6 424 ( $ 71
Barley straw 4 31 9 135 3 1771 $ 44
Corn stover mature 7 67 35 125 4 2321 $ 33
Corn silage mature 11 169 67 196 6 438§ 40
Grass hay 4 77 22 129 4 231 $ S8
Meadow hay 5 67 24 130 4 2251 $ 45
Oat hay 5 96 36 130 5 2671 § 53
Oat straw 4 31 7 155 4 971 $ 49
Pea straw 1 13 4 18 1 361 § 36
Timothy hay full bloom 4 61 21 116 2 201 § 50
Triticale hay 3 58 21 112 2 1921 § 64
Triticale silage 2 54 18 87 2 161 $ 81
Wheat straw 2 12 3 42 1 581 §$ 29
* Legumes obtain most of their N from the air.
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This publication provides information on the timing
and pattern of biomass accumulation and nitrogen (N)
uptake for a variety of Pacific Northwest crops. You can
use this information to schedule N fertilizer applications
for maximum efficiency. To achieve near-maximum
crop yields, an adequate supply of available N must be
present during the period of rapid N uptake by the crop.
Supplying N when it's most needed usually reduces the
amount of N lost via nitrate leaching, denitrification,
and other processes.

Improving the timing of N applications can provide
three benefits:

e It can improve crop yield and quality.
* It can reduce fertilizer costs.
It can help protect the environment.

How to use this publication

This publication is a resource for refining the timing
of N applications. It is not a fertilizer guide with spe-
cific recommendations for crops in a designated geo-
graphic area. Use it together with other resources (your
observations, crop production and soil test data, and
other publications) to improve N management practices
for your cropping system.

Biomass accumulation and N uptake for a number of
crops are described in this publication. A consistent
format, as shown in Figure 1, is used throughout the
publication. For a given crop, each of the three graphs
presented has the same time scale (days or date) on the
X axis. For any time during the growing season (x value
on the graph), the cumulative biomass accumulation,
cumulative N uptake, and N uptake rate can be read
directly from the graphs.

Dan Sullivan, Extension soil scientist; John Hart, Extension soil
scientist; and Neil Christensen, professor of soil science; Oregon
State University.



Cumulative biomass
accumulation

This graph (Figure 1a) shows the cumulative biomass

accumulation by the crop during the growing season.

The sigmoid, or S-shaped, crop growth curve can be

divided into three parts (designated by dotted lines):

» Slow growth early in the season (exponential)

» Rapid growth during midseason (linear)

» Slow growth (approaching a plateau) late in the
season as the crop matures

For most crops, the shift from vegetative growth
(leaves, stems) to reproductive growth (seeds, tubers
occurs shortly after the crop attains maximum leaf arg
Some crops (wheat, grass seed, potatoes) are harve
at plant maturity. Other crops (broccoli, cauliflower,
peppermint) are harvested during the period of rapid,
linear growth.

Cumulative N uptake

This graph (Figure 1b) shows the cumulative above

ground N uptake by the crop during the growing seas
Cumulative N uptake also follows a sigmoid curve ove
the growing season. This sigmoid curve is divided int
three phases:

Phase I: Slow N uptake corresponding to slow earl
growth

Phase II: Rapid N uptake as the crop grows rapidly
increasing its leaf area

Phase IlI: Slow or no crop N uptake. During this
phase, nitrogen is redistributed within the plant fron
leaves to stems or reproductive structures (tubers,
seeds). Biomass continues to accumulate.

The period of rapid N uptake begins about the time
rapid biomass accumulation (see Figure 1a); it is
complete long before the crop reaches maturity. The
maximum amount of above-ground crop N is called
“maximum N uptake.” For crops that are not grown to
maturity, maximum N uptake is the N uptake at harve

Nitrogen uptake rate

The N uptake rate curve in this graph (Figure 1c) is
mathematically derived from the cumulative N uptake
graph (Figure 1b). Nitrogen uptake rate is the slope
the cumulative N uptake curve at any point in time. T
maximum N uptake rate gives an indication of how
rapidly the crop utilizes N during the period of rapid N
uptake.
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Table 1 shows the crops included in this publicatiof
and summarizes biomass and N accumulation data fi
Figures 2—10. The yield and N uptake attained in the
examples presented do not represent a “maximum” f¢
all growing conditions. Cumulative biomass and N
accumulation vary with cultivar, plant population,
cultural practices, climate, and other factors. The
“maximum cumulative biomass” and “maximum N
accumulation” listed in Table 1 refer only to points on
the yield and N uptake curves as illustrated in Figure

Where did we get the data
presented here?

The data presented here were developed from fielg
studies where crops were fertilized with adequate N f

near-maximum yield. To measure biomass accumulat

tion, we repeatedly collected samples of the above-

ground portion of the crop during the growing season,

Rapidly growing crops usually were harvested at 7- tc
14-day intervals. Biomass samples were oven dried t
determine tons of dry matter per acre. Nitrogen uptak
was calculated by multiplying the biomass by its N
concentration.

For some crops, we collected more data than are
presented here. For field studies with multiple locatio
years, and other management factors, we selected th
most representative data. Crop cultivar and plant
population sometimes affected the quantity of maxim
N uptake, but did not change the timing of N uptake.

You will need to adapt the biomass and N uptake

1 environmental conditions. Variations in weather from
onyear to year affect the calendar date at which a crop
reaches Phase Il (the period of maximum N uptake).
br However, the crop growth stage corresponding to
Phase Il (e.g., jointing for winter wheat) remains the
same from year to year. Growing degree days can be
used to predict the onset of growth stages and the period
of maximum N uptake for most crops.
For additional data on nitrogen management for a
1. specific crop, see publications listed in “For more
information.”

Matching crop N needs

Table 2 summarizes our data for crops during Phase
i I, the period of rapid N uptake. This is the critical

pr period for adequate available N in the root zone. Phase
Il lasts from 30 to 60 days for most crops. Crop N
uptake during Phase Il accounts for 50 to 85 percent
of cumulative N uptake during the growing season.

The maximum N uptake rate usually is in excess of

Z 2 Ib N/a/day.

Postharvest N management

The crop N uptake values presented here also can be
S,used to plan for N carryover to the succeeding crop.
Table 3 shows the amount of N removed from the field
with the harvested crop, and the amount remaining in
,mihe field. For example, for a 100 bushel/a wheat crop,

the unharvested straw contains about 35 Ib N/a. As
wheat straw decomposes, only a small amount of plant-
available N is released (“low” residue N availability in

=

e

curves presented here for local and seasonal

Table 1.—Examples of crop biomass accumulation and crop nitrogen uptake measured &t harvest.

Example

figure Crop Location®
2 Winter wheat (soft white) \WAY
3 Tall fescue and perennial

ryegrass for seed WV
4 Hops wv
5 Broccoli WV
6 Cauliflower WV
7 Peppermint (unflamed) \WAY
7 Peppermint (flamed) wv
8 Potatoes (Russet Burbank) CB
10 Onions (dry bulb) TV

Maximum
Yield cumulative  Maximum N
level biomass accumulation
(unit/a) (dry ton/a) (Ib/a)
100 bu 10 120
1,500 Ib 5 110
7 bales 2 90
6 ton fresh 3 190
10 ton fresh 4 200
100 Ib oil 5 170
100 Ib oil 4 200
660 cwt (33 ton) — 240
630 cwt (32 ton) 4 120

@ Example data are derived from data presented in Figures 2—-10.
Maximum cumulative biomass and N accumulation vary with cul

The maximum values listed are maximums for the example field data.
tivar, plant population, cultural practices, and climate.

bLocations: WV = Willamette Valley, OR; CB = Columbia Basin, WA; TV = Treasure Valley, ID.



Table 3). Therefore, wheat contributes little N to
succeeding crops. In contrast, broccoli and cauliflowe
contribute more than 100 Ib N/a in crop residues with
high N availability.

with much leaf tissue have high tissue N concentrations
r (>1.5 percent N) and high N availability (similar to

animal manure). This residue group includes hops,

peppermint, broccoli, and cauliflower. Grass seed straw

The relative “N availability” listed for the residues in
Table 3 is related to N concentration. Immature plants

(0.8-1.5 percent N) has moderate N availability. Wheat
straw (0.3-0.5 percent N) has low N availability.

D

Table 2.—Examples of crop N uptake during the period of rapid N uptake (Phase II).

Phase Il Phase Il Maximum Phase Il
Example period period N uptake rate N uptake
figure Crop Location® dates growth stage (Ib N/a/day) (Ib N/a)
2 Winter wheat WV 1 Mar to 30 Apr jointing heading 2t03 60
(soft white)
3 Tall fescue and peren-
nial ryegrass for seed WV 1 Aprto 30 Apr jointing heading 2t03 70
4  Hops WV 10 Jun to 10 July vegetative cone initiation 3to4 80
5 Broccoli WV  50to 90 days after 4 to 6 leaf head formation 4t07 160
seeding
6 Cauliflower WV  40to 90 days after 4 to 6 leaf curd formation 2to 4 160
transplanting
7 Peppermint WV 10 May to 1 Aug 3 to 6 in high harvest lto2 80
(unflamed)
7  Peppermint WV  1Juneto 1l Aug 3to 6 in high harvest 2t03 160
(flamed)
8 Potatoes CB 40 to 100 days after late vegetative middle of tuber 4t05 150
(Russet Burbank) planting Growth Stage | Growth Stage I
10  Onions (dry bulb) TV 1 July to 15 Aug 6 to 8 leaf tops down lto2 70

a Example data are derived from crop N uptake curves presented in Figures 2—10. Crop N uptake rate varies with cultivar, plant population,
cultural practices, and climate.

b Locations: WV = Willamette Valley, OR; CB = Columbia Basin, WA; TV = Treasure Valley, ID.

Table 3.—Examples of nitrogen removed from the field and recycled via crop residues.

N removed Crop Crop
Example via harvest residue residue
figure Crop (Ib N/acre) (Ib N/acre) N availability
2 Winter wheat (soft white) 85 35 low
3 Tall fescue and perennial
ryegrass for seed 35 75 mediun®
4 Hops 45 65 hight
5 Broccoli 85 105 high
6 Cauliflower 90 110 high
7 Peppermint (unflamed) 210 high
7 Peppermint (flamed) 190 hight
8 Potatoes (Russet Burbank) 210 30 high
10 Onions (Sweet Spanish) 70 50 high

@ Other data for these examples are presented in Tables 1 and 2, and Figures 2-10.

b For perennial grasses, substantial amounts of N (100-300 Ib/a) are stored in the unharvested portions (crowns and roots) and in soil organic
matter. A portion of this stored N becomes available to the succeeding crop when perennial grass sod is plowed down.

¢ Although these residues are removed via harvest, they usually are field applied after processing.
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Nitrogen fertilizer management

The goal of N fertilizer management is to provide
adequate N for maximum crop yield and quality, while

minimizing nitrate leaching. The data presented here|ontest for corn (see publication EM 8650).

the rate and pattern of crop N uptake can be used to
help you decide what timing, rate, and form of N
fertilizer is most appropriate. Important questions
relating to N fertilizer management include:

Is the amount of N accumulated by the crop
the amount of fertilizer N | should apply?

No. In developing a fertilizer recommendation, you
should consider other N sources besides fertilizer N as
well as the efficiency of fertilizer N uptake by the crop.
The major source to consider is N mineralized (con-

verted to available forms) as organic matter decompgses

in the soil. Mineralization occurs in the absence or
presence of fertilizer N.

Estimates of soil N supply or mineralization in the
Willamette Valley commonly range from 40 to 120 Ib
N/a, depending on soil type and crop management
practices. Crop residues that are relatively high in N,
such as those from alfalfa, hop vines, mint residues,

cole crops, or sugar beets, can increase the N supplied

from the soil for the next crop. Sites with a history of

repeated applications of animal manure or other organicPhase II. Split applications have the most value on soils
byproducts also have greater amounts of N supplied py with high leaching potential (sandy soils), if irrigation is

mineralization.

In drier areas of the Northwest, some of the N for the shallow root systems (e.g., onions). Sprinkler irrigatior]

crop can be provided by nitrate that remains in the saqil
profile over the winter. In drier areas, spring soil tests
for preplant nitrate-N provide important information far
determination of appropriate N fertilizer rates.

How far in advance of crop needs should | apply N?
Generally, applying available N just before it is

needed by the crop is the most efficient strategy. Wheretions where a high potential for nitrate loss from the ropt

irrigation water is available to move N into the root
zone, N can be applied in split applications during the
period of rapid uptake.

West of the Cascades, for rain-fed crops that take Up maximum N uptake rate is less effective than soluble N.

most of their N over a 30- to 60-day period, a single N

application 2 to 4 weeks prior to the rapid uptake period When is it too late to apply N fertilizer?

usually is a good strategy. This allows enough time fqr
urea or ammonium-N conversion to nitrate-N and for
movement into the top foot of soil with rainfall.

How can | be certain that enough N will be

present during the period of rapid crop N uptake?
For some crops, soil testing for nitrate-N 2 to

4 weeks before the period of rapid N uptake will allow

enough time for supplemental N fertilizer applications.
This is the principle behind the pre-sidedress soil nitrafte

A similar approach can be used for other crops. If the
soil test shows substantial nitrate-N already present inf the
soil, then you can apply lower rates of N to meet crop
needs. Plant tissue tests can provide an assessment ¢f
current plant N status, but generally do a poor job of
predicting the quantity of available N in the soil.

For most irrigated crops, irrigation water must be
managed carefully to keep soluble nitrate-N in the roo
zone. For additional information on irrigation manage-
ment, consult the publications listed in the “For more
information” section of this publication.

In what situations are split N fertilizer applications
more effective than a single N application?

Split N fertilizer applications often increase the
efficiency of crop N use for crops with a long interval
between planting and Phase 1l (e.g., fall-planted crops).
For such crops, a small amount of N is applied at seedling,
with the remainder applied shortly before Phase Il.

A single N fertilizer application shortly before
Phase Il often is as effective as split N applications dufing

imprecise (e.g., furrow irrigation), or for crops with

systems are ideal for delivering split N applications.

When is slow-release N most effective?
Slow-release N sources (e.g., sulfur or resin-coated
urea) sometimes are used as a substitute for split appl|ica-
tions of soluble N fertilizers. Like split N applications,
slow-release N applications can be beneficial in situa-

zone exists. The best timing for slow-release N applica-
tion is prior to Phase I, the period of rapid N uptake.
Slow-release N applied after the crop has achieved its

N fertilizer applied when Phase Il is complete is not
effective in increasing crop yields. For most crops, latg N
fertilizer applications reduce crop quality. Some
examples of the detrimental effects of excessive N latg in
the season include high protein in soft white winter
wheat and high sugar content and dark fry color in
potatoes. In addition, N remaining in the soil after harJest
is vulnerable to loss by leaching during winter. Excess
soil N after harvest is a potential pollutant of groundwater.

7



Biomass accumulation and N uptake for selected crops

Seed crops

Winter wheat

BiomassWinter wheat planted in October typically
accumulates 400 to 500 Ib dry matter per acre by late
tillering, Feekes growth stage 5, which occurs betwee
February 1 and mid-March in western Oregon and
between mid-March and mid-April in eastern Oregon.
Beginning at jointing, Feekes growth stage 6, biomas
accumulates rapidly, reaching a maximum during gra
filling.

N uptake A small amount of N, 20 to 40 Ib/a, is
accumulated through the end of tillering, Feekes
growth stage 5. As jointing begins at Feekes growth
stage 6, so does rapid accumulation of N. In a 5- to
8-week period, wheat takes up 100 to 150 Ib N/a, witl
a peak N uptake rate of 2 to 3 Ib N/a/day. By the boot

stage, Feekes 10, the plant has accumulated most offi

N, but only about half of its biomass. As grain begins
form, N is translocated from leaves and stems to the
head.

ManagementSufficient N early in the growth of
winter wheat is extremely important. A shortage of N
during jointing (Feekes 6—8) cannot be overcome by
adding fertilizer N late in the growing season. Split
applications of N (a small application during tillering,
with the remainder at Feekes 5-6) can provide benef|
where substantial early season losses are expected
(sandy soils with high rainfall).

An adequately fertilized wheat crop will not produc
additional yield if fertilized with N after Feekes 8, the
appearance of the last or flag leaf. Late-season N
fertilization will make N vulnerable to loss before the
next cropping season. Late-season N has been show
increase grain protein, particularly if applied as a folig
application.

For more information

Christensen, N.W., and M. Brett. 1998. Wheat yield and N uptake
as influenced by treating crop residue with urea-sulfuric acid,
J. Fertilizer Issue$(2):50-55.

*Hart, J., N.W. Christensen, T.L. Jackson, R. Karow, and
W.E. KronstadWinter wheat—western Oregon, west of
Cascades fertilizer guide, FG 9 (Oregon State University,
Corvallis, OR, 1992). No charge

*See ordering instructions on page 18.
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Locke, K.A.Nitrogen and dry matter relationships for winter wheat

produced in western OregpBoctor of Philosophy Thesis,
Crop and Soil Science (Oregon State University, Corvallis, OR,
1991).

Nelson, J.E., K.D. Kephart, A. Bauer, and J.E. ConGoowth

staging of wheat, barleyand wild oat: A strategic step to timing
of field operationgUniversity of Idaho, Moscow, ID, 1988).
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Figure 2.—Biomass accumulation and N uptake for winter wheat
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(tillering growth stage). Data from one growing season. Source:
Christensen and Brett, 1988.



Grass for seed

Biomass For perennial grasses, the slow growth of
Phase | occurs in the fall and early spring. Depending
on species and cultivar, 300 to 2,000 Ib/a dry matter i
accumulated above ground from regrowth in the fall t
mid-March. Less than 20 percent of the above-groun
biomass is accumulated by the latter half of March. T
rate of biomass accumulation is almost linear from th
end of March to harvest in western Oregon.

N uptake N uptake is rapid during April and essen-
tially complete by mid-May, or more than 6 weeks
before harvest. The amount of N taken up by a grass
crop is cultivar-dependent, primarily a function of
biomass production. Total N uptake usually ranges
from 100 to 150 Ib/a. Peak N uptake of 2 to 4 Ib/a/day
occurs in April.

ManagementNitrogen fertilizer rates of 75 to 150 Ib
N/acre are adequate for grass seed during the rapid
vegetative growth period (Phase Il) in April. Most
growers choose to split N applications. Research in tk
Willamette Valley has shown no seed yield advantage
for split N application compared to a single applicatio
Late-season N application, after May 1, does not
increase yield or crop N uptake.

At harvest, the straw contains most of the N. One
thousand pounds of seed contains 20 to 25 Ib N. One
ton of straw contains 15 to 30 Ib N. At harvest, a crop
producing 1,500 Ib of seed and 4.5 tons of straw/a
removes 30 to 40 Ib N in seed and contains 70 to 135
N in straw. Thus, when straw is chopped back on the
field, N is recycled on-site.

Growers often are concerned with slow growth or
with yellow grass plants during the early spring growt
period. Cool weather and/or saturated soil generally &
the cause of slow growth. Additional N will not stimu-
late plants to grow in this situation. Be patient and walit
for warmer, drier weather to stimulate plant growth.
Soil analyses for ammonium + nitrate-N also can be
used to assess the need for additional N.

@

=)

-

For more information

Griffith, S.M., T.W. Thomson, and J.S. Owen. Soil and perennial
ryegrass seed crop N status and N management consideratio
for western Oregon, pp. 30-34 in W. Young, Il (e@!997
Seed Production Resear{@regon State University and
USDA-ARS, Corvallis, Oregon, 1998).

Griffith, S.M., and T. Thomson. N rate and timing relationships
with tissue N concentration and seed yield in perennial ryegra
pp. 41-42 in W. Young, Il (ed.) 1996 Seed Production
Researci{Oregon State University and USDA-ARS, Corvallis,
Oregon, 1997).
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Horneck, D.ANutrient management and cycling in grass seed
crops,Doctor of Philosophy Thesis, Crop and Soil Science
(Oregon State University, Corvallis, OR, 1995).

Qureshi, M.H. Tall fescue growth and nitrogen uptake as influenced
by non thermal residumanagementMaster of Science Thesis,
Crop and Soil Science (Oregon State University, Corvallis, OR,
1995).

Young, W.C., H.W. Youngberg, D.O. Chilcote, and J.M. Hart.
1997. Spring nitrogen fertilization of perennial ryegrass seed
crop,J. Prod. Agric 10:327-330.
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’Figure 3.—Biomass accumulation and N uptake for tall fescue and
perennial ryegrass grown for seed in the Willamette Valley. Data
for tall fescue in 1993 combined across four field locations
(Qureshi, 1995). Data for perennial ryegrass in 1997 from one field
location (Griffith et al., 1998).



Hops

Biomass Hops exhibit the same initial slow Phase |
growth through the first half of June as do grass seed
crops during the winter months. Spring growth pro-
duces long shoots with little leaf area. This growth
depends primarily on rootstock reserves. Only
10 percent of total biomass is accumulated through
mid-June. Phase Il growth from mid-June until the
latter part of July is linear and rapid. Maximum bio-
mass accumulation occurs by the end of July.

N uptake Nitrogen uptake and biomass accumula-
tion occur at similar rates. Only 10 percent of total
uptake is accumulated through mid-June. The 30-day
period from mid-June to mid-July is the period of rapi
uptake. The N uptake rate is 3 to 4 Ib/a/day near the
end of June. By the end of July, the crop has accumd
lated 80 to 150 Ib N/a in the trained biomass.

ManagementApply nitrogen fertilizer by early June
to mid-June so it will be available during the period of
rapid uptake. A single N application in April was as

effective as split applications in western Oregon trials.

Consider yield levels when determining N fertilizer
rate. Cones contain 5 to 6 Ib N/bale or one-third to or]
half the total amount of N harvested in the biomass.

Most yards are harvested by removing vines, leave
and cones. After the cones are removed from the vin
the leaves and stems generally are returned to the ya
Leaves and stems contain approximately 40 Ib N/t of
dry material. Reduce N fertilizer inputs where hop vin
residues are applied.

N status can be assessed by tissue testing. Collec
hop petioles when hops are between three-fourths of
the way to the wire and just reaching the wire. This
amount of growth generally occurs by mid-June in the
Willamette Valley. Choose petioles from mature leave

on the main vine, 5 to 6 feet from the ground. Have the

petioles analyzed for nitrate-N. Small-scale N rate
experiments and large-scale field demonstrations ha
shown no yield increase if additional fertilizer is
applied when petioles contain more than 4,000 ppm
nitrate-N in June.

For more information

Barth, A.W.Verticillium wilt, nematodes, and soll fertility interac-
tions in hop yardsMaster of Science Thesis, Crop and Soil
Science (Oregon State University, Corvallis, OR, 1991).

*Gingrich, G., J. Hart, and N. Christensétops fertilizer guide
FG 79 (Oregon State University, Corvallis, OR, 1994). No
charge

*See ordering instructions on page 18.
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Broccoli and cauliflower

Broccoli and cauliflower are closely related and ha

a similar pattern of biomass and N uptake. Both crops

are harvested at the end of rapid growth, Phase II,
before nutrients are translocated from the leaves to
seeds.

Broccoli

BiomassJune-seeded broccoli in the Willamette
Valley exhibits typical Phase | growth for the first
60 days after seeding. Less than 10 percent of the

biomass is accumulated when the plant has four to six

leaves. The next 30-day period, August, is character-
ized by typical rapid Phase Il growth.
N Uptake Nitrogen uptake and biomass accumula-

tion occur at similar rates. Less than 50 Ib N/a is taken

up by broccaoli in the first 60 days of growth or until

four to six leaves have emerged. The limited uptake
observed in the first 60 days is in sharp contrast to th
N uptake that follows. During the rapid growth period
between four to six leaves and the appearance of the

first buds, a broccoli crop takes up 5 to 7 Ib N/a/day. As

the head develops, translocation of nutrients from
leaves to the newly forming heads occurs.

Total N uptake is a function of cultivar, plant densit
and environmental conditions. Nitrogen uptake of
“Gem” broccoli seeded at a density of 35,000 plants/a
and grown in the Willamette Valley is 200 to
250 Ib N/a. The expected yield is 5 to 6 tons of fresh

=

heads/a. Nitrogen uptake as high as 350 Ib/a has been

reported from British Columbia and Arizona in higher
density plantings.

ManagementSince most of the N is accumulated 9
to 100 days after seeding, an adequate supply of N
during rapid growth is crucial, as yield will be
decreased if a shortage of N occurs during this time.
Late-season high rates of N cannot overcome an ear
season N deficit.

Fresh broccoli heads contain 15 to 20 Ib N/t. A5 t/a
yield (fresh wt. basis) removes 75 to 100 Ib N/a. More
than 150 Ib N/a remains in the field in the leaves and
stems. When this crop residue is tilled into the soil, it
rapidly decomposes, releasing available N.

For more information

Hemphill, Jr., D.D., and J. HaiEffect of nitrogen rate, timing,
placement, and catch crops on yield and nitrogen utilization in
vegetable cropsProject Report to the Oregon Processed
Vegetable Commission (Oregon State University, Corvallis,
OR, 1991).

%)
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Hemphill, Jr., D.D., J. Hart, and D. McGratffect of nitrogen
source and nitrogen rate on yield and nitrogen utilization by
broccoli, Project Report to the Oregon Processed Vegetable
Commission (Oregon State University, Corvallis, OR, 1990).

Kowalenko, C.G., and J.W. Hall. 1987. Nitrogen recovery in single-

and multiple-harvested direct-seeded broccoli trialgym. Soc.
Hort. Sci.112(1)4-8.

Letey, J., W.M. Jarrell, N. Valoras, and R. Beverly. 1983. Fertilizer
application and irrigation management of broccoli production
and fertilizer use efficiencyAgron. J.75:502-507.

Magnifico, V., V. Lattanzio, and G. Sarli. 1979. Growth and
nutrient removal by broccol. Am. Soc. Hort. Sc104(2):201—
203.

*Mansour, N.S., H.J. Mack, H. Gardner, T.L. Jackson, and
T.A. Doerge Broccoli, Brussels sprouts, cabbage, cauliflower
(western Oregon—west of Cascades) fertilizer gur@e27
(Oregon State University, Corvallis, OR, 1983). No charge

*See ordering instructions on page 18.
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Figure 5.—Biomass accumulation and N uptake for early-June-

seeded broccoli in the Willamette Valley. Data from one field

location (1991). Source: J. Hart and D. Hemphill, Oregon State

University.
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Cauliflower

Biomass Cauliflower transplanted in early July
exhibits gradual Phase | growth for the first 40 to
50 days, accumulating approximately 25 percent of it
biomass in this period. In contrast, Phase Il growth in
the next 50 days produces approximately 75 percent
the crop biomass.

N Uptake Nitrogen uptake and biomass accumula-
tion occur at similar rates. Approximately 50 Ib N/a is
taken up by broccoli in the first 50 days of growth or
until four to six leaves have emerged. The limited

[

of

uptake observed in the first 60 days is in sharp contrast

to the N uptake that follows. During the rapid growth
period between four to six leaves and curd formation
cauliflower crop takes up about 3 Ib N/a/day. As the
head develops, translocation of nutrients from leaves
the newly forming heads occurs.

ManagementSince most of the N is accumulated b
90 to 100 days after transplanting, an adequate supp
of N during rapid growth is critical. Yield is decreased
if a shortage of N occurs during the rapid growth
period. Apply N fertilizer in late July through early
August to ensure the crop a sufficient and timely
nutrient supply. Cauliflower transplanted in early July

accumulates N at the highest rate in early September.

Cauliflower contains substantial N in the leaves an
stems that remain in the field after harvest. Live plant
can hold N during winter months. Spring desiccation
and tillage allows some of the N contained in the plar
remaining after harvest to become available for the
subsequent crop. If broccoli or cauliflower residues a
incorporated shortly after harvest, the best N manage
ment practice is to seed a fast-growing crop soon aftg
tillage. Nitrogen uptake by the following crop will
reduce the amount of nitrate-N available for leaching

For more information

Dick, R.P., D.D. Hemphill Jr., J. Hart, and D. McGrd#ffect of
alternative crop rotations and cover crops on productivity and
input efficiency in vegetable crop systefddendum to interim
report to CAAR (Oregon State University, Corvallis, OR,
1992).

Federico Jr., Nitrogen utilization by caulifloweMaster of

Agriculture Thesis, Crop and Soil Science (Oregon State
University, Corvallis, OR, 1994).
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Peppermint

Biomass The major factor affecting time of biomass
accumulation for peppermint is the method of rust

control (flaming vs. chemical control). Peppermint that

is flamed produces biomass over a shorter growing
season than do fields where chemical rust control is
used. Fields flamed for rust control begin harvestable

biomass accumulation approximately 30 days later than

unflamed fields. Vigorously growing fields where
chemical control is used produce more biomass than
fields that are flamed. Peppermint growth follows a
similar pattern when either method of rust control is
used, producing between 8,000 and 10,000 Ib dry
matter/a.

N Uptake Peppermint that is flamed accumulates N
at a faster rate than fields where chemical control of
rust is practiced. However, both techniques produce
plants at harvest with approximately the same amour
of N, 170 to 250 Ib/a. This conclusion is based on dat
collected over 3 years from large on-farm plots in the
Willamette Valley.

Flamed and unflamed peppermint have different N
uptake rates. Flamed mint has a maximum N uptake
rate of approximately 3 Ib/a/day, while unflamed
peppermint's maximum N uptake rate is about
1.5 Ib/a/day. The peak N uptake period is between
June 15 and July 15.

ManagementNitrogen fertilizer rates of no more
than 200 to 250 Ib/a are necessary for adequately
irrigated peppermint. N can be supplied through the
irrigation water or to the soil early in the growing
season. Supply approximately 175 Ib/N/a before mid
June where peppermint is flamed or by mid-May whe
chemical rust control is used. N applied in late July o
August is likely to remain in the soil after harvest.

,
D

For more information

Christensen, N.W., J. Hart, M. Mellbye, and G. Gingrich. Pepper-
mint growth and nutrient uptake, p. 4@mregon Mint Commis-
sion Update Spring 1998 (Oregon Mint Commission, Salem,
OR, 1998).

Hart, J., M. Mellbye, G. Gingrich, E. Marx, and M. Kauffman.
Interim report to the Oregon Mint Commission for the field
project “Biomass and Nitrogen Accumulation” in 1995-96
Reports to the Agricultural Research Foundation for the
Oregon Mint CommissiofOregon State University, Corvallis,
OR, 1995).

Q ~+

Hee, S.M Effect of nitrogen fertilization on peppermint oil quality
and contentMaster of Science Thesis, Crop and Soil Science
(Oregon State University, Corvallis, OR, 1975).

Huettig, M.A. The effect of fertilizer treatments on oil content and
nutrient concentration of peppermint in western Oreddaster
of Science Thesis, Crop and Soil Science (Oregon State
University, Corvallis, OR, 1969).
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Tuber, bulb, and root crops

The seasonal pattern for potato biomass and N
uptake, highlighted here, has similar characteristics t
the pattern for crops with vegetative storage organs
(e.g., onions, sugar beets, carrots).

Potatoes

Biomass Potato dry matter accumulation and
distribution in the plant can be described by dividing
growth stages into four periods, based on top and tuk
growth and N uptake. The description used by
Kleinkopf et al. (1981) follows:

e During growth stage I, “vegetative,” plants develop
from planting until the start of tuber initiation. This
period ranges from 30 to 70 days, depending upon
planting date, soil temperatures, seed age, variety
and other environmental factors affecting growth.

» Growth stage I, “tuberization,” lasts 10 to 14 days,
with tubers being formed at the tips of the stolons

but not appreciably enlarging. The primary inflorest

cence may have a few open flowers at the end of t
stage.

» Growth stage lll, “tuber growth,” is the phase wher
tuber growth is linear if all growing conditions are
adequate.

» During growth stage IV, “maturation,” vines start to

yellow, leaf loss is evident, and tuber growth slows.

Nitrogen uptakeNitrogen uptake by a potato crop is
a function of yield potential and variety. Tuber yield
and N uptake usually are not limited by growing seas
in the Columbia Basin or the Treasure Valley. A limite
growing season reduces yield and N uptake in the
Klamath Basin, central Oregon, and eastern Idaho.

During vegetative vine growth in growth stage |,
about 80—-100 Ib N/a is taken up. In the figure for
Russet Burbank potatoes planted about April 20,
growth stage | ends approximately 60 days after
planting.

Growth stage I, tuberization, is characterized by
rapid N uptake with 4-5 Ib N/a/day taken up by the
potato crop.

Maximum whole plant N uptake is reached at abou
100 days after planting in growth stage Ill, tuber
growth. During this growth stage, the tuber N uptake

rate peaks about 110 days after planting. At the peak N

demand, tubers accumulate 3 to 4 Ib N/a/day.
During growth stage 1V, beginning about 120 days
after planting, tubers continue to accumulate N. The

d

14

source of N for tubers in the last month of growth is
primarily translocation of N from vines.
ManagementExcessive amounts of nitrogen at
planting can elevate salt levels, adversely affecting
moisture availability in the root zone. Providing
adequate, but not excessive N during growth stages |
and |l favors a balanced proportion of roots and shoots,
resulting in enhanced tuber initiation and set. For
indeterminate cultivars such as Russet Burbank, the
most critical time for supplying nitrogen is from 40 to

er100 days after planting (late vegetative growth stage |

through the first half of tuber growth stage III).

The effects of deficient, adequate, and excess N
application are demonstrated for Russet Burbank
potatoes in the Columbia Basin (Patterson, WA) in
Figure 9. When N is applied in excess of crop needs,
vines accumulate excess N. Excessive N fertilization
delays maturity and may result in reduced crop quality
and crop value for fresh market or for processing.
Negative effects of excessive N can include lower dry
matter (specific gravity), lower market grade, and

hishigher sugar content. At adequate or deficient rates of

N, the plant moves N from the vine to the tubers,
starting with the period of rapid tuber development.
Excess N fertilizer changes the amount of N in the
vines more than in the tubers. Adequately fertilized
potatoes (190 Ib fertilizer N/a) contained 160 Ib N in
tubers, while potatoes grown with excess N (550 Ib
fertilizer N/a) contained 200 Ib N in the tubers. Vines
contained 300 Ib N/a when excessively fertilized

oncompared to less than 50 Ib/a when adequately fertil-

ized. Tuber yields were similar with adequate or excess
N application.

For more information

Feibert, E.B.G., C.C. Shock, and L.D. Saunders. 1998. Nitrogen
fertilizer requirements of potatoes using carefully scheduled
sprinkler irrigation HortSci. 32:262—-265.

Kleinkopf, G.E., D.T. Westermann, and R.B. Dwelle. 1981. Dry
matter production and nitrogen utilization by six potato
cultivars,Agron. J.73:799-802.

Lang, N.S., R.G. Stevens, R.E. Thornton, W.L. Pan, and S. Victory.
Irrigated potato nutrient management guide for central Wash-
ington. In Proc. Washington State Potato Conference and
Trade Show, 4-6 Feb 199Washington State Potato Commis-
sion, Moses Lake, WA, 1997).

Lauer, D.A. 1985. Nitrogen uptake patterns of potatoes with high-
frequency sprinkler-applied N fertilizehgron. J.77:193-197.

Roberts, W., H.H. Cheng, and F.A. Farrow. 1991. Potato uptake
and recovery of nitrogen-15-enriched ammonium nitrate from
periodic applicationsigron. J.83:378—-381.
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Onions

Biomass Onion biomass initially accumulates very
slowly. From seeding in March or April to the six to
eight-leaf stage in mid to late June, accumulated
biomass is less than 40 Ib/acre. Following rapid leaf

need. Applying the initial sidedress N at the three- to
five-leaf stage provides N just prior to the period of
rapid biomass production and N uptake. The last
application of N fertilizer usually should be in mid- to
late June.

production, bulb enlargement begins in July in responseFor more information

to day length and temperature. Bulb enlargement is
complete by late August to early September, and
maximum biomass is attained at that time.

In a recent eastern Washington field trial, sweet
Spanish, globe, and red onion biomass and nutrient

uptake were measured. The range of total biomass far

all onion types was 9,000 to 12,000 Ib/a (dry weight).
Less than 2,000 pounds of the biomass was found in
onion tops. In Malheur County, OR, sweet Spanish
onions produced 6,500 pounds of biomass in bulbs a
1,300 pounds in tops. In both situations, approximate|
85 percent of the biomass was in the bulbs. In Idaho,
sweet Spanish type onions accumulated 1,000 to
2,000 Ib biomass in plant tops by mid-July, when plan
had 9 to 12 leaves (Figure 10).

N uptake Rapid N uptake begins after the crop has
six to eight true leaves and continues in a linear fashi
through bulb growth. During the latter stages of bulb
enlargement, generally August in irrigated onion-
producing areas of the west, N is translocated from tg
to bulbs, and little additional N is taken up from the

=

[®]
=]

soil. In a recent eastern Washington field trial, N uptake

was 130 to 160 Ib/a, with 10 to 30 Ib N/a in the tops at
harvest. A similar proportion of N was found in bulbs
and tops in Malheur County, Oregon research: 80 to
90 Ib/a N in the bulbs, and 15 to 20 Ib/a N in the tops
In the Idaho studies summarized in Figure 10, a high
proportion of crop N uptake was found in onion tops.

ManagementN uptake at harvest is a function of
onion variety, plant population, and bulb size. Adjust
the N fertilizer rate for projected yield. Crop N uptake
(tops + bulbs) averages 0.15 to 0.20 Ib N per cwt of
harvested bulbs (3 to 4 Ib N per ton of bulb fresh
weight).

Research in Idaho and Colorado shows that seede
onions can benefit from split applications of N. Nitro-
gen applied preplant often is leached beyond the rea
of roots by early-season rainfall or irrigation.

Preplant N also may reduce germination of onion

seed and increase early-season weed control problemms.

Sidedress N can be applied several times during the
growing season if soil or plant tissue tests indicate a
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Horneck, D.A. 1997. Nutrient uptake of Columbia Basin onions,
varietal differences, iRroc. Pacific Northwest Vegetable
Association, 20—-21 Nov 1997 (Pacific Northwest Vegetable
Association, Pasco, WA).

Shock, C., T. Stieber, J. Miller, and M. Saunders. Improved
nitrogen fertilizer efficiency for onion production, p. 66 in
Malheur County Crop Research, 198R 882 (Oregon
Agricultural Experiment Station, Oregon State University,
Corvallis, OR, 1991).
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locations. Source: Brad Brown, University of Idaho, Parma
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Questions and answers about nitrogen use by crops

Nitrogen management uses technical jargon. This
section precisely defines our jargon, so you can comp
the values presented here with other information on
nitrogen management. This section also provides
additional information for interpretation of the research
results reported here.

What is plant-available N?

Plants utilize only the ammonium (NHiand nitrate
(NO,) forms of nitrogen. Nitrogen from the atmospher
and from organic sources is not available until conver-
sion by microbial activity or a chemical reaction into
ammonium or nitrate-N.

What sources provide available N for crops?

Crops utilize available N from several sources.
Water-soluble N fertilizers supply N in an immediately
available form. Plant-available nitrogen also is provide
by bacteria living in association with the roots of
legumes. The decomposition of organic N compounds
soil, a process called mineralization, also provides
plant-available N. Organic sources of mineralizable N

include soil organic matter, crop residues, manures, and
other organic byproducts. In some areas, irrigation walter

may be a significant source of available N. Consider
nitrogen from all of these sources when developing a
plan for supplying N to meet crop needs.

Why are the N uptake values similar to recom-
mended fertilizer rates for some crops?

This is the result of two factors that cancel each oth
out in some situations. First, as discussed above,
available N is produced by the decomposition of soil
organic matter and crop residues. This process reduct
the amount of N needed from fertilizer. Second, some
the applied N is lost via volatilization, denitrification,
immobilization, and leaching processes. This increase
the amount of N needed from fertilizer. Sometimes, a
balance between contributions from soil N mineraliza-
tion and available N losses occurs. In these situations
crop N uptake and fertilizer rate recommendations are
similar.

How is above-ground N uptake measured?
Nitrogen uptake, as reported here, is equal to the d

weight of the harvested above-ground biomass multi-

plied by the biomass N concentration. For example, fo

a peppermint crop producing 8,000 Ib/a biomass (dry

weight basis) and having an N concentration of

2.5 percent N, the calculated N uptake is 200 Ib N/acr

Did the measurement procedure recover all of the
areN that entered the plant?

No. We measured the N present in plants by harve
ing at different growth stages. After uptake, some N i
lost from small holes, called stomata, on the undersidg
of leaves. Additional N is lost when leaves get old, tu
yellow, and fall off the plant. Loss of N from the
above-ground portion of the crop can account for 5 tg
20 percent of the total above-ground N uptake by crg
such as wheat or corn.

Except for potatoes, we do not report here the
amount of N present below ground in roots and other
vegetative structures. For actively growing crops,
approximately one-quarter to one-third of the amount
N found in above-ground biomass usually is present
the roots. For annual crops, most of the N present in
roots moves to plant tops by maturity. Therefore, the
cumulative N uptake values reported here probably
infepresent 75 to 95 percent of whole plant N uptake.

11

d

How efficient are plants in utilizing
fertilizer N?

All of the N applied as fertilizer is not taken up by &
crop, even when the fertilizer is applied at optimum
rates. When crops are supplied adequate but not exg
fertilizer N, between half and two-thirds of the fertilize
N will be found in the crop. Crop N uptake efficiency
less than 100 percent because of naturally occurring

—

er Volatilization and denitrification. Some is incorporateq
into soil organic matter through microbial processes.
Some is present in the soil at the end of the growing

hg Season as nitrate-N.

of Indeveloping an N fertilizer rate recommendation,

crop N uptake efficiency usually is assumed to be 50

70 percent. This means that for 100 Ib/a of fertilizer N

applied, crop N uptake increases by 50 to 70 Ib N/a.

%)

What happens to nitrate-N not taken up by crops?

Nitrate-N moves with soil water. West of the Cas-
cades, much of the nitrate remaining in the soil profilg
in October is lost over the winter. In lower precipitatio
areas, winter precipitation may not leach nitrate-N frg
the root zone but can move it deeper in the soil profil
Many crops are less efficient in utilizing available N
that is below a depth of 2 feet.

Some nitrate-N is converted to organic N by soll

Yy

=

subject to leaching.

11

processes. Some of the N is lost as a gas via ammoni
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microorganisms. Nitrogen stored in organic forms is fot
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For more information

Irrigation

*Cuenca, R.H., J.L. Nuss, A. Martinez-Cob,
G.G. Katul, and J.M. Faci Gonzal&regon crop
water use and irrigation requirementsM 8530
(Oregon State University, Corvallis, OR, 1992).
$5.00

*English, M.J., R. Mittelstadt, and J.R. Minériga-
tion management practices checklist for Oregon
EM 8644 (Oregon State University, Corvallis, OR,
1996). $2.25

*Hansen, H., and W. Trimmelrrigation system walk-
through inspection analysi®NW 293 (Oregon
State University, Corvallis, OR, 1997). $1.00

*Ley, T.W., R.G. Stevens, R. Topielec, and
W.H. Neibling.Soil water monitoring and measure-
ment PNW 475 (Oregon State University, Corvallig
OR, 1994). $1.00

*Trimmer, W., and H. Hanselfrrigation scheduling
PNW 288 (Oregon State University, Corvallis, OR,
1994). 50¢

Soil testing

*Marx, E.S., J. Hart, and R.G. SteveBsil test
interpretation guideEC 1478 (Oregon State Univer
sity, Corvallis, OR, 1998). $1.50

*Marx, E.S., N.W. Christensen, J. Hart, M. Gangwer,
C.G. Cogger, and A.l. Barffhe pre-sidedress soil

nitrate test (PSNT) for western Oregon and western

Washington, EM 8650 (Oregon State University,
Corvallis, OR, 1996). 75¢
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Additional sources of crop N uptake data

Doerge, T.A., R.L. Roth, and B.R. Gardniditrogen
Fertilizer management in Arizon&ubl. 191025
(College of Agriculture, The University of Arizona,
Tucson, AZ, 1991).

Ritchie, S.W., J.J. Hanway, and G.O. Bensdow a
corn plant developsSpec. Report 48 (lowa State
University, Ames, 1A, 1989).

Ordering instructions

Publications marked with an asterisk (*) are
available from the Oregon State University
Extension Service. To order copies, send the
publication’s complete title and series number,
along with a check or money order for the amount
listed, to:

Publication Orders

Extension & Station Communications

Oregon State University

422 Kerr Administration

Corvallis, OR 97331-2119

Fax: 541-737-0817
World Wide Webeesc.orst.edu

You may order up to six no-charge publica-
tions without charge. If you request seven or mofe
no-charge publications, include 25 cents for each
publication beyond six.

Discounts are available on orders of 100 or
more copies of a single title. Please call 541-737
2513 for price quotes.

For all other publications, contact the
publisher or a library.




m  This publication is a resource for scheduling N| m Crop N uptake during the phase of rapid N

fertilizer applications for maximum efficiency. uptake (Phase Il) accounts for 50 to 85 percen
Improving the timing of N applications can of cumulative N uptake during the growing
provide the following benefits: season.
* Reduced fertilizer costs m  Maximum crop N uptake rates during Phase Il
« Improved crop yield and quality usually exceed 2 Ib N/a/day.
« Protection of water resources m To achievg near-maximum crop yields, you
_ o _ _ _ must provide an adequate supply of available IN
format, above-ground crop N uptake data from (Phase II).
project reports, conference proceedings, and i _
journal articles. m Crop (_:ultlvar an_d plant population affect the
guantity of maximum N uptake, but not the
m  The crop N uptake data presented here were timing of N uptake by a crop.
developed from field studies where crops were ,
fertilized with adequate N for near-maximum m The crop N uptake amounts listed here are not
yield. N fertilizer recommendations. Besides crop N
_ uptake estimates, fertilizer recommendations
m  Crop N uptake occurs in three phases over the consider:

growing season: ) _
» The quantity of N supplied from other

* Phase I: Slow crop N uptake corresponding to sources (e.g., decomposition of soil organic
slow early gowth matter, manure, irrigation water)

* Phase II: Rapid N uptake as the cropvgs « Crop N uptake efficiency—the proportion of
rapidly, increasing its leaf area plant-available N remed by the crop

« Phase IlI: Slow or no crop N uptake. During (usually 50 to 70 percent)

this phase, nitrogen is redistributed within the
plant from leaves to stems or reproductive
structures (tubers, seeds). Biomass continugs
to accumulate.
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UMPQUA Research Company - Table Rock

419 SW 5th Street

Pendleton, Oregon 97801

(541) 863-5201 Fax: (541) 863-6199
E-mail: TRLab@URCmail.net
Internet: www.umpquaresearch.com

ANALYSIS REPORT
URC# T3F2111

ORELAP ID# OR100061
Enterprise, City of Project: Wastewater Date Reported:  06/26/23
102 E North St. Project #: General Testing Date Sampled:  06/21/23 09:00

Enterprise, OR 97828

Client Contact: Dave Wilkie

Date Received: 06/21/23 13:35
Sampled By: Dave

Sample Location: Waste Water Digester Biosolids URC Sample #: T3F2111-01 Matrix: Sludge
Inorganics
Analyte Code  Result Units MRL BML Prepared Analyzed Analyst  Qualifier
SM 2540B
Total Solids 0.756 % by Weight 0.030 06/22/23 06/26/23 DTD B
UMPQUA Research Company/TR The results in this report apply to the samples analyzed in accordance with the chain of
ey custody document.
\7{/{3’ A 1{ /ﬁ! J / /‘//_’if e ’L] This analytical report must be reproduced in its entirety.
aled E Lt 7

Lacy McCamey For Amy Kasiska
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UMPQUA Research Company - Table Rock ANALYSIS REPORT

419 SW 5th Street
Pendleton, Oregon 97801 URC # T3F2111

(541) 863-5201 Fax: (541) 863-6199
E-mail: TRLab@URCmail.net
Internet: www.umpquaresearch.com

ORELAP ID# OR100061

Enterprise, City of Project: Wastewater Date Reported:  06/26/23

102 E North St. Project #: General Testing Date Sampled:  06/21/23 09:00

Enterprise, OR 97828 Date Received: 06/21/23 13:35

Client Contact: Dave Wilkie Sampled By: Dave

Sample Location: Waste Water Digester Biosolids URC Sample #: T3F2111-01 Matrix: Sludge
Microbiology
Analyte Code Result Units MRL BML Prepared Analyzed Analyst  Qualifier
SM 9221-B&E

Fecal Coliforms 3400 MPN/g dry 26 06/22/23 14:50 06/23/23 DTD
UMPQUA Research Company/TR The results in this report apply to the samples analyzed in accordance with the chain of

e custody document.
%{'f s /’ 14174 /‘,/_/)f g This analytical report must be reproduced in its entirety.
/ ™ I;{ A //

Lacy McCamey For Amy Kasiska

Page 2 of 3




UMPQUA Research Company - Table Rock ANALYSIS REPORT

419 SW 5th Street
Pendleton, Oregon 97801 URC # T3F2111

(541) 863-5201 Fax: (541) 863-6199
E-mail: TRLab@URCmail.net
Internet: www.umpquaresearch.com

ORELAP ID# OR100061
Qualifiers and Definitions

B Analyte detected in the method blank
DET Analyte DETECTED
ND Analyte NOT DETECTED at or above the MRL (minimum reporting limit)
NA Not Applicable
NR Not Reported
dry Sample results reported on a dry weight basis
RPD Relative Percent Difference
MRL Minimum Reporting Limit
MDL Minimum Detection Limit
BML Benchmark Level

(69)] ORELAP Accredited Analyte

(~) Due to rounding of individual analytes, the "total" may vary slightly from the sum of the individual analyte values.

Analytes flagged with * were subcontracted to Umpqua Research Company/MC. ORELAP ID #: OR100031

UMPQUA Research Company/TR The results in this report apply to the samples analyzed in accordance with the chain of
N custody document.
N, 1)l gt This analytical report must be reproduced in its entirety.
Qey 1116 i ytical rep P ty
S WM f L ;
( - JII

0

Lacy McCamey For Amy Kasiska
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UMPQUA Research Company - Table Rock ANALYSIS REPORT

419 SW 5th Street

Pendleton, Oregon 97801 URC # T3F2113
(541) 863-5201 Fax: (541) 863-6199

E-mail: TRLab@URCmail.net

Internet: www.umpquaresearch.com

ORELAP ID# OR100061

Enterprise, City of Project: Wastewater Date Reported: 07/10/23

102 E North St. Project #: General Testing Date Sampled:  06/21/23 09:00

Enterprise, OR 97828 Date Received: 06/21/23 13:35

Client Contact: Dave Wilkie Sampled By: Dave

Sample Location: Influent URC Sample #: T3F2113-01 Matrix: Aqueous
Inorganics
Analyte Code Result Units MRL BML Prepared Analyzed Analyst  Qualifier
SM 2540D

TSS 162 mg/L 10.0 06/23/23 06/26/23 DTD
SM 5210B

5-day BOD 110 mg/L 2 20 06/22/23 17:01 06/26/23 DTD
UMPQUA Research Company/TR The results in this report apply to the samples analyzed in accordance with the chain of

e custody document.
%{'f s /’ 14174 /‘,/_/)f g This analytical report must be reproduced in its entirety.
_/ | i I;{ A //

Lacy McCamey For Amy Kasiska

Page 1 of 5




UMPQUA Research Company - Table Rock

419 SW 5th Street

Pendleton, Oregon 97801

(541) 863-5201 Fax: (541) 863-6199
E-mail: TRLab@URCmail.net
Internet: www.umpquaresearch.com

ANALYSIS REPORT
URC# T3F2113

ORELAP ID# OR100061
Enterprise, City of Project: Wastewater Date Reported: 07/10/23
102 E North St. Project #: General Testing Date Sampled:  06/21/23 09:00

Enterprise, OR 97828
Client Contact: Dave Wilkie

Date Received:

Sampled By:

06/21/23 13:35

Dave

Sample Location: Effluent URC Sample #: T3F2113-02 Matrix: Aqueous
Inorganics
Analyte Code  Result Units MRL BML Prepared Analyzed Analyst  Qualifier
SM 2540D
TSS 1.5 mg/L 1.2 06/23/23 06/26/23 DTD
SM 4500 NH3 B
*Ammonia as N ND mg/L 0.30 06/28/23 06/28/23 JBN
SM 5210B
5-day BOD 3 mg/L 2 20 06/22/23 17:01 06/26/23 DTD
UMPQUA Research Company/TR The results in this report apply to the samples analyzed in accordance with the chain of
e custody document.
\7{/{3’ A 1{ /ﬁ! J / /‘//_’if e ’L] This analytical report must be reproduced in its entirety.
S WM =\ =

Lacy McCamey For Amy Kasiska
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UMPQUA Research Company - Table Rock

419 SW 5th Street

Pendleton, Oregon 97801

(541) 863-5201 Fax: (541) 863-6199
E-mail: TRLab@URCmail.net
Internet: www.umpquaresearch.com
ORELAP ID# OR100061

ANALYSIS REPORT
URC# T3F2113

Enterprise, City of Project: Wastewater Date Reported: 07/10/23

102 E North St.
Enterprise, OR 97828

Project #: General Testing Date Sampled:
Date Received:

Client Contact: Dave Wilkie Sampled By:

06/21/23 09:00
06/21/23 13:35

Dave

Sample Location: Digester BioSolids

URC Sample #: T3F2113-03 Matrix: Sludge

Inorganics
Analyte Code  Result Units MRL BML Prepared Analyzed Analyst  Qualifier
SM 2540B

*Total Solids 0.764 % by Weight 0.017 06/26/23 06/27/23 AHA
SM 2540E

*Volatile Solids 99.8 % by Weight 0.017 06/26/23 06/27/23 AHA

(of TS)

SM 4500 NH3 B

*Ammonia as N 4430 mg/kg dry 981 07/07/23 07/07/23 JBN
SM 4500-H B

pH 7.0 pH Units 06/21/23 16:21 06/21/23 ABK
SM 4500Norg B

*Total Kjeldahl Nitrogen 66800 mg/kg dry 9810 06/29/23 06/30/23 JBN
SM 4500P

*Phosphorus-Total 4.20 % by Weight 0.654 07/03/23 07/03/23 JBN

dry

USEPA 300.0

*Nitrite as N ND mg/kg dry 65.4 06/22/23 14:09 06/22/23 AHA

*Nitrate as N ND mg/kg dry 262 06/22/23 14:09 06/22/23 AHA

UMPQUA Research Company/TR

N ' N T /' —
/){/{rf |_( / / [ T\ L/
(G 4 ’}.I /

The results in this report apply to the samples analyzed in accordance with the chain of
custody document.
This analytical report must be reproduced in its entirety.
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419 SW 5th Street

Pendleton, Oregon 97801

(541) 863-5201 Fax: (541) 863-6199
E-mail: TRLab@URCmail.net
Internet: www.umpquaresearch.com
ORELAP ID# OR100061

UMPQUA Research Company - Table Rock

ANALYSIS REPORT
URC# T3F2113

Enterprise, City of
102 E North St.
Enterprise, OR 97828

Project: Wastewater

Project #: General Testing

Client Contact:

Dave Wilkie

Date Reported:
Date Sampled:
Date Received:

Sampled By:

07/10/23
06/21/23 09:00
06/21/23 13:35

Dave

Sample Location: Digester BioSolids

URC Sample #: T3F2113-03

Matrix: Sludge

Metals

Analyte Code  Result Units MRL BML Prepared Analyzed Analyst  Qualifier

EPA 6010D
*Arsenic ND mg/kg dry 32.7 06/29/23 06/29/23 DST
*Cadmium ND mg/kg dry 6.54 06/29/23 06/29/23 DST
*Chromium ND mg/kg dry 65.4 06/29/23 06/29/23 DST
*Copper 167 mg/kg dry 65.4 06/29/23 06/29/23 DST
*Lead ND mg/kg dry 32.7 06/29/23 06/29/23 DST
*Mercury ND mg/kg dry 13.1 07/05/23 07/05/23 DST
*Molybdenum ND mg/kg dry 65.4 06/29/23 06/29/23 DST
*Nickel ND mg/kg dry 65.4 06/29/23 06/29/23 DST
*Potassium 0.608 % by Weight 0.131 06/29/23 06/29/23 DST

dry

*Selenium ND mg/kg dry 65.4 06/29/23 06/29/23 DST
*Zinc 411 mg/kg dry 131 06/29/23 06/29/23 DST

UMPQUA Research Company/TR
)

s

/\ﬁ{f ) '{ /’ / J ( ' ;{)( Y124 ] This analytical report must be reproduced in its entirety.
) LA . >

Lacy McCamey For Amy Kasiska

The results in this report apply to the samples analyzed in accordance with the chain of
custody document.
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UMPQUA Research Company - Table Rock ANALYSIS REPORT

419 SW 5th Street
Pendleton, Oregon 97801 URC # T3F2113

(541) 863-5201 Fax: (541) 863-6199
E-mail: TRLab@URCmail.net
Internet: www.umpquaresearch.com

ORELAP ID# OR100061
Qualifiers and Definitions
QR-04 Duplicate RPD is above the control limit due to a non-homogeneous sample matrix.
DET Analyte DETECTED
nalyte at or above the minimum reporting limit

ND Analyte NOT DETECTED b he MRL (mini porting limi
NA Not Applicable
NR Not Reported
dry Sample results reported on a dry weight basis
RPD Relative Percent Difference
MRL Minimum Reporting Limit
MDL Minimum Detection Limit
BML Benchmark Level

(69)] ORELAP Accredited Analyte

(~) Due to rounding of individual analytes, the "total" may vary slightly from the sum of the individual analyte values.

Analytes flagged with * were subcontracted to Umpqua Research Company/MC. ORELAP ID #: OR100031

UMPQUA Research Company/TR The results in this report apply to the samples analyzed in accordance with the chain of
N custody document.
\7{/{3’ A 1{ /ﬁ! /o /‘//_’if ne ’L] This analytical report must be reproduced in its entirety.
vl Sl e 7
{ :_.' '}ll rd i

Lacy McCamey For Amy Kasiska
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Soil Testing



Soil & Plant Pre
Soil PAP S

soiltest

farm consultants, inc.

2023 Ofcr (THGAGEE - FeclSOOTSSO = S00MSA22. Fariceting
WALLOWA CO. GRAIN GROWERS Date Received: 11/13/2023
P.O. BOX 190 Grower: CITY OF ENTERPRISE
Field: 1 NWN
ENTERPRISE, OR 97828 Sampled By: KANE
Laboratory #:  S23-28708 Customer Account #:
Soil Test Results  Customer Sample ID:
Phosphorus Olsen mg/kg 13 pH 1:1 6.0
Potassium NH40Ac mg/kg 485 E.C.1:1 m.mhos/cm 0.33
Boron DTPA mg/kg  0.31 Est Sat Paste E.C. m.mhos/cm 0.86
Zinc DTPA mg/kg 1.2 Effervescence None
Manganese DTPA mg/kg 2.8 Lbs/Acre
Copper DTPA mg/kg 0.7 Ammonium - N mg/kg 26.1 84
Iron DTPA mg/kg 35 Organic Matter W.B. % 49 ENR: 0
Calcium NH40Ac meq/100g 13.2 Depth Nitrate-N Sulfate-S  Moisture
Magnesium NH40Ac meq/100g 3.5 inches  mg/kg Ibs/acre  mg/kg Inches
Sodium NH40Ac meqg/100g 0.33 0-12 28.0 90 213
Total Bases NH40Ac meq/100g 18.3 Totals 28.0 90 213
Other Tests: Sum of Tested N: 174  lbs/acre N
Total-N (%) = 0.20 Total-C (%)= 2.0 C:N=10.0
0-12 Mercury Mercury 0.10 mg/Kg
Interpretation Guide Fertilizer recommendations for
80 BU of WHEAT SOFT WINTER after WHEAT SOFT WINTER
Low Medium High
Nitrogen 174  lbs/acre 70 Ibs/acre of Nitrogen
Phosphorus 13 mg/kg 0lbs/acre of P205
Potassium 485 mg/kg 0 Ibs/acre of K20
Sulfur 213  mg/kg 0 Ibs/acre of Sulfur
Boron 0.31 mg/kg 0.5 Ibs/acre of Boron
Zinc 1.2  mg/kg 0 lbs/acre of Zinc
Manganese 2.8 mg/kg 0lbs/acre of Mn

We make every effort to provide an accurate analysis of your sample. For reasonable cause we will repeat tests, but because of factors beyond our control
in sampling procedures and the inherent variability of soil, our liability is limited to the price of the tests. Recommendations are to be used as general
guides and should be modified for specific field conditions and situations. Note: "u" indicates that the element was analyzed for but not detected

This is your Invoice #: S23-28708 Account #: 317300 Reviewed by: K. Bair, PhD, C List Cost: $191.00



Soil & Plant Pre
Soil PAP S

soiltest

farm consultants, inc.

2023 Ofcr (THGAGEE - FeclSOOTSSO = S00MSA22. Fariceting
WALLOWA CO. GRAIN GROWERS Date Received: 11/13/2023
P.O. BOX 190 Grower: CITY OF ENTERPRISE
Field: 2 NWS
ENTERPRISE, OR 97828 Sampled By: KANE
Laboratory #:  $23-28709 Customer Account #:
Soil Test Results  Customer Sample ID:
Phosphorus Olsen mg/kg 14 pH 1:1 6.2
Potassium NH40Ac mg/kg 651 E.C.1:1 m.mhos/cm 0.24
Boron DTPA mg/kg  0.36 Est Sat Paste E.C. m.mhos/cm 0.62
Zinc DTPA mg/kg 0.9 Effervescence None
Manganese DTPA mg/kg 2.4 Lbs/Acre
Copper DTPA mg/kg 0.6 Ammonium - N mg/kg 9.9 32
Iron DTPA mg/kg 32 Organic Matter W.B. % 5.1 ENR: 0
Calcium NH40Ac meq/100g 16.6 Depth Nitrate-N Sulfate-S  Moisture
Magnesium NH40Ac meq/100g 4.8 inches  mg/kg Ibs/acre  mg/kg Inches
Sodium NH40Ac meqg/100g 0.20 0-12 20.2 65 195
Total Bases NH40Ac meq/100g 23.2 Totals 20.2 65 195
Other Tests: Sum of Tested N: 97 Ibs/acre N
Total-N (%) = 0.177 Total-C (%)= 2.01  CN=113
0-12 Mercury Mercury 0.01 mg/Kg
Interpretation Guide Fertilizer recommendations for
80 BU of WHEAT SOFT WINTER after WHEAT SOFT WINTER
Low Medium High
Nitrogen 97 Ibs/acre 150 Ibs/acre of Nitrogen
Phosphorus 14  mg/kg 0lbs/acre of P205
Potassium 651 mg/kg 0lbs/acre of K20
Sulfur 195 mg/kg 0 Ibs/acre of Sulfur
Boron 0.36 mg/kg 0.5 Ibs/acre of Boron
Zinc 0.9 mg/kg 0.5 Ibs/acre of Zinc
Manganese 2.4 mg/kg 0lbs/acre of Mn

We make every effort to provide an accurate analysis of your sample. For reasonable cause we will repeat tests, but because of factors beyond our control
in sampling procedures and the inherent variability of soil, our liability is limited to the price of the tests. Recommendations are to be used as general
guides and should be modified for specific field conditions and situations. Note: "u" indicates that the element was analyzed for but not detected

This is your Invoice #: S23-28709 Account #: 317300 Reviewed by: K. Bair, PhD, C List Cost: $191.00



Soil & Plant Pre
Soil PAP S

soiltest

farm consultants, inc.

2023 Ofcr (THGAGEE - FeclSOOTSSO = S00MSA22. Fariceting
WALLOWA CO. GRAIN GROWERS Date Received: 11/13/2023
P.O. BOX 190 Grower: CITY OF ENTERPRISE
Field: 3 MIDDLE W
ENTERPRISE, OR 97828 Sampled By: KANE
Laboratory #:  S23-28710 Customer Account #:
Soil Test Results  Customer Sample ID:
Phosphorus Olsen mg/kg 14 pH 1:1 6.3
Potassium NH40Ac mg/kg 767 E.C.1:1 m.mhos/cm 0.23
Boron DTPA mg/kg  0.47 Est Sat Paste E.C. m.mhos/cm 0.60
Zinc DTPA mg/kg 1.2 Effervescence None
Manganese DTPA mg/kg 2.7 Lbs/Acre
Copper DTPA mg/kg 0.6 Ammonium - N mg/kg 10.7 34
Iron DTPA mg/kg 31 Organic Matter W.B. % 5.6 ENR: 0
Calcium NH40Ac meq/100g 16.7 Depth Nitrate-N Sulfate-S  Moisture
Magnesium NH40Ac meq/100g 4.1 inches  mg/kg Ibs/acre  mg/kg Inches
Sodium NH40Ac meqg/100g 0.17 0-12 26.6 85 210
Total Bases NH40Ac meq/100g 22.9 Totals 26.6 85 210
Other Tests: Sum of Tested N: 119 Ibs/acre N
Total-N (%) = 0.213 Total-C (%)= 2.28  C:N=10.7
0-12 Mercury Mercury 0.02 mg/Kg
Interpretation Guide Fertilizer recommendations for
80 BU of WHEAT SOFT WINTER after WHEAT SOFT WINTER
Low Medium High
Nitrogen 119 lbs/acre 125 lbs/acre of Nitrogen
Phosphorus 14  mg/kg 0lbs/acre of P205
Potassium 767 mg/kg 0lbs/acre of K20
Sulfur 210 mg/kg 0 Ibs/acre of Sulfur
Boron 0.47 mg/kg 0 Ibs/acre of Boron
Zinc 1.2  mg/kg 0 lbs/acre of Zinc
Manganese 2.7 mg/kg 0lbs/acre of Mn

We make every effort to provide an accurate analysis of your sample. For reasonable cause we will repeat tests, but because of factors beyond our control
in sampling procedures and the inherent variability of soil, our liability is limited to the price of the tests. Recommendations are to be used as general
guides and should be modified for specific field conditions and situations. Note: "u" indicates that the element was analyzed for but not detected

This is your Invoice #: S23-28710 Account #: 317300 Reviewed by: K. Bair, PhD, C List Cost: $191.00



Soil & Plant Pre
Soil PAP S

soiltest

farm consultants, inc.

2023 Ofcr (THGAGEE - FeclSOOTSSO = S00MSA22. Fariceting

WALLOWA CO. GRAIN GROWERS Date Received: 11/13/2023
P.O. BOX 190 Grower: CITY OF ENTERPRISE

Field: 4 MIDDLE E
ENTERPRISE, OR 97828 Sampled By: KANE
Laboratory #:  $23-28711 Customer Account #:

Soil Test Results  Customer Sample ID:
Phosphorus Olsen mg/kg 12 pH 1:1 6.1
Potassium NH40Ac mg/kg 564 E.C.1:1 m.mhos/cm 0.35
Boron DTPA mg/kg  0.29 Est Sat Paste E.C. m.mhos/cm 0.91
Zinc DTPA mg/kg 0.9 Effervescence None
Manganese DTPA mg/kg 3.4 Lbs/Acre
Copper DTPA mg/kg 0.5 Ammonium - N mg/kg 24.8 79
Iron DTPA mg/kg 31 Organic Matter W.B. % 54  ENR: 0
Calcium NH40Ac meq/100g 16.3 Depth Nitrate-N Sulfate-S  Moisture
Magnesium NH40Ac meq/100g 4.0 inches  mg/kg Ibs/acre  mg/kg Inches
Sodium NH40Ac meqg/100g 0.32 0-12 26.7 85 229
Total Bases NH40Ac meq/100g 22.0 Totals 26.7 85 229
Other Tests: Sum of Tested N: 164  lbs/acre N
Total-N (%) = 0.202 Total-C (%)= 2.18  C:N=10.8
0-12 Mercury Mercury 0.02 mg/Kg
Interpretation Guide Fertilizer recommendations for
80 BU of WHEAT SOFT WINTER after WHEAT SOFT WINTER
Low Medium High

Nitrogen 164  lbs/acre 80 Ibs/acre of Nitrogen
Phosphorus 12 mg/kg 15 Ibs/acre of P205
Potassium 564 mg/kg 0 Ibs/acre of K20
Sulfur 229 mg/kg 0 Ibs/acre of Sulfur
Boron 0.29 mg/kg 0.5 Ibs/acre of Boron
Zinc 0.9 mg/kg 1 Ibs/acre of Zinc
Manganese 3.4 mg/kg 0lbs/acre of Mn

We make every effort to provide an accurate analysis of your sample. For reasonable cause we will repeat tests, but because of factors beyond our control
in sampling procedures and the inherent variability of soil, our liability is limited to the price of the tests. Recommendations are to be used as general
guides and should be modified for specific field conditions and situations. Note: "u" indicates that the element was analyzed for but not detected

This is your Invoice #: S23-28711 Account #: 317300 Reviewed by: K. Bair, PhD, C List Cost: $191.00



Soil PAP

2023

soiltest

farm consultants, inc.

2925 Driggs Dr., Moses Lake, Wa 98837 - www.solltestlab.com
Office: (509)765-1622

- Fax:(509)765-0314 - (800)764-1622

Soil & Plant Program
2023

Participati
Caboratory

P.0. BOX 190

ENTERPRISE, OR 97828

WALLOWA CO. GRAIN GROWERS

Date Received:

Grower:
Field:
Sampled By:

11/13/2023

CITY OF ENTERPRISE
5SWN

KANE

Laboratory #:  $23-28712 Customer Account #:
Soil Test Results  Customer Sample ID:

Phosphorus Olsen mg/kg 14 pH 1:1 6.2
Potassium NH40Ac mg/kg 662 E.C.1:1 m.mhos/cm 0.29
Boron DTPA mg/kg  0.40 Est Sat Paste E.C. m.mhos/cm 0.75
Zinc DTPA mg/kg 1.2 Effervescence None
Manganese DTPA mg/kg 2.9 Lbs/Acre
Copper DTPA mg/kg 0.6 Ammonium - N mg/kg 27.5 88
Iron DTPA mg/kg 35 Organic Matter W.B. % 5.8 ENR: 0
Calcium NH40Ac meq/100g 16.6 Depth Nitrate-N Sulfate-S  Moisture
Magnesium NH40Ac meq/100g 4.4 inches  mg/kg Ibs/acre  mg/kg Inches
Sodium NH40Ac meqg/100g 0.20 0-12 290 93 206
Total Bases NH40Ac meq/100g 22.8 Totals 29.0 93 206
Other Tests: Sum of Tested N: 181 Ibs/acre N

Total-N (%) = 0.232 Total-C (%)= 237  C:N=10.2

0-12 Mercury Mercury 0.01 mg/Kg
Interpretation Guide Fertilizer recommendations for
80 BU of WHEAT SOFT WINTER after WHEAT SOFT WINTER
Low Medium High

Nitrogen 181 lbs/acre 65 lbs/acre of Nitrogen
Phosphorus 14  mg/kg 0lbs/acre of P205
Potassium 662 mg/kg 0lbs/acre of K20
Sulfur 206  mg/kg 0 Ibs/acre of Sulfur
Boron 0.40 mg/kg 0.5 Ibs/acre of Boron
Zinc 1.2  mg/kg 0 lbs/acre of Zinc
Manganese 2.9 mg/kg 0lbs/acre of Mn

We make every effort to provide an accurate analysis of your sample. For reasonable cause we will repeat tests, but because of factors beyond our control
in sampling procedures and the inherent variability of soil, our liability is limited to the price of the tests. Recommendations are to be used as general
guides and should be modified for specific field conditions and situations. Note: "u" indicates that the element was analyzed for but not detected

This is your Invoice #: S23-28712 Account #: 317300

Reviewed by:

K. Bair, PhD, C List Cost: $191.00




Soil & Plant Pre
Soil PAP S

soiltest

farm consultants, inc.

2023 Ofcr (THGAGEE - FeclSOOTSSO = S00MSA22. Fariceting
WALLOWA CO. GRAIN GROWERS Date Received: 11/13/2023
P.O. BOX 190 Grower: CITY OF ENTERPRISE
Field: 6 SWS
ENTERPRISE, OR 97828 Sampled By: KANE
Laboratory #:  $23-28713 Customer Account #:
Soil Test Results  Customer Sample ID:

Phosphorus Olsen mg/kg 10 pH 1:1 6.1
Potassium NH40Ac mg/kg 618 E.C.1:1 m.mhos/cm 0.26
Boron DTPA mg/kg  0.37 Est Sat Paste E.C. m.mhos/cm 0.68
Zinc DTPA mg/kg 0.7 Effervescence None
Manganese DTPA mg/kg 2.3 Lbs/Acre
Copper DTPA mg/kg 0.6 Ammonium - N mg/kg 27.6 88
Iron DTPA mg/kg 31 Organic Matter W.B. % 4.6 ENR: 0
Calcium NH40Ac meq/100g 13.0 Depth Nitrate-N Sulfate-S  Moisture
Magnesium NH40Ac meq/100g 3.6 inches  mg/kg Ibs/acre  mg/kg Inches
Sodium NH40Ac meqg/100g 0.22 0-12 364 116 205
Total Bases NH40Ac meq/100g 18.4 Totals 36.4 116 205
Other Tests: Sum of Tested N: 204  l|bs/acre N

Total-N (%) = 0.178 Total-C (%)= 175  C:N= 9.8

0-12 Mercury Mercury 0.01 mg/Kg
Interpretation Guide Fertilizer recommendations for
80 BU of WHEAT SOFT WINTER after WHEAT SOFT WINTER
Low Medium High

Nitrogen 204 Ibs/acre 40 lbs/acre of Nitrogen
Phosphorus 10 mg/kg 30 lbs/acre of P205
Potassium 618 mg/kg 0lbs/acre of K20
Sulfur 205 mg/kg 0 Ibs/acre of Sulfur
Boron 0.37 mg/kg 0.5 Ibs/acre of Boron
Zinc 0.7 mg/kg 2.5 Ibs/acre of Zinc
Manganese 2.3 mg/kg 0lbs/acre of Mn

We make every effort to provide an accurate analysis of your sample. For reasonable cause we will repeat tests, but because of factors beyond our control
in sampling procedures and the inherent variability of soil, our liability is limited to the price of the tests. Recommendations are to be used as general
guides and should be modified for specific field conditions and situations. Note: "u" indicates that the element was analyzed for but not detected

This is your Invoice #: S23-28713 Account #: 317300 Reviewed by: K. Bair, PhD, C List Cost: $191.00
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Biosolids are a product of municipal wastewater
treatment. Raw sewage solids must be processed to
meet U.S. Environmental Protection Agency standards
before they can be called biosolids. Biosolids contain
organic matter and nutrients that are beneficial for soil
and crop productivity.

This publication focuses on matching the nitrogen
(N) supplied by biosolids to the nitrogen needs of
the crop. Regulatory agencies require agronomic rate
calculations for most biosolids applications to cropland.

Overview: agronomic rate calculation

There are six steps to calculate the agronomic rate of
a biosolids application:

1. Collect information on the site and crop,
including crop N requirement.

2. Estimate the plant-available N needed from the
biosolids application.

3. Collect biosolids N data.

4. Estimate plant-available N per dry ton of
biosolids.

5. Calculate the agronomic biosolids application
rate on a dry ton basis.

6. Convert the application rate to an “as is” basis.

In determining biosolids application rates, it’s
important to evaluate trace element concentrations in
biosolids and the regulatory limits for trace element
application (see Appendix A). However, in almost all
cases, nitrogen controls the biosolids application rate.

A companion publication, Fertilizing with Biosolids
(PNW 508), provides additional information about
the value of biosolids as a fertilizer. The “For more
information” section of this publication gives a
summary of Pacific Northwest research and Extension
publications on land application of municipal biosolids.

Dan M. Sullivan, Extension soil scientist and professor of
nutrient management, and Biswanath Dari, agronomist

and assistant professor, both of the Department of Crop
and Soil Science, Oregon State University; Deirdre Griffin
LaHue, sustainable soil management specialist and assistant
professor, Andy I. Bary, senior scientific assistant, and Craig
C. Cogger, Extension soil scientist (emeritus), all of the
Department of Crop and Soil Sciences, Washington State
University

Oregon State University ¢ University of Idaho e Washington State University
PNW 511 « February 2021



WORKSHEET

For guidance on completing this worksheet, see “How to Use the Worksheet,” starting on page 5.

Step 1. Collect site information

Soil and crop information:

Line number Your information Example

1.1 Soil series and texture Hurwal/Powwatka Silt Loams Puyallup sandy loam
(NRCS soil survey)

1.2 Yield goal (units/acre/year*) estimated 1.5 tons per acre 5 tons/acre
from grower records or by agronomist** | P

13 Crop rotation Barle perennial grass
(grower; e.g., wheat, fallow, wheat) y
1.4 Plant-available N needed to produce 120 pounds nitrogen per acre 200 Ib N/acre

yield goal (university fertilizer/nutrient | (hs N/acre)
management guide; agronomist)
(Ib N/acre/year)

Plant-available N provided by other sources:

Line number Your calculation Example Unit

Pre-application testing

1.5 Nitrate-N applied in irrigation water 10 Ib N/acre

1.6 Preplant nitrate-N in root zone — Ib N/acre
(east of Cascades)***

Adjustments to typical soil N mineralization

1.7 Plowdown of cover or green manure B — Ib N/acre
crop***

1.8 Previous biosolids applications B 30 Ib N/acre
(see Table 1, page 7)

1.9 Previous manure applications 0 — Ib N/acre

Grower information

1.10 N applied at seeding — Ib N/acre
(starter fertilizer)

Total

111 Total plant-available N from other 89 40 Ib N/acre
sources = sum of lines 1.5 through 1.10

* Yield goals may be expressed in weight (tons, pounds, etc.) or in volume (bushels).

** The American Society of Agronomy certifies professional agronomists as Certified Crop Advisors (CCAs). See https:/www.
certifiedcropadviser.org for more information.

*** Do not list here if these N sources were accounted for in the nitrogen fertilizer recommendation from a university fertilizer/
nutrient management guide.



Step 2. Estimate the amount of plant-available N needed from biosolids

Line number Your calculation Example Unit
2.1 Plant-available N needed to produce 200 Ib N/acre
. . 120
yield goal (from line 1.4)
2.2 Plant-available N from other sources 40 Ib N/acre
. 89
(from line 1.11)
2.3 Amount of plant-available N needed 31 160 Ib N/acre
from biosolids = line 2.1 - line 2.2
Step 3. Collect biosolids data
Application information:
Line number Your information Example
3.1 Moisture content of biosolids Dewatered liquid
3.2 Biosolids processing method - . anaerobic
(see Table 3, page 10) Aerobic digestion
3.3 Method of application surface
L Surface
(surface or injected)
34 Number of days to incorporation . . no incorporation
L No incorporation
of biosolids
3.5 Expected application season March to September

Spring and fall

Laboratory biosolids analysis (dry weight basis):

If your biosolids analysis is on an “as is” or wet weight basis, you will need to divide your analysis by the percent total solids
(line 3.10) and multiply the result by 100 to convert to a dry weight basis.

Line number Your calculation Example Unit
3.6 Total Kjeldahl N (TKN)* 66,800 50,000 mg/kg
3.7 Ammonium N* 4.430 10,000 mg/kg
3.8 Nitrate N *,** Not detected not analyzed | mg/kg
3.9 Organic N*,*** = |ine 3.6 - line 3.7 62,370 40,000 mg/kg
3.10 Total solids 0.76 2.5 percent

* If your analysis is in percent, multiply by 10,000 to convert to mg/kg.
** Nitrate-N analysis required for composted or aerobically digested biosolids, but not for anaerobically digested biosolids.
*** Organic N = total Kjeldahl N —ammonium N.




Step 4. Estimate plant-available N per dry ton of biosolids

Convert biosolids N analysis to Ib per dry ton:

Line number Your calculation Example Unit

4.1 Total Kjeldahl N (TKN)* 133.60 100 Ib N/dry ton
4.2 Ammonium N* 8.86 20 Ib N/dry ton
4.3 Nitrate N* Not detected not analyzed | Ib N/dry ton
4.4 Organic N = line 4.1 - line 4.2 124.74 80 Ib N/dry ton

*Multiply mg/kg (from lines 3.6 through 3.9) x 0.002. If your analyses are expressed in percent, multiply by 20 instead of 0.002.

Estimate inorganic N retained:

Line number Your calculation Example Unit
4.5 Percent of ammonium-N retained after 55 percent
C 20

application (see Table 2, page 9)

4.6 Ammonium-N retained after 177 11 Ib N/dry ton
application = line 4.2 x (line 4.5 + 100) ’

4.7 Biosolids inorganic N retained = line 11 Ib N/dry ton

. 1.77

4.3 +line 4.6

Estimate organic N mineralized:

Line number Your calculation Example Unit

4.8 Percent of organic N that is plant- 35 35 percent
available in Year 1 (see Table 3, page 10)

4.9 First year plant-available organic N = 43.66 28 Ib N/dry ton

line 4.4 x (line 4.8 + 100)

Plant-available N:

Line number Your calculation Example Unit

4.10 Estimated plant-available N = available 45.43 39 Ib N/dry ton
inorganic N (line 4.7) + available
organic N (line 4.9)




Step 5. Calculate the agronomic biosolids application rate

Line number Your calculation Example Unit

5.1 Amount of plant-available N needed 31 160 Ib N/acre
from biosolids (from line 2.3)

5.2 Estimated plant-available N in 45.43 39 Ib N/dry ton
biosolids (from line 4.10) '

5.3 Agronomic biosolids application 4.1 dry ton/acre

; L 0.68
rate = line 5.1 + line 5.2
Step 6. Convert to “as is” biosolids basis

Desired units Your calculation ET] ]

Gallons per acre = (line 5.3 = line 3.10) x 24,000 21,474 39,400

Inches per acre = (line 5.3 = line 3.10) x 0.88 0.79 1.44

Wet tons per acre = (line 5.3 = line 3.10) x 100 89.47 164

HOW TO USE THE WORKSHEET

Step 1. Collect site information

Soil series and surface soil texture (line 1.1)

Find the location on the Natural Resources
Conservation Service (NRCS) soil survey. Record the
series name and surface texture of the predominant
soil. NRCS soil survey data is available online at https://
websoilsurvey.sc.egov.usda.gov/App/HomePage.htm.

Crop yield goal (line 1.2)

Field records are the best source for crop yield
estimates. You can find proven yields for most grain farms
from the local Farm Service Agency office. For most other
cropping systems, grower records are the only source
available. Be sure to note whether the yield records are
on an “as is” or dry matter basis.

A site used repeatedly for biosolids application should
have yield data collected each year. Use this accumulated
data for determining crop nitrogen requirement.

Yield data is typically not available for grazed pastures
because grazing animals consume the crop in the field.
In these cases, omit the yield goal and go directly to line
1.4. Estimate plant nitrogen needs from the appropriate
university fertilizer/nutrient management guide, based
on the level of pasture management.

Crop rotation (line 1.3)

Consult with the grower and discuss possible crop
rotations. Rotations that include root crops or other
crops with long post-application waiting periods are not
suitable for Class B biosolids application. A companion
publication (Fertilizing with Biosolids, PNW 508)
provides more information about USEPA standards for
Class A and Class B biosolids.

Plant-available N needed to produce yield goal
(line 1.4)

You can estimate plant-available N needs by referring
to university fertilizer/nutrient management guides.

University fertilizer and nutrient management guides

Land grant universities (for example, Washington
State University, Oregon State University, and the
University of Idaho) publish fertilizer and nutrient
management guides that estimate plant-available N
needs. Use the guide most appropriate for the site and
crop. For major crops, guides may cover irrigated or
rainfed (dryland) cropping and different geographic
areas. Don’t use guides produced for irrigated sites
when evaluating dryland sites. When appropriate guides
do not exist, consult university Extension agronomists/



soil scientists or professional agronomists (Certified
Crop Advisors) who have expertise working within the
cropping system.

Nitrogen fertilizer application rates listed in the
fertilizer/nutrient management guides are based on
field trials conducted under the specified climate and
cultural conditions. Growth trial results are averaged
over a variety of soil types and years. Note that guide
recommendations are not the same as crop uptake.
This is because the guides account for N available from
mineralization of soil organic matter and the efficiency
of N removal by the crop.

The N rate recommended in fertilizer/nutrient
management guides assumes average yields, good
management practices, and removal of N from the
field through crop harvest or grazing. In terms of
satisfying crop N needs, plant-available N from biosolids
application is considered equal to fertilizer N.

Agronomist calculations

Because of the general nature of university fertilizer
and nutrient management guides, it may be worthwhile
to have a professional agronomist calculate how much
plant-available N is needed for a specific field. The
American Society of Agronomy certifies professional
agronomists as Certified Crop Advisors (CCAs).

See https://www.certifiedcropadviser.org for more
information.

Always use the same method to calculate the N
requirements. You will need to document your reasons
for using agronomist calculations instead of the
university guide.

Photo: Andy Bary, ©Washington State University
Dewatered biosolids stockpile at field application site

Plant-available N provided by other sources
(lines1.5t01.11)

To make sure there isn’t too much nitrogen applied
to a crop, you must determine how much nitrogen
comes from sources other than biosolids and soil
organic matter. These sources of N are grouped into
three categories in the worksheet:

» Plant-available N estimated by pre-application
testing

» Adjustments to typical soil organic N
mineralization (usually obtained from
an agronomist)

 Information supplied by the grower

N estimated by pre-application testing (lines 1.5
to 1.6)

Irrigation water

Since the amount of nitrate-N in irrigation water
varies, it should be determined by water testing.
Irrigation water containing 5 mg nitrate-N per liter will
contribute 1.1 pounds of nitrogen per acre-inch applied;
irrigation water containing 10 mg nitrate-N per liter will
contribute 2.3 pounds of N per acre-inch.

Preplant nitrate-N in the root zone (east of Cascades)

You can estimate the preplant nitrate-N in the root
zone by testing the soil in early spring. Sample in 1-foot
increments to a depth of at least 2 feet.

Some university fertilizer/nutrient management
guides use preplant soil nitrate-N when calculating
N fertilizer application rates. If you use these guides,
don’t count soil test nitrate-N in our worksheet—it
has already been accounted for in the recommended
fertilizer N rate prescribed in the university fertilizer/
nutrient management guide.

In dryland cropping systems, soil testing below
3 feet is used to assess long-term N management.
Accumulation of nitrate below 3 feet indicates that
past N applications were not efficiently utilized by the
crop. However, soil nitrate-N below 3 feet is typically
not included as a credit when making a N fertilizer
recommendation.

Adjustments to typical soil N mineralization (lines
1.7 to 1.9)

Nitrogen mineralization is the release of nitrogen
from organic forms to plant-available inorganic forms
(ammonium and nitrate). Soil organic matter supplies
plant-available N through mineralization, but this
is accounted for in the university fertilizer/nutrient



management guides. Sites with a history of cover crops,
biosolids applications, or manure applications supply
more plant-available N than do sites without a history of
these inputs, and biosolids recommendations must be
adjusted based on this additional supply of N.

Plowdown of cover crops

Cover crops are not removed from the field, but are
recycled back into the soil. You can get an estimate of
the total N contributed by estimating the biomass dry
matter (Ib per acre) and the nitrogen concentration
(percent total) in the cover crop. Plant-available N
provided by a cover crop typically ranges from 10 to
40 percent of the total N contained in aboveground
cover crop biomass. Consult Estimating Plant-Available
Nitrogen Release from Cover Crops (PNW 636) for more
information.

Previous biosolids applications

Previous biosolids applications contribute to
plant-available nitrogen in the years after the initial
application. In the worksheet, they are considered as
“N from other sources.” We estimate that 8, 3, 1, and
1 percent of the organic N originally applied mineralizes
in Years 2, 3, 4, and 5, respectively, after application
(Table 1). After Year 5, biosolids N is considered part
of “stable” soil organic matter and is not included in
calculations.

In using Table 1, consider the following example.
Suppose:

 You applied biosolids with an average organic N
content of 30,000 mg/kg

» Applications were made the previous 2 years
» The application rate was 4 dry tons per acre

Table 1 gives estimates of nitrogen credits in terms of
the organic N originally applied. Look up 30,000 mg/kg
under Year 2 and Year 3 columns in the table. The table
estimates 4.8 Ib plant-available N per dry ton for year 2,
and 1.8 Ib plant-available N for year 3 (two-year credit of
6.6 Ib N per dry ton). To calculate the N credit in units of
Ib per acre, multiply your application rate (4 dry ton per
acre) by the N credit per ton (6.6 Ib N per dry ton). The N
credit is 26.4 Ib plant-available N per acre.

Previous manure applications

Previous manure applications contribute to plant-
available nitrogen in a similar manner to previous
biosolids applications. To estimate this contribution,
consider field history (manure type, application rate,
and date of application). The Extension publication
Fertilizing with Manure and Other Organic Amendments
(PNW 533) provides plant-available N estimates.

Information supplied by the grower (line 1.10)
N applied at seeding

Some crops need a starter fertilizer (N applied at
seeding) for best growth. These fertilizers usually supply
N, P, and S. Examples are 16-20-0, 10-34-0. Starters are
usually applied at rates that supply 10 to 30 Ib N per
acre. Enter all N supplied by starter fertilizer on line
1.10 in the worksheet.

Table 1. Estimated nitrogen credits for previous biosolids applications at a site

Years after biosolids application
Year 2 Year 3 Year 4 and 5 (Yea::suzr?;!adf,i\;end 5)
Percent of organic N applied first year
8 3 1 13
Biosolids organic N as applied Plant-available N released
(mg/kg dry weight basis) (Ib N per dry ton)

10,000 1.6 0.6 0.2 2.6
................................. 20000 32 12 e o -
................................. 30000 48 18 B e s
................................. 40000 64 24 e o5 104
................................. 50000 80 30 B o 130
................................. 60000 96 36 e - 156




Photo: Brian Campbell, Natural Selection Farms
Dewatered biosolids application to dryland wheat during fallow

Step 2. Estimate plant-available N needed
from biosolids

Next you will estimate the amount of plant-available
N the biosolids must provide. This is the difference
between the total plant-available N needed to produce
the yield goal and the plant-available N from other
sources.

Step. 3. Collect biosolids data

To make the calculation, managers will need the
following analyses:

+ Total Kjeldahl N (TKN)
e« Ammonium-N (NH,-N)

 Nitrate-N (NO,-N; composted or aerobically
digested biosolids only)

o Percent total solids

If your laboratory results are on an “as is” or wet
weight basis, you must convert them to a dry weight
basis. To convert from an “as is” to a dry weight
basis, divide your analysis by the percent solids in the
biosolids and multiply the result by 100. Total Kjeldahl
N includes over 95 percent of the total N in biosolids. In
using the worksheet, we will assume that total Kjeldahl
N equals total N.

Ammonium-N usually makes up most of the
inorganic N present in biosolids. Depending on your
laboratory, results for ammonium-N may be expressed
as either ammonia-N (NH,-N) or ammonium-N
(NH,-N). Make sure that the laboratory determines
ammonium-N on a fresh (not dried) biosolids sample.
The ammonium-N present in fresh biosolids is lost as
gaseous ammonia when biosolids are dried.

There may be significant amounts of nitrate in
aerobically digested biosolids or in composts. There
is little nitrate in anaerobically digested biosolids;
therefore, nitrate analysis is not needed for these
materials.

Determine biosolids organic N by subtracting
ammonium-N from total Kjeldahl N (line 3.6 minus line
3.7). Percent total solids analyses are used to calculate
application rates. Biosolids applications are calculated
as the dry weight of solids applied per acre (e.g., dry
tons per acre).

Step 4. Estimate plant-available N per dry
ton of biosolids

The estimate of plant-available N per dry ton of
biosolids includes:

o Some of the ammonium-N
o All of the nitrate-N
» Some of the organic N

Inorganic N retained (lines 4.5 to 4.7)
Ammonium-N (lines 4.5 to 4.6)

Under some conditions, ammonium is readily
transformed to ammonia and lost as a gas. This gaseous
ammonia loss reduces the amount of plant-available N
supplied by biosolids. The following section explains the
factors used to estimate ammonia-N retained in plant-
available form after application.

Biosolids processing

The following types of biosolids processing cause
most of the ammonia-N to be lost as ammonia gas or
converted to organic forms before application:

» Drying beds
« Alkaline stabilization at pH 12
o Composting

Application method

Ammonia loss occurs only with surface application.
Injecting liquid biosolids eliminates most ammonia
loss, since the injected liquid is not exposed to the
air. Surface applications of liquid biosolids lose less
ammonia than do dewatered biosolids. For liquid
biosolids, the ammonia is less concentrated and is held
as NH,* on negatively-charged soil surfaces after the
liquid contacts the soil.

Ammonia loss is fastest just after application to the
field. As ammonia is lost, the remaining biosolids are
acidified—that is, each molecule of NH, lost generates
H* (acidity). Acidification gradually slows ammonia loss.



Biosolids that remain on the soil surface will eventually
reach a pH near 7, and further ammonia losses will

be small. Ammonia loss takes place very rapidly after
application, with most of the loss occurring during the
first two days after application.

Time to soil incorporation

Tillage to cover biosolids can reduce ammonia loss
by adsorption of ammonium-N onto soil particles.

Table 2 estimates the amount of ammonium-N
retained after field application. To use this table,
you will need information on biosolids stabilization
processes, method of application (surface or injected),
and the number of days to soil incorporation.

Nitrate-N (line 4.3)

We assume 100 percent availability of biosolids
nitrate-N.

Organic N mineralized (lines 4.8 to 4.9)

Biosolids organic N, which includes proteins, amino
acids, and other organic N compounds, is not available
to plants at the time of application. Plant-available N
is released from organic N through microbial activity
in soil. This process is called mineralization. It is
more rapid in soils that are warm and moist, and is
slower in soils that are cold or dry. Biosolids organic
N mineralization rates in soil also depend on the
treatment plant processes that produced the biosolids.

Use Table 3 (page 10) to estimate biosolids
mineralization rates based on processing. Use the
middle of the range presented, unless you have

Photo: City of Portland, Bureau of Environmental Services

Spring grass growth on dryland pasture following dewatered
biosolids application (top) vs. no biosolids (bottom)

information specific to the site or biosolids that justify
using higher or lower values within the range.

Step 5. Calculate the agronomic biosolids
application rate

Perform this calculation using the results of the
previous sections, as shown in lines 5.1 through 5.3.

Step 6. Convert agronomic biosolids
application rate to “as is” basis

Use the appropriate conversion factors (given in
Table 4, page 10) to convert to gallons, acre-inches, or
wet tons per acre.

Table 2. Estimates of ammonium-N retained after biosolids application

Surface-applied Injected
Composted,
Liquid biosolids De.wate'red air-dried, or heat- All biosolids
biosolids s b
dried biosolids

Time to incorporation by tillage

Ammonium-N retained (percent of applied)

Incorporated immediately 95 95 100 100
After 1 day 70 50 100 100

After 2 days 60 30 100 100

No incorporation 55 20 100 100




Table 3. First year mineralization estimates for organic N in biosolids

First-year organic N

Processing mineralization rate
(percent of organic N)
Fresh*
Anaerobic digestion, qul'JHi‘aHgfm(':‘l'éWétered """" 36;40 ,,,,,,,,,,,,,,
Aerobic digestion, liquid or dewate o
Drying bed 30-40
Heat-dried s
ragoon B
Less than 6 months 30240
6 months to 2years 26;25 »»»»»»»»»»»»»»»
21010 years 2020
More than 10 years .10
Compostng o_lo ..............
Blends and soil products ‘|' »»»»»»»»»»»»»»»

*“Fresh” includes all biosolids that have not been stabilized by long-term storage in
lagoons or composting.

TBecause blends (with woody materials) and soil products that contain biosolids vary
widely in composition and age depending on intended use, available N may vary widely
among products. For blends, available N can be estimated through laboratory

incubation studies.

Table 4. Conversion factors

1% = 10,000 mg/kg or ppm

20 Ib/ton
1 mg/kg = 1 ppm

0.0001 %

0.002 Ib/ton
1 wet ton = 1 dry ton + (percent solids x 0.01)
1dryton = 1 wet ton x (percent solids x 0.01)
1 acre-inch = 27,000 gallons

Other considerations for calculations

Small acreage sites without a reliable yield history

Some communities apply biosolids to small acreages
managed by part-time farmers. In many of these cases,
there is no reliable yield history for the site, and the goal
of management is not to make the highest economic
returns. You can be sure of maintaining agronomic use
of biosolids nitrogen on these sites by applying at a rate
substantially below that estimated for maximum yield.

10

Equipment limitations at low application rates

At some low-rainfall dryland cropping locations east
of the Cascades, the agronomic rate calculated with
the worksheet will be lower than can be spread with
manure spreaders (usually 2 to 3 dry tons per acre). At
these locations, you may be able to apply the dewatered
biosolids at the equipment limit, but check with your
permitting agency for local requirements.



Appendix A: Cumulative loading of

Table 5. Trace elements concentration limits for land application

trace elements Concentration limit
Under EPA regulations (40 CFR Part 503.13), .
o . Exceptional TFreve [Feef
managers must maintain records on cumulative litv standard Ceiling limit
i iosoli Element  Symbol UMY S1NCATA  ppa Table 1)*

loading of trace elements only when bulk biosolids emen y (EPA Table 3)*

do not meet EPA Exceptional Quality Standards for (mg/kg) (mg/kg)

trace elements (Table 5). Contact your regulatory -

agency for details on record keeping if your Arsenic . As A 2

biosolids do not meet the standards in Table 5. Cadmium cd 39 85
Copper Cu 1,500 4,300
Lead Pb 300 840
Mercury Hg 17 57
Molybdenum Mo > 75
Nickel Ni 420 420
Selenium Se 100 100
Zinc Zn 2,800 7,500

Source: EPA 40 CFR Part 503

*EPA Table 3 and Table 1 refer to tables in EPA biosolids rule (40 CFR
Part 503).

**Molybdenum concentration standard level is under review by the EPA.
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	Summary 
	About the facility
	Enterprise’s Wastewater Treatment facility is a domestic wastewater treatment facility consisting of an extended aeration activated sludge process including UV effluent disinfection and sledge dewatering and storage. The facility plans to apply biosolids for beneficial reuse at application sites located both north and southwest of the City of Enterprise and are zoned for exclusive farm use. 
	The facility holds a National Pollution Discharge Elimination System permit from DEQ.
	What happens next?
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