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City of Sherwood, Oregon

Resolution No. 99-816

A RESOLUTION ADOPTING THE 1999 \ryATER SYSTEM MASTER PLAN
AND REPEALING PAST WATER MASTER PLANS

WHEREAS, the City of Sherwood originally adopted a Water Service Plan in 1979 and
incorporated elements of that Service Plan into the 1981 Comprehensive Plan; and

\ilHEREAS, the'Water Service Plan Update dated May 1988 was adopted through
Resolution No. 88-407; and

WHEREAS, the rùy'ater Service Plan was again updated in I99l to incorporate revised
population projections and a revised list of capital projects; and

WHEREAS, the 1991 version of the Water Service Plan Update was adopted through
Resolution No. 9 1 -502; and

WHEREAS, growth in Sherwood since 1991 necessitates the need to again update the
Water System Master Plan and revise the water system capital improvements program; and

\ilHEREAS, Resolution No. 95-611 establishing V/ater Supply System Development
Charges requires a Long Range Capital Improvements Program listing projects that qualify for
use of funds derived from System Development Charges; and

WHEREAS, the City commissioned Bookman-Edmonston Engineering,Inc. to prepare
the Water System Master Plan Update dated April 1999; and

WHEREAS, the City commissioned Squire Associates,Inc. to prepare the Municipal
Well Field Hydrogeological Evaluation dated August 1999; and

WHEREAS, the City commissioned Murray, Smith & Associates,Inc. to prepare the
Southwest Sherwood Service Zone Alternatives study dated September 1999; and

WHEREAS, the City consolidated the recommendations of these reports and prepared a
Water System Capital Improvements Program that is contained in the 1999 'Water System Master
Plan Summary report dated October 1999; and
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WHEREAS, the 1999 V/ater System Master Plan is composed of the above listed reports
prepared in 1999.

NO\ry, THEREFORE, THE CITY RESOLVES AS FOLLOWS:

Section 1: The 1999 Water System Master Plan and Water System Capital
Improvements Program contained in the plan summary are hereby adopted.

Section 2: Resolution No. 88-407 and other resolutions adopting earlier Water System
Master Plans are hereby repealed.

Section 3: The portions of Resolution No. 9l-502 adopting revisions to the Water
Service Master Plan and Water System Capital Improvements Program are hereby repealed.

Section 4: The portions of Resolution No. 9I-502 dealing with transportation and
sanitary sewer are not repealed.

Section 5: This Resolution shall be effective upon its approval and adoption

Duly passed by the City Council this l2h day of October 1999.

V/alt Mayor

ATTEST:

t

C.L. Recorder
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City of Sherwood, Oregon
Water System Master Plan Summary

October 1999

Components of Plan:

In addition to this surnmary, the City of Sherwood 1999 Water Master Plan consists of the
following documents:

City of Sherwood, Oregon'Water System Master Plan Update, dated April lggg,authored
by Bookman-Edmonston Engineering,Inc, authorized by Sherwood, October 1997.

City of Sherwood Municipal Well Field Hydrogeological Evaluation, dated June 11,
'1.999, authored by squier Associates, authorized hy sherwcrocl, January lggg.

Analysis of Southwest Sherwood Service Zone, dated September 13, lggg, authored by
Murray Smith Associates, authorized by Sherwood, February 1999.

In addition to the above three documents, Sherwood authorized the preparation of a
Water Management and Conservation Plan. This Plan, mandated by Oregon State Water
Resources Department (Division) is underway and will be presented to Sherwood for
review and adoption shortly. When adopted, it will be an important element of
Sherwood's 1999 Water Master Plan.

The above listed documents and this summary titled "City of Sherwood I99g Water System
Master Plan Project Summary" constitute Sherwood's 1999 Water System Master Plan. The last
Sherwood V/ater Master Plan was adopted in June lggl.

Plan Development Process:

The projects listed in the attached Project Summaries are identified as necessary to provide
Sherwood's water customer with a reliable, safe and economical product. The guidelines and
standards used in identifiing the projects were Oregon Administrative Rules, Chapter 333,
including ORS 448, Drinking Water Program of the Oregon State Health Division and the
American'Water'Works Association

Capital Improvements Projects:

Based on the needs analyzed in the plan, a priority list of needed capital improvements for the
water system is identified in the attached list. Costs shown are estimated 1999 design and
construction costs. These projects are intended to be primarily ftrnded through System
Development Charges. When the projects are constructed as part of land development projects,
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reimbursement to developers for the cost of these projects is governed by the city's ordinances
dealing with system development charges.

Absent from the Capital Improvements Program is the cost of connecting to a new water supply
from the Willamette River. When the city's participation in this program is solidified, the Wáter
Master Plan will need to be revised.

Water System Upgrades:

Also based on the needs analyzed in the plan, a list of upgrades and major maintenance tasks for
the existing water system are identified in the attached list. The cost of these items are intended
to be funded primarily through user rates.
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C¡W of Sherwood, Oregon
1999 Water System Master plan

Capital Improvement Program

1

Ridge Booster Station to water system on south side of Hwy 99Wat Sunset Blvd. Phase
Construct a 3.0 Million Gallon ground level reservoir at about elevation 440 feet along

Kruger Road with associated water mains from water main constructed in Phase 1

Sherwood Seryice Zone - Phase 1 Gonstruct new water main from \A/Vndham $ 4,000,000

2 Rd. Loop - lnstall 12 inch main across Hwy 99W from 10 inch on north
side of Tualatin-Sherwood Road northwesterly to connect to 10 inch line in Scholls-
Sherwood Road.

Scholls-Shemrood $ 385,000

3 Snyder Park to Sunset Main - lnstall 1,600 feet 12 inch mainline from Snyder Park Service
Zone Booster Station southerly, through Snyder Park, to intersection of Sunset Blvd. and
Aldergrove Avenue.

$ 125,000

4 der Park to Lincoln Main - lnstall 300 feet of 24inch pipe to replace the 16-inch
Gravity Zone pipe between the Snyder Park reservoir site and the intersection of Lincoln
and Division Streets.

syn $ 50,000

5 Undercized Mains - Replace approximately 14,500 feet of 2,4, and 6 inch water
mains with 8" minimum size water mains.
Replace $ 885,000

6 Galbreath to Cipole Loop - lnstall 2,400 feet of 12 inch
Roads to connect to system at north edge of BMC West.

pipe along Galbreath and Cipole $ 270,000

7 Murdock 24" llllain - lnstall 5,000 feet of 24 inch pipe along Murdock Road and Division
Regional Supply line to the Snyder reservoir siteStreet from the

$ 790,000

I Park Reservoi¡ #2 - Provide an additional 3.0 Million Gallon reservoir at Snyder
Park. (Not required until2005).
Snyder $ 3,000,000

TOTAL CAPITAL IM PROVEM ENTS $ 9,505,000



t

C¡ty of Sherwood, Oregon
1999 Water System Maúer PIan
Water System Upgrades

are generally water system upgrades and major maintenance projects.
These proiects are intended to be funded through on-going water rates rather than sysfem

Projects listed here

charges.

1 Deepen Well #5 - lncrease yield. Well#5 depth was terminated 20 feet above a primary water
bearing basalt pillow. lf successful, deepening will allow the closing off of the water zone which

mt aerated) watercascades into the water

To be
determined

2 Lower Well #3 Pump Bowls - Bowls are at 130 feet
Lowering bowls will help insure a reliable yield

depth and well depth is at 319 feet. To be

determined

3 well Analysis - The spada Farm well is located outside of the urban Growth
Boundary and east of the proposed Home Depot site. The eight inch well drilled 1983 to depth
of 500 feet was tested at 400 gallons per minute. The owner has approached Sherwood to
investigate the well as a possible source for municipal use. This well is to be investigated and
tested as a possible potable source for Shenruood. This well may be a consideration of a
munidpal irigation source if it is not economically feasible to improve the Spada Well for use as
a potable source.

Spada Farm To be
determined

4 Park Pressure Zone Booster Station - This station, constructed in 1996, services theSnyder
southeastern area

$ 160,000

5 Water meter inspection and replacement program To be
determined
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To: City of Sherwood

20 NW Washineton Street

Sherwood oR 97t40

Attn.: Mr. Robert E. Meyer, P.E., P.L.S

Ciw Eneineer

\ryE ARE SENDING YOU:

D Shop Drawings

f,l Specifications

LETTER OF TRANSMITTAL

I)ate: September 13, 1999

Job No. 99-O40É'.l0l

Re: Southwest Sherwood Service Zone

Alternatives Review

E Attached

fl Prints

tr Copy of letter

Conies Date Description
I 9ll3t99 Draft Southwest Sherwood Service Zone Alternativés Memorandum

TIIESE ARE TRANSMITTED as checked below:

O For approval Q Approved as submitted

fl Foryouruse fl Approved as noted

I As requested O Returned for corrections

I Forrevieilcomment

REMARKS:

E Under separate cover

E Plans E Samples

tr Change Order O _

E Resubmit copies for approval

tr Submit_copies for distribution

E Return_corrected prints

E

COPY TO

F:IPROJECTS\g9VX04. l0l\Tøs¡ualr\Meys E-24-99.dæ

SIGNED
Ch¡is H. Uber



DRAFT
ffisilímffi'ffi
EnginærlPlanners

l2lS,\VSalmon,Suite1020 u Ponland,Oregon97204 p PHONB 503-225.9010 . lil(503.225.9022

DRAFT TECHNICAL MEMORANDUM

September 13,1999DATE:

PROJECT NO.: 99-0404.101

FROM:

RE:

TO Mr. Robert E. Meyer, P.8., P.L.S.
City of Sherwood

Chris Uber, P.E.,
Murray, Smith & Associates Inc.

Southwest Sherwood Service Zone Alternatives Review - Engineering
Services for West Sunset Booster Pump Station

Introduction and Purpose

On February 19, 1999, Murray, Smith & Associates, Inc. was authorized to prepare an
engineering report documenting preliminary design efforts for the proposed'West Sunset
Booster Pump Station. The original scope of services was expanded to include further
hydraulic model development and calibration and consideration of three altematives for
serving the Southwest Sherwood Service Zone. This memorandum summarizes these work
efforts and presents findings and recommendations.

Background

The preliminary design efforts for the West Sunset Booster Pump Station were initiated
based on recommendations presented in the City's draft Water System Master Plan Update.
The intent of the preliminary design study was to confirm the booster pump station service
area for existing and future populations, establish design criteria, determine necessary
waterline improvements, and establish station capacity needs.

As part of the completed analysis efforts, a service area zone above a ground elevation of
approximately 250 feet and east of Highway 99W was identified for the proposed booster
pump station. Areas west of Highway 99W were assumed to be served by the Wyndham

99-0404.101
September 1999

SW Sherwood Service Zone Altematives Review
West Sunset Booster Pump Station

City of SherwoodF:\PROJECTS\g9\0404. l0l\MEMOS\Meyer 9- I l-99.doc
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Ridge Booster Pump Station. Existing and future water demands were developed for the area
east of Highway 99W, in addition to required fire flows for the YMCA and an elementary
school proposed for construction south of Colfelt Lane between Highway 99W and Old
Highway 99V/. The proposed school is on ä fast track construction schedule and is planned
for completion and occupancy in September 2000. The City of Sherwood must provide
water service to the school and is under time constraints to complete the planning, design and
construction of needed water system improvements.

As part of work efforts completed for this analysis, the City's existing water distribution
system hydraulic model was updated and calibrated in order to evaluate the abilþ of the
existing system to provide adequate flow to the proposed pump station suction piping.
Results of the hydraulic modeling showed that signif,rcant existing water distribution system
improvements are required between the proposed West Sunset Booster Pump Station and the
City's existing water storage reservoir located near the intersection of Division and Pine
Streets. These improvements are necessary to maintain adequate service pressures within the
West Sunset Booster Pump Station service area and within the existing water distribution
system.

Concurrent with the West Sunset Booster Pump Station preliminary engineering analysis, the
construction of the Wyndham Ridge Booster Pump Station was nearing completion. The
new pump station is located west of Highway 99W on SW Handley Street. A July 1998
memo suggested that the service area for the rWyndham Ridge Pump Station included the
entire Southwest Sherwood Service Zone. Considering the existing water distribution system
deficiencies found in supplying the proposed 'West 

Sunset Booster Pump Station, the City's
hydraulic model was used to generally evaluate the effect of using the new Wyndham Ridge
Booster Pump Station to provide service to the area identified in the July 1998 memo.
Preliminary results from the hydraulic modeling showed that significant existing distribution
system improvements are required between the Wyndham Ridge Booster Pump Station and
the City's main water storage reservoir to maintain adequate service pressures within the
existing water distribution system.

Service Alternatives

With the determination that significant distribution system improvements were required to
supply the West Sunset Booster Pump Station and/or the Wyndham Ridge Booster Pump
Station, four alternatives were identified for further consideration. These alternatives are
presented and discussed below.

Alternative I

Alternative I includes the construction of the West Sunset Booster Pump Station to provide
service to the Southwest Sherwood Service Zone east of Highway 99W.

99-0404.r01
September 1999

SW Sherwood Service Zone Alternatives Review
West Sunset Booster Pump Station
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Alternative 2

Alternative 2 includes the modification of the new Wyndham Ridge Booster Pump Station to
provide for the entire Southwest Sherwood Service Zone.

Alternøtíve 3

Altemative 3 includes construction of a ground level storage reservoir to serve the entire
Southwest Sherwood Service Zoneby gravity. The new Wyndham Ridge Booster Pump
Station would pump to the new reservoir.

Alternative 4

Altemative 4 includes construction of a gound level storage reservoir and a reduced capacity
V/est Sunset Booster Pump Station. The proposed reservoir would provide service to the
Southwest Sherwood Service Zone east of Hwy 99W and the West Sunset Booster Pump
Station would pump to the new reservoir. The new Wyndham Ridge Booster Pump would
provide constant pressure pumping for areas west of Hwy 99W within the service zone.

Planning and Analysis Criteria

Servíce Area ønd Lønd Use

The Southwest Sherwood Service Zone encompr¡sses aîarea in Southwest Sherwood above a
ground elevation of approximately 250 feet with ground elevations up to approximately 320
feet. Total developable acreage within the service zone is approximately 179 acres. Of this
acreage, approximately 80 percent is zoned for residential housing with the remaining 20
percent zoned for commercial use. Approximately 1l acres of residentially zoned land is
presently identified for construction of a proposed elementary school, which will have an
estimated population of 600 students. Although the City's draft Water System Master Plan
Update indicates that Urban Reserves lie to the south of the service zoÍLe, the majority of
these areas are below a ground elevation of 250 feet and are considered outside of the
Southwest Sherwood Service Zone.

Popaløtíon and Water Demand Estimates

Information and data used in determining the population and water demand estimates for the
Southwest Sherwood Service Zone and greater Sherwood were taken from the City's draft
Water System Master Plan Update.

99-0404.t01
September 1999

SW Sherwood Service Zone Alternatives Review
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Population Estimates

City land use plans were reviewed to develop population estimates for the Southwest
Sherwood Service Zone. At build-out, approximately 930 dwelling units are anticipated
within the service zone. Based on2.7 persons per dwelling unit, an ultimate population of
approxirnately 2,500 is estimated at build-out.

Water Demand Estimates

The water requirements for the Southwest Sherwood Service Zone include domestic,
commercial, public facility and f,rre protection needs. Average daily water use is estimated at
approxirnately 140 gallons per capita day (gpcd). Based on the estimated maximum
saturation population of 2,500 and a maximum daily demand factor of 2.5, the estimated
maximum daily demand for the service zone is approximately 0.9 million gallons per day
(mgd) or 625 gallons per minute (æm). A peak instantaneous demand to maximum daily
demand ratio is estimated at2.0 based on service zone size and number of dwelling units.
The estimated instantaneous domestic demand for the proposed school is approximately 0.7
mgd or 486 glm, resulting in a total estimated peak instantaneous water demand in the
service zone of approximately 2.5 mgd or 1,740 gpm.

The Southwest Service Zone is comprised of residential, comrnercial and public facility
development each with varying fire flow needs. Residential fire flows for the City of
Sherwood are 1,500 gpm as recommended in the City's draft Water System Master Plan
Update. The recommended fire flow for the YMCA, located at the intersection of Highway
99W and West Sunset Boulevard, is 3,200 gtrlm based on discussions with City staff and
Tualatin Valley Fire & Rescue (TVF&R) personnel. Although fire flows for the proposed
elernentary school have not yet been established, the recornmended fire flow is expected to
be less than approximately 3,000 gpm based on discussions with TVF&R personnel.

Anolysis Crìteriø

The City's hydraulic water system model was used to analyze the Southwest Sherwood
Service Zone piping system and the existing water distribution system between the existing
water storage reservoir and the pump stations. The following additional criteria and
conditions were used to evaluate and analyze the altematives:

The booster pump station pressure on the suction side of the pumps should be maintained
at or above 85 percent of static pressure when the station is in operation.

The controlling fire flow demand at the YMCA is approximately 3,200 gpm during a fire
event. Pressure at the YMCA must be maintained at or above 40 pounds per square inch
(psi) for operation of the building sprinkler system. Pressures elsewhere in the water
system must be maintained at or above 20 psi.

a

o
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Peak hour demands are distributed throughout the City's water system.

For Alternatives I and 2, estimated instantaneous demands are distributed equally
throughout the Southwest Sherwood Servioe Zone. Using this approach reflects the
pump stations' operation function as a constant running pump station providing service
under all demand conditions.

For Alternative 3, estimated maximum daily demands are distributed throughout the
Southwest Sherwood Service Zone. This approach reflects the pump station's operation
function to supply maximum daily demand to the proposed reservoir.

For Alternative 4, estimated ma¡rimum daily demands are distributed throughout the area

within the Southwest Sherwood Service Zone east of Hwy 99W. Instantaneous demands
are distributed equally throughout the area within the service zone west of Hwy 99W.
This approach reflects the West Sunset Booster Pump Station's operation function to
supply maximum daily demand to the proposed reservoir and the Wyndham Ridge
Booster Pump Station's operation function as a constant running pump station providing
service under all demand conditions.

a

a

Fíndings

The City's hydraulic water system model was used to analyze and evaluate system
performance and to determine required facility improvements within the service zone.
Figure I illustrates system improvements for each alternative.

Table 1 summarizes planning level cost estimates for the alternatives under consideration.
The planning level cost estimates include anticipated construction costs and a 40 percent
contingency factor for administrative, legal and engineering costs. The estimate for
Alternative 4 does not include transmission piping costs to provide fire flow to commercially
zonedproperties within the service zone for areas west side of Hwy 99W. These
improvements would likely occur as development of the area requires.

Alternøtives Anølysis

Alternative I assumes the construction of the West Sunset Booster Pump Station to serve the
eastern portion of the Southwest Sherwood Service Zone. The Wyndham Ridge Booster
Pump Station would serve the western portion of the Southwest Sherwood Service Zone.
The analysis found that extensive waterline improvements between the proposed/existing
pump stations and the existing reservoir are necessary to rninimize pressure fluctuations on
the suction side of the pump stations. For the purposes of this analysis the cost for the main
service zone distribution system improvements to serve the Wyndham Ridge Pump Station
have not been included in the cost estimate. Additional waterline improvements are also
necess¿rry within the service zone to provide fire flow to the new elementary school.

99-0404.t0r
September 1999
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Table I
Planning Level Project Cost Estimate Summary

Alternative
Cost

Station
Piping Project

Csst

1 $0.e $2.6' $3.s
2 $0.4 $3.s s3.9
a
J $0.2 $ 1.s $1.6 $3.3
4 $0.6 $ 1.2' $1.6 $3.4

Note: l. Does not include main sorvico zone distribution system transmission main improvements to
serve theWyndham Ridge Booster Pump Station.

Alternative 2 assumes that the Wyndham Ridge Booster Pump Station will serve the entire
Southwest Sherwood Service Zone. As with Altemative 1, the existing waterlines between
the existing pump station and the existing reservoir require improvements to minimize
pressure fluctuations on the suction side of the pump station. Additionally, transmission
piping is required to connect the east and west portions of the Southwest Sherwood Service
Zone.

Alternative 3 considers the construction of a 1.4 million-gallon reservoir located west of
Sherwood on Kruger Road. This reservoir would provide storage for the entire Southwest
Sherwood Service Zone. A three component storage volume analysis including operational,
fire and emergency storage requirements was performed to estimate the reservoir size for
service to the Southwest Sherwood Service Zone. Transmission piping improvements are

required across Highway 99W within the service area to link the east and west portions of the
service zone and the proposed reservoir. The Wyndham Ridge Booster Pump Station pump
units would also require evaluation and potential modification to meet new hydraulic
conditions imposed by the proposed reservoir. A pump performance evaluation should be

completed as part of further design efforts on this alternative. Improvements to the existing
water system between the pump station and the existing reservoir do not appear to be
necessary under this alternative. It is anticipated that additional system improvements will be
completed as system expansion and upgrades occur within the distribution system. The
extent of pump station and other system modifications should be determined through the
completion of further Altemative 3 design efforts.

Alternative 4 assumes the construction of a 1.4 million gallon reservoir located west of
Sherwood on Kruger Road to serve the eastern portion of the Southwest Sherwood Service
Zone. For the pu{poses of this analysis, the reservoir is sized to serve the entire Southwest
Sherwood Service Zone using the same three component storage analysis used under

99-0404.t01
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Altemative 3. As commercial development occurs within the service zone in areas west of
Hwy 99W, transmission piping may be extended to provide for recommended commercial
fire flow. The West Sunset Booster Pump Station would be constructed to pump to the
proposed reservoir at a firm capacity of approximately 330 gpm. Transmission piping
improvements between the proposed reservoir and West Sunset Booster Pump Station are
illustrated on figure 1. The new Wyndham Ridge Booster Pump Station would serve the
westem portion of the Southwest Sherwood Service Zone. Additional piping improvements
between the Wyndham Ridge Booster Pump Station and the existing reservoir are necessary
to minimize pressure fluctuations on the suction side of the pump station. For the purposes
of this analysis the cost for the main service zone distribution system improvements to serve
the Wyndham Ridge Pump Station have not been included in the cost estimate.

Planning level project cost estimates show that all four alternatives are relatively close in
total first cost with Altemative 3 being the least expensive option. The selection of
Altematives lor 2 requires significantly more pipeline improvements than Alternative 3.

Alternatives I and 2 will result in major construction disruptions through central Sherwood.
Alternative 3 will require substantial pipeline construction but the work will be in areas

where disruption will be minimal. The operation and maintenance costs associated with
Alternatives 1,2, and4 would be higher since each alternative involves a pump station(s)
with constant running pump units and must meet instantaneous demands and fire flow needs

by direct pumping.

Selection of Alternative 3 provides the City with an opportunity to provide additional system
storage. Consideration may also be given to increasing the proposed reservoir's storage to
potentially provide emergency and fire storage to Urban Reserves and to portions of the
City's main service zone.

Schedule

Figure 2 presents a preliminary project schedule for planning, design, and construction of
Alternative 3, al.4 million gallon reservoir on Kruger Road and associated waterline
improvements. The schedule is based upon a typical design-bid-build procurement process
for the facilities. Under this procurement method, the pipeline work could be completed
prior to the school opening in September 2000. The reservoir construction is shown to be
completed by the spring of 2001, almost ayear after occupancy of the proposed elementary
school. This schedule assumes that the reservoir is constructed of fabricated steel or
prestressed concrete. The steel reservoir, while quicker to construct, requires a period of
good weather for painting. The prestressed concrete reservoir requires no painting but
requires a longer time to construct. A bolted steel reservoir could be considered as an
alternative. It can be constructed in any weather condition and does not require painting.

The City could consider an accelerated procurement process under State law that would
allow earlier procurement of the reservoir and potential completion prior to the school

99-0404.101
September 1999

SV/ Sherwood Service Zone Alternatives Review
West Sunset Booster Pump Station

City of SherwoodF:\PROJECTS\99\0404. l0l\MEMOS\Meyr 9-13-99.doc

Page t



occupancy date of September 2000. Provisions under OAR 125-310-003-0 are available for
the City to declare an emergency and enter into a construction contract without competitive
bidding. An accelerated competitive selection process could be utilized to assure reasonable
pricing of the reservoir construction even under accelerated conditions. The City should
seriously consider an approach such as this to provide a complete water supply system by the
time of occupancy of the school.

The option of providing interim water supply to the school but without gravity storage can be
considered. The Wyndham Pump Station, however, could not deliver peak design flows due
to the limitations on the suction supply to the station. This would not be a desirable situation
for a public school facility to be without full water supply and fire flow capacity.

The reservoir and portions of the pipeline will be located outside the Urban Growth
Boundary and in an exclusive farm use area. In addition to a land use permit from
Washington County, a special land use process will be required to obtain approval for
installation of these facilities in an EFU zone. House Bill 2865 (1999 legislative session)
provides for a new process to obtain such approval. It is not anticipated that this process will
cause undue delay to the project.

Recommendøtìons

Based on the analysis and evaluation presented above, it is recommended that the City pursue
the development of Altemative 3. It is also recommended that preliminary design efforts be
undertaken immediately and include the following elements:

Completion of a comprehensive storage analysis to confirm the need for additional
storage within the City's water distribution system. This effort may determine that the
size of the proposed reservoir should be increased to provide additional system storage.

Evaluation of the extent and nature of required improvements to the Wyndham Ridge
Booster Pump Station.

Confirmation of the need for and extent of isolation piping and additional connections
between the Southwest Sherwood Service Zone and the main zone.

o Acquisition of reservoir site and commencement of land use permitting.

r Evaluation ofthe project schedule and the potential need for an accelerated project
procurement process to complete the reservoir and pump station improvements prior to
school occupancy.

Evaluation of interim water supply and fire flow protection measures and options for the
proposed elementary school if the accelerated schedule cannot be achieved.

a

O

O
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Conclusion

The initial preliminary design efforts for West Sunset Booster Pump Station were expanded
and modified to include a comprehensive pressure zone service evaluation of four
altematives. The analysis found that Alternative 3, construction of a 1.4 million gallon
reservoir, will provide operational, fre and emergency storage for the entire Southwest
Sherwood Service Zone at an estimated planning level project cost of $3,300,000.
Preliminary design should be initiated immediately for Altemative 3 to confirm the reservoir
size, location and associated facility and waterline improvements. In addition, alternative
project procurement methods should be explored immediately to determine the potential
ability of the City to complete the project prior to occupancy of the new school.

99-0404.101
September 1999
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FIGURE 2
PRELIMINARY PROJECT SCHEDULE ALTERNATIVE 3 . SOUTHWEST SERVICE ZONE

CITY OF SHERWOOD, OREGON
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CITY OF SHERWOOD
WATER SYSTEM MASTER PLAN UPDATE

EXECUTTVE SUMMARY

PURPOSE AND SCOPE

This Water System Master Plan Update has been authorizedby the City of Sherwood to

address the needs of the water system through tlrre Year 2017. This includes a

preliminary evaluation of the impacts associated with develoPing the planned Urban

õrowth Reserve. As a planning document, it is designed to help in the establishment of

a capital improvements plan for the current water system. The conclusions of the

,"port provide descripüðns of the reconunended improvements and an opinion of

probable project cost for each item.

The scope of this Master Plan Update is consistent with the work proposed rn the

following documents.

. Scope of Work prepared by Bookman-Edmonston Engineering, Inc. (B-E)

and transmitted to the City with the proposal letter dated October 29,1997.

¡ Scope revisions described in correspondence sent from B-E to the City dated

May 21, L998, June 22,1998, and October 26,1998-

This phase of the Master PIan Update concentrates on the water storage and

dishiúufion system. Projections of water supply capacity requirements are incluclecl in

this report. Ho*"rr"., the current supply facilities and altemative sources of supply will
be evaluated as part of a separate planning phase.

DESCRIPTION OF EXISTING SYSTEM

General. A map showing the major components of the existing water systcm is
presented in Figure 2-1,. A schematic of the system is shown in Figure 2-2.

Source of Supply. Historically, groundwater has bcen the only source of drinking
water for the Óity "f 

Sherwood and it will continue to be the primary source over the

next several years. Limited quantities of surface water from the City of Portland's Bull

Run supply will be available when the Bull Run Connection described below is placed

into service. Eventually, this connection is expected to become the primary means for

delivering drinking water to the City's system. Surface waters directed through the

Bull Run Connection may be drawn from either the Bull Run system or altemative

sources such as the Willamette or Clackamas Rivers.

tiupply System. The City of Sherwood's water supply currently curtststs of four
municipal- production wells located within the City limits. These wells feed into the

main service zone of the City's water distribution system. Descriptive data for these

wells are presented in Table 2-2 on Page 24 of this report. The total permitted

BOOKMAN-EDMONSTON
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cITv OF srrRwooD, oREGON

WATB. SYSTEM MASTB. PIAN UPDATE EXECUTIVE SUMMARY

production capacity of the four wells is 2500 gallons per minute; however, the actual

iotal produ"Uón 
"apacity 

measured during the summer of 1Ð7 was aPProximately 1850

gallons Per minute.

The Bull Run Connection has recently been installed and connects Sherwood's water

system to that of the City of Tualatin. The facilities primarily consist of a four-mile

láng 24-nch pipelin" *ith control valves at each end. The project is substantially

coriplete, but some segments of the pipeline have yet to pass a final Pressure test at the

time of this writing. Ï,ik" the wells, lhis Tualatin intertie will deliver water into the

system's main service zone. The connection was designed for a future maximum

capacity of 12 MGD.

A second intertie with the Tualatin water system is also available along Cipole Road in

the northeast comer of Sherwood as an emergency backup'

Treatment. The only treatment currently provided to the water supply by the city is

the addition of sodium hypochlorite at each well for disinfection.

Storage. Water is stored in a 2.0-million gallon (MG) circular concrete reservoir' The

elevaùon of the water surface in the tank typically varies from 375 to 379 feet above sea

level. This operating level is used to maintain water Pressure in the system's main

service zone.

Booster Pumping station, Higher ground elevations in the southeastem part of the

City make thã use of a booster pumping station necessary to serve that area- A new

boóster pumping station was constructed at the existing reservoir site in 1997 to replace

the old itut or, lãcated at the same site. The pumping statron draws water from the

reservoir and delivers it into the distribution system. The total booster station design

capacity is intended to satisfy the projected peak clemancls plus fire flow requirements

for the tributary service zone'

Distribution System. The City's water distribution system consists primarily of two

service zones. The main service zone operates off the free water surface in the reservoir

and is, therefore, typicatly referred to as the "Gravity Zone." The portion of the system

fed by the booster station is referred to as the "Pressure Zotte."

There are also four small, isolated intermediate zones in the distribution system that are

served from the Pressure Zone. Pressure reducing valves are used to separate the

intermediatu zottes frcrm thp Pressure Zone to Prevent excessive operating Pressures

from occurring in these areas.

In general, the distributron system is fairly well looped to main[airr rehable service;

hoõever, fragmented development on the northwest side of State Route 99W has

produced unlooped sections in that part of the Gravity Zone'

BOOKMAN-EDMONSTON
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Due to recent development, much of the City's water system is relatively new and

unaccounted for water is estimated to be only about 5 to 6 percent of the total water

produced.

System Control. The water system is controlled by computer at the Public Works

Building. The operations of the wells, the booster station and the reservoir are

monitored automatically and reported to the computer by telemetry. Operators can

control these system components remotely at the computer terminals. The Bull Run

Connection will also be monitored and controlled in this m¿utner when it is placed into
service.

EXISTING SYSTEM DEFICIENCIES

Production Wells. The data presented in Tables 2-2 and 2-3 indicate the well system

suffers from following two general deficiencies:

The groundwater level in Well No. 3 during drawdown is very close to the
bowl setting; and

The production capacities of Wells No. 3 and No. 4 during the high-demand
suÍuner months are substantially less than the reported design capacitres.

As a separate phase in the Master Planning effort, the City will evaluate well
production capacity and the feasibility of upgrading the wells to restore their capacity.

The only other well deficiencies that were identified have been corrected during the

preparation of this report.

Treatment. Elevated levels of iron and manganese in the discharge from Well No. 6
have resulted in customer complaints. An evaluation of altemative treatment methods

to alleviate this problem is being conducted by the City separately from this report.

Boocter Station. The equipment in the booster station is new alìtl irr ¿ood corrdition'
The one deficiency in the system's operation is currently being addressed by the Public

Works Department. Demands typically are only a small fraction of the design capacity

of onc 50-hp pump. To improve system efficiency, the installation of a smaller prtmp is
planned. This smaller pump will be used to satisfy demands under most conditions
with a lower power draw.

Reservoir. The only reservoir operating deticiency mentioned by Pubhc Works is the

lack of any level gauge on the tank to allow operating staff to verify the water level
visually while at the tank site, This capatrility can bc added to the new reservoir that
will need to be constructed as discussed in Section Five.

BOOKMAN.EDMONSTON
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Undersized Distribution System Piping. The City has developed standards for

minimum pipe sizes in the distribution system. To bring the distribution system up to

the currenf siandards, most pipe under I inches in diameter would need to be replaced

with new pipe having a minimum diameter of 8 inches. Table 3-L (Page 3-3) identifies

the pipe r".tior,r 6 inches and smaller that need to be replaced to meet the City's

minimum pipe size standards. Based on the breakdown in Table 3-L, the total length of

undersized pipe is approximately 17,0N lineal feet (1. f.)'

The City plans to replace the 2,4N t. f. of 6'inch line in Oregon and Lincoln Streets with

a f2-mchþipe. This size has been proposed to improve capacity between the Bull Run

Connection and the reservoir.

One upgrade in distribution system capacity currently under construction is the

installatiãn of approximately 900 l. f.. of \2-nch pipe under Pine, Columbia and

Washington Streets.

Distribution System Operating Pressures. Problems with inadequate service Pressures
in some u."u, of the Gravity Zonehave resulted in customer complaints. The City has

instituted improvements in those areas that are adjacent to the Pressure Zone. One

other area experiencing low operating pressure that must still be addressed is in the

southwest comer of iown. Service connections near Highway 99W and Sunset

Boulevard are at an elevation that is too high for recommended system pressures to be

maintained. Other connections just east of Middleton Road also are reported to
experience inadequate pressures. The City plans to address this problem by having a

booster station constructed to serve this area.

POPULATION AND WATER DEMANDS

population. Table Ll (Page 4-L) presents population figures for the recent past. The

u,oårug" household occupancy is currently estimated to be about 2.9 people per

dwelling unit (DU).

The December 1997 l-lrban Grototh Report prepared by Metro projected a population of

18,566 and a total of 7,N2 dwelling units for Sherwood in the Year 2017' These

projections were prepared based on the current City boundaries. The population and

housing figures lor 2017 equate to an average Per household occuPancy of 2.65'

The establishment of a 460-acre Urban Growth Reserve has been planned to the south of

the currcnt City limitr to accommodate ¡clcliLional t{evelopment, Metro will decicle in

1999 wheth.. [o upptove a shift in the Urban Growth Boundary to include this land.

Development therã 
"o.,i¿ 

begin before the end of 2000. Metro has estimated that the

Urban Reserve could accommodate a total of 2,067 housing units. Srnce an lJrban

Reserve Study has not yet been prepared to provide initial planning data, this report

will assume that a112,067 housing units will be constructedby 2077. At a future Per
household occupancy oî 2.65, this hanslates to an additional population of 5,480. The

BOOKMAN.EDMONSTON
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combined population for the expanded City limits is projected to be about 24050 tn

2017.

Since no projections are available from Metro for intervening years, the City Planning

Departmånt has proposed that a range of intermediate population projections be

developed. This r¿ìnge has been identified from minimum and maximum near term

housing construction iates of 2N and 500 dwelling units per year through 2ffi2 These

figures-can be correlated to a most favorable and a least favorable development climate.

Sirce the 2o-year projection is set, the growth rates for the period from,2002 to 2017

have been caiculated to offset the assumed near-term trend. Therefore, the high near-

term growth rate would be followed by a lower annual growth rate and the low near-

term lowth rate would be followed by a higher annual growth rate. Table 4-2lists the

two p:opulation projections developed from the method described above. Figure 4-L

presents these projections graphically.

Customer Water Demands. Monthly water production records for 1994, 1Ð5,1996 and

1997 were used to update estimates of use. The water consumption data suggest a

significant decline - þ"r capita water use over the past four years. This trend is also

supported by the fact that previous Water System Master Plans used an average Per
capita water demand of 1ó0 gpd per capita.

The following factors suggest the sharp drop-off in per capita water use may not be

rcpresentative of an actual long-term pattem'

. unusually heavy rainfall between late L995 through October 1997 probably

recluced water demands.

. The rapid rate of development may have reduced the accuracy of population
estimates.

. Commercial and industrial development in the City has been lagging behlnd

residential development, but may catch up in the future.

Some of the reduction in average per capita water use may, however, be part of a

permanent shift due to voluntary limitations the City has instituted for irrigation,
particularly at the local schools. Additionally, revisions to the Plumbing Code that

require low-flow plurnbing fixtures for new homes may bc rcducing indoor clemands.

Thãre also may be a trend toward smaller lots which can reduce per capita demands for

irrigation.

A total average per capita demand of 125 gpd has been used for planning purposes in

this report. Thisfigure is slightly above the overall average per capita water production
fromfgg+through 7997. Because it is based on total productron, this estimate includes

an allowance for system losses through leakage.

BOOKMAN.EDMONSTON
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WATER SYSTEPT MASTM. PLAN UPDATE EXECI IVE SUMMARY

Total peak daily demand projections have been estimated using a peaking factor of 2.75.

This úanslates to 350 gpd per capita, including system losses. For the network analyses

performed on the distribution system a short-term peak 6-hour demand that is 20

þercent above the peak daily rate was assumed. The resulting peak per capita demand

is 420 gpcd.

Projected water demands were calculated over the 2O-year planning period using the

per capita water requirements identified above and the population projections in Table

+-Z 1Vug.4-3). These water demand projections are presented in Table 44 (Page 4'6).

I/VATER SUPPLY AND STORAGE CAPACITIES

Water Supply Capacity. Water supply capacity is becoming a critical issue in
Sherwood ãs demands continue to increase rapidly. The potential for developing

additional wells within the City is limited by Chapter 690, Division 502 of the Oregon

Administrative Rules. These rules place virtually all of Sherwood inside Groundwater

Limited Areas. Additionally, the Bull Run Connection will have a limited impact on

supplies until an altemative primary water supply is developed that can be delivered

through this pipeline. Limitations on well supply capacity heighten the importance of

pro-ãtit g water conservation in the near term to reduce problems of water shortages.

Existing water supply capacities have been calculated based on the premise that the

production capacity of all the wells will remain at the level reported for August,1997'
bperating timãs of 8 and 20 hours per day were assumed to identify average arrd peak

dãily well supply rates, respectively. Limiting the hours of operation reduces wear on

equipmenç prãvides opportunities for preventive maintenance, and limits the demand

on gioundwater resources. Calculating the system capacity at these reduced operating

timãs abo builds some backup capability into the system. Using these criteria, the total

average and peak daily capacities of the well system are 0.89 and 2.23 MGD,

respectively.

Supply capacity deficits are presented in Table 5-2 (Page 5-3). These supply deficits are

baied-on ihe projected peak daily demands and peak-day well capacities. Figure 5-L

also presents a graph that illustrates these deficits.

It is recommendecl that the City pursue the following courses of action to meet system

demands.

. Well Capacity - As a separate phase in the Master Planning effort, the City
needs to evaluate well production capacity and the impact the wells are

having on groundwater levels. The feasibility of upgrading the wells so they

can operate at thei¡ peruútted capacities should be aclclressed' The City is
..,.."tttly having an investigation of Well No. 3 completed as part of that
separate Planning effort.

BOOKMAN-EDMONSTON
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a

a

Conservation - It is recommended the City use the reconunendations of the

Water Management and Conservation Plan once it has been completed to

implement a water conservation program. Development of this altemative

,.rãrrr." could both reduce near-term shortages and save money on long-

term improvements.

Bull Run Connection - Discussions should be initiated with the Cities of
Tualatin and Portland regarding an increase in the agreed uPon suPPly rate

from this source.

Water Storage Capacity. Typically, water storage tanks are sized to provide enough

volume to meet peak daily demands plus fire flow requirements. A surplus allowance

of L0 percent is ãbo .o*-only included in the design capacity as a cushion against

emptying the tank in emergencies.

Table 5-3 (Page 5-4) presents the required net storage expansion capacities deterrnined

from the criteria mãntioned in the previous paragraph. The volumes have been

calculated for both population growth altematives using the peak darly demands listed

in Tables 44 (Page 11-6). The effective storage capacity of the existing 2.0 MG reservoir

has been subtracted from the total required volumes to identify the net expansion

capacities listed.

Table 5-3 indicates that about 9.0 MG of additional storage capaclty will be required by

2017 ff the Urban Growth Reserve is developed. Since most of that expansion would be

required by 2007, it may be cost effective to construct a single tank to provide the
.1roi r-. required through 20L7. However, it may be more appropriate to expand

reservoir capacíty in phales due to the uncertainty regardrng development tn the Urban

Growth Reserve. Uþaatea planning data on the Urban Reserve could be combined

with information on th" 
"uily 

t"rnlts of water conservation efforts to revise future
storage capacity requirements. The condition of the existing 2.0 MG tank could also be

evaluated prior to future reservoir expansions.

A 6.0 MG reservoir, in conjunction with the existing tank, is projected to be the Uityrs

needs through 2005 at the maximum near-term growth rate and through 2009 at the

minimum near-term growth rate. A 3.0 MG tank would then be needed to satisfy the

criteria 2}-year storage requirements, if the existing tank is kept in selvice.

Section Seven presents opinions of probable project costs for constructing a 6.0-MG tank

initially ancl a 3.0-MG tank in 2fi)5. The probable protect cost for one 9.0 MG tank is

also included. It is recommended that the City plan to construct either a 6.0- or 9.0-MG

reservoir as soon as is practical.

BOOKMAN.EDMONSTON
ENGINEERING, INC.

ES.7



CITY OF srrm.WOOp, oREGoN
I/VATM. SYSTEM MASTM. PLAN UPDATE EXECT.]-[VE SUMMARY

NETWORK ANALYSIS

General. Computer network modeling of water distribution systems is performed to

identify areas that may suffer from inadequate or excessive Pressures. Under most

conditions, pressures in municipal water distribution systems should fall within a range

of about SO to 80 psi during normal operations. However, for practical PurPoses/

pressures between 40 and 90 psi are often considered acceptable. The Uniform Fire

bode requires a minimum Pressure of 20 psi for the supply of fire flows.

Network Models. The City of Sherwood's water distribution system was modeled with
the CYBERNET 3.0 program from Haestad Methods, Incorporated. The water

distribution system was analyzed under four general conditions by developing

altemative base models. The alternative models are sununarized below.

L, Model One - system model using 1997 operafing conditions and demands.

2. Model Two (Immediate Future) - model based on projectedlggg conditions.

3. Model Three (Near-term Future) - model based on projected 20f.2

conditions.

4. Model Four (2GYear Projection) - model based on Metro's 2D-year

population projection and full development of the Urban Reserve.

Separate network models were developed and analyzed for the Gravity and Pressure

Zones. The rntermediate zones were included in the Pressure Zone network. A more

detailed network model of the Woodhaven area was also developed to check the results

of the Gravity Zone model for that part of the system.

Analyses have been run with the wells both tumed on and off. The Bull Run

Connection was assumed to supply a steady rate of 125 gpm for Models Two and

Three. Model Four was run with supply rates of 4.0 MGD and 6.0 MGD being fed

through the Bull Run Connection.

Modeling of Dem¿nds and Fire Flows. Projected peak 6-hour demands were used for
the base ãonditions in the network analyses. The total demands distributed through the

system in Moclels Two, Three and Four roughly correspond to the total peak demands

listed in Table 44 (Page 4-6) for 1999,2Cfl2 and 2017, respectively. The breakdowns of
water use by customer type presented at the end of Section Four were used to distribute
demands throughout the system.

Separate fire-flow altematives were modeled to ana|yz-e the system's ability to provide
thã recomme-n<lerl flow rates at a pressure of at least 20 psi. The flow rates used

generally ranged from 1,5@ gpm for residential areas to 3,500 gpm for the schools.

Acfual fire-flow requirements for specific structures are outlined in the Uniform Fire

Cocle basecl on buiiding construction type and square footage. Without this specific

BOOKMAN-EDMONSTON
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information for each structure in the City, the values used represent conservative

estimates.

Results and Recommendations. In general, the results of the network analysis verified

the problem areas previously identified by the City. Several other issues were also

iden-tified that will need to be addressed. Please refer to Section Six for a summary of
the analysis results. Recommended improvements to the distribution system are

summarized below.

RECOMMENDATIONS AND PROBABLE PROIECT COSTS

Summary of Capital Improvement Proiects.

A. Treated Water Storage

1,. Current Phase: a new 6.0 MG concrete reservoir should be constructed on

City-owned land adjacent to the existing reservoir to increase storage

capacity. This tank should meet the City's water storage requirements
thiough at least 2005. The design and conshuction of the reservoit should
proceed as soon as possible. Probable Proiect Cosft $ 3,800,000.

2. Future Phase: it is projected that an additional storage capacity of 3.0-MG

would be needed to provide adequate storage volume through 20L7. This

capacity requirement should be reevaluated by 2005. Present worth of
probable proiect cost for a oingle 3.&MG concrete tank: $ L,925,OW'

3. Alternative: One 9.0-MG concrete tank. Probable Project Cost: $ 5,100,000.

B. Southwest Booster Station

A booster station that serves those portions of the Woodhaven Subdivision and

adjacent areas that lie above elevation 245 should be installed. Probable Proiect

Cosft $ 700,000. The addition of an 8-inch pipeline intertie across Highway 99W

would add another $ 150,ü)0 in probable project costs.

C. Distribution Syetem

The following piping improvements are recoûunended to upgrade the water
system. Figure 7-1 should be referred to for project locations. In some cases

parallel pipes could be installed to increase capacity instead of replacement lines.

This canreduce material costs, but it also would leave older pipes in service. To

be conservative, this report assumes replacement pipes will be installed'

1. Increase caPacitv of ke)¡ water mains:

. Install 1,600 I. f. 12-inch pipe from the Pressure Zone booster station

through the park site to the intersection of Sunset Boulevard and Alder
Grove Avenue. The upgrade is needed to deliver fire flows to the

southerly portion of Alcler Grove Avenue and the area of Highpoint
Drive and Cascara'l'errace. Probable Proiect Cost $'125,000.

BOOKMAN-EDMONSTON
ENGINEERING, INC.
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. Install 900 l. f. o11'2-inch piping under Pine, Columbia and Washington

Streets to increase capacity and replace leaking 8-inch water mains.

Probable Proiect Cosh $ 140,fi)0.

. Install 2,950 L f. of 8-inch piping and 300 l. f. of L2-inch piping to replace

the 6-inch water lines under Gleneagle Drive and Twelfth Street'

Probable Proiect Cosh $ 195,000.

. Install 2,4N l. Í. of L2-inch piping to replace the 6-inch water lines under

Lincoln and oregon streets. Probable Proiect cost $ 22O,W.

2. Installations of water lines to comPlete s)¡stem looPs:

o Install 3,000 l. f. of L2-inch pipe across Highway 99W under Tualatin-
sherwood and Tualatin-scholls Roads to complete system loop.

Probable Proiect Cosk $ 385,000.

. Install1,500 l. f. of 12-inch pipe from the north end of Roellich Avenue to

Edy Road to complete system loop. Probable Proiect cosft $ 130,000.

. Install S00lineal feet of 12-inch pipe northwest from Highway 99W near

Cedar Creek. Probable Proiect Cost $ 40,000.

. Install ?400lineal feet of L2-inch pipe along Galbreath and Cipole Roads

to connect to existing and proposed water lines. Probable Proiect Cost:
g 270,ooo-

3. Increase transmission maln caPacity:

o Install approximately 5,000 lineal feet of 24,-tnch pipe along Murdock
Road and Division Strcet from the Bull Run Connection to the exishng

reservoir site. Probable Proiect Cosft $ 79O,OOO.

. Install approximately 300 lineal feet of 24-inch pipe to replace the

existrng .16-inch Gravity Zone pipe between the existing reservoir site

and the intersection of Lincoln and Division Streets. Probable Project

Cost: $ 50,000.

4. lncrease diameter of undersized water lines:

¡ Replace approximately L1",300 L f. of 2-, 4- and 6-inch pipe lines with 8-

inch pipe. Probable Project Cosh $ 690,000.

D. Total Capital Improvements for storage and Distribution systems

A summary of thc probable project costs itemized above is tabulatecl in

Appendix D. The total for the reservoir and distribution system capital

improvements is $9,610,000. This assumes two reservoirs would be constructed

in phases.
.,J

BOOKMAN-EDMONSTON
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Other Recommended Projects. The following projects are not part of the recommended

capital improvements, but should be initiated to ensure that the water system can meet

the City's needs.

1. As a separate phase in the Master Planning effort, the City needs to evaluate

well production capacity and the impact the wells are having on

grounàwater levels. The feasibility of upgrading the wells so they can

operate at their permitted capacities should be addressed. The City is
currently having an investigation of Well No. 3 completed as part of this

separate Master Planning effort.

2. Instifute the recommended shifu in service zone boundaries as described in
Section Six (See Fíg:re 6-7).

3. An altemative water supply must be obtained to augment and potentially

replace the municipal wells. The City should continue to participate in
regional planning efforts to develop the altemative supply within 4 years or

as soon after thai as is practical. An additional supply capacity of about 6.2

MGD is needed by th" Year 2017 based on current projections with the

Urban Reserve included. This assumes the well production will be at

August 1997levels.

4. A Water Conservation and Management Plan should be completed and an

ongoing program of water conservation measures should be implemented.

Water conservation can reduce reliance on the wells and alleviate possible

near-term water shortages before the additional storage capacity is available.

5. Implement a systematic water meter inspection and replacement program to

remove meters that no longer function properly.

6. Develop a schedule for periodically flushing fire hydrants throughout the

system.

7. Have a structural analysis of the existing reservoir completed in five to ten

years.

BOOKMAN.EDMONSTON
ENGINBERING, INC.
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CITY OF SHERWOOD
WATER SYSTEM MASTER PLAN UPDATE

SECTION ONE

INTRODUCTION

BACKGROUND AND OBIECTTVE

The last Water Service Plan Update for the City of Sherwood was prepared tn 199I.

Since that time, the City has undertaken a series of improvements to the existing water

system to upgrade service and meet increasing water demands. Additional
improvements are, however, still needed to keep up with the City's rapidly growing

population.

Thc preparation of this Master PIan Update has been arrthorized by the City to evaluate

the ãxisting water system and address system needs over the next 20 years. The

authorizatiãn *us provided by City Council Resolutron No.97'717 passed on December
g, 1997. A copy of the resolution is included as Appendix A to this document. As a

planning documenf this report is designed to help in the establishment of a capital

i-p.o.r"--.nts plan for the current water system. The conclusions provide descriptions

of ihe ,".o^*år,ded improvements and an opinion of probable project cost for each

item.

PLANNING AREA

Sherwood is located in southeastem Washington County at the southwest corner of the

Portlancl metropolitan area. The Urban Growth Boundary (UGB) generally coincides

with the City limits except at the northeast corner of the City where a common

boundary is shared with the City of Tualatin. Since the surrounding unincorporated

areas are outside the UGB, development there is severely reshicted. Sherwood extends

water service only to the City's inhabitants; thus there are currently no service

connections outside the City Limits.

An Urban Growth Reserve has been planned to the south of the City for future

development. The City anticipates that Meho will soon aPProve a shift in the UGB to

inclutlã this land. Preiiminary assumptions regarding development within this Urban

Reserve have been incorporated into this report. Figure'l-L shows the current Urban

Growth Boundary and plãnned Urban Reserve Boundaries for the City of Sherwood.

SCOPE OFWORK

The scope of this Master Plan Update is consistent with the work proposed in the

following documents.

Scope of Work prepared by Bookman-Edmonston Engrneering, Inc. (B-E)

anrl transmitted to the City with the proposal letter dated October 29,1997.

BOOKMAN.EDMONSTON
ENGINEERINC, INC,
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a Scope revisions described in correspondence sent from B-E to the City dated
i|lay 21,,1998, June 22,1998, and October 26,1998.

This Master Plan Update focuses primarily on the City's water distribution and storage
system, but also identifies the water supply capacity required to meet projected
demands. The scope of the report basically covers the followíng items:

. a description of the existing system and system improvements currently in
Progress;

. an update of population and water use projections;

. an updated distribution system network analysis to characterize existing and
projected conditrons;

o evaluations of improvement options to remedy distribution system deficiencies;

o discussions of long-term system upgrades required to meet fufure needs; and

. a surrunary of system improvement costs.

In accordance with the City's current planning needs, the Master Plan Update does not
serve as a comprehensive plan in that it does not evaluate the following:

o alternative water supply and treatment options;

. user rates and other aspects of system fundinç

. the conditions of existing pieces of equipmeng and

. source water quality and protection.

The City is required to prepare a water conservation and mrinagement plan as a
condition of the latest production well permit obtained from the State Water Resources
Department. That report will be prepared under a separate scope of work.

.J
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CITY OF SHERWOOD
WATER SYSTEM MASTER PLAN UPDATE

SECTION TWO

DESCRIPTION OF EXISTING WATER SYSTEM

GENERAL DESCRIPTION

The City of Sherwood's water supply currently consists of four municipal production
wells. The wells are all located within the City limits and feed into the main service

zone of the City's water distribution system. This zone serves all but the southeastem
portion of the City.

The Bull Run Connection, a pipeline that connects Sherwood's water system to the City
of Tualatin's system, has recently been installed. This connection, when it is placed into
service, will be used to supply Sherwood with water from Portland's Bull Run supply
system. Like the wells, this Tualatin intertie will deliver water into the systemrs main
service zone.

A second intertie with the Tualatin water system is also available along Cipole Road in
the northeast corner of Sherwood as an emergency backup.

Water is stored in a 2.0-million gallon (MG) reservoir and the operating level in this

tank is used to maintain water pressure in the main zone. Because the main zone

operates off the free water surface in the reservoir it is typically referred to as the

"Gravity Zot:re" and will be labeled accordingly in this report.

Higher ground elevations in the southeastem part of the City necessitate the use of a
booster pumping station to serve that area. The pumping station draws water from the

reservoir and delivers it into the distribution system. The portion of the system fed by
the booster station is referred to as the "Pressure Zone."

There are four small, isolated intermediate zones in the distribution system that are

served from the Pressure Zone. Four pressure reducing valves (Pt{Vs) are used to
separate the intermediate zones from the Pressure Zone, thus preventing excessive

operating pressures from occurring in these areas. The latest of these intermediate
,ò.,.r has been created during the preparation of this report. Therefore, the initial
system network analysis, as described in Section Six, included the fourth intermediate
zone as part of the Gravify 7,one.

Figure 2-L presents a map showing the major components of the existing water system

and the boundaries for the diffe¡ent service zones in the distribution system. A
schematic of the system is shown irr Figure 2-2.

.!
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SOURCE OF SUPPLY

Groundwater Use. Historically, groundwater has been the only source of drinking
water for the City of Sherwood and it will continue to be the primary source over the

next several years. The production wells draw water from several aquifers that exist in

the underlying Columbia River Basalt Group. This geologic formation was created by a

series of lava flows of Miocene age. Basalt tends to be of low permeability and does not
yield much groundwater; therefore, the aquifers exploited by Sherwood generally

ãoincide with the interflow zones that occur between the successive lava flows.

Fracfures, flow breccia and weathering that can exist along these zones produce the

permeability needed for favorable groundwater conditions. More information is

þrovided on aquifers and wells in the Sherwood area in Groundwater Report No. 40,

þrepared by the State of Oregon Water Resources Department (1994). This study

specifically covers the Parrett Mountain area, inunediately to the south of Sherwood.

Records provided by the City's Public Works Department of groundwater levels at the

three older wells indicate that the groundwater surface has dropped in recent years.

Table 2-L compares the L994 summertime static groundwater levels in each well to the

levels n 1997. The levels represent the approximate depth of the groundwater surface

below each well pump discharge pipe when the well pump has been tumed off for
several hours.

Table 2 - 1

Trends in Groundwater Levels

Depth to Groundwater
Surface (feet)Well

Designation 1994 1997

Well No. 3

WellNo. 4

Well No. 5

65-70

80

75

90

95

n

It is not known whether the changes over this three year period are part of any long-

term trend. Past records for area wells indicate groundwater levels tend to fluctuate up
and down considerably. The 1979 Sherwood Water Service Plan reported groundwater
depths at Well No. 3 fluctuating bctwccn ?0 and 65 feet below grade from 1963 Lo 1979

with no clear pattem of decline. It is apparen! however, that groundwater levels have

dropped over the last 20 to 30 years. As a part of a separate phase in the Master

Planning effort the City is having a geotechnical investigation of Well No. 3 completecl.

BOOKT\,ÍAN-EDMONSTON
ENGINEERINC, INC,
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W¡Tm. SYSTEM MESTTN PI,AN UPDATE DESCRIPTION OF EXISTING WATB. SYSTEM

The City's newest we[ Well No. 6, was placed into service in August of 1997; howevet
it took several years to obtain the well permit from the State Water Resources

Department. One of the permit conditions requires that the City end its sole reliance on

groundwater and pr"pui" a Water Management and Conservation Plan to address

inefficiencies in water use. During the review process for the Well No. 6 application,

the implementation of OAR 6W-502 placed virtually all of Sherwood within either of

two dåsignated Groundwater Limited Areas: Chehalem Mountain and Sherwood-

Dammasãh-Wilsonville. These rules place strong restrictions on the development of

new wells within the affected areas.

Surface Water. The City has recently constructed a permanent pipeline connection to

the City of Tualatin's water system. This intertie, when placed into service, will provide

an altemative water source for the City that will end its sole reliance on groundwater
resources. Initially, the source of the water fed through this connection will be the City
of Portland's Bull Run supply. But the connection also provides Sherwood with the

potential to tap other r,rrf*" water sources, including the Willamette and Clackamas
-Rirr"rr. 

fne City is currently entering into the planning Process for develoPing a

primary surface water supply with other water districts and municipalities in the area.

The agreement currently in place between Sherwood and Tualatin allows Sherwood to

draw L75,000 gallons per day (gpd) through the Bull Run Connection on a continuous

basis and up tó 1.2 MGD for short'term emergencies. The connection was designed for

a future maximtrm capacity of 12 MGD.

WATER SUPPLY AND TREATMENT

Well System. The four municipal wells currently in service are designated Wells No. 3

througir No. 6, since Wells No. L and No. 2have been previously abandoned' The four

op"tutirrg wells will continue to serve as the main water supply for the City even after

the Bull Run Connection is placed into operation. The wells are tumed on and off
automatically as a group based on the water level in the reservoir. Well starfup is

staggered to reduce pressure surges by using different Prograrnmed delays for each

*.11. Corrent operation allows the reservoir depth to drop by 4 feet between the time

the wells are tumed off and the time they are tumed on. Standby emergency

generators are rnstalled at Wells No. 3 and No. 6 to provide power in case of an

interruption in electrical service. These generators are turned on automatically uPon

power failure.

Design pumping capacities and other descriptive data for the wells are Presented in

Table 2-2 (following page).

BOOKMAN-EDMONSTON
ENGINEERING, TNC.
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Table 2'2
Descriptive Data For Production Wells

Well Parameter
Well
No.3

Well
No.4

Well
No.5

50
1.6

Well No
6

300
'1.6

Total Depth (ft)

Pump Bowl Setting (ft)

Well Casing:

Depth (ft)
Diameter (in)

Capacity:

Design production (gP*)
Permitted capacity (SPm)

Summer gtoundwater levels:
(ft. below discharge)

Static
Dlawdown

319

110

4N

400

99
L4

280
375

95
250

880

300

800

430

550
550

137
179

500
675

90
385

n
12

900
900

90
103

Discharge pipe size

The combrned design capacity of the four wells is 223O gallons per minute (gPm), ot 3'2

million gallons p"i auy (MGD). However, the actual production rate during the

,.r.r,-.rJor the three oid". wells is less than the design rate. Table 2-3 compares the

actual flow rates delivered by Wells No. 3, No.4 and No. 5 during August o11997 to the

January 1998 flow rates. These data indicate that seasonal drawdown of the aquifers is

having an adverse impact on the production capacities of these wells'

Table 2 - 3

Actual Capacities of Wells 3, 4 81 5

Well Production Rate

Well ldentification August 1997

I888

January 1.998

Well No. 3

Well No. 4

Well No. 5

650

180

475

725

280

550

BOOKMA,N.EDMONSTON
ENGINEERTNG, INC,
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Well No. 6 has only recently been placed into service and no drop in capacity has been

reported in that *åU. tt has consistently produced water at the design flow rate of 550

gp-. Using the August 1W7 production rates for Wells No. 3 through No. 5 listed

ãUot" and tñe designlate for Wèll No. 6, a daily total of 2.67 MG can be produced if all

wells are operated a fult 24 hours. It is, however, preferable to operate the wells less

than 24hours per day to increase operating flexibility and reduce wear on equipment'

A discussiol oi r""o**.nded well run times and capacities is included in Section Five.

Bull Run Connection. The Bull Run Connection basically consists of a four-mile long,

2&inch pipeline with a valve vault at each end. A plan of the pipeline is shown in

Figure 2-3. Pr.rsnre reducing valves ¡t1s1¿tled in parallel are located in the Sherwood
,our-,lt.,"u. the downstream 

"r,d. 
Th"t" valves are set so that water Pressure is lowered

from 150 to 170 pounds per square inch (psi) down to 80 to 90 psi as it enters the

distribution system. The ámount of flow through the Bull Run Connection is regulated

by control tuirr", located in the Tualatin vault at the pipeline's upstream end' The flow

råte through the Connection is controlled by adjusting the degree to which these valves

are opened.

An additional L2-inch intertie connecting the Sherwood and Tualatin dishibution
systems is available under Cipole Road. This intertie has been used as a backup in the

past to serve Sherwood's customers and could be used again when the Bull Run

Connection is out of service. A temporary 550 gPm PumP and hose connections can be

installed between fire hydrants to link the Tualatin and Sherwood systems. Water is

drawn from a Tualatin water main that operates at about 50 psi and pumped into the

Sherwood system at about 88 psi. This intertie can also be used in reverse to direct

water from ihe Sherwood system to Tualatin's system. The difference in the operating

pressures of the two systems allows gravity flow in this direction.

Treatment. The only treatment currently provided. to the water supply by the City is

the addition of sodium hypochlorite at each well for disinfection. Sodium hypochlorite

solution is purchased in drums and stored at Well No. 3. The solution is taken to each

wellhead in plastic containers where it rs diluted with water before being meterecl into

each well diicharge line. The dilution ratio of water to hypochlorite solution varies

between 7:L and 11:L depending on the season.

STORAGE

The 2 MG reservoir is a ci¡cular concrete tank that was constructed n 1972. The tank

has a diameter of approximately 105 feet and a depth of 30 feet below the overflow. The

tank floor sits at elevation 35Q putting the overflow at elevation 380. Operating depths

typically rantc from 25 to 29 feet. The tank water clepth cannot he drawn down below

abbut 3 feet due to the location of the outlet pipe. In the past, the tank level has been

lowered to a depth of 10 feeÇ however, this occurred when the distribution system was

smaller and dcmands were cortsiderably lower than toclay.

BOOKMAN.EDMONSTON
E N G I N E E R, I N G, I N C .
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W TM. SYSTEM MA,STM. PLAN UPDATE DESCR.IPTION OF EXISTTNG WN:IM. SYSTEM

The site of the reservoir, including new park properties, incorporates a total area of

about 23 acres.

BOOSTER PUMPING STATION

A new booster pumping station was constructed at the existing reservoir site in 1997 to

replace the ollstatilnlocated at the same site. The new structure houses three 50-

hoìsepower (hp) pumps, each designed to handle 900 gpm at a total dynamic head of

140 feet. Spacé is also provided for a fourth 900-gpm PumP. The total de-sign capacity

of 3600 gpm was rntãnded to satisfy the projected peak demands plus fire flow

requiremãnts with one pump out of service. A standþY generator is installed at the new

station to supply electricity to the PumPs in the event a Power outage.

Under existing conditions, one PumP operates to meet the base demand for the
pressure Zone with an additional pump bei.g activated if the demand exceeds the

capacity of the lead pump. Typicatly, one 50-hp pump operates at a small fraction of its

design capacity to meet current Pressure Zone demands.

DISTRIBUTION SYSTEM

General. The City's water distribution system consists primarily of two service zones.

These include the Gravity Zone, which encompasses most of the City, and the Pressure

Zone, which is fed by the booster station and covers the City's southeast comer. The

Gravity Zone operates off the reservoir level at a hydraulic grade line (HGL) of 375 to

379 feetabove sLa level. The new booster station maintains an HGL of about 525 to 535

feet in thc PressureZone with a 50-hp PumP in operation'

Durin¡; development of the distribution system network analysis, 440 housing units

were ilentified as being tributary to the booster station n 1997. This includes the

rntermediate zones. Thà total number of housing units served by the water system in

1997 was approximately 3000.

In general, the distribution system is fairly well looped to maintain reliable service;

hoõever, fragmented development on the northwest side of State Route 99W has

proclucecl unlooped scctions in that parf of the Cravity Zone'

System Leakage. Most of the system is relatively new and the leakage rate is low. A
rãconciliation ãf water produced and water consttmecl in 1995 was performed based on

the well production rãcords summarized in Table &3 (Page 4-4) and City brlltng

records. Th" ,""on"iliation indicated that only 6.5 percent of the water produced was

not accounted for through billing. This 6.5 percent includcd water taken by

construction contractors fróm hydrants, in addition to water lost due to leakage. The

leakage rate should be dropping as more new lines are added to the system through

ongorng development ancl olcler lines are rePalred or replaced.

BOOKMAN-EDMONSTON
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Intermediate Zones. Given the amount of area served by the Gravity Zone and

variations in ground level, it is difficult to maintain operating Pressures within a

desirable r*gã of 50 to 80 psi throughout the zone. Pockets of low Pressure have been

a problem itt tt. past and will become a greater problem as the City grows' Three

,".tior.,, have been isolated from the Gravity Zone in the past due to inadequate service

pressures and are now served from the Pressute Zone through Pressure reducrng

valves. These intermediate zones are located àlong Oriole Court, along Bowmen Court,

and in the area of Norton and Forest Avenues (see Figure 2-L). Two other areas that

were experiencing low pressures have also been modified in L998 to allow service to be

provideã from thã Presiure Zone rather than the Gravity Zone. These areas include:

. Orchard Heights Court, and

. Mansfield and Smock Streets and William Avenue.

A connection has been installed from the intersection of Division and Pine Streets to

serve homes along Orchard Heights Court. Another connection, this one with a

pressure reducing lalve, has beenãdded between the new line in Murdock Road and

the in William Avenue to serve the second area.

Discussions on other areas experiencing inadequate system Pressures are rncluded in

Sections Three and Six.

System Inventory. Table 2-4 presents a system inventory of the approximate lengths of

eÃch pipe size rn service a:uilr:rg ßeZ. Given the rapicl growth of Sherwood, these

numbers have changed during the preparatron of this report'

Table 2 - 4

Existing Distribution SYstem
Pipe Inventory

Gravity Service Zone Pressure Service Zone

Pipe Size (in.) Length (ft.) Pipe Size (in.) Length (ft.)

19,800

3,000

1,350

8u

10u
'L6u

2u

4n

6,
8rt

'l0u

12u

14u
'L6u

3,950

1,550

T4,4N
109,500

3'1.,7æ

43,800

4000
s50

BOOKMAN-EDMONSTON
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Current City standards require new water piping to be installed in size increments of 4

inches with a minimum allowable pípe size of 8 inches. Pipes with 6-inch diameter are

acceptable for short extensions to service connections or fire hydrants.

SYSTEM CONTROL

The water system is controlled by computer at the Public Works Building on 540 N.W.

Washington Street. The operations of the wells, the booster station and the reservoit are

monitored automatically and reported to the computer by telemetry. Operators can

control on/ off status and adjust seþoints at the computer terminals. The Bull Run

Connection will also be monitored and conholled in this manner when it is placed into
service. An automatic dialer is provided to allow the telemehy system to contact

operating personnel when an alarm is activated. Similarly, operators can use the dialer

system tã ãontact the computer from remote locations and check the operating status of
the facilities.

The following is a list of the system operating parameters for which automatic

monitoring and remote reporting capabilities are provided or planned.

1.. Production Wells:

¡ well pump status (on/ off)
. emergency generator status at Wells 3 & 6 (on/off)
. pump run time
o water production (pumping) rate and cumulative water pumped
. groundwater level

2. Booster Station:

¡ status of each pump(on/off)
. emergency generator status (on/off)
. pump run time
¡ discharge rate and pressure

3. Reservoir:

' oPerating level

4. Bull Run Connection:

Sherwood Vault - pressure-reducing valve upstream Pressure
Pres s ure-reducin g valve clown sf¡ea m Pressu re
valve Pressure setting
current and total flow rate

Tualatin Vault - flow control valve setting (percent open)
control valve uPstream Pressure
control valve downsheam Pressure
current flow rate each valve and total flow

a

a

BOOKIVTAN-EDMONSTON
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CITY OF SHERWOOD
WATER SYSTEM MASTER PI..A.N UPDATE

SECTION THREE

EXISTING WATER SYSTEM DEFICIENCIES

GENERAL

Deficiencies in the existing water system have been identified from discussions with
City personnel. Field surveys of existing equipment by Bookman-Edmonston staff have
not been included in the scope of this study.

PRODUCTION WELLS

The Public Works Department did not report any specific problems with the operating
condition of the existing well facilities. The data presented in Tables 2'2 and 2-3 (Page

2-4) do, however, indicate the following two general deficiencies:

The groundwater level in Well No. 3 during drawdown is very close to the

bowl setting and

The production capacities of Wells No. 3 and No. 4 during the high-demand
suruner months are substantially less than the reported design capacities.

As a separate phase in the Master Planning effort, the City will evaluate well
production capacity and the feasibility of upgrading the wells to restore their capacity.

The City is currently having a geotechnical investigation of Well No. 3 completed as

part of that separate planning phase. Consequently, these issues will not be further
addressed in this report.

The only other well deficiencies that were identified are relatecl to thc system for
recording the operating data that is reported to the computer. However, during the
preparation of this repor! the computer software has been upgraded to correct these

problems. Formerly, the measured production rates for the wells were totalized
automatically based on pump run time; but the monthly total had to be recorded
manually. Also, the production totals for each well had to be summed manually to
obtain the combined production for all the wells. The upgrade allows the computer to
automatically calculate, totalize, and record the daity and monthly well production
totals.

TREATMENT

Elevatecl levels of iron and manganese in the discharge from Wcll No. 6 have resulted
in customer complaints. To alleviate this problem the installation of treatment
equipment is being considered. An evaluation of altemative treatment methods is
being conducted by the City separately from the scope of this report.

BOOKMAN.EDMONSTON
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WATR. SYSTEM MASTM. PT.EI\I UPDATE E)(ISTTVG WaNM. SYSTEM DEFICTENCTES

-l

BOOSTER STATION

The equipment in the booster station is new and in good condition. However, one

drawback to the system operation has been that demands typically are only a small
fraction of the design capacity of one 50-hp pump. This results from the pumping
station being designed to deliver fire demands in addition to projected peak domestic
demands. The design capacity of each new pump is 900 gpm, whereas the average

demands in the pressure zorre ate currently less than 80 gpm. Since the PumPs are

constant speed units, they operate inefficientþ while delivering the relatively small
flows most of the time.

The Public Works Department is currently working to install a smaller PumP in the new
station as the fourth pump. This smaller pump could then be used to satisfy demands

under most conditions with a lower power draw. The Crty may also wish to evaluate
the installation of variable speed drive controls in the future for at least one 50-hp

PUrnP'

Another shortcoming had been the lack of automatic switchover capabililites so that a

back-up pump would start if the operating pump failed. This feature has, however,
been added to the system controls this year to increase reliability.

RESERVOIR

The only reservoir operating deficiency mentioned by Public Works is the lack of any
level gauge on the tank to allow operating staff to verify the water level visually while
at the tank site. This capability can be added to the new reservoir that will need to be

constructed as discussed in Section Five.

No structural analysis of the reservoir has been completed as part of this study' Given
the critical nature of this facility and the fact that the tank is over 25 years old, it is
recommended such an analysis be performed within the next 5 to L0 years.

DISTRIBUTION SYS'I'EM

Unclersizecl Piping. The City has developed standards for ûrirtirnum pipe sizes in the

distribution system. To bring the distribution system up to the current standards, most
pipe under 8 inches in diameter would need to be replaced with new pipe having a

minimum diameter of 8 inches. Table 24 (Page 2-7) Iists approximately 2Q0üJ hneal

feet (1. f.) of pipe 6-inch and smaller in the system; however, not all of the lines are

considered undersized. Six-inch pipe sections located in cul-de-sacs or that are

extensions servrng a singlc connection or fire hydrant may be determined to be

acceptable by the City on a case-by-case basis..

BOOKMAN-EDMONSTON
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CnY oF sHERwooD OREGoN
W¡,rm SYSTEM MESTNN PT¡N UPDATE EXÍSTING WATB. SYSTU¡r,T DEFICIENCIES

Table 3-L identifies the pipe sections 6 inches and smaller that need to be replaced to
meet the City's minimum pipe size standards. The lengths listed for the pipe sections
are based on measurements taken from the water system map provided by the City.
The 3-inch supply line from Well No. 3 is not listed, but also needs to be increased in
size.

Table 3 - 1

Undersized Pipe Sections

Location Length
2"

Size

4"

Old Town (alley between First St. and Second
st.)
Meinecke Rd. and Pacific H*y.
Tualatin St.

Clifford Ct.

April Ct.

June Ct. (Meadow)

L0th St., l"Lth Ct., Glencoe Ct. and N.
Sherwood Blvd.

Old Town (Main St., Second St., and alley
between First St. and Second St.)

Oregon St. and Lincoln St.

Gleneagle D¡. and 12th St.

Roy St.

Cochran Dr. and May Ct.
Norton Ave.
Sunset Ct.

Lee Dr.
Restwood

300 l. f

2,4501. f.

400 t. f.

250t. f.
180 l. f.
2s0 l. f.

1,5501. f.

1,0501. f.

2,4001. f.

3,2501. f.

r,4501. f.
1,300 l. f.

8401. f.

550 l. f.
580 l. f.
2301. f.

o

Figure 3-1 identifies the locations of the pipe sections listed in Table 3-1, except for
Sunset Court which is south of the area shown in the figure. Based on the breakdown
in Table 3-1, the total length of undersized pipe is approxrmately 17,000L. f.

'l'he City plans to replace the 2,400 L f. of 6-rnch hne rn Oregon and Lincoln Streets with
a L2-inch pipe rather than an 8-inch pipe. That will further upgrade system capacity
between the reservoir and the Bull Run Connection.

J
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Other upgrades in distribution system capaclty previously considered by the City
include the following pipe replacements:

1,. Install l.2-inch piping to replace the 8-inch water mains under Pine Street from
Willamette Street to Columbia Street and under Washington Street from
Columbia Street to Rafüoad Avenue. Also install a l2-inch pipe under
Columbia to connect the two segments described above. The work consists of
approximately 9@ lineal feet of pipe, including a bore under the railroad tracks.

2. Install approximately ?000lineal feet of 1"6-inch water main in the pressure zone
under Pine Street and Sunset Boulevard from Division Street to Alder Grove
Avenue to replace with an 8-inch pipe.

System Operating Pressures. Problems with inadequate service pressures in some

areas of the Gravity Zone have resulted in numerous customer complaints. The City
has instifuted improvements in five areas that are adjacent to the Pressure Zone as

discussed in Section Two. One other area experiencing low operating pressure that
must still be addressed is in the southwest comer of town. Houses south of Sunset

Boulevard and west of Middleton Road are at an elevation such that system Pressures
below 40 psi can occur there. Thus operating pressures are significantly below the

preferred range of 50 to 80 psi. Other connections just east of Middleton Road also are

reported to experience low pressures. The City plans to address this problem by
constructing a booster station to serve this area. The approximate service area of the
booster station is discussed under the heading "Network Model Results" in Section Six.

Further discussions on system operating pressures are also presented in Section Six.

Miscellaneous. In addition to the above issues relating to the distribution system, the
City is planning to establish a program for the ongoing inspection and replacement of
older water meters. This will help maintain the accuracy of water consumption
reaclings ancl reduce the potential for leakage. A program is also being planned for the
periodic flushing of fire hydrants.

.¡

BOOKMAN-EDMONSTON
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CITY OF SHERWOOD
WATER SYSTEM MASTER PLAN UPDATE

SECTION FOUR

POPUI-A,TION AND WATER DEMANDS

POPULATION

past population and Houeing Trends. The City of Sherwood has been experiencing

rapid g;wth in recent y.urr âd this trend is expected to continue in the near future.

Table ã-1 pr"r.r,ts populaüon figures obtained from the City Planning Department for

the recent past.

Table 4 - 1

Historical Population Figures

Year Population
Annual Pct.

Growth

1990

1994

L995

1996

1997

1998

3,125

4,615

5,320

6,900

8,625

9,6W

10.2o/o "
L5.3%

29.7%

25.O%

lt.3%

" Average annual growth over four-year period.

A review of housing data provided by the City Planning Department indicates there

were aboutZ,ggO awerung units in the City that had been built or for which a building

permit had been issued through November 1996. Given the brief lag time between the

irr.ru.r." of building permits and the construction of the permrtted housrng units tn

Sherwood, this nurñber is probably close to the number of units occupied durrng the

summer of IÐ7. Using the estimated July 1997 population of 8,625, this translates into

Ern average householã occuPancy of 2.88 people Per dwelling unit (DU)' By

comparisJn, Metro's Llrban Growth Report dated December 18, 1997 indicates that in

1994 Sherwood had 4,615 people residing in L,580 DUs. This is equal to an average

household occupancy of 2.92 people per DU. Based on this data, the current average

household occupancy should be close to 2'9'

population Proiections for Curent City Limits. The December 1997 Urban Growth

Rcþort prcparcd by Metro projectecl a ¡ro¡rul¿fion c¡f 18,566 for Sherwood in the Year

2017 . ihe- same report also projects that Sherwood will contain 7,O02 dwelling units by

the Year 2017. These projections were prepared based on the current City boundaries;

therefore, they do not rnclude an allowance for the planned Urban Reserve'

BOOKMAN-EDMONSTON
ENGINEERING, INC.

4*1



CITY oF Snm.wooD OREGoN
WNTU. SYSTEM MESTM. PIAN UPDATE POPTILATION AND WETM. DEMANDS

The population and housing projections equate to an average Per household occuPancy

of 2.65. The decline in per household occupancy from 2.9 to 2.65 is consistent with
Metror s overall regional projections.

Population Projections for Urban Growth Reserve. The establishment of a 460-acre

Urban Growth Reserve has been planned to the south of the current City lirnits to
accommodate additional development. Metro will decide tn1999 whether to approve a

shift in the Urban Growth Boundary to include this land. If this expansion is approved

and the City annexes the area, the construction of new housing units could begm in the

Reserve by the Year 2000.

Metro has estimated that the Urban Reserve could be developed to include a total of
2,067 housing units. The December 1997 Urban Growth Report includes a preliminary
projection of 685 housing units in the Reserve by 2017. Since an Urban Reserve Study
has not yet been prepared to provide initial planning data, this report will assume that
all2,067 housing units will be constructed by 2017. This conservative estimate is based

on the premise that the Reserve would be incorporated into the Urban Growth Area to
meet projected 2O-year land requirements. At a fufure per household occupancy of
2.65, this translates to an additional population of 5,480. These housing and population
figures are preliminary in nature and should be reevaluated once the Urban Reserve

Study is completed.

Combined population projections. Using the figures presented in the previous
paragraphs, the combined population fur the exparrclecl City limits is projected to be

about 24,050 n 2017. In reality, Metro will reevaluate their population projections for
the Sherwooc{ area once the Urban G¡owth Area has been expanded. Howcver, this

combined total represents a conservative estimate based on tnformation currently
available.

The increase rn population fronr 9,600 in 1.998 to 24,050 n 2017 works out to an average

annual growth rate of 4.95% over 1"9 years. This is significantly lower than the annual
growth rates experienced during the L990s. Since no projections are available from
Metro for intervening years, the City Planning Dcpartment has proposed that a range of
rntermediate population projections be developed using the following assumptions.

A minimum of 200 and a maximum of 500 housing units will be added per
year throughãN2.

The average householcl occupancy will remain at2.9 through 2002.

A constant growth rate will occur for the following L5-year period to reach

Metro's projection f.or 2017.

The average per household occupancy will decline at a constant rate fuom 2.9

to 2.65 from2002 to 2017.

a

a

a

BOOKMAN.EDMONSTON
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CITY OF sHm.WOoD, oREGON
WATM. SYSTEM MASTM. PTEI\I UPDATE POPULATIoN AND W¡,TM. DEMANDS

The two annual housing construction figures for the next four years represent

maximum and minimum near-term growth rates that can be correlated to a most

favorable and a least favorable development climate. A tendency toward one rate or the

other could be effected by economic conditions or the City's growth management
practices. Since the 2}-year projection is set, the growth rates for the period from 2@2

to 2017 have been calculated to offset the assumed near-term trend. Therefore, the high
near-term growth rate would be followed by a lower annual growth rate and the low
near-term growth rate would be followed by a higher annual growth rate.

Table 4-2 lists the two population projections developed from the method described

above. Figure 4-L presents these projections graphically.

Table 4- 2

Population Proiections for City

Year
High Near-Term
Growth Trend

Low Near-Term
Growth Trend

Percent
Difference "

t999

2000

200L

2002

2007

2012

2017

11,050

12,5N

13,950

15,400

\7,870

20,730

24,050

10,180

10,760

rr,340
']..'1.,920

15,060

19,030

24,050

8.6%

1.6.2%

23.0y.

29.2%

18.6%

8.9%

0.0%

* Low near-term growth trend used as base population for percent difference.

I^/ATER DEMANDS

Historical Water Demands. T'o update estimates of per capita water use, monthly
water production records were obtarned from the Public Works Department for the

years of L994, 1995, 1996 and 1997. Total annual production amounts for these years are

listed in Table 4-3 (following page) along with the equivalent figures for total and per
capita average daily production. The amount listed for 1996 is approximate since

estlmated production values were used for three months of that year.

The figures listed in Table 4-3 suggest a significant decline in per capita water use over
the past four years. This trend is also supported by the fact that previous Water System

Master Plans used an average per capita water demand of 160 gpd per capita'

BOOKMAN'EDMONSTON
ENGINEERING, f NC,
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CITY OF SHERWOOD, oREGON
Werm. SYSTEM MESTM. PTEN UPDATE PoPULATIoN AND WNTEN DEMAÀTDS

Table 4 - 3

Recent Water Production Records

Year
Total Water
Production

Avg. Daily
Production

(gallons/day)

Avg. Per Capita
Production

(eallons/day)

1994

1995

1996

1997

242,306,5æ

254,668,400

270,Wo,oN

326,49'1,,330

663,850

697,720

737,700

894,5@

1.M

L31.

107

lM

&Year Avg. 273,366,558 748,M3 722

There are several reasons why the sharp drop-off in per capita water use illustrated in
Table L3 may not be representative of an actual long-term pattem. These include the

following:

. the City instituted mandatory water use restrictrons for major landscape

irrigation users during the summer of 1996 when Well No. 5 was lost from
service;

r the unusually heavy rainfall that occurred from late 1995 through October

1997 probably reduced water demands, particularly for irrigation;

r the rapid rate of development may have reduced the accuracy of population
estimates and also may have resulted in estimates that do not reflect average

population figures for a given year; and

. corunercial/industrial development in the City has been lagging behind
residential dcvclopmen! but is projected to catch up in the fuhrre.

Some of the reduction in average per capita water use may be part of a permanent shift
due to voluntary limitations the City has instituted for irrigation. Additionally,
revisions to the Plumbing Code that require low-flow plumbing fixtures for new homes

may be reducing indoor demands. There also may be a trend toward smaller lots which
can reduce per capita demands for irrigation.

Since the hend towards lower per capita consumption could be temporary to some

cxtent, it is recommended that a total average per capita demancl of.125 gpd be used for

planning purposes. 'l'his figure is slightly above the overall averate per capita water
production from1994 through 1997.

BOOKMAN-EDMONSTON
ENGINEERING, f NC.
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Since this per capita figure is based on total water production, it includes an allowance
for distribution system losses through leakage. As indicated in Section Two, the City
last performed a reconciliation between water use and water production in 1995 and the
system-wide losses were determined to be less than 6-5o/o. It can be expected that this
leakage rate has declined over the past few years as significant lengths of new pipe
have been installed during development while the City has continued ongoing repair
and replacement efforts. Thus, losses oÍ 5% or less can be assumed for current and
future conditions.

This year the City has added the capability to record daily water production, but in the
past the City has keep production and water use records only on a monthly basis.

Therefore, peak daily demands must be estimated using an assumed peaking factor
applied to annual average water production. In the past when the City has requested
curtailment of water use for major landscape irrigation, it was found that this type of
usage made up about 33 percent of the demand during hoÇ dry weather. This heavy
use for landscape irrigation would tend to result in high peak daily demands.
However, the City has taken measures to reduce peak demands for irrigation by
instituting a staggered system for major users. Additionally, the ratio of peak demands
to average demands typically declines as the number of system users continues to rise.

If conservation measures almed at outdoor water uses are instifuted, they can also

reduce peak irrigation demands.

It is recommended that total peak daily demand projections be estimated using a
peaking factor of 2.75. This value should be reasonably conservative given the size of
Sherwood's system and the relatively high outdoor water use. Applyrng the peaking
factor results in an estimated peak daily use of about 350 gpd per capita, including
system losses.

For the network analyses performed on the distribution system a short-term peak 6-

hour demand was assumed that is 20 percent above the peak daily rate. This additional
factor was included to account for the variation in demand that typically occurs on a
daily basrs rn municipal water systems. The resulting peak per capita demand is about
420 gpd.

Water Demand Proiections. A range of projactcd watcr dcmands has been calculated
through 20L7 using the estimated per capita water requirements identified above ancl

the two altemative population growth trends presented in Table 4-2 (Page 4-3). These
water demand projections are presented below in Table 44 (followrng page) and shown
graphically in Figure 4-2. T\e short-term peak 6-hour demand is listed under the high
near-term growth altemative only since these more conservative figures were used in
the network analysis.

An additional line has also been included in Table 44 identtfying the projected base

2017 demands excluding the Urban Reserve. This information has been added because

BOOKMAN-EDMONSTON
ENGINEERINC, INC.
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CITY OF SHERWOOD, OREGON

W¿TTN SYSTEÌ\,Í MASTER PTANUPDATE PoPULATION AND WATB. DEMANDS

of uncertainty regarding development of this area. The base 20L7 demand illustrates

the incremental increase in demands associated with the development of the Reserve.

Table 4 - 4

Projected Water Production Requirements

High Near-Term
Growth Trend

Low Near-Term
Growth Trend

Year

Avg. Daily
Demand

Peak Daily
Demand

Peak 6-Hr.
Demand
(MGD)

Avg. Daily
Demand
(MGD)

Peak Daily
Demand

1999

2000

2001.

2m.2

2007

2012

2017

2017base *

1.38

1..56

1..74

1.93

2.23

2.59

3.01

2.32

3.87

4.38

4.88

5.39

6.25

7.26

8.42

6.50

4.64

s.25

5.86

6.47

7.50

8.71.

10.10

7.80

1..27

1.35

1.42

1.49

1.88

2.38

3.56

3.77

3.97

4.17

5.27

u:u

r* lnl

* Excludes demands for Urban Reserve.
** Same as high near-term growth alternative.

Breakdown of Exisfing Water Use. The total per capita water production described

above rncludes water iupphed for nonresidential, as well as residential uses. The

nonresiclential component includes demands for commercial, industrial, instifutional

and major landscape irrigation uses'

1'he City currently does not have the capabilities to anaLyze water use and estimate the

relative proportions based on typc of dcvclopment. Atlditionalll, the specific nahtre of

future nànresidential development has not been identified in planning data provided

by the City. Therefore, only troad assumptions can be made at this time regarding the

breakdown of water demands by typ. of use. The following current breakdown of

water uses has been assumed to distribute demands throughout the system for the

network analysis:

75 percent
1.7 percent
I percent

. residential (indoor & outdoor)

. maior landscape irrigation

. commercral/industrial/institutional

BOOKMAN-EDMONSTON
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Major landscape irrigation lncludes water used for outdoor purPoses at the schools,

large commercial and industrial developments, and major homeowners associations.

Thii category does not include irrigation water used at individual residences, individual
commercial and industrial properties and most apartment complexes, since these

demands are included in the other categories listed above.

In the pas! when the City instituted emergency water use curtailment measures, close

to a one-third reduction in peak demand was achieved by targeting large-scale

irrigation users. However, it is probable that the proportion of demands that can be

attributed to major irrigation has declined in the past few years as the residentral
population has risen sharply. Major outdoor water users such as the schools and

existing developments have not been increasing their consumption for irrigatiory while
residential water use has increased. Additionally, efforts have been made to develop a

staggered schedule for irrigation practices by major users. Because of these factors, a

value of 17 percent was used for the proportion of total demand resulting from major
outdoor irrigation. Additionally, preliminary computer modeling has indicated that

applying a higher percentage of the demands to individual residences results in a more

conservative network analysis.

The low percentage for commercial, industrial and institutional water use was chosen

based on the following criteria:

. Planning data from Metro indicate that non-farm employment has not been

growing in proportion to population growth in Sherwood.

. Many of the existing commercial developments in Sherwood, such as retail
shopping outlets, result rn low to moderate rndoor water use.

. The City has not identified any industrial customers that have significant
demands for plant process water.

. The fall sessions at the local schools would typically begin after periods of
peak summer demands.

Also, as stated above, applying morc of the demands to individual residences results in
a more conservative network analysis.

Breakdown of Projected Water Use. The breakdown of water use listed abovc was

assumed to be applicable throu gh 2OO2. This is because populatron growth is projected
to remain relatively high in the near term. However, the proportiun uf dernands from
commercial, urdustrial and instifutional customers is expected to increase in thc future.
Data provided by the City indicates that the ratio of nonfarm employment to total
poprrlation was about O.27 in 1998 (2,600ltolì-farm employees relative to a population of
9,600). Projectrons from Metro indicate that this ratio is expected to increase to 0.49 by

2017 (11,850 non-farm employees relative to a population of 24,050). Indoor residentral
water usc may continue to drop to some extent as low water use plunrbing fixtures are

BOOKMAN.EDMONSTON
ENGINEERING, INC.
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installed in a higher percentage of residences. The above information suggests that the

proportion of iotal water production associated with commercial, indusfrial and

itrrUttUo.tul uses could nearly double by 2017. However, acfual growth in
nonresidential demands will depend on the specific nature of future development.

For the purposes of this report the following projected breakdown of demands by type

of use hãs been used to complete a network analysis of the system n2OL7:

72 percent
L6 percent
12 percent

¡ residential (indoor & outdoor)
. corntnercial/industrial/institutional
. major landscape irrigation

It has been assumed industrial development will not include any users that require

large amounts of process water. The City should review the infrastructure needs for
such heavy industrial developments on a case specific basis.

BOOKMAN.EDMONSTON
ENGINEERINC, INC,
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CITY OF SHERWOOD
WATER SYSTEM MASTER PLAN UPDATE

SECTION FTVE

WATER SUPPLY AND STORAGE CAPACITIES

WATER SUPPLY CAPACITY

General. The City is having the existing well system and altemative sources of supply
evaluated in a separate phase of the master planning process. Therefore, this report
provides only a projection of supply capacity deficits based on the total production rate

of the existing well system during the summet of 1997.

Typically, supply capacity is provided to meet the design peak daily demand. Part of
thá reservoir volume is then used to meet short-term spikes in demand that last for a
matter of hours during the peak day. The reservoir level is drawn down during high-
demand periods and refills during low-demand periods. The following estimate of
supply capacity deficits is based on projections for peak daily demands.

Existing Well Capacity. It is recommended that the average and peak daily capacities

of the production wells be based on operating times of 8 and 20 hours per day,

respectively. Limiting the hours of operation to these levels can increase system

reliability and operating flexibility. The down-time reduces wear on the equipment
provides opportunities for preventatrve maintenance, and limits the demand on

groundwater resources.

Calculating the system capacity at these operahng times also builds some backup
capability into the system. Higher operating ftequencies for the wells would redtice the

margin of safety for these critical facilities. The wells should only be operated for more

than 20 hours in one day to handle short-term emergencies'

Table 5-L lists the total capacities of the well supply system using the above listed

operating frequencies and the August,1997 pumping rates. This assumes all four wells
are in service.

Table 5 - 1
Total Well Supply Capacity

Total Supply CapaciW of Wells
Total Pumping

Rate (gpm)
Average Peak Day Emergency

(24hrs./ dav)(8 hrs./dav) (20 hrs./day)

ENGTNEERTNG, INC

0.89 2.23 2.67

5-1
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Water Supply Deficits. The supply capacity deficits have been calculated from the data
presented in Table Ç4 (Page &6) and Table 5-L. Table 5-2 identifies the supply capacity
deficits based on the altemative peak daily demands and the peak-day well capacities.
Figure 5-1 also presents a graph that illustrates these deficits. The last line in Table 5-2
identifies the projected capacity deficits n 2017 that would result if the City limits are
not expanded to include the Urban Growth Reserve.

Table 5 - 2

Proiected Water Supply Deficits
for Peak Day in MGD

Year
High Near-Term
Growth Trend

Low Near-Term
Growth Trend

1999

2000

2001.

2æ2

2m7

2012

2017

2017 base "

L.64

2.1.5

2.66

3.1.6

4.03

5.03

6.19

4.27

1..34

L.54

't.74

1..95

3.05

4.M
liå

{i*

* Based on projected population of 18,570 without expansion of Urban Growth Boundary
** Same as high near-term growth alternative.

Water Conservation. The City is required by the State to complete a Water
Conservation and Management Plan; but even without this requirement, it is important
that the City develop and b.gi. implementation of a water conservation program. The
shortfall in supply capacity summarized in Table 5-2 can be reduced by water
conservation efforts. Therefore, conservation could serve as an important tool in the
City's efforts to meet water supply needs. Water conservation represents a demand-
side resource and the main objective of the plan is to aid the City in the cost-effective
development of this resource.

Recommendations. The separate master planning phase that will evaluate sources of
supply needs to address the following issues.

. Well Capacity - Investigations must be conducted to estimate long-term well
productron capacity and identify recommended modifications to the wells.

BOOKMAN.EDMONSTON
ENOINEERINC, TNC.

5-2



cruY OF SHERWOOD, oREGON
WATM. SYSTEM MASTB. PLAN UPDATE WATM. SUPPLY AND STORAGE CAPACITIES

a Consen¡ation - It is recommended the City use the recommendations of the
Water Management and Conservation Plan once it has been finalized to
implement a water conservation program. Development of this alternative
resource could save money on long-term improvements.

BuIl Run Connection - Discussions should be held with the Cities of
Tualatin and Portland regarding an increase in the agreed uPon supply rate
from this source.

a

WATER STORAGE CAPACMY

General. Communities can use a variety of criteria to identify the amount of storage
capacity that should be provided for a water system. The basis for any grven
application can depend on the nature of the supply system and the preferences of the
water providers. A common practice is to size water storage tanks to provide enough
volume to meet peak daily demand plus fire flow requirements. This criterion would
allow an interruption in water supply for a period of less than a day at any time of the
yeñ without completely drawing down the reservoir(s). Similarly, a partial
interruption in water supply production or delivery could be accommodated for a

period of days while still maintaining some storage volume for contrnued service. A
surplus allowance of L0 percent is also commonly included in the design reservoir
capacity to provide a cushion. This is based on the assumption that only 90 percent of
the reservoir capacity can serve as effective storage volume in emergencies. The
recommended reservoi¡ volumes ca.lculated for this report are based on peak daily
demands plus an estimated volume for fire flow. The L0 percent surplus has also been

included in thc calculations to be conservative.

Recommended Storage Volumes. Table 5-3 (following Page) presents the
recommended net storage expansion capacities determined from the criteria described
in the previous subsection. The volumes have been calculated for both population
growth altematives using the peak daily demands listed in Table 44 (Page 4-6). The
effective storage capacity of the existing 2.0 MG reservoi¡ has heen subtracted from the
total required volumes to identify the ne[ expansion capacities listed. A preliminary
analysis has estimated this existing effective capacity to be about L.5 MG or 75 percent
of the totnl volume.

In Sherwood, the estimated fire flow requirements for the schools represent the greatest
demand. The basis for this conditron is a fire flow of 3500 gpm over a 3.5 hour
duration, which translates to a volume of 0.735 MG.

BOOKMAN-EDMONSTON
ENCINEERING. INC.
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Table 5 - 3
Net Storage Volume Expansion Requirements

Year

Volume for High
Near-Term Growth

Trend (MG)

Volume for Low
Near-Term Growth

Trend (MG)

3.50

3.73

3.95

5.17

6.72
L*

2000

2ffi1

2ffi2

2007

2012

2017

2017 base*

4.18

4.74

5.31

6.26

7.38

8.67

6.54
** Same as high near-term growth alternative.

Storage Expansion Alternatives. Table 5-3 indicates that close to a 9.0 MG expansion
would be needed by 2017 to satisfy the recommended storage volume criteria. This is
based on the assumption that the Urban Growth Reserve would be completely
developed. Approximately 60 to 70 percent of that expansion would be required by
2007 depending on the near-term growth trend. These relatively high percentages

suggest it would be cost effective to construct a single tank to provide the volume
required through 201.7. On the other hand, it may be more appropriate to expand
reservoir capacity in phases due to the uncertainty regarding development in the Urban
Growth Reserve. One tank could be constructed as soon as is practical to satisfy near-

term requirements. Then, the additional capacity needed to provide the recommended
volume through 201"7 could be estal¡lished once updated planning data on the Urban
Growth Reserve are available. Data could also be gathered on the early results of a
comprehensive water conservation program. Additionally, phased construction would
provide the opportunity to evaluate altemative sites for future storage tanks to increase

systam rcliability. Meeting storage requirements with multiple tanks woulcl alscr

increase operational flexibility in the future.

A 6.0 MG reservoir, in conjunction with the existrng tank, is projected to be adequate
through 2005 at the maximum near-term growth rate and through 2W at the mrnimum
near-term growth rate. Currently, it is projected that a 3.0 MG tank would then be

needed to satisfy the 20-year storage requirements, if the existing tank is kept in service.

Section Seven presents opinions of probable project costs for a 6.O- and 3.0-MG tank,
adde<l in phases. The probablc project cost for one 9,0 MG tank is also included.

The City has purchased property adjacent to the existing tank site for an additional
¡eservoir. Adequate space is available on the site for multiple tanks, if necessary.

BOOKMAN-EDMONSTON
ENGINEERING, TNC,

.J

5-4



I

v

I

7

Êulel
À
fr¡p
Þ)
ú
tqH

3

6

5

4

3

2

1.998 2000 2002 2004 2006 2008
YEAR

201.0 2A12 20L4 2016 20-1.8

)emand

MGD

r'ñ
ì
\
\

\

2m7
6-2

¿

T
åt.¿\
:
K
ì\
t

tt
Jì
!l\

¿vlzDúa1
L4tß5.0Mt

rmand

€fd

.23 MGD

PeakDaiþ D

GrorvlhT

usa\Ð7
lCapacity:1

to4.0

A''r
wd

\

\

\

t

\_

/

/

railyDemand

.Near-Term
ryth Trerrd

MGD

PeakI
Hisl

Gn

20ta3.2

Å

,/
J

FtG.5-1

DATE

s /26 /se

WATER SYSTEM MASTER PLAN UPDATE

SUPPLY CAPACITY REQUIREMENTS

CITY OF SHERWOOD

BOOKMAN-EDMONSTON ENGINEERING, INC.
BIAVERTCN, OREGON

?
bì

I

\
&\,.059ø20\F,SF Ft.flG



CITY OF SHERWOOD
WATER SYSTEM MASTER PLAN UPDATE

SECTION SIX

NETWORK ANALYSIS OF WATER SYSTEM

GENERAL

i. l

computer network modeling of water distribution systems is performed to identify

ur"u, that may suffer frorn high or low Pressures during some or all operating

conditions. In the case of sherwood, complaints regarding low water Pressures in some

areas have been received during perioãs of high residential demands. These low

pressure conditions may worsen as tributary demands increase.

Undcr optimum conditions, operating Pressures in 
-municipal 

water distribution

systems ãhould fall within a rÍrnge of about 50 to 80 psi during_ non-emergency

operations. However, for practical purposes, Pressures between 40 and 90 psi are often

cånsidered acceptable. A minimum of 40 psi is generally needed to provide adequate

operating pressures after losses through individual plumbing systems' This is

pärticuUîly the case for two-story dwellings and outdoor irrigation systems. Pressures

ãborr" 90 psi are typically avoided beciuse higher Pressures tend to increase the

amounts of water "r"a 
Uy tustomers and lost through leaks. A target range of 40 to 90

psi has therefore been usåd as the basis for evaluating Sherwood's distribution system'

The Uniform Fire Code requires a minimum supply Pressure of 20 psi for fire fighting'

Therefore, that represents ihe benchmark value when evaluating the system's ability to

deliver fire flows.

The city of sherwood's water distribution system was modeled with the GYBERNET

3.0 program from Haestacl Methods, Incorporated, Pipe friction losses in all the steady-

statã nãtwork analyses performed were cálculated using the Hazen-Williams formula'

A Hazen-Williams heaáloss coefficient of L30 has been used for each pipe segment

except those in and around the old-town area. The headloss coefficient was assumed to

be 100 for these older PiPes.

Minor losses in system pressure caused by pipe fittings and valves have been ignored

since t¡ey are g"r',"rolly not significant. The values usect for fri<:liotr headloss

coefficients are believed to be conservative enough to adequately model system losses'

The system models prepared for this version of the CYBERNET program can

accommodate a maximum of L00 pipes and junctron nodes. The distribution system

has therefore been characterized by selecting the water mains that produce a general

description of the overall system. As a resul! certain water lines, 8 inches and smaller,

have been left off the network. Developing a model with these pipes included would

provide a level of detail that is not necessary to evaluate the overall system operation'

BOOKMAN-EDMONSTON
ENGINEERIN6, f NC.
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NETWORK MODEL

Alternative Network Models. The water distribution system was analyzed under

various development conditions by creating alternative base models. An initial model

was developed using recent past conditions to help calibrate and check the network

analysis. Then addiUonal models were generated for the analysis of projected future

conditions. The altemative models are surrunarized below'

1. Model one. This system model was developed using 1997 operating

conditions and demands. The model was prepared to locate existing

housing for distribution of demands and to comPare results with actual 1997

op".utit g conditions. Model One was not executed under altemative fue-

flow requirements because it represents a past condition.

2. Model Two (Immediate Future). This system model has been based on

anticipated conditions n 1999. The model includes all housing for which

building permits had been issued by March 1998. The tributary population
and demands are approximately equal to the 1999 proiections listed in Table

L2 (Page rt-3) and Table 44 (Page 4.6). The purpose of this model is to
evaluatá the distribution system before improvements planned by the City
have been completed.

3. Model Three (Near-term Future). This model was based on the

development of all approved housing projects as of March l'998, plus about

320 DUs in the Urban Reserve. The tributary population and demands are

close to the projections for 2002 listed in Table &2 (Page 4-3) and Table 44
(Page &6). This model has been included to evaluate the effect of changes to

the system over the next several years. It includes looped pipe extensions

into ihe Urban Reserve from both the Gravity Zone and the Pressure Zone.

4. Ivlorlel Four (2(ÞYear Projection with Urban Reserve). This model was

based on Meho's 2}-year population projection for Sherwood plus full
development of the Urban Reserve. Population growth beyond approved

developments has been disLributet{ based on current zoning of undeveloped

areas. An altemative model was also executed that did not inclucle the

Urban Reserve.

Model One Distribution System. Figure 6-L shows the pipe and node network that

was used in Model One to analyze the Gravity Zone portion of the 1997 systern' The

areas served by gravity from the reservoir were included in this network model. The

existing reservoir serves as a boundary node in the model with a set water surface

elevation (WSE).

The PressureZone pipe and node network for Model One is shown in Figure 6-2. 'I'his

network includes onþ the areas served by the booster station n 1997 and not those

areas that have since been added. Pump curve data provided by the Public Works

BOOKMAN-EDMONSTON
ENCINEERING, ¡NC,
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Department has been used to model the new booster station. The reservoi¡ serves as

the source node for the Pressure Zone with the booster station node located

rmmediately downstream.

Models of Future Distríbution System. The distribution system models for each future
condition were developed from the previous modeling condition by making the

changes outlined below.

Model Two - Immediate Future (Figures G3 and G5)

¡ Two areas were shifted from the Gravity Zone to the Pressure Zone to reflect

the changes implemented in L998 to improve service as discussed in Section

Two.

+ The fust area is represented by Pipes P-100 and P-10L (William
Avenue), P-103 (Smock Street), and P-104 (Mansfield Street). Pipes P-
g'J,, P-gg, P-34 and P-36 were also added along Sunset and Murdock
to model the lines needed to connect this area to the Pressure Zone.

+ The other area is along Orchard Court and is modeled by Pipe P-92.

r Several pipe segments were added in the Woodhaven Subdivision to reflect

ongoing developments. These inclucle Pipes P-381, P-383, P-384 and P-385.

o Pipe P-165 was added along Gleneagle Drive to better model the system.

o Pipe P-362 was also added to better model the southwest comer of the

Woodhaven development between Sunset and Old Sunset Boulevards.

Model Three - Near-term Future (Figures G4 and G5)

o A L2-inch pipe (P-197) was added under Highway 99W at Tualatin-

Sherwood Road to complete a loop to the north end of town.

o A 12-inch line (P-282) was added in the northwest part of town to complete a

loop from Gillette Lane to Edy Road. Pipe P-280 was also relocated from
Aldridge Terrace to Roellich Avenue to model this loop.

. The pipe size increases identified in Section Three to upgrade the system

were instituted in the model. These included the changes listed below.

+ The siz,e of Gravity Zone Pipe P-120 (Pine Street and Rafüoad

Avenue) was increased from I inches to L2 inches.

=+ The size of Gravity Zone Pipes P-165 andP-172 (Gleneagle Drive and

Twelfth Street) was increased from 6 inches to I inches.

=+ The size of Gravity Zone Pipes P-410 and P-420 (Lincoln and Oregon

Streets) was increased from 6 inches to 12 inches.

+ The size of Pressure Zone Pipes P-70 and P-80 (Prne Street and Sunset

Boulevard) was increased frorn 8 inches to L2 inches

BOOKMAN.EDMONSTON
ENCINEERING, INC.
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. Several more pipe segments were added in the Woodhaven Subdivision to
reflect planned developments. These include Pipes P-233 through P-236, and

P-zgB in the northeast comer of the developmen! as well as, Pipes P-332 and

P-334 through P-337 south of Sunset Boulevard. Other changes in pipe
lengths and numbering were made in this area to accommodate the

additional pipes.

. Based on the results of the Model Two analysis, two pipes in Roy Street (P-

424 and P425) were shifted from the Gravity Zone to the Pressure Zone-

These were added to the Pressure Zone model as Pipes P-L05, P'107 and P-

108. Pipe P426 was added in Kathy Street near Well No. 6 to better model

the Gravity Zone after Pipes P424 and P-425 were deleted'

o A L2-inch loop was added to the Gravity Zone from Ladd Hill Road to
Middleton Road (Gravity Zone Pipes P-500 and P-502).

o A 12-inch loop was added to the Pressure Zone from Murdock Road to
cascara Terrace (Pressure Zone Pipes P-610,P-612,P-61,4 and P-616).

Model Four - 2&Year Proiection with Urban Reserve (Figures 6-4 and G5)

. Pressure Zone Pipes P-70 and P-80 (Pine Street and Sunset Boulevard) were

increased in size froml}inches to 16 inches.

. Gravity Zone Pipes P-L00 and P-1L0 (Division Street from the reservoir to
Pine Street) were increasecl in size from 16 inches to 24 inches.

. Gravitl Zone Pipes P-150 and P-L60 (North Sherwood Boulevard) were

combined into a single pipe to reduce the number of pipes. Node J-150 was

deleted and the demand was shiftec{ to Nocle J'1'6O'

The Woodhaven development was modeled as part of the Gravity Zone under all
conditions to evaluate the system's ability to serve this area without a booster station.

A booster station is being constructed to serve the southwest part of the Wyntlham
Ridge development due to higher elevations in that area. However, the model simply
inclùdes a demand at Node J-270 (Handley Street) for this area. Modeling the

Wyndham Ridge booster station would not serve a useful purPose as part of this study.

A more detailed network model of the Woodhaven area was developed to check the

results of the Gravity Zone model for that part of the system. The north and northwest
portrons of the distribution system were left off to allow more pipes to be added at

Woodhaven. Figure 6-6 illustrates this additional model. This model was executcd

under the same supply and demand conditions used for Model Three to check the

results of that model. The two different network models predicted virtually the same

results. This indicates the simplified model provides adequate detail to evaluate the

system.

BOOKMAN.EDMONSTON
ENCINEERING. INC.
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Modeling of Water Supply. Analyses have been run with the wells both tumed on and

off. Each one of the *ãUi i" modeled as a constant source of supply with delivery rates

as listed below in Table 6-1..

Table 6 - 1

Well Supply Rates for Network Models

Well No. 3 (Node J'122)
Well No. 4 (Node J-250)
Well No. 5 (Nocie I-320)
Well No. 6 (Node J432)

650 gpm
180 gpm
475 gprn
550 gpm

The reservoir WSE was set at 375 for the analyses that were run with the wells off to

approximate the condition that exists just prior to the start-up of the wells. During

nãimul operating conditions, system pressures are slightly lower with the wells off

since the i"pply .omes from a single source instead of four separate locations in the

system. Holiever, the difference is not significant without fire flows included in the

analysis.

During the last couple of summers, the wells have not been able to supply enough

water-to offset peak demands. Therefore, the reservoir level has dropped below

elevation 375 during these periods. To incorporate this into the model, the reservoir

WSE was set at elevãtion 365 for the analysis of Models Two and Three with the wells

running. A WSE of 375 was used in Model Four when the wells were running' This

was done becalse increases rn supply and storage capacity shoulcl ¡rrevent thc WSE

from dropping below this level unless fire flows are needed'

The Bull Run Connection (Node 1430) was assumed to supply a steady rate of 125 gpttt

for Models Two and Three. Model Four was run with supply rates of 4.0 and 6.0 MGD

b"^g fed through the Bull Run Connection.

Modeling of Demands. Projected peak 6-hour demands were used for the base

conditioni in the network analyses. As described in Section Four, these demands were

basecl ùrì a per capita clemancl af 42O gpd, including system losses due to leakage. The

total demands distributed through the system in Models Two, Three and Four roughly

correspond to the total peak demands listed in Table 44 (Page 4-6) Íor 19Ð,2CfJ.2 and

2077, respectively.

The water use breakdowns given at the end of Section Four between residential and

nonresicle¡tial customers *Àr" used to distributc dcmands throughout the system.

Models One through Three were developed using the current breakdown shown on

Page 4-6 and Modei Four was based on the projected breakdown given on Page 4-8.

BOOKMAN-EDMONSTON
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The residential flows were dishibuted among the network nodes by identifyit g u

tributary area for each node and estimating the number of dwelling units (DU) within
that area. Housing data provided by the Planning Department, combined with a maP

showing lot lines and a 1996 aefial photograph, were used to develop these estimates.

Commercial and industrial flows were distributed by assigning to each node a tributary

acteage of land zoned for these uses. This acreage was divided by the total acreage of

comriercial and industrial land to identify the flow proportion for each node. The areas

zoned for commercial development along Highway 99W near the Woodhaven

subdivision were added into the analyses starting with Model Three.

Major landscape irrigation includes water used for outdoor PurPoses at the schools,

large commercial and industrial developments and major homeowners associations.

This category does not include irrigation wate¡ used at individual homes, small

commerciãl properties and most apartment complexes, since these demands are

included in tñe other categories listed above. The major irrigation demands primarily
occur in the following areas:

. Sherwood High School (Node I-240) or Intermediate School (Node J-150);

¡ the vicinity of Tualatin-Sherwood Road and North Sherwood Boulevard near

Pacific Highway and Langer Drive (Nodes J-1,60,1-170, J-180 and I-182);

. the Woodhaven development along Sunset Boulevard, Pinehurst Drive and

Woodhaven Drive (Nodes J-350, J'360, J-380 and J-381); unrl

¡ the industrial developments in the northeast part of the city (J440).

Based on information provided by the Sherwood school dishict, it is apparent that

virtually all the peak summer water demands at the scltuols can be attributed to

irrigafión. No 1997 sununer session was held in either the intermediate school or

Holruns elementary school and enrollment at Archer Glen elementary school and the

higir school were atout 150 and 50 students, respectively. Therefore, it was assumed

thãt indoor water use at the schools was minor. The outdoor demand was attributed to

either the intermecliate school or the high school in each model since this heavy

irrigatio¡ demand occurs at only one school at a time. Thus, two separate analyses

were run to model these demands for each school'

Summaries of the peak demand dishibutions lor Network Models One tlrrough Four

are provided in Appendix B.

Modeling of Fire Flows. Separate fire-flow altematives were modeled to analyze thc

system'sãbihty to provide the recommended flow rates at a pressure of at least 20 psi.

6-6
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The flow rates used for each category of user were as follows:

. schools - 3,500 gPm

. residential - 1,500 gPm

. conunercial/light industrial - 2,000 gpm

. major industrial - 4,000 gpm (future)

Actual fire-flow requirements for specific structures are outlined in the Uniform Fire

Code based on brriiding conshuction type and square footage. Without this specific

information for each structure in the City, the above values represent conservative

estimates.

The fire demands for the schools were applied at the nearest junction node to each

facility (Nodes I-ISO, J-'J.60, J-240 and J-310). Fi¡e-flow demands for the other building

types'were applied at selected nodes based on current or projected land use. The

ur,uly""r foc..såa on peripheral areas of the distribution system where longer PiPlng
runs could be expected to produce substantial headlosses'

The fire-flow conditions were modeled under two altemative scenarios. One altemative

assumed the reservoir WSE was 375 and the wells were off while the other assumed the

reservoir was drawn down to elevation 360 and all wells were on.

NETWORK MODEL RESULTS

General. Copies of the computer analysis results for Models One through Four under

base conditions (no fire flow) are included in Appendix C. The following paragraphs

summarize the results for both base conditions and fire-flow conditions'

Model One - Gravity Zone (Figure 6.1). The analysis for the Gravity Zone verifted the

problems with low þr""r.rr., L tt. two areas the City had planned to shift to the

Þr"rr.rr. Zone (Nodls J-302 and J-a2Q. Other areas that experience low pressures

include:

¡ Woodhaven l)rive and Sunset Boulevard (Noc{e J-360),
o Colfelt Lane and Old Highway 99W (Node I-365),
¡ Cinnamon Hill Place (Nodes J-302 and |-304), and
. RoY Sheet at Cochrane (Node I424)'

The elevations in these areas are all above elevation 265. This elevatron is too high to

allow a pressure of 45 psi to be marntained without raising the system hydraulic grade

line. Cinnamon Hill Place and Roy Street can be servect from the Pressure zone with

minor modifications. However, a booster pumping station would need to be

constructed near the west end of Sunset Boulevard to increase operating pressures in

[he southwest comer of the Woodhavcn clevelopment. These issues are discussed

further in subsequent paragraPhs.

BOOKMAN.EDMONSTON
ENCINEERING, INC.
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The City has also reported pressures below 40 psi along Galewood Drive at the south

end of the Woodhaven d.vãlopment (Node J-354). The results of the network analysis

do not correlate closely with thLse reports since the head loss through the system under

peak flow conditions 
-has 

been calculated to be less than 7 feet. Given an elevation in

ihut u..u of about 2S5 and a minimum resqrvoir level of 365, the pressures are estimated

to be about 45 psi. The actual pressure drop through the distribution system should not

be much greatãr than this becãuse velocities are quite low when fire demands are not

applied tã ttre system. Because the source of this discrepancy is unclear, it is

,*ìrr,-"r,ded that an additional set of pressure readings be taken to verify operating

conditions in the area. This effort should be coordinated with the preliminary design

phase for the Woodhaven Booster Station. If significant headlosses are found in specific

sections of pipe, this may indicate a problem.

Model Onþ - Pressure Zone (Figure e2). The Pressure Zone was first modeled with
the large S0-horsepower (hp) pt,*pr in the new booster station. This analysis verified

that thã peak demand without fi¡e flows is too low to allow one large PumP to operate

efficientþ. Also, the HGL at the pump discharge is over elevation 530, which produces

system p."rrrrr", above 90 psi in ieveral locations where the elevation is below 325.

To improve efficiency and reduce pressures, the City is installing one of the 25-hp

pr*p" from the old booster station with a larger impeller. Therefore, the analyses of

i¡o¿ãt Two and Three without fire flows were run with curves for the 25-hp PumP.

Model Two - Gravity Zone (Figure e3). The results of these analyses have indicated

that the Gravity ZoÁe is adequate to satisfy the base peak demands and the fire

demands, "*""pt 
for the same locations identified in Model One. A fue flow of L,500

gpm ¡.'an he supplietl to Node J-365 at 20 psi even thou¡¡h the pressure is.low during

nã.mal operating conditions. A commerciãl fire flow of 2,M gpm at Node J-360 (the

YMCA) resulted in a pressure of over 25 psi at that location'

Inadequate pressures were, however, calculated at Node |.424 under fire-flow

conditions, as well as base conditions. Because Roy Street is adjacent to the Pressure

Zorte, it was assumed this area would be served from that zone irt all subsequent

models. Figure 6-7 illustrates a suggested layout that would combine the Forest

Avenue area anct the Mansfielrt Street/Smock Street area into a single intermediate zone

connected by the existing pipeline in Roy Street (Pressure Zone Nodes I-L00 to J-107,

Figure 6-5).

Ci¡namo¡ Hill Place is now ad¡acent to the Pressure Zone since Orchard I leights has

been shifted from the Gravity Zone. Thus, Cinnamon Hill Place can also be

incorporatcd into the Pressure Zone; however, to maintain the Gravity Zone loop down

this street a separate pipe would need to be installed. Figure 6-7 shows a revised

service zone layout for this location, as well.

BOOKMAN.EDMONSTON
ENGINEERING. TNC.
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Model Two - Pressure Zone (Figure G5). An analysis without fi¡e flows has indicated

that a 12-inch diameter impelleiwould allow the 25-hp PumP to produce an HGL of

about 520 feet at the PumP discharge. This is adequate to produce system Pressures

above 40 psi everywhere in the Pressure zone.

In general, an HGL in the Pressure Zone of over 520leaves a small gap between the two

main service zones. Locations between elevation 265 and elevation 310 will not be

serviceable within the range Pressure of 40 to 90 psi unless they are placed into an

intermediate zone. This includes the east end of Division Street (Node J-20), the west

end of Highpoint Drive (Node J-53), an area along Murdock Road (Nodes J-32 and J-36)

and the intersection of Pine Street and Sunset Boulevard (Node J-80). Cinnamon Hill
Place also falls into this category.

A PRV can be installed in Highpoint Drive, west of Cascara Terrace to elirninate

excessive pressures there (over 98 psi). This can also be done for Cinnamon Hill Place

by installing a PRV at the north enå of Orchard Heights Place. Locating the valve there

will allow p."rr,rr", along Orchard Heights to be lowered, as well' The intersection of
pine and Sunset can be sðrved by a water line installed from Cinnamon Hill to reduce

the pressure in that area (see Figure 6-7).

The pressure calculated at Node J-20 was about 91 psi. lf field rnveshgatrons verify

excessive pressures in this area, the east end of Division can be served by an extension

of the 8-in¡h pipe that runs west from Roy Street (see Figure 6-7)'

The high pressures along Murdock may not be an issue since service connections may

not be provided in that locatlon.

Under fire-flow conditions, the 50-hp PumPs are needed to supply adequate flows'

Since the smaller pump is not designed to operate with the larger PumPs, it wrll need to

be shut off when the 50-hp units are startecl. A pressure below 20 psi was identified at

the intersections of Highpornt Drive and Cascara Terrace (Node J-52) and Alder Grove

Avenue and Coyote õourt (Node J-60) when fue flow demands were applied there.

Increasing the ste of Pipcs P-70 and P-80 (Pine and Sunset from Division to Alder

Grove) frãm S inches to f2 inches would provide adequate capacity to meet the 20 psi

requirement in these areau. As an altemative, a L2-inch pipe could be installed through

the park site, between No,les J-10 ancl J-70, Lv augmcnt the capacities of PiPc¡ P-70 and

P-80.

The low operating pressure calculated at Node J-60 without fire flow is not significantly

affected by increasing the size of P-70 and P-80 to L2-inches'

Motlel Three - Gravity Zone (Figure e4). Thc planned system upgracles will allow the

modified Gravity Zone to meet mrnimum pressure requirements {or_ 
base peak

demands and fi¡e flows with the exception of the southwest corner of the Woodhaven

subdivision. This area will be discussed in more detail later'

BOOKMAN-EDMONSTON
ENGINEERING, INC.
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The planned pipe sØe increases under Twelfth Street and Gleneagle Drive (Pipes P-165

,¡¡raÞ-VZ¡ frôm 6 ¡9 8 inches and under Pine Street and Railroad Avenue (Pipe P-120)

from 8 to L2 inches will help significantly in directing fire flows to the high school and

surrounding areas.

The L2-inch crossing of Highway 99W at Tualatin-Sherwood Road will also be helpful

in delivering fire flows to Iris Street and Violet Avenue near Borchers Drive.

It should be noted that the operating pressure at the downstream end of the Bull Run

Connection (Node J430) ^*dr 
to be about 88 psi to feed water into the Gravity Zone at

that location. This is based on a gror¡nd elevation of '1,60 feet at the intersection of

Oregon Sheet and Murdock Road.

Model Three - Pressure Zone (Figure G5). The results of the Model Three analysis

indicate that the 25-hp pump will produce a discharge HGL of about elevation 505

during peak deman¿s. Át that level, the calculated pressure at Node J-60 (Alder Grove)

drops-tà about 36 psi. The HGL should be at or above elevation 51,5 to produce

adequate pressures. Consequently, 1t may be necessary to switch from the smaller

p"t"p to àne of the larger pn-pt during some high-demands periods' One 50-hp

pump will produce a discharge HGL of about elevation 530'

Depending upon the condition of the existing 25-hp pumP that is being installed, the

City may i"isi't tn purchase a new PumP within 3 years or so. This new PumP can be

a"rign"á to produce a discharge pressure that will maintain system Pressures above 40

psi throughout the Pressure Zone.

Model Four - Gravity Zone (Figure 6-4). Based on the prelimrnary assumptions for

development in the Urban Reserve, the distribution system would be adequate to serve

the Gråvity Zone except at the southwest comer (Nodes J-352, |-360 and I-365)'

The upgrac{ecl system appears adequate for delivering 4.0 to 6.0 million gallons from

the BuliRun Connection. However, the Bull Run PRV would need to be set at about 95

and 100 psi, respectively, to bring these amounts of water into the system at the

intersectión of Orãgon Street and Murdock Road (Node J430). To eliminate the need to

tlischarge i¡to the iystem at such high pressures, a 24inch transmission main could be

conshuãted directly from the downskeam side of the PRV to the reservoir site. The

pressure in the distribution system at Node J-430 would then be kept below 90 psi.

A key benefit to routing the flows directly from the Bull Run Connection into the

reservoirs would be a rãduction in retention time in the reservoi¡s. This would be

causec{ by providing separa te inlet 2rr.1 outlet piping to create a flow-through pattem in

the reservoirs. Thus, more of the system demands would be met by drawing water

from the tanks rather than delivering it directly into the distribution sYstem. The

drawback to this transmission system is the need to direct much higher flows out o[ the

BOOKMAN-EDMONSTON
ENGINEERING, TNC.
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reservoir and into the distribution system along Division Street. To accommodate this,

the water mains from the reservoir site to the intersection of Division and Pine Streets

(P-100 and P-110) would need to be increased in size to 24 inches.

The transmrssion main from the PRV to the reservoir can be constructed along Murdock
Road and Division Sheets. This would allow the discharge from Well No. 6 to be fed

into the transmission main and transported directly to the reservoir. Blending Well No.

6 water into other supplies upstream of the reservoir may eliminate the need to add

chemicals at that well for iron and manganese control. However, if flows from Well No.

6 were fed into the transmission main while it carried 6 MGD, the discharge pressure at

the well pump would be about 25 feet greater than the current level. Therefore, a larger

pump impeller would probably be needed to maintain its production capacity under

this alternative arrangement.

An updated network analysis that includes the proposed Urban Reserve should be

performed after the area has been zoned for development.

Model Four - Pressure Zone (Figure G5). No additional problems were identified in
the Pressure Zone for this future condition. One 50-hp pumP would be required for
peak demands without fue flows. Three pumps would be required to satisfy the

àemands plus fire flows. A fire flow of 1500 gpm could be delivered to the Urban

Reserve south of Cascara at 20 psi as long as the reservoir level can be maintained at an

elevation of 365 feet or higher.

A portron of the Urban Reserve along the east side of Ladd Hill Road is at an elevation

thãt is too high to be served by the Gravity Zone. The model has assumed most of this

area wuuld be servecl by the Pressure Zone; however, arto[rer booster station would be

required to serve the southemmost portron of this area, since elevations above 410 occur

there.

An updated network analysis of the proposed Urban Reserve should be performed
after the area has been zoned for development.

Woodhaven Subdivision (Figure e6). The results for Models Two, Three and Four all

inclicate that operatrn¡; pressures below 40 psi can be expected in the southwest

portrons of the Woodhaven development. The pressures during Model Four base peak

âemands have been calculated to be 27 psi at Node J-365 (Colfelt Lane), 35 psi at Node

J-360 (Sunset Boulevard and Woodhaven Drive) and 38 psi at Node J-352 (Middleton
Road and Inkster Drive). Additionally, Models Three and Four indicate that the

pressure at Node J-365 will drop below 20 psi when a fire flow of 15@ gpm is delivered
to this node.

To maintarn adequate pressures in this area through a2}-year planning period (Model

Four), it is recommended that a booster pumping station be installed to serve those

servicc connections located above elevation 255 as shown in Figure ô-8. The hooster

BOOKMAN.EDMONSTON
ENGINEERING. INC.
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station should be designed to meet fire flow requirements for the service area, as well.

A logical location foi this booster station would be at the intersection of Sunset

Boulevard and Timbril Lane (see Figure 7-1). Some additional PiPing may also be

needed to maintain system loops in the Gravity Zone while also providing a looped

system tributary to the booster station.

A preliminary design report should be prepared to identify a specific location, service

arå and desìgn clpacity for the booster station. Since the City has reported lower

pressures aloñg Gálewood Drive than this analysis has identified, the prelirninary

àeslgn report Jhoutd also investigate the need to serve that area with the booster

statiãn. ÁddiUona[y, the report can investigate the speóific nature of the structures in

the service area to determine a design fire flow rate. Other issues to be addressed

include the number and size of the pumpsr pump design head, phasing of pump

installation, and the potential for a pipeline intertie across Highway 99W. The portion

of the Wyndham Ridge development just north of Highway 99W will also be served by

a booster station (seeiigure O-8¡. Thereforg the intertie could link these sections of the

Woodhaven and Wyndham Ridge developments to in-crease reliability.

RECOMMËNDATIONS

It rs recommended that the planned rmprovements to the system be implementcd

according to the priority ranking listed below.

1. Improvements that should be completed within the next three years.

Have a booster station installed to serve roughly 80 acres in the southwest part

of the Woodhaven development where elevations rise above 255 feet. The

station should be designed to supply fire flows in addition to the peak hourly
demand. A preliminãry design report should be prepared to establish firm
design criteria for thc booster station.

Install 1.2-inch piprng to replace the 8-inch water mains under Pine Street from

Willamette Street tã Columbia Street and under Washington Street from

Columbia Street to Railroad Avenue. Also install a L2-inch pipe under

Columbia to connect the two segments described above'

Install 8-inch pipe to replace the ô-inch water lines undcr Gleneagle Drive arrd

Twelfth Street. A short sectron of 12-inch pipe should be rnstalled in Gleneagle

between Twelfth and HighwaY 99\N -

Install 12-inch PiPe across Highway 99W under Tualatin-sherwood and

Tualatin-scholls Roads to complete a loop to the north end of town.

Install a L2-inch pipe from the PressureZone booster station through the park
site to the intersecilon of Sunset Boulevard and Alder Crove Avcnue' This

transmission main will augment the existing Pressure Zone piping capacity to

a

a

a

a

BOOKMAN.EDMONSTON
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5.

deliver fire flows to the southerly portion of Alder Grove Avenue and the area of

Highpoint Drive and Cascara Terrace.

. Modify the system to serve Cinnamon Hill Place and the southerly section of

Roy Street fróm the Pressure Zone as shown in Figure 6-7. Install a PRV at the

north end of Orchard Heights Place to reduce Pressures along Cinnamon Hill
and Orchard Heights.

r Install a PRV in Highpornt Drive west of Cascara Terrace to reduce pressures at

the west end of HighPoint.

. Evaluate the need to purchase a "small' pump (30- or  0-hp) for the Pressure

Zone Booster Station designed to produce a discharge HGL of about 5L5 feet.

Install l2-inch pipe from the north end of Roellich Avenue to Edy Road. This pipe

should be added as development increases along Edy Road to improve system

looping. This pipe is not critical for maintaining adequate Pressures due to low

elevations in the area.

Install 1"2-inch piping to replace the 6-inch water hnes under Lincoln and Oregon

Streets betweenWillãmette and Hall Streets. This work should be completed within
the next three to five years to increase system capacity.

Install a 2&inch transmission main from the Bull Run Connection to the reservoirs

along Murdock Road and Division Street. The length would be approximately 5,000

hneal feet. This improvement will improve reservoit operation and keep Pressures
below 90 psi alongbregon Street. For budgeting purposes, it is recommended the

City plan to construct the hansmission main soon after an alternative source of

supply is secured through the Bull Run Connection.

The discharge line from Wcll No. 6 can be rerouted to direct the supply into this 24-

inch line. However, the pump impeller size may need to be increased in the future

to maintarn production capacity as flows through the Bull Run Connection are

increased. This is due to the increasrng pressure in the pipeline.

Increase the size of the existing L6-inch pipe between the reservoi¡ site and the

intersection of Pine and Division Streets to 24 inches. This improvement should be

installed concurrent with the installation of the 24-inch transmission main hsted rn

Item 4.

BOOKMAN.EDMONSTON
ENGINEERING. INC.
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WATER SYSTEM VJASTER PLAN UPDATE FIGURE 6_8CITY OF SHERWOOD
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CITY OF SHERWOOD
WATER SYSTEM MASTER PLAN UPDATE

SECTION SEVEN

RECOMMENDATIONS AND PROBABLE PROIECT COSTS

GENERAL

This section sununarizes the water system capital improvements recommended in the

preceding sections and provides preliminary opinions of probable project costs. These

i*prorru-"nts are needãd to meet increasing customer demands and requirements for

firá ftow storage and delivery. General recommendations regarding altemative supply

capacities and non-capital improvements are also presented'

RECOMMENDED IMPROVEMENTS

Summary of Capital Improvement Proiects. The following is a sununary of the

recoñunended capital improvements projects broken down by system component.

A. Treated Water Storage

1. Initial Phase: A new concrete reservoir should be constructed on City-
ownec{ land adjacent to the existing reservoir to increase storage capacity.

Using current projections, a 9.0 MG expansion is needed to provide
aclequate voluml for peak demands and fue flows until the Year 2O17'

However, it may be more cost effective to construct a smaller tank at this

time and increase capacity again in the near fufure. This would allow

capacity requirements and siting issues to be reevaluated once development

plans for the Urban Reserve have been formalized. The effects of water

conservation could also be taken into account before the design capacity of a
second tank is finalized.

Therefore, it is recommendecl that the City construct a 6.0 MC tank initially
and plan to add more capacity later. The probable project costs for both a 6.0

MG and a 9.0 MG reservoir are presented below for comparison'

Given current demands and rapid growth rates, the design and construction

of a reservoir should proceed as soon as possible. The new tank will operate

at the same range of elevations as the existing tank.

2. Future Phase: Based on current projections, the City should plan to

construct adclitional reservoir r:a¡racity sometime between 2005 and 2009.

Therefore, planning efforts should be completed rn 5 years (early 2ffi4).

Population 
-and 

water use projections should be updated and a structural
evãluation of the existing 2.0 MG reservoi¡ should be completed.

Consideration should also be given to altemative sites for a reservoir such as

in the northwest part of the City or at higher elevations in the Urban

Reserve.

BOOKMAN-EDMONSTON
ENGINEERING, f NC.
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crIY oF SHERWOOD, oREGON

WATM. SYSTTPT M¡STM. PLAN UPDATE

RECOMMENDATIONS AND
h.oBABLE PRoJEcrCosrs

At this trme, it is projected that an additional3.o MG in storage volume will
be needed to meet demands through 201.7. Therefore, probable present

worth costs are provided below for a 3.0 MG concrete tank.

B. Southwest Booster Station

A booster station should be installed that serves those portions of the

Woodhaven Subdivision and adjacent areas that lie above elevation 245' A

preliminary design report should be prepared to identlfy the specific service

àreu and design f"uk à"munds for the booster station. AdditionallI, the report

can investigate the specific nature of the structures in the service area to

determine ã design fiie flow rate. Other issues to be addressed include the

number and sizã of the pu*ps, punrp design hcad, phasing of pump

installation, and the potentiai for ã pipeline intertie across Highway 99W'

C. Distribution and Transmission System

The following piping improvements are recoÍunended to upgrade the water

system. Figurá Z-f í,o"i¿ be referred to for project locations. In some cases

paraltel pipãs could be installed to increase capacity instead of replacement lines'

This can reduce material costs, but it also would leave older pipes in service. A

cletermination regarding the option of installing parallel pipes can be made

during preliminai*y design. To be conservative, this report assumes replacement

pipes will be installed.

1. lncrease caPacity of key water mains:

o Install 12-inch pipe from the Pressure Zone booster station through the

park site to thg intersection of sunset Boulevard and Alder Grove

Avenue. This trans¡trission n'rain will augmcnt the existing Pressure

zone water line capacity. Th" upgrade is needed to deliver fire flows to

the southerly portion oi Al.t"t Grove Avenue and thc area of Highpoint

Drive and iaicara Terrace. Approximately L,600 lineal feet of pipe are

included. See Item 1 on Figure 7-L'

r Install L2-inch piping to replace the 8-inch water mains under Pine Street

from Willa-"ti" Str."t to Úolumbia Street and under Washington Street

from Columbia Street to Railroad Avenue. Also install a 1'2-inch pipe

underColumbiatoconnectthetwosegmentsdescribedabove.Thework
consists of approximately 900 lineal feet of pipe, including a bore under

the railroad iracks. This upgrade is needed to replace aging pipe and to

improve the transfer of wãtãr from the reservoir to the north and west

parts of town. See Item 2 onFigweT-l'

. Install 8-inch piping to replace the 6-inch water hnes under Gleneagle

Drive anct tweffih Sleet. The short section of pipe in Gleneagle between

Twelfth and Highw ay 99W should be 12 inches in diameter. This

upgrade shoul<l be r"h"d.tl.d in the next three years to increase line

BOOKMAN-EDMONSTON
ENGINEERING, f NC,

)
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CITY OF srrmWOOO, oREGON
WerM. SYSTIU MASTB. PLAN UPDATE

RECOMMENDATIONS AND
koBABLE kolEcr Cosrs

rJ

capacity for fire flows to the high school. Approximately 2,850lineal feet

of 6-inch pipe and 300 lineal feet of 12-inch pipe are included. See Item 3

on Figure 7-1,.

. Install1.2-inch piping to replace the 6-inch water lines under Lincoln and

Oregon Sheets between Willamette and Hall Streets. This work should

be completed within the next three to five years to increase system

capacity. Approximately 2,4}01ineal feet of pipe are included. See Item

4 on Figure 7-1".

2' Installations of water lines to comPlete s)¡stem looPs:

¡ Install a l2-inch ¡ripe across }{ighway 99W under Tualatin-Shcrwood and

Tualatin-Scholls Roads to complete a loop to the north end of town. This

pipe should be added in the next three years to improve system

relìabitity for fire flow delivery north of Highway 99W' Approximately
3,000 lineal feet of pipe are included. See Item 5 on Figure 7-L'

. Install a 12-inch pipe from thc north end of Roellich Avenue to Edy

Road. This pipe should be added as development increases along Edy

Road to improve system looping. This pipe is not critical for maintaining
adequate pressures due to low elevations in the area. Approximately
L,500lineal feet of pipe are included' See ltem 6 on Figure 7-1"

¡ Extend a L2-inch pipe northwest from Highway 99W near Cedar Creek.

This pipe will connect to a water line that will extend south from Edy

Road-as part of a planned development. Approximately 500 lineal feet of

pipe are included. See Item L0 on Fí9arc7-1'.

o Extend a L2-inch pipe along Galbreath Road and Cipole Road to connect

to existing and proposed water lines. This alignment will include a bore

under the willamette and Pacific Railroad at cipole Road.

Approximately 2,40o lineal feet of pipe are furcluded. see Item L1 on

FigurreT-L.

3. lncrease transmrssion main caFaci9:

. Install a 24-inch transmission main from the downstream end of the Bull

Run Connection to the existing reservoir site. The pipe alignment can

extend along Murdock Road and Division Street to allow the discharge

line from Well No. 6 to be connected to this main. This project can be

planncd as a long-term improvement. It shoulcl be conslrt¡t:led olrce the

Bull Run Connection has become the primary means for supplying water

and flow rates through the line approach 4.0 MGD. This is projected to

occur in about 9 to'1,4 years. It may be preferable to construct a first leg

of this transmission line from Well No. 6 to the reservoir sooner. That

would allow water from Well No. 6 to be blended with other water

before it reaches customers. A total of approximately 5,00o lineal feet of

BOOKMAN.EDMONSTON
ENGINEERING, INC,
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CITY OF SI{RWOOD, OREGON

WATB. SYSTEM MESTM. Pt/\N UPDATE

RECOMMENÐATIONS AND
I'RoB ABLE PRoIEcr Cosrs
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pipe are included in the entire transmission main. The section from Well

Ñå. e to the reservoir would be approximately 2,350lineal feet. See Item

7 onFigarcT'1'.

¡ Replace the existing 16-inch Gravity zone pipe between the existing

reservoir site and the intersection of Lincoln and Division Streets with a

24-inch line. Approximately 300 lineal feet of pipe are included. This

improvement should be constructed when the 24-inch transmission main

described above is installed. See Item I on Figure 7-1"

Increase diameter of undersized water lines:

e Replace L, + ancl 6-inch pipc lines with 8-inch pipe (see Figure 3-1)'

Approximately 1L,300 lineal feet of pipe are included, not counting the

sections identified above.

Other Recommended Proiects. The following projects are not part of the recommended

capital improvements, but should be initiated to ensure that the water system can meet

the City's needs,

A. Procluction Wells

As a separate phase in the Master Planning effort, the City needs to evaluate

well pråductioir capacity and the impact the wells are having on groundwater

levels. The feasibility of upgrading the wells so they can oPerate at their

permitted capacities should be addressed. The City is currently having a

geotechnical investigation of WeIl No. 3 completed as part of this effort'

B. Tnstitute the recommended shifts in servicc zone boundaries as describecl in

Section Six (See Figure 6-7).

C. An altemative water supply must be obtained to augment and potentially

replace the municipal weùs. The City should continue to participate in regional

plànntng efforts to develop the altemative supply as soon as is practical' An

àaatUotãt supply capacit¡of about 6.2 MGD is needed by the Year 2O17 based

on current projections with the Urban Reserve included. This supply deficit

assumes the well productron rate would remain at the level reported for August

of 1997.

D. A Water Conservatlon and Management Plan should be completed and an

ongoing program of water conservation measures should be implemented.

Water conservation can reduce reliance on the wells and alleviate near-term

water shortages. It can also reduce future capital outlays by reducing supply

and storage capacity requirements.

E. Evaluate the need to purchase a new PumP for the Pressure Zone Booster

Station in 3 to 4years to replace the older 25-hp PumP that is being installed.

BOOKIVÍAN-EDMONSTON
ENGINEERINC, INC,
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CITY OF SHRWOOD. OREGON
WATT,R SYSTEM MASTM. PTEN UPDATE

RECOMMENDATIONS AND
koBABLE PROIECTCOSTS

F. Implement a systematic water meter inspection and replacement program to

remove meters that no longer function properly.

G. Develop a schedule for periodically flushing fire hydrants throughout the

system.

BASrS FOR OPINIONS OF PROBABTE PROIECT COSTS

Opinions of probable project costs have been developed using information awailable at

ttre time this sfudy was prepared. These estimates should be used for project

evaluation and planning while noting that final costs will depend on current market

conditions, finafprojecticope, and other variable factors. Project feasibility, risks and

funding needs should be carefully reviewed prior to making financial decisions or

preparing specific project bud gets'

The estimates of probable project costs presented below are considered Budget

Estimates, defined as having an accuracy of +30 to -L5 percent under the criteria

established by the American Association of Cost Estimating Engineers. These

preliminary project cost estimates are current to December 1998. The conshuction cost

ãsfimates ,6ãd ur the basis for the project costs include a 20 percent contingency factor.

To establish the probable project costs, an additional 20 percent allowance was then

added for engineering, biddin& and construction services.

oprNroNs or PRoBABLE PROIECT COSTS

A. Treated Water Storage

'1,. Current Phase: One 6.0-MG concrete reservoir: $ 3,800,000'

Probable project costs assume the reservoir will be circular and mostly

buried. The roof woulcl be atrove grade and nearly flat. Thc wall height

would be 32 feet and the overflow would be 30 feet above the tank floor. An

inlet vault would be included with an altitude valve and isolation valves.

2. Future Phase: An additional storage capacity of 3.0 MG to provide adequate

rto.ug. volume to accommodate the development of the Urban Reserve. The

probãble project cost for a single 3.0 MG concrete tank similar to the type

ãescribed for the current phase would be approximately $ ¿300,000' The

present worth cost would be $ 1,,925,000, assuming the tank is constructed in

2005. This is basec{ on a 3 percent <liscount rate.

3. Altemative: One 9.0-MG tank with the same features - $ 5,100,000)'

BOOKMAN.EDMONSTON
ENGINEERING, INC,
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RECOMMENÐATIONS AND
h,oBABLE PROIECTCOSTS

B. Southwest Booster Station

Install a booster station that serves those portions of the Woodhaven

Subdivision and adjacent areas that lie above elevation 245: $ 700,000. The

addition of an 8-inch pipeline intertie across Highway 99W would add another

$ 150,000.

C. Distribution SYstem

1. Increase caPacitv of key w3ter mains:

¡ Install1.,600 lineal feet of 12-inch pipe through the park site to augment

the 8-inch water mains under Pine St¡eet and Sunset Boulevard from
Division Street to Alder Grove Avenue: $ 125,000.

. Install 900 lineal feet of 12-inch piping under Pine, Columbia and

Washington Streets to replace existing 8-inch water mains and increase

capacity: $ 140,000. This amount includes about $ 70,000 in project costs

for a bore under the railroad.

. Install 2,950 lineal feet of 8-inch piping and 300 lineal feet of L2-inch

piping to replace the 6-inch water lines under Gleneagle Drive and

Twelfth Sheet $ 195,000.

o Install2,400lineal feet of 12-inch piping to replace the 6-inch water lines

under Lincoln and Oregon Sheets: fi220,000.

2. Installations of water lines to comPlete s]¡stem loops:

. Install 3,000 lineal feet of L2-inch pipe across Highway 99W under
Tualatin-Sherwood and Tualatin-Scholls Roads: $ 385,000' This amount

includes about $ 140,000 in project costs for a bore under Highway 99W.

. Install 1",500 lineal feet of 12-inch pipe from the north end of Roellich

Avenue to Edy Road: $ 130,000.

. Install500lineal feet of L2-inch pipe northwest from Highway 99W near

Cedar Creek: $ 40,000.

r Install 2,4N lineal feet of L2-inch pipe along Galbreath and Cipole Roads

to connect to existing and proposecl water lines: $ 270,M. This amount

rncludes about $ 70,000 in project costs for a bore under the railroad.

3. Increase transmission main caPacitv:

¡ Install approximately 5,000 lineal fc.et of 24-inch pipe along Murclock

Road anJ Division Street from the Bull Run Connection to the existrng

¡eservoir site: $ 790,Ñ0.

o Install approximately 300 lineal feet of 24-inch pipe to replace the

existrng L6-inch Gravity Zone pípe between the existing reservoir site

ancl the urlersection of LincoLr and Division Streets: $ 50,000.

BOOKMAN.EDMONSTON
ENGINEERINC, f NC,
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CITY OF SHERWOOD, OREGON
WATB. SYSTEM MASTB, PLAN UPOETE

RECoMMENDATIONS AND
PRoBABLE ko¡ncr cosrs

rt 4. Increase diameter of undersized water lines:

. Replace approximately 11,300 lineal feet of 2-, + and 6-inch pipe lines
with 8-inch pipe: $ 690,000.

D. Total Capital Improvements for Storage and Distribution Systems

A summary of the probable project costs itemized above is tabulated in
Appendix D. The total for the reservoir and distribution system capital
improvements is $9,610,000. This assumes two reservoirs would be constructed
in phases.

I
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Record note: Water System Master Plan Update Figure 7-1, Water 
System Piping Improvements map kept in City Recorder's office.
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CITY OF SHERWOOD
WATER SYSTEM MASTER PLAN UPDATE

APPENDIX A

COUNCIL RESOLUTION
AUTHORIZING MASTER PLAN UPDATE
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City of Sherwood' Oregon

Resolution No. 97-717

A RESOLUTION AWARDING A BID TO RMI rlOR TIIE PURPOSE OF
UPDATING TH8 CIllPS l4'ATER SYSTEM MASTER PI.AN, AND
ESTABLTSHING AIV EFFECTTVE DATE.

IVHEREAS, the City of Sherwood's existing $rat€r system requiren the
implementation of a series of upgades to i.mprovc service and mcet thc demands of
a rapidly growing population; and

I4¡HEREA'S, it has become necessary for the City of Shers¡ood to revisc thc
CiQy's Water Syeærn Master Plan to a6soêê the adequacy of both the City's water
supply and distribution in order to mect prcsent and future demands; and

WIIEREÀS, the City of Sherwood selected RMl-Bookman Edmonston
Engineering Inc. of Beaverton, Oregon to provicle profeesional eervices to update the
City's l{'ater System Maeter Plan; and

WHEBEAS, RMl-Bookman Edmonston Enginecring Inc. will develop a
coû.preheneive progËim for expandirrg and improving the City's water system
covering a2O year period.

NOïv, THERDFORE, THE CITY RESOL\IES AS FOLLOWS:

Section 1: The contract is awarded to RMl-Bookman Edmoncton Engineering
Inc. of Beaverton, Oregon.

Section 2: The City Manager is hercby authori'¿ed tö execute a contract wlth
RMl-Bookmen Edmonston Engineering Inc. in an amount not to exceed $35,000.00

Section 3: Thie Reeolution shall be efrective upon its approval and adoption

Re¡oluúon No.97-717
Ileccmtçr 9, 199?
P¡g¿ I

A-e
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ATIEST:

Jon City Manager-Rêcorder

Rctolutloo No.97-7¡7
Dccanùa9, 199?
Pate I

n
^

L,lL
Duly passed by tbe City Council this 9th day of December 1997.
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Ron Tobias, Mayor
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CITY OF SHERWOOD
WATER SYSTEM MASTER PLAN UPDATE

APPENDIX B

DEMAND DISTRIBUTIONS FOR NETWORK MODELS
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MODEL ONE
PRESENT-TERM CONDITION 1997

SHERWOOD - TOTAL DOMESTIC WATER DEMAND

GRAVITY SYSTEM
JUNCTION

NODE

DWELLING
UNITS

DEMAND
IGPM)

INFLOW
(GPM) REMARKS

110 0 0.00

120 55 34.65
122 23 14.49 650.00 WELL #3

126 13 8.19
128 23 14.49

130 I 5.67
140 20 12.60
160 152 95.76
170 155 97.65

171 146 91.98 MOBILE HOMES

172 235 't48.05

192 29 18.27
193 40 25.20
194 65 40.95

195 75 47.25
200 33 20.79
210 96 60.48
220 20 't2.60

240 80 50.40
250 96 60.48 180.00 WELL #4

260 68 42.U
270 28 17.64
280 27 17.O1

302 27 17.O1

304 27 17.O1

306 22 13.86
308 32 20.16
310 54 u.o2
320 43 27.O9 475.OO WELL #5

330 45 28.35
344 22 13.86
350 36 2..æ
352 15 9.45

354 32 æla
360 't'l 6.93
365 13 8.19
370 23 14.49
380 38 'I3.94

400 69 43.47

410 52 32.76
420 94 59.22
421 54 34.O2
422 47 æ.61
424 33 20.79
426 53 33.39
428 102 64.26
430 107 67.4',1

431 63 39.69
432

2602 1,639.3
550.00 WELL #6

TOTAL= 1855.00

NOTE: 3044 DWELLING UNITS X 2.88X 420 GPDPC X75o/o ='1917.7 GPM FOR RESIDENTIAL

ß-2.
R :\drawings\p\sherwood\05900.20\TABLEl .xls 3t4t99



MODEL ONE
PRESENT-TERM CONDITION 1 997

SHERWOOD. TOTAL DOMESTIC WATER DEMAND

PRESSURE SYSTEM
JUNCTION

NODE
DWELLING

UNITS
DEMAND

(GPM) REMARKS

10 5 3.15

11 28 17.64

12 47 29.61

15 6 3.78
20 17 10.71

22 6 3.78

25 I 5.04

28 23 14.49

30 54 34.02
35 33 20.79
40 23 14.49

45 12 7.56

48 13 8.19
50 26 16.38

52 10 6.30
53 6 3.78
54 19 11.97

56 7 4.41

57 6 3.78
58 7 4.41

60 26 16.38

70 38 23.94
80 22 13.86

TOTAL= 442 278.5

NOTE: 3044 DWELLING UNITS X 2.88 X 420 GPDPCXTSo/o = 1917.7 GPM FOR RESIDENTIAL

R :\drawings\p\shenrood\O5900.20\TABLE 1 .xls b.3 3t4t99



MODEL ONE
PRESENT.TERM CONDITION 1 997

NOTE: 3044 DWELLTNG UNITS X 2.88 X 420 GPDPCX2So/o = 639.2 GPM FOR COMMERCIAUINDUSTRIAL

COMMERC IAL - INDUSTRIAL

REMARKSACRE
AR

NODE
JU

2.37I
0.00 #30
1.18
0.30
1.1r30

140 10
0

150 1

160 1

7170 7
171 11

54180
161

183 16
86 441

41 2.131

41 13192
l61

3 89220
LH0 00240

16 73
0 0.00
0 0.00

GLEN EI. OL0 5.00
0 00

340 0
370 0

0381
7 07410
35

10.353
0 0.00

280 83
215.00893

MAJOR IRRIGATION USERS

REMARKS
DEMAN

MNODE
EE ATTACH425.

R : \d rawings\p\sherwood\05900. 20\TABLE 1 . xls
B-'l 3t4tss



rt
MODEL ONE

PRESENT.TERM CONDITION 1997

P! Maior lrrioation Distribution

J-240 -- 200 gPm (High School)

Total demand for other r users = 225 gpm
-t

J
¿l

5.-¡

l

^_¡

!¡

RemarksDemandNode
15o/o34.0J-160
15o/oJ-170 34.0
25o/oJ-1 80 56.0
10o/oJ-I82 22.5
2o/oJ-342 4.5

4.5 2o/oJ-344
11.0 5o/oJ-350

12o/oJ-360 27.0
2o/oJ-380 4.5
2o/oJ-381 4.5
10o/oJ-440 22.5

225 1O0o/oTotal

R :\d rawi ngs\p\shenrvood\05900.20\TABLE 1 .xls
b-l 3t4199



MODEL TWO
IMMEDIATE FUTURE (1999)

HOUSING DEVELOPMENT CURRENTLY PLANNED

FROM 3/6/98 APPROVED HOUSING LIST. BUILDING PERMITS ISSUED

DEMAND DISTRIBUÍION

SHERWOOD - TOTAL DOMESTIC WATER DEMAND

NOTE: 37ZO DWELLING UNITS X 2,gX42O GPDPC X75VO = 2392 GPM FOR RESIDENTIAL

DEC.98 REVISION

&-c

GRAVITY SYSTEM
JUNCTION

NODE
DWELLING

UNITS
DEMAND

(GPM)
INFLOW
IGPMI

110 0 0.00
120 55 34.90
122 23 14.59 650.00 WELL #3

126 13 8.25
128 23 14.59

130 I 5.71

1Æ 20 't2.69
't60 152 96.4
't70 155 98,35
17'.\ 1Æ 92.64 MOBILE HOMES

172 235 149.11

192 29 18.¿10

193 109 69.16
194 EO 50.76
195 112 71 .06

200 33 20.94
210 128 81.22
220 20 12.69

24 90 57.11

250 96 60.91 180.00 WELL #4
260 68 ¿13.'15

270 57 36.17
280 57 æ.17
304 27 17.13

306 32 20.30
308 59 37.44
310 54 u.26
320 122 n.41 475.00 WELL #5

330 154 97.71

342 26 16.50
344 41 26.01

34 5 3.17
346 26 16.50

350 57 36.17
352 24 15.23

52 32.99
360 18 11.42

365 21 1332
370 38 24j1
380 72 45.68
381 26

13

16 50

382 8.25
384 3 1.90

40( 69 43.78
414 52 32 99
424 94 59.64
421 u u.26
422 47 æ.82
424 33 20.94
428 104 65.99
430 107 67.89
43'l 63 39.97
432 0.00 550.ü) WELL #6

TO' AL= 3203 2.032.3 1855.00

R :ErawingsþO590020\1 2-98 Revised MODEL2.xls 3/4/99 1:30 PM
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MODEL TWO DEC' 98 REVISION

TMMEDIATE FUTURE (1 999)

HOUSING DEVELOPMENT CURRENTLY PLANNED

FROM 3/6/98 APPROVED HOUSING LIST - BUILDING PERMITS ISSUED

DEMAND DISTRIBUTION

SHERWOOD - TOTAL DOMESTIC WATER DEMAND

PRESSURE SYSTEM
JUNCTION

NODE
DWELLING

UNITS
DEMAND

(GPM) REMARKS

10 5 3.17

11 28 17.77

12 47 29.82
15 o 3.81

2A 19 12.06

25 I 5.08

28 28 17.77

30 54 34.26
35 40 25.38
40 23 '14.59

45 12 7.61

48 13 8.25
50 29 18.40
52 15 9.52
53 I 5.08
54 28 17.77
56 10 6.35
57 I 5.08
58 10 6.35

60 26 16.50

70 38 24.11

80 22 13.96
92 27 17.13
103 63 39.97

TOTAL= 567 359.8

NOTE: 3770 DWELLING UNITS X 2.9 X 420 GPDPC X75o/o = 2392 GPM FOR RESIDENTIAL

ur'

0-1R:\drawingsþ\0590020\1 2-98 Revised MODEL2.xls 3141991:30 PM



MODELTWO
I M MEDIATE FUTURE (1 999)

HOUSING DEVELOPMENT CURRENTLY PLANNED

FROM 3/6/98 APPROVED HOUSING LIST - BUILDING PERMITS ISSLJED

DEMAND DISTRIBUTION

DEC. 98 REVISION

SHERWOOD - TOTAL COMMERCIAL - INDUSTRIAL WATER DEMAND

MAJOR IRRIGATION USERS
JUNCTION

NODE
DEMAND

(GPM) REMARKS

531 ACHM

NOTE: 3770 DWELLTNG UNITS X 2.9 X 420 GPDPC X25o/a = 797 GPM FOR COMMERCIAL' INDUSTRIAL,

INSTITUTIONAL & IRRIGATIONS.

B-8

)

!¡

COMMERCIAL.IN DUSTRIAL . INSTITUTIONAL

REMARKS
EA

ACRE
D

MNODE
I120
01

1.544
0.381

1.54
3.84140
0.3850
0.381

2.69
4.2211171
20.73180
6.14182
6.14183

33.01184
15.74190
15.74192
6.1195
1.1220

HIGH SCH0.240
162

ELEMENTARCH3
WELL0.000

410 7
13420 35

35 13430
WELL #60

280 46
693

R:\drawings\p\0590020\12-98 Revised MODEL2.xls 3141991:30 PM
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MODEL TWO DEC. 98 REVISION

TMMEDIATE FUTURE (1 999)

HOUSING DEVELOPMENT CURRENTLY PI-ANNED

FROM 3/6/98 APPROVED HOUSING LIST - BUILDING PERMITS ISSUED

DEMAND DISTRIBUTION

Maior lrrioation Distri bution

J-240 = 200 gpm (High School)

Total demand for other users = 331

b-7

-!

.l

'I

¿.1

*l

.l

RemarksNode Demand
15o/oJ-160 49.65

49.65 1J-170
82.75J-1 80

J-182 33.1
2o/oJ-342 6.62
2o/oJ-344 6.62
5o/oJ-350 16.55
12o/oJ-360 39.72
2o/oJ-380 6.62
2o/oJ-381 6.62
1OYoJ-440 33.1
100o/ototal 331

rJ

R :\d rawings\p\O590020\1 2-98 Revised MODEL2.xls Sl4l991:30 PM
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ÍI/IODEL THREE
NEAR-TERM FUTURE (CIRCA 2OO2)

ALL APPROVED HOUSING DEVELOmiENIS (3 18)

DEfi/liAND DISTRIBUTION

SHERWOOD - TOTAL DOMESTIC WATER DEMAND

GRAVITY SYSTEM
JUNCTION

NODE
DWELLING

UNITS
DEII/iAND

(GPní)
INFLOW
IGPMI REMARKS

110 o 0.00
120 55 34.90
122 23 14.59 80(},oo WELL #3
126 13 8.25
130 9 5.71

140 20 1269
160 96-¡t4

Ito i5 98-35

1t1 14 92.il MOBILE I-IOMES

172 23fl32
182 31.73
f83 31.73

192 24.11

193 El.E5
194 E1.&5

196 74.47
196 o.oo

200 2ll.94
210 41.22
220 12.69
230 24.55
231 1E.40

234 31.73
235 57.74

240 I 57.11

250 9r 60,91 3Z5.OO WELL#4
260 43.15
26s 81.65
2EO 34.o7
304 o 0.(x)
306 32 20.30
30E 62 39.34
310 64 34.26
320 "t2b /9.31 450.00 WELL #5
330 158 100.25
331 21 13.32
332 51 32.36
334 16 1"t,42

336 119 75.51
340 164 104.06
342 33 20.94
344 42 26.65
345 64 40.61
346 29 18.40
350 59 37.44
352 5E 36.õO
360 18 1?.06
365 22 13.9õ
370 39 24.t5
380 74 46.95
342 75 41.59
384 70 44.42
400 69 43.7E
410 52 32.99
420 94 59.64
421 54 34.26
422 47 29.az
424 104 65 99
430 107 67.89 125.00 BULL RUN

431 66 41.õõ
432 o 0.00 550.OO WELL #6

500 159 100.89
TOTAL= 4429 2.g'to.20

NOTE: 5310 DWELLING UNITS X 2.9 X 420 GPDPCXTSo/. = 3369 GPM FOR RESIDENTIAL

DEC.98 REVISION

L-J

R:\drawings\p\O590020\1 2-98 Revised t\rODEL3.xls
b-lo

3t4t99 @1:31 PM



MODEL THREE
NEAR-TERM FUTURE (CIRCA 2OO2)

ALL APPROVED HOUSING DEVELOPMENTS (3/98)

DEMAND DISTRIBUTION

SHERWOOD - TOTAL DOMESTIC WATER DEMAND

PRESSURE SYSTEM
JUNCTION

NODE
DWELLING

UNITS
DEMAND

REMARKS

10 E 3.17
11 28 17.77
12 47 æ.82
15 6 3.81

2Ð 19 12.æ
25 8 5.08
28 23 14.59
30 54 u.ß
35 & 25.38
37 38 24.11

38 38 24.11

40 23 14.59
41 0 0.00
45 12 7.61

48 13 8.25
50 æ 't8.40

52 15 9.52
53 I 5.08
54 28 17.77
56 10 6.35
57 8 5.08
58 10 6.35
60 26 16.50
70 38 24.11

80 ?2 13.96
92 27 17.13
94 27 17.13
102 44 27.92
103 43 27.28
107 33 20.s4
610 159 100.89
612 0 0.00
614 0 0.00
TOTAL= 881 559.0

NOTE: 5310 DWELLING UNITS X 2.gX42O GPDPC X75O/O = 3369 GPM FOR RESIDENTIAL

ß-11

DEC.98 REVISION

-t

'l

¿l

r ,¡l

R :\drawingsþ\0590020\1 2-98 Revised M O D E L3. xls 314t99 @1:31 PM
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MODEL THREE
NEAR-TERM FUTURE (CIRCA 2OO2)

ALL APPROVED HOUSING DEVELOPMENTS (3/98)

DEMAND DISTRIBUTION

SHERWOOD - TOTAL COMMERCIAL - INDUSTRIAL WATER DEMAND

MAJOR IRRIGATION USERS
JUNCTION

NODE
DËMANt)

(GPM) REMARKS
749 SEE ATTACHMENT

NOTE: 5310 DWELLING UNITS X 2.9x420 GPDPC X250/o= 1123 GPM FoR COMMERCIAL, INDUSTRIAL,

INSTITUTIONAL & IRRIGATION.

ß -12.

DEC. 98 REVISION

COMMERCIAL . INDUSTR¡AL - INSTITUTIONAL
JUNCTION

NODE
AREA
ACRE

DEMAND
(GPM) REMARKS

120 I 3.99
't22 0 0.00 WELL #3

126 5 2.æ
130 4 2.æ
140 10 4.99

150 1 0.50
160 1 0.50
170 7 3.50
171 't1 5.49
180 54 26.96
182 l6 7.99
183 16 7.99
1U 86 42.94
190 41 20.47
192 41 n.47
195 16 7.99
20 3 1.50
240 0.00 HIGH SCHOOL IRRIGATION

250 16 7.99 WELL #4

260 7 3.50
265 23 11.48
310 0.00 ARCHER GLEN ELEM. SCHOOL IRRIG,

320 0 0.00 WELL #5

340 6 3.00
370 10 4.99
384 10 4.99
410 7 3.50
420 35 17.48
430 35 17.48
432 0 0.00 WELL #6

440 280 139.81
TOTAL= 749 374.0O

R : \drawingsþ\0590020V 2-98 Revised M O D EL3.ls 314199 @1:3'l PM



MODEL THREE
NEAR-TERM FUTURE (CIRCA 2002)

ALL APPROVED HOUSING DEVELOPMENTS (3/98)

DEMAND DISTR¡BUTION

Maior lrrioation Di bution

J-240 = 200 gpm (High School)

Total demand for other users = 549 gpm

DEC. 98 REVISION

-/

ri

0-13

Demand RemarksNode
82.35 15o/oJ-160

J-170 82.35 15o/o

J-1 80 137.25 25o/o

10o/oJ-182 54.9
2o/oJ-342 10.98
2o/oJ-344 10.98
5o/oJ-350 27.45
12o/oJ-360 65.88
4o/oJ-380 21.96
10o/oJ-440 54.9
100o/ototal 549

R:\drawings\p\0590020\l 2-98 Revised MODEL3.xls 3t4t99 @1:31 PM



MODEL FOUR
FUTURE-TERM (CIRCA 2017)
URBAN GROWTH RESERVE

DEMAND DISTRIBUTION

SHERWOOD. TOTAL DOMESTIC WATER DEMAND

GRAVITY SYSTEM
JUNCTION

NODE
DWELLING

UNITS
DEMAND

IGPM)
INFLOW
IGPMI

t0 )oo
1i 3 'lt
122 t.80 g{Xt fxj WELL #3

13 ,4
1: 5.0'l

20 1 't3
84_60

1 155

3€3
7.43

l8 50 783
246 136.92

l9 2æ
'.53.24

)6 300 s7

2 7.41
128 '1.7â

22 '1.13

45 505
16. t4

50 7.43
84 04

1 o
250 i3.43 350.00 WELL #4

68
265

135

306 '.81

62 i4.51

3'
't25 at 45{J.m WELL #5

? a7.94
331 21 1 tig

28.38
334 0o?

119
340 't 28

33
344 ì38

64
346 614

59
352 i3 8'l

't9

365 t24
3 1.71

380 tt 119
75

384 158 94
69 38.40

4'to 94
94 52.32

421 05
47 26.16

47'l 88
107

431 73
1l 74 Á/ELL #6

5æ 66 95 URBAN GROWTH RESERVE
tc TAL= 7617 ? 250 00

NOTE: 9069 DWELLING UNI ls X 2.ö5 x 42U |;PÚPC X72% = 5047 GPM FOR RESIDENTIAL

GRAVITY = 3504.64 GPM

URBAN RESERVE (GRAVITY) = 1986 GPM

coMMERclAL, INDUSTRIAL, INSTITUTIONAL = 438 GPM

PRESSURE = 442.36 GPM

URBAN RESERVE (PRESSURE) = 1041 GPM

DEC, 98 REVISION

.¡

8-l'/
R:\drawinos\p\0590020\1 2-98 Rev¡sed TABLEs 96prcnt.xls 3/4/99 @1:53 PM



MODEL FOUR
FUTURE-TERM (CIRCA 201 7)

URBAN GROWTH RESERVE
DEMAND DISTRIBIJTION

DEC.98 REVISION

SHERWOOD - TOTAL DOMESTIC WATER DEMAND

NoTE:9069DWELLINGUNITSX2'65X420GPDPCx72%=SO4TGPMFoRRESIDENTIAL

PRESSU RE SYSTEM

NITS
JU

5
.581

472
6l5

119
.45I25

2328
.05

4035
4136

13837
38

12340
1

148
1

5
4.45I

1

5.570
I

5.10
760

138

127
I 0327

44102
23 934303
1107

2270
1402
140

1

R :\drawin gs\p\0590020\1 2-98 Revised TABLES 96prcnt xls

Ø-ll
314199 @1:53PM
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MODEL FOUR
FUTURE-TERM (CIRCA 2of 7)
URBAN GROWTH RESERVE

DEMAND DISTRIBUTION

DEC.98 REVISION

SHERWOOD - TOTAL COMMERCIAL - INDUSTRIAL WATER DEMAND

NoTE: 9069 DWELLINc UNITS X 2.65 X 420 GPDPC X28alo = 1963 GPM FOR COMMERCIAL' INDUSTRIAL'

INSTITUTIONAL & IRRIGATION.

B-16

)

*,¡

COMMERCIAL. ¡NDUS TRIAL . INSTITUTIONAL
JUNCTION

NODE
AREA
ACRE

DEMAND
(GPM) REMARKS

120 I 11.99

122 0 0.00 WELL #3

1re 4 6.00

r30 4 6.O0

1Æ 10 14.99
0.00

160 2 3.00
170 7 '10.¡tg

171 1t 16.49

180 54 80.94
182 16 23.98
183 16 23.98

1U 86 128.90
190 4'.l, 61 .¿15

192 41 61 .¿15

't95 f6 23.98
220 3 4.50

2Æ 0.00 HIGH SCI'IOOL

250 16 23.98 WELL #4
260 7 10.49
265 23 34.47
3'to 0.o0 ARCHER GLEN ELEM. SCHOOL

320 0 0.00 WELL #5
3& 6 8.99
370 10 14.99
382 10 14.99

410 7 10.49

420 35 52.Æ

{r0 .)E 52.46

432 0 0.00 WELL #6
Æ 280 419.69
TOTAL= 7Æ 1't21

MAJOR IRRIGATION USERS

REMATTKSNODE
MENT842

R:\¡drawingsÞþ590o20\1 2-98 Revised TABLES 96prcnt.xls 3/499 @1:53 PM



MODEL FOUR
FUTURE-TERM (C¡RCA 201 7)

URBAN GROWTH RESERVE
DEMAND DISTRIBUTION

DEC. 98 REVISION

Major lrrioation Distribution

J-240 = 200 gpm (High School)

Total demand for other users = 642 gpm

'èJ

s.å

s-11

RemarksDemandNode
15o/oJ-160 96.5
15o/oJ-1 70 96.5
25o/o160.5J-1 80

64.0 10o/oJ-182
13.0 2o/oJ-342

2o/o13.0J-344
5o/o32.0J-350
12o/o77.0J-360
4o/o26.0J-380
10o/o64.0J-440
100o/o642.5total

R:\drawings\p\O590020\1 2-98 Revised TABLES 96prcnt'xls 314199 @1:53 PM
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CITY OF SHERWOOD
WATER SYSTEM MASTER PLAN UPDATE

APPENDIX C

NETWORK ANALYSIS MODELING RESULTS
FOR BASE CONDITIONS
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HoÐF.v oNE-GRnv ttl Z¿>uE

Scenario Summary RePort

Base

Scenario Summary

Demand Alternative

Physical Alternative

lnitial Settings Alternative

Operational Alternative

Age Alternative

Constituent Alternative

Trace Alternative

Fire Flow Alternative

Peak Day

Base-Physical

Base-lnit¡al Settings

Base-Operational

Base-Age Alternative

Base-Const¡tuent

Base-Trace Alternative

Base-Fire Flow

Hydraulic Analysis Summary

Analysis SteadY State

Friction MethodHazen-Williams Formula

Accuracy 0.010000

Trials 25

Calibration

Demand Operat¡on

Demand

<none>

0.00

Roughness Operation

Roughness

<none>

o.oo

-¡

GRAV'TV TONE
MODEL ONE - I997
BASE RUN
NO FIRE FLOW
RESERVOIR @375',
ALL WELLS OFF

d:[59OO209551 .wcd
O3lO4/99 11:42:47 AM

.J

..,. a

Rèsourcè Management lntl lnc

@ Haestad Methods, lnc. 37 Brooks¡de Road \ feterbury, CT 06708 USA

Project Engineer: RMI-USERS
Cybernet v3'1 [O71b]

(2O3) 755-1666 Page I of 1
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I{YDRAULIC STATUS:

H-rldraul i c sf- al-us f cl- st eeciv-¡-taÌ: e condl t ion-q

tsa.Lanced
Flow Supplied
FLow Demanded
FIow Storecl
R-l-

Tr.iai-= = 5, Accuracy : 0.00227
a a?O ît ^ññ4- Yp'tt
a ^, ,- O )a ãr.ñ.tLt).-- YYL\I

0.00 gprn
Reservoi:: ÉmPl-Ying

I
I

:l

d:O59OO2O9551 .wcd
O3lO4l99 11142:14 AM

Resource Managam.nt lnfl lnc

@ Haestad Methods, lnc. 37 Brookside Road \ /âterbury, CT 0670g USA

Project Engineer: RMI-USERS
CYbernetv3.l [071b]

(2O3) 755-1666 Page 1 of I
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Node
Label Surface

Elevation
(fi)

lnflow
(spm)

Hydraulic
Grade

(û)

R-1 375 2,279.22 375.00

'.|
:

r|l

rl
.l
n

I
:l
t

l
I

I
I
I

-ì
:¡

Scenario: Base
Steady State AnalYsis

Reservoir Report

Prolêct Engineêr: RMI-USERS

d:059002O\9551 .wcd R.aourc. Managcmrnt lnfl lnc Cybernet v3'1 lO7l bl

Ogt}4tgg 1 1 :43:41 AM @ Haeetad Methods, lnc. 37 Brookside Road Waterbury, CT 06708 USA (2O3) 755-1666 Pege I of 1
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'j

L¡nK
Label

Start
Node

End
Node

Length
(fi)

Material End
Calculatec
Hydraulic

Grade
(fi)

-leadloss
(ft)

Friction
Slope

(fl/rooofr)
(¡n) (gpm)

P-1 0C

P-1 13

P-114
P-1 15

P41e
P-12C

P-122

P-124

P-12e,

P-128,

P-129

P-13C

P-132

P-134
P-14C

P-1 5C

P-16C

P-17C

P-172

P-174

P-17e

P-18C

P-142

P-183

P-18,i.

P-l8!
P-í8€
P-19C

P-192
P-í94
P-19€

P-20C

P-21C

P-2C,

P-23C,

P-232

P-24C

P-242

P-25C

P-26C

P-262

P-27C

P-28C

P-30C

P-301

P-303
Þ-?nÊ

P-307

P-309

P-31C

R-1

J-120
J-120
J-12
J-400
J-130

J-1 30

J-130
J-126
J-126
J-128
J-1ß
J-20
J-140
J-140
J-160
J-160
J-l70
J-170
J-172
J-183
J-180
J-180
J-1 81

J-142
J-l E3

J-l84
J-190
J-192

J-192
J-191

J-1 10

J-zfJp,

J-m
J-æO
J-m
J-240,

J-2&
J-2&
J-260
J-171

J-260
J-270
J-210
J-210

J-302
J-306
J-308

J-310
J-310

J-1 10

J-110
J-122
J-200
J-120
J-120

J-122
J-220
J-1 30

J-l 28

J-129
J-'t 30

J-140
J-126

J-150
J-150
J-170
J-1 80

J-171

J-170
J-172
J-190
J-1 81

J4A2
J-1 83
J-144
J440
J-'t92
J-193
J-194
J-195

J-200
J-210
J-210
J-20
J-344
J-230
J-140
J-250
J-250
J-260
J-270
J-280
J-310
J-302
J-304
J-304

J-306
J-308
J-320

450
920
2AO

670
970
660
610

260
370

1,140
1,360

a20

850
610
980

1,2æ
7AO

1,190
1,190
1,840
1,300

810
530

1,û10
830

1,760
3,4æ

910

2,910
1,a90
2,1æ

370
960
770

1,890
2,260
1,900

2,100
1,360

390
1,450

1,880
970

1,320
1,340

720
1,650

750
560

1,210

16

I
12

I
12

I
I
6
I

10

I
12

I
I

't2
12

12

12

6
10

10

12

10

10

10

10

12

10

10

10
10
14
14

12

14
't2
I

10

I
12

10

12

I
12

I
I
8

12

12

12

Duct¡le lror

Ductile lro¡

Ductile lror
Ductile lror
Ductile lror
Ductile lrot

Ductile lrot

Ductile lrot

Ductlle lror

Ductile lrot

Ductile lrot

Ductile lror

Ductile lrot

Ductile lrot

Ductile lrot

Ductile lror

Ductile lror
Ductile lror

Ductile lror

Ductile lror

Ductile lror

Ductile lror
Ductile lror

Ductile lror

Ductile lror
Ductile lror
Ductile lror

Duc'tile lror

Ductile lror

Ductile lror

Ductile lror

Ductile lror

Ductile lror

Ductile lror
Ductile lror

Ductile lror

Ductile lror

Ductile lror

Ductile lror

Ductile lror

Ductile lror

Ductile lror

Ductile lror

Ductile lror

Ductile lror

Ductile lror

Ductile lror

Ductile lror

Ductile lror

Ductile lror

100.o

100.o

100.o

100.0

100.o

100.o

100.o

100.0

100.o

130.O
'r30.o

1ür.o
100.0

100.o

100.o

100.o

100.0

100.o

100.0

130.0

130.O

130.o

130.O

130.O

130.O

130.O

130.0

130.O

130.O

130.O

130.O

130.0

130.O

100.0

130.O

130.O

130.O

100.0

130.0

130.O

130.O

130.O

130.0

130.0

130.O

130.0

130.O

130.O

130.0

130.O

2,279.22
-277.69

40.47
-275.99

-71 .90

-?or9.24

-22't.06
-131 .90

-141 .89

14.79

0.oo

-413.45
202.æ

-117.73

49o.57
49o.27
3æ.21
1æ.71

17.O4

-58.73

89.32
160.66
€1.92
€1.92

-109.15
-203.19
-2A.æ
r44.53
?5.20
92.93

5l .98

't,æ2.o7
995.30

-554.98
-n7.o3

-41 .63

-24A.67

-227.62

220.89
-155.88

-78.19

34.65
17.O1

304.33
75.51

58.50
-41 .49

-27.63

-7.47
272.77

372.73
372.73
370.16

372.O1

370.16

370.16

370.16
369.79
369.04
368.73
368.73
369.04
368.38
ß4.74
367.29

æ7.æ
365.40
365.25

365.32
365.40

365.34
365.18
365.28
365.35
365.43
366.01

366.58
365.O1

3Ar.99
3&t.90
&.u
372.O1

370.86
370.86
369.79
369.68
369.66
368.38
365.45
385.45
365.40
365.39

365.38
370.49

370.65
370.s8
370.58
370.49

370.49
370.21

2.27
2.57

O.31e-2

1.85

0.03
1.11

1.12

o.74
0.31

0.3e-2
0.(Ð
0.66
1.41

0.36
1.09
't.40

0.49

0.15
o.oa
o.06

o.09
o.07
o.03
0.06
0.09

0,58
o.57
o.17
o.o2

0.11

o.06
o.72
1.'t5
1.O8

o.12
o.o2
2.66
1.38

1.55

0.o5
o.08
0.o1

0.01

o.37

o.21

o.o7
0.09

O.25e-2

0.15e-3
o.28

5.0s
2.79
o.o1

2.76

0.o3
1.69

1.83

2.86
o.83

O.26e-2

0.00
0.81

1.65

0.58
1.12

1.11

0.63
o.13
o.07
o.03
o.07
o.09

0.06
0.06
o.10
0.33
o.17
0.18
o.o1

o.08
o.Gt
1.93
1.19

1.¿lO

o.07
o.o1

1.40

o.66
1.14

0.08
0.06

0.01

0.o1

o.28

0.16
o.10
o.05

Q.33e-2

O.27e-3

o.23

d:059OO2O\9551 .wcd
O3lO4l99 11:43:26 AM
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Link
Label

Start
Node

End
Node

Length
(ft)

Material End Frict¡on
Slope

(fl1OOO,fr)
(in) (spm) (fr)

Hydraulic
Grade

(fi)

P-324
P-330

P-340

P-342

P-344

P-346
P-35C

P-352
P-354
P-356

P-358

P-359

P-360
P-365

P-366

P-37C

P-374

P-38C

P-342
P-40C

P-4O5

P-41C

P4X.
P421
P42,
P4æ,
P424
P4X,
P4æ,
P42?
P42¿
P.43C

P.4:11

P432
P.44T,

J-330
J-330
J-340
J-342
J-344

J-344
J-350

J-370
J-365
J-350

J-352
J-353

J-370
J-360
J-370
J-380
J-344
J-381

J-346
J-1 10

J-4O0

J410
J4æ
J421
J421
J4Ð,
J42,
J424
J428
J4æ
J432
J-430
J4t1
J'431
J4

J-320
J-340
J-350
J-340
J-342
J-346
J-360
J-350
J-350

J-352
J-353
J-354
J-360
J-365
J-U2
J-370
J-380
J-380
J-381

J-400
J421
J-400
J-410
J4n
J4?2
J-431

J424
J428
J426
J428
J128
J4n
J-430
J432
J.{30

530
2,?20
1,A70

620
860
530
740
880
960

680
830
670
530
730

1,880
7æ

1,100
580
480

1,160
1,O80

1,',l80

1,O90

1,460
550
860
860
690

9€O

960
300
900

1,570
I,O50
3,840

12

12

12

10
'to

10

12

I
I
I
b

6

6
I
I

12

I
12

I
12

12

6
6

12

I
8
I
I
I
8
6

12

12

6
12

Ductile lror

Ductile lror

Ductile lror

Ductile lror

Ductile lror

Ductile lror

Ductile lror

Ductile lror

Ductile lror

Ductile lror

Ductile lror

Ductile lror

Ductile lror

Ductile lror

Ductile lror

Ductile lror

Ductile lror

Ductile lror

Ductile lror

Ductile lror

Ductile lror

Ductile lror

Ductile lror

Ductile lror

Duc{ile lror

Duc'tile lror

Ductile lrot

ù¡ctile lro¡

Duc{ilc hor

Ductile lror

Ductile lrot

Duct¡le lrol

Duc{ile ltol
Ductile lrol

Ductile lro¡

130.O
'130.0

130.0

130.0
'130.O

130.0

130.O

130.O

r30.0
130.0

130.0

130.0

130.0

130.0

130.o

130.O

130.O

130.0
't30.0

100.o

130.O

100.o

100.o

130.0

130.O

130.O

130.0

130.0

130.0
130.0

130.0

130.O

130.0

130.O

130.0

-245.64
217.33
116.88

-100.46

-70.53
5.94

32.AO

-10.22

-10.57

29.61

20.16

20.16
-1 .25

-234
-25.43
-22.41

4.59
1.44

5.94

709.45
655.11

€.2.78
47.55
383.38
237.71

109.36
98.74
77.9ñ
16.71

-16.68

19.70

-36',1.75

49.97
19.70

-333.96

370.21

369.77
369.68

369.77

369.68
369.68

369.72

369.68

369.68
369.67

369.62
369.58
369.68
369.68
369.72
369.68
369.68
369.68
369.68

370.13
368.87
370.13
368.70
w.2,
368.15
367.89
367.93
æ7.42
367.81

æ7.82
æ7.82
w.2,
æ7.87
367.63
ß7.87

0.10
0.34
0.09
0.05
0.04

O.24e-3

O32e-2
O.Ue-2
o.1æ-2

o.02
0.05
0.04

0.15e-3

O.2e-2

0.04
O.17e-2

0.95e-3
O.31e4
0.67e-3

2.æ
1.26

1.ß
O.¡18

o.65
o.72

o.z7
o.2
0.11

0.ol
0.01

o.02
0.35
o.02
0.05

1.æ

0.19
0.15
0.o5
o.09
0.05

O.46e-3

O.44e-2

O.38e-2

O.13e-2

o.03
o.05
o.05

O.29e-3

O.27e-2

o.02
o.2k-2
O.86e-3

O.53e-4

O.14e-2

2.24
1.17

1.21

o.44
o.44
1.30
0.31

0.26
o.l6
o.ol
o.o1

o.05
0.39
o.o1

o.05
0.34

-l
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Node
Label

Elevatior
(fr)

Demand
Type

Demanc
(spm)

Demanc
Pattern

Calculateci
Demand

Gpm)

Calculatec
Hydraulic

Grade
(fr)

Pressure
(ps¡)

J-1 10

J-120
J-122
J-126
J-128
J-129
J-1 30

J-144
J-1 50

J-1 60

J-174
J-171

J-172
J-1 80

J-1 81

J-182

J-1 83

J-184
J-190
J-192
J-193
J-',t94

J-195
J-200
J-z'tO
J-20
J-230
J-2&
J-2æ
J-260
J-270
J-2æ
J-æ2
J-304
J-306
J-308
J-310

J-320
J-330
J-340

J-342
J-344
J-346
J-350
J-352
J-353
J-354

J-360
J-365
J-370

305
195

195

195

200
2ù5
195

190

2æ
2æ
210
190
210
210
210
2ù5
200
150
2ù5
195
190

190
2of5

275
190
190
195
210
N
1s.2

225
N
310
270
2&
215
215
190
195

225

215
220
220
245
262
240
255
270
2W
250

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Eþmand

Þemand
Demand

Demand

Ulêmand

Demand
Demand

D6mend

Demand
Demand
Demend

Demand

Demand
Demand
Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

o.oo
37.O2

14.46

9.37
14.79

0.00
6.85

15.56

o.30
130.06

133.72

95.23

148.05

7't.97
0.00

27.23
4.73

25.44
12.13

30.40
25.20

40.95
51.98

æ.79
60.44

13.49

o.(x)

65.21

42.84

17.e4

17.O1

17.O1

17.O1

13.8,6

20.16
39.02
27.v9
28.35

0.00
4.50

18.36

0.oo
33.68

9.45

0.00
20.16

33.93

8.19

14.49

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

F¡xed

Fixed

Fixed

Fixed

Fixed

Fixed

Fked
Fked
Fixed

Fb(cd

Fixed

Fked
Fb<ed

F¡xed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

F¡xed

F¡xed

Fixed

Fixed

Fixed

Fixed

Fixed

F¡xed

Fixed

Fixed

Fixed

F¡xed

Fixed

o.00
37.O2

14.46

9.37
14.79

0.00
6-85

15.56

o.30
130.06

133.72

!r5.23

148.O5

71.97

0.00
27.23

4.73

Æ.44
12.13

30.40
25.20

40.95
51 .98

20.79
60.48
13.49

o.00

2æ.&
65.21

42.U
17.æ
17.O',1

17.O1

17.O1

13.86
?p16
39.O2

27.O9

2435
0.00

4.50
18.36

0.00
33.68

9.45

0.00

20.16
33.93

8.19
14.49

372.73
370.16
370.f6
368.74
368.73
368.73
369.04
368.38
367.29
365.89
365.40

365.32
365.34
365.25
365.28
365.35
365.43
366.O1

365.18
365.O1

3An.99

3An.90

364.44
372.O1

370.86
369.79
389.€€¡

367.00
365.45
365.40

365.39
365.38
370.65
370.58
370.49
370.49

370.4!)
370.21

370.'t1

369.77

369.72
369.68

369.68
369.68

369.67
369.62

369.58
369.68
369.68
369.68

29.29
75.74
75.75
75.13
72.97
70.80
75.26
77.14
72.34
71.74
67.20

75.41

67.'t7
67.13

67.15
69.34
71 .54

93.41

69.27

73.52
75.67
75.63
a9.12
41.95
74.2',1

77.75
75.53
67.89
71 .55

74.æ
ñ.71
71.52
æ.æ
43.49

56.¡ß
67.24
67.24
n.93
75.72
62.61

66.91

64.73

6.4.73

53.92

46.56

56.05
49.55
43.11

34.46

51 .75

cl



Node
Label

Demand
TYPe

)ressure
(psi)(fi) €pm) Pattern Demand

(spm)
Hydraulic

Grade
(fr)

J-380
J-381

J-400
J-410
J420
J-421

J-422
J424
J426
J-428

J-430
J-431

J-432
J440

245
235
210
195
't85

245
235
302
285
257
160

220
250
185

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

28.44

4.50
43.47

34.83

69.57

34.O2

29.61

20.79

33.39
64.26

77.76
39.69

0.00
105.33

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

28.44
4.50

43.47

34.83
69.57
34.O2

29.61

20.79
33.39
64.26
77.76

39.69
o.00

105.33

369.68
369.68
370.13
368.70
36A.22

368.87
368.15

367.93
367.81

367.82
367.A7

367.89
367.83
366.58

53.92

58.24

69.24

75.11

79.23

53.56

57.58

28.51

35.81

47.92
89.89

63.95

50.95
78.52

¡'t
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Scenario Summary RePort

Base

fì

Scenario Summary

Demand Alternative

Physical Atternative

lnitial Settings Alternative

Operational Alternative

Age Alternative

Constituent Alternative

Trace Alternative

Fire Flow Alternative

Base-Average Daily

Base-Physical

Base-lnitial Settings

Base-Operational

Base-Age Alternative

Base-Constituent
Base-Trace Alternative

Base-Fire Flow

Hydraulic Analysis Summary

Analysis Steady State

Fr¡ct¡on MethodHazen-\Mlliams Formula

Accuracy 0.0J0OOO

Trials 25

Cal¡bration

Demand Operation

Demand

<none>

o.oo

Roughness Operation

Roughness

<none>

0.00

r.!

MODEL ONE - PRESSURE ZONE
BASE RUN
NO FIRE FLOW
ALL WELLS OFF
ONE BIG PUMP ON
RESERVOTR @375',
NO pRVs /,Vc,rqDED

Title: O59OO.2O
d:059OO2O\9554.wcd
O3lO4l99 12:46:22 PM

-¡¡

Resource Management lntl lnc
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Pro¡ect Engineer: RMI-USERS
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3a-I ancecì
Fìow Supp,iied
F-Iow Demanded
Fìow Sr-ored
R-1
PMP-1

Tri.aìrr : 5, Àccu:acy = C.001642
278..1 t, Eprn
21ê.16 qpn
0. 00 .¡plrt
Reservoir: EmPt-Ying
Pump: On

I
¡

Title: O59OO.20
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Node
Label

Reservoir
Surface

Elevation
(fr)

Reservoil
lnfow
(spm)

Hydraulic
Grade

Salculated

(û)

R-1 375.OO -278.46 375.00

rl

rt

rl
:
I

n

Scenario: Base
Steady State AnalYsis

Reservoir Report

Title: o59oo.2o Proiect

d:\059OO2O9554.wcd Resourco Managem'nt lnfl lnc

Ogt}4tgg't2:47:16PM @HaestadMethods, lnc. 3TBrooksideRoad Watêrbury,CT0670gUSA (2O3)755-1666
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Link
Label

Shr¡toff
Head

(fi)

Shutofi Design
Head

(fr)

Design

(spm)

Currenl
Statug

Start End Pump
HEad

(û)
(9pm)

(spm) (gpm) Head
(fr)

Hydraulic
Grade

(fr)

Hydraulic
Grade

(fi)

PMP.l 163.68 o.00 128.59 1,063.O7 o.00 2JXì.14 On 375.00 536.89 278.46 161.89

n

Fl
ì
;

4

.I

-ì
t
g
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Steady State Analysis
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Start
Node

End
Node

Length
(fi) (in)

Material loughness End Friction
Slope

(fl/100off)

Link
Label (spm) (fr)

Hydraulic
Grade

(fi)

P-2
P-5
P-'to
P-11
P-12
P-15
P-20
P-22
P-25
P-30
P-32
P-35
P-40
P42
P-45

P-50
P-52
P-53
P-54
P-56
P-57
P-58
P€O
P-65
P-70
P80
P-90

PMP-1-ll
J-1 0

J-1 0

J-11

J-12
J-1 5

J-20
J-25
J:30
J-35

J-30
J-40
J-45
J-ß
J-45
J-50
J-50
J-52

J-52
J-U
J-54
J-56
J-70
J€O
J€O
J-90
J-10

R-1

PMP-1-Ot

J-15

J-1 0
J-r 1

J-20

J-25
J-28
J-25

J-30
J-70
J-3s
J-Æ

J-45

J-60
J-60
J-52

J-53

J-54
J-56
J-57
J-58
J€O
J-48
J-70
J-80

J-90

47
53

1,220
510
990
300
850
570
530
670
690
520
260
470
360
420

1,570
660
2æ
2&
590
620
7AO

370
730

1,290
2æ

16

16

16

I
I

10

10

I
I
I

10

I
I
I
I
I
I
I
I
I
I
I
I
I
I
a

16

Ductile lror
Ductile lror

Ductile lror

Ductile lror

Ductile lror

Ductile lror

Ductile lror

Ductile lror

Ductile lror

Ductile lror

Ductile lror

Ductile lror

Ductile lror

Ductile lror

Ductile lror

Ductile lror

Ductile lror

Ductile lror

Ductile lror

Ductile lror

Ductile lror

Ductile lro¡

Ductile lror

Ductile lror

Ductile lror

Duclile lrot

Ductile lrot

130.O

130.0

130.0

130.O

130.0

130.0

130.O

130.O

130.O

130.0

130.0

130.0

130.0

130.O

130.O

130.O

130.0

130.0

130.0
130.0
130.O

130.0
130.0

130.0
130.0

130.0
130.0

-27A.46

-27A.46

144.25
-47.25
-29.6'l

140.47

125.98
14.49

-106,45
-57.42

15.01

-36.63

-22.14
8.14

22,72
-28.31

34.65
3.78

24.57
8.82
3.78
4.4'.1

61.02
16.43
69.95

83.81

83.81

375.O0

536.89
536.87
s36.89

536.86
536.82
536.70
536.70
536.70
536.55
536.55
536.49
536.47
536.46

536.46
5æ.47
536.40
536,40

s36.39
536.39

536.39
536.39
5,ß.47
536.46
536.55
536.65
536.89

O.28e-2

0.31e-2
o.o2
0.03
0.o3
o.05
0.11

O.42e-2

0.15
0.06

O.18e-2

0.02
O.42e-2

O.12e-2

o.ol
o.o1

0.oo
0.43e-3

O.4Sle-2

O.67e-3

0.31e-3
O.a9"-3

0.o8
o3&-2

o.10
o.24

0.16e-2

0.06
0.06
0.02
0.06
0.03
o.16
0.13
o.01

o.29
0.09

O.27e-2

0.04
0.02

O.26e-2

0.02
0.03
0.o4

0.65e-3
o.o2

o.2æ-2
0.52e-3

0.79e-3
o.10
0.01

o.13

0.19
o.01
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Pipe Report
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Node
Label

Elevation
(fl)

Demand
Type

Oalculatec
Hydraulic

Grade
(fr)

Pressure
(psi)(spm) Pattern Demand

(spm)

J-1 0
J-1 1

J-12
J-15
J-20
J-25
J-24
J-30
J-35
J-40
J-45

J.48
J-50

J-52
J-53
J-54

J-56
J-57
J-58

J.60
J-70
J€O
J-90

335.00

315.00

295.00

385.OO

310.O0

365.00
375.OO

325.OO

380.00
375.O0

395.OO

405.00
410.00
360.00
285.0O

315.00

285.00
250.00
290.00
4n.oo
350.00
300.00
310.0O

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Dêmand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Dcmand

3.15
17.64

29.61

3.78
14.49

5.04
14.49

34.O2

20.79
14.49

7.56

E.19

16.38
6.30
3.74

't1.97

4.41

3.78
4.41

16.38
æ.94
13.86
o.(x)

Fixed

F¡xed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

F¡xed

F¡xed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixcd

3.15
17.64

29.61

3.74
14.49

5.04
14.49

34.O2

20.79

14.49

7.56
8.19

16.38

6.30
3.78

11.97

4.41

3.78
4.41

16.38

23.94
13.86
o.00

536.89
536.86
536.83
536.87
536.82
s36.70
536.70
536.55
536.49
536.47

536.46
536.46

536.46
536.40
536.40
536.39
536.39

536.39
536.39
5,36.47

536.55
536.65
536.89

87_30

95.94
104.57

65.67
98.08
74.25
69.92
91 .48

67.67
69.82
61 .17

56.85
54.68
76.24

10,a.71

sß.74

108.71

173.A5

106.55
50.36
80.67

102.33
98.11
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Scenario Summary RePort

BASE @375
¡ì

Scenario Summary

Demand Alternative

Physical Alternat¡ve

lnitial Settings Alternative

Operat¡onal Alternat¡ve

Age Alternat¡ve

Constituent Alternative

Trace Alternat¡ve

F¡re Flow Alternat¡ve

BASE RUN

BASE WITH RESERVOIR @ 375

Base-lnit¡al Settings

Base-Operational

Base-Age Alternative

Base-Const¡tuent

Base-Trace Alternative

Base-Fire Flow

Hydraulic AnalYsis Summary

Analysis SteadY State

Friction MethodHazen-\Mlliams Formula

Accuracy O.0O10OO

Trials 40

Calibration

Demand Operation

Demand

<none>

o.oo

Roughness Operat¡on

Roughness

<none>

0.oo

Ì

,J

Created: 12l29PA

CITY OF SHERWOOD-MODEL TWO
GRAVITY ZONE
IMMEDIATE FUTURE (1 999)

BASE RUN
. NO FIRE FLOW
. RESERVOIR AT 

"75- ALL WELLS OFF

d:þ59OO20\9671 .wcd
O3/O4l99 O2:14:53 PM
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@HaestadMethods,lnc3TBrooksideRoadWaterbury,cTO6TOBUSA
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I.{YDRAULIC CTATIJS:

I{ydrar:lr,: sta¡-L:s for sr-eady-star-e corrditions

Balanced
FIow SuPPlied
FÌow Demanded
Fl-ow Stored
R-1

29.2-t gpm
29.27 gpm
o gpm

Reservoir: EmPtYj.ng

Trials = 6, AccuracY = 0'000698
ao

Zt ô

0.0

d:þ59OO2O9671.wcd
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Node
Label

Reservoir
Surface

Elevation
(fi)

ìeservoil
lnf,ow
(gpm)

Calculated
Hydraulic

Grade
(fr)

R-1 375 2,829.27 375.00

n

r'!

rl
.l
tI

I
¡

1
I

I
1

I
¡

I
I

:l

J

l
-t
J

J

J

J

J

Scenario: BASE @375
Steady State AnalYsis

Reservoir RePort
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Proiect Engineer: RMI-USERS
Cybernet v3.1 [O71bl

Page 1 of 1

c -tl



u¡

-t

P-1

P-1

P-1
P-1

P-1

P-1
P-1
P-1

P-1

P-1

P-l
P-1

P-1

P-1

P-1

P-1

P-1
P-1
P-1
P-1

P-1
P-1
P-1

P-l
P-1

P-1

P-',l

P-1

R-1

J-1

J-1

J-1

J-1

J-400
J-1 30
J-1 30
J-130
J-126
J-126
J-128
J-1

J-180
J-182

J-1 40

J-1

J-1

J-1

J-l
J-1

J-1

300
250
920
280
670
970
660
610
2AO

370
1,140

1,360

420
850
610

980
1,260

780
1,A70

1,190

1,190
1,W
1,300

810
1,740

43f)

1,7æ
3,420

910

2,910
1,390
2,1æ

370
960
770

1,890
370

2,æO
1,530
2,1æ
1,360

590
1,450
1,880

970
1,320
1,560

720
2,130

750

Scenario: BASE @975
Steady State AnalYsis

Pipe Report

J-1

J-1

J-1

J-1

J-1

J-1

J-1

J-1

J-1

J-1

J-1

1

I

16 Ductile

16 Ductile

I Ductile

12 Ductile

I Duct¡le

12 Ductile

I Ductile

I Ductile

I Ductile I

Duct¡le I

10 Ductile I

I Ductile

12 Ductile

I Ductile

Ductile

't2 Ductile

12 Ductile

12 Ductile

6 Ductile

12 Ductile

6 Ductile

10 Duc-tile

10 Ductile

12 Ductile

10 Ductile

J,1

J-1

J-1

J-1

J-l
J-1

J-l
J-1

J-t
J-1

J-

J-1

J-1

J-1

J-1

26
50

J-171

J-1

J-171

P-1

P-1

P-1
P-1

J-l
J-193
J-194

J-11

P"231 J-231

J-2æ
J-231

J-240 J-1

J-',t71

J-250
J-260

J-270
J-2AO

J-310
J-302P-301

d:\O5900209671.wcd
O3lO4l99 02!1537 PM

J-1

J-1

J-1

J-1

J-1

10 Ductile

10 Ductile

12 Ductile

10 Ductile

10 Ductile

10 Ductile

10 Ductile

't4 Ductile

14 Duc-tile

12 Ductile

't4 Ductile I

14 Ductile

12 Ductile

I Ductile

10 Ductile

I Ductile

12 Ductile

lo Ductile

12 Ductile

I Ductile

12 Duct¡le

I Ductile I

I Ductile I

I Ductile I

12 Ductile I

Resource Managemênt lntl lnc

O Haestad Methods, lnc. 37 Brookside Road Waterbury, CT 06708 USA

Proiect Engineer: RMI-USERS
Cybernet v3.1 [O71b]
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c!-18

P-21

J-21

J-21

J

J

Link
Label

Start
Node

End
Node

Length
(ñ)

Diametet
(in)

Material ìoughness End Friction
Slope

(f,/rooofr)
(spm) (ft)

Hydraulic
Grade

(fr)

roo.0
100.0
100.0
100.0
100.o
100.0
100.o
100.o
100.o
100.o

130.O

130.0
100.o
100.o

100,0
'too.o

100.o
roo.o
130.O

100.o
1(x).o

130.0
130.O

130.0
't30.o

130.O

130.0
130.O

130.O

'130.0

130.0
130.0

130,0
130.O

loo.o
130.0

130.0
130.O

130.0
1(x).o

130.O

130.0
130.O

130.O

130.O

130.O

130.O

130.0
130.O
't 30.0

2,829.27
1,925.93
-303.00

24.14
-282.24

35.68
-276.57
-291.79
-136.06
-175.58

14.98

o.oo
-521 .59

1A7.10

-150.82
591 .04

-590.66

400.36
43.82

227.93
-26.03

47.79
101.32

247.æ
-122.55
-161.79
-269.25

-æ2.26
æ1.26

69.16
127.9i
77.æ

't,õ22-93
1,319.75
-703.n
-366.19

2æ.78
99.41

266.78
-251 .94

261.62
-194.57

-79.08
72.34
36.17

444.O1

a7.33

87.33

-70.20
-49.90

372.90
371.93
371.93
368.91

370.83
368.91

368.91

368.91

367.24
367.O4

366.58
366.58
367.O4

366.02
366.58

3Af.48
3A1.48

361.91

362.08

361.59
362.08
361.91

361 .87

361.42

361.81

361.98

362.96
363.91

361.ø
360.92
360.85

360.73
370.83
368.90
368.90
36,7.24

366.84
366.79

341.36
366.02
362.23
362.23
362.16
362.12
362.08

368.14
368.59
368.44
368.44
368.15

2.10
0.98
3.O2

O.12e-2

1.93

0.01

1.87

1.87
o.19
0.46

O.31e-2

0.00
1.O2

1.21

0.56
1.54

1.97

o.60
o.43

o.32
o.17
o.04

o.1.2

0.16
o.2
o.18
o.97
o.95
0.38
0.13
o.n
o.12
1.O9

1.93
1.67

0.36
o.04
0.09

2.48
1.66

2.13
o.07
0.08
0.04
0.04
0.76
o.32
o.15
o.29
o.o1

6.99
3.90
3.28

O.41e-2

2.88
o.01

2.83
3.06
o.75
1.24

O.27e-2

o.00

1.24

1.43

o.92
1.58

1.57

o.77
o.23
o.27

o.14
o.o2
0.09
o.20
o.l3
o.21

o.55
o.28
o.42
o.o4
0.'14

o.05
2.55
2.O1

2.17
o.19
o.11

0.04
1.62

o.79
1.s6

o.12
0.06
o.o2
0.04
0.58
0.20
0.20
o.14
o.o1
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c-tg

End
Node

Length
(ft)

Material End Friction
Slope

(ñ/1ooofi)
L¡nK
Label

Start
Node (in) (gpm) (fr)

Hydraulic
Grade

(ñ)

560
1,210

530
2,220
1,870

620
860
450
530
740
880
800
680
830

670
530
650

730
1,880

730
1,100

580
310
480
390
770
890

1,160
1,080
1,180
1,O90

1,460
e50
860
860
690
300
900

1,570
1,O50

3,840

130.O

130.0

130.0

130.O

130.O

r30.o
130.O

130.O

130.0

130.O

130.0

130.o
130.O

130.o

130.0
130.o
130.O

130.0
130.O

130.0
130.O

130.0
130.0

12 Ductile

12 Ductile

12 Ductile

12 Duct¡le

12 Ductile I

10 Ductile I

10 Ductile

12 Ductile

10 Duot¡le

12 Ductile ¡ro

8 Ductile

I Ductile

I Ductile

12 Ductile

12 Dt¡ctile

12 Duct¡le I

I Duct¡le

I Ductile

I Ductile

12 Ductile

I Ductile

12 Ductilc

I Ductile

I Ductile

I Ductile I

I Ductilc

Ductile

Ductile

Duotile

Duct¡le

Ductile

Ductile

Duct¡lê

Ductile

Duc'tile

Ductile

Ductile

Ductile

Duct¡le

Ductile

Ductile

I
12

't2
6
6

12

I

130.O

130.0

130.0
130.o

100.o
130.0

I
I
I

100.0
100.o
130.O

130.O

1:r0.u

130.O

130.O

130.O

130.0

130.0

130.O

130.O

fo
12

12

't2

12

-12.46

426.20

-348.79

251.O8

140.32

-110.76

-55.16
71.21

61 .63

26.29
-3.59
-9.50
4A.22

32.99

32.99
2A.67

o.24
3.58

-32.48
16.71

32.10
36.90
31.10

28.92
16.21

23.'t4
-25.o4

-903.34
732.11

-91.77

-56.09
4Í¡6.10

æ1.74
1æ.32
102.ß

81 .46

-15.47

-419.12

105.02

-15.47

-442.42

368.14
367.50
367.s0
366.87
366.74
366.87

366.81

366.78
366.76
366.74
366.74
3æ.74
366.70

366.69
366.69

366.74
ffi.74
366.74
366.81

366.79
372.Ð
æ7.37
368.92
367.19
366.55
366.51

3r¡o.15

366.28

366.15
366.15
366.55
366.09

366.15
366.09

366.74
366.75
366,75
366.75
366.75
366.76
366 76

O.43e-3

o.64
0.19
o.44
o.13
o.o7
0.03
o.o1

o.02
O.22e-2

O.34e-3

O.23e-2

o.o5

O.38e-2

O.31e-2

O.35e-2

o.01

o.o2
3.98
1.55

1.73
o.al
o.82
o,86
o.s6
o.24
o.12

o.82e-3
0.46
o.06

Al2e-2
2.18

O.19e-2

O.3le-4
O.31e-4

o.06

O.95e-3

o.04

O.33e-2
o.o1

o.01

0.76e-3
o.53
o.36
o.20
o.o7
0.11

o.03

o.o2
0.04

o.3e-2
O.38e-3

O.28e-2
o.07

O.46e-2
o.4æ-2
0.36e-2
O.47e4
O.42e-4

0.03

o.1*-2
0.03

0.o1

o.03
0.03
o.o1

o.o2
o.o2
3.43
1.43

1.46

0.59
o.56

1.5ô

o.12
0.28
0.18

O.27e-2

0.51

o.04

01'le-2
o.57
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c-70

(ps¡)Hydraulic
Grede

(fi)

Pattern Demand
(gpm)

Demand
(spm)

Node
Label (fi)

Demand
Type

18.55

28.94
75.20
75.20

74.20
72.O4

69.87
74.40
76.12
7't.'t3
70.27
65.69
74.41

65.67

65.55
67.81

70.o5
92.OS

67.64
71 .80

73.91

73.88
67.34
41.44

Tt.36
76.64
74.33
74.31

66.75
70j3
73.æ
59.30
70.09
36.15

42.57

55.42
æ.2
66.22
76.76

74.51

61 .35

65.65
63.47
67.80

63.46
52.65
45.27

54.79
48.30
41 .83

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fhed
Fixed

Fixed

Fked
Fixed

Fked
Fixed

Fked
Fixed

Fixed

Fked
Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

0.00
o.o0

37.97
14.59
9.78

14.98
0.00
7.25

16.53
o.38

146.Æ
150.68

96.86

149.11

103.48
39.24

6.14

33.01

15.74

u.14
69.16
50.76

77.n
n.94
a1.22
13.U
o.00

o.oo

257.1',|

d7.05
43.15
æ.17
æ.17

0.00
17.13
20.30
37.44
34.26
77.41

97.71

0.00

23.12
32.63

3.',t7

16.50
5.2.72

15.23

0.00
32.99
51 .14

372.90
371.93

368.91

368.91

366.58
366.58

366.58

367.O4

366,02
364.48
362.51

361.91

362.08
361 .87

361.59
361,81

361.98

362.96
361.42
361 .04

360.92
360.85

362.23

362.16
ß2.12
362.08
368.59
w.44
368.15
368.14

368.14
367.50
367.31

366.87

366.81

366.78

366.79
366.76

366.74

366.70
366.69

366.69
366.74

360.73
370.83
368.90
367.24

366.88

366.84
3An.36

0.oo
0.00

37.97

14.59

9.78

14.98

0.00
7.25

16.53

0.38

146.48

150,68

96.86

149.11

103.48

39.24

6.14

33.01

15.74

34.14

69.16
50.76

77.20
20.94

81.2
't3.84

0.oo
o.00

257.1',|

67.05
43.15

æ.'t7
æ.'t7
0.00

17.13

20.30
37.44

u.re
77.41

97,71

0.00

23.12
32.63

3.17
16.50

52.72

15.23

0.00
32.99
51 .14

J-171

J-172
J-1 80
J-1a2
J-183

J-21

J-æO
J-æ1
J-240

J-31

J-330
J-340
J-342

J-1

J-1

J-1

J-1

J-l
J-1

J-1

J-1

J-1

J-1

J-1

J.1

J-1

J-

J-1

J-1

J-1

J-1

330
305
195
'r95

195

2AO

2ù5
195

190

200
200
214
190

210
2to
205
200
150

2ù5
195

190

190

205
275
190

190

195

195

2',to

m
192
25
200
285
270
2Æ
215
215
190

195

225
215
220
210
220
245
262
240
255
270

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

f)emand
Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand



Node
Label

Elevation
(fr)

Demand
Type

Demand
(spm)

Pressure
(psi)Pattern Demand

(spm)
Hydraulic

Grade
(fr)

J-365
J-370
J-380
J-381

J-æ2
J-384
J-400
J-410
J-420
J421
J-422
.t4?4
J-424
J-430
J-431

J432
J-440

290
250
245
235
230
225
210
195

185

245
235
302
257
r60
220
250
185

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

13.32

24.11

52.30

23.12
8.25
't.90

43.74

35.68
73.08
34.26
29.82
20.94
65.99
81 .32

39.97

o.ü)
140.56

Fixed

F¡xed

F¡xed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

F¡xed

Fixed

Fixed

Fixed

Fixed

Fixed

13.32

24.11

52.30
23.12
a.25

1.90

43.78

35.68
73.08
34.26
æ.e2
20.94
65.99
81.32
39.97

0.00

140.56

366.74

366.74

366.75
366.75
366.76
366.77
368.92
367.19
366.55
367.37
366.51

366.28
366.15

366.O9

366.15
366.15
363.91

33.19
50.48
52.65
56.97
59.14
61 .31

6A.72

74.46

78.51

52.92
56.87
27.80
47.20
a9J2
63.20

50.23
77.37
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Scenario Summary RePort

CAtE o¡:L ' ¡Ja -IAAds lrrr-s ioto h^;l\)
4170 gPm INFLOW @ J430

Scenar¡o Summary

Demand Alternative

Physical Alternative

lnitial Settings Alternative

Operational Alternative

Age Alternative

Constituent Alternative

Trace Alternative

Fire Flow Alternative

4170 rN @ J-430

Base-PhYsical

Base-lnilial Settings

Base-OPerational

Base-Age Alternative

Base-Conslituent
Base-Trace Alternative

Base-Fire Flow

Hydraulic AnalYsis Snmmary

Analysis Steady State

Friction MethodHazen-Williams Formula

Accuracy 0'OO10OO

Tr¡als 25

'ì
Calibration

Demand OPeration

Demand

<none>

o.o0

Roughness OPeration

Roughness

<none>

o.oo

b¡

Created: 01/04/199 11:57:16 AM

CITY OF SHERWOOD.MODEL FOUR

GRAVITY ZONE

['ÄY,?ï'1',îöFli-fä3'f;) &,r u " Ê.u^)
BASE RUN
NO FIRE FLOW
ALL WELL6 OFF
RESERVOIR AT 375'
P-1OO & P-11O (24"\

J-43O INFLoW = 4170 gPm (6 MGD)

NO TRANSMISSON MAIN TO REoERVOIR
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HYDRAULIC SìTATUS:

i{ydra:-rlic statlls fo¡ sl--eady-state conCi*-rons

Ba.I arrced
FIow SuPPlied
F.low Demandeci
FÌow Storeo
R-1

Trials = 5, Àccuracy = 0'000108
6,C82.95 gpm
6tO82.95 gPm

0.0C gpm
Reservoir: EmPt-Ying

-t
I

:l

-l
,]

I

I
I

.l

d:059OO2OVn5-1 -4-99.wcd
O3l}4tgg 01 :58:46 PM @ Haestad Methods, lnc'

Rcsource Manag.m.nt lnfl lnc

37 Brookside Road \ /aterbury, CT 0670A USA

Pro¡ect Engineer: RMI-USERS
Cybernet v3.1 [O71b]

Pãge 1 of 1(2O3) 755-1666 c-yl



Node
Label

Reservoit
Surface

Elevation
(fr)

Reservo¡r
lnllow
(spm)

lalculated
Hydraulic

Grade
(fr)

R-1 375 2,024.96 375.0O

n

n

n
I
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Scenario: 4170 gpm INFLOW @ J430
SteadY State AnalYsis

Roservoir RePort
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End
(û)

Friction
Slopc

(fl/looofr)
(Epm)

Hydraulic
Grade

(fr)

MaterialLength
(ñ) (in)

Start
Node

End
Node

L¡nK
[-abel

0.32
0.65
4.32
o.44
2.20
6.55
6.8'l

9.18
5.96
3.25
4.85
l.5s
2.97
3.23

2.33
1.14

1.03

0.48
o.o2
0.46
o.4'l
0.15
2.39
5.08

2.æ
0.68

O.66e-3

o.08
0.20
o.o1

0.36
7.O9

5.63
3.87
1.61

0.76
0.48
o.45
o.12
0.40
o.41

0.69

2.06
1.98

4.12

0.39
o.22

0.66
o.26
0.04

374.90
374.74
374.74
370.65
372.12
370.77
370.77
370.65
363.50
365.05
365.05
361 .O7

363.32
361 .07

35? 03

353.84
350.68
351.38
352.03
352.06
350.3'l
3so.94
352.93
361.98
371.O7

340.68
349.68
349.53
349.78
349.77
350.94
37212
36ö.52
366.52
363.50
360.06
360.34
359.15
360.06
360.O1

359.39
359.39
356.91

361 .07

351 .30

351 .30

351 .06

350.00
349.75
349.75

0.10
0.16
3.97
o.12
1.47

6.75
5.72
5.60
1.55

1.72

3.98
2.43
2.28
7.22
1.81

2.46
1.34

0.65
o.03
0.87
0.38
0.26
1.99

9.05
9.09

0.63
O.19e-2

o.15

0.25
o.o1

1.16

2.æ
5.60
3.O2

3.15
o.28
1.19

0.91

0.05
o.62
0.62
o.44
3.15

4.15
5.61

o.25
o.32

1.06

o.25
0.07

2,O24.96

2,959.61

-351 .58

æ7.41
-243.49

1,276.36
1,287.37

-52A.51

41A37

-297.44

1,089.02
201.06
-284.25

1135.02
728.W

e22.O1

470.77

107.11

42.24

2M.27
362.74

-133.42

-597.U
€¡93.72

1,022.62
30f .29

7.',t5
95.77

-157,40
23.98

-u8.42
2,608.03

zW.33
-962.ß

1,1&1.o8

735.94

-4O3.Og

134.39
-281 .61

-126.22

127.56
-169.74

303.81

-413.20

441 .52

-364.11

164.60

480.37

179.30

-104.16

Ductile

Ductile lro

Ductile

Ductile

Ductile

Ductile

Ductile

Ductile

Ductile

Ductile I

Ductile

Ductile

Ductile

Ductile

Ductile

Ductile

Ductile

Ductile

Ductile

Ductile

Ductile

Duclile

Ductile

Ductile

Ductile

Ductlle

Ductile

Ductile

Ductile

Duc-tile

Ductile

Ductile

Ductile

Ductile

Ductile

Ductile

Ductile

Ductile

Ductile

Ductile

Ductile

Ductile

Ductile

Ductile

Ductile I

Ductile I

Ductile

Ductile

Ductile

Ductile

130.0

130.0
't00.0

100.0

100.0

100.0

100.0

100.0

100.0

100.o

100.0

100.o

100.o

130.0

100.o
130.0

100.0

100.o

130.0

130.0

r30.0
130.O

130.0

130.0

130.0
130.0

130.0

130.0

130.0

130.0

130.o
130.0

130.0
100.0

f 30.0
130.0

130.0

r30.0
130.0

130.0

130.0

130.0

130.0

100.0

130.0

130.O

130.0

130.0

130.O

130.0

J-220
J-1 30

J-1 30

J-171

J-172
J-190

J-1e2

J-2'l

J-81

J-231

J-234
J-235

J-280
.J-280

J-1

J-1

J-1

J-1

J-1

J-1

J-l
J-1

J-1

J-1

J-1

J-
J-1

J-1

J-1

J-'l

J-1

1

1

J-1

J-1

J-1

J-1

J-'l

300
250
920
280
670

1,O30

840
6't0
2æ
530

820
1,530

760

2,2&
780

2,170
1,300

1,340

1,910
1,470
9n

1,7Æ
830

1,780
3,420

9:t0

2,910
1,770
1,m
1,5æ
3,210

370
960
780

1,960

370
2,510
2,O30

470
1,550

1,5n
630

1,530

2,100
1,360

630
1,460

1,610
970

1,850

14

12

14

14

12

I
14

I
I
I
I

10

I
12

10

12

10

12

24
24

I
12

I
12

12

I
I
I

12

I
I

12

12

I
12

I
10

10

12
'to

10

10

12

10

10

10

10

10

12

14

P-1 1

P-11

P-11

P-11

P-1',!

P-1

P-1

P-1

P-1

P-1
P-1

P-1

P-1

P-1

P-'l

P-1
P-'l

P-17

P-21

P-231

P-1

P-1

P-1

P-1

P-1

P-1

P-1

P-1
P-1

P-1

P-1

P-1

P-1

J-1T¿

J-400
J-1 30
J-1 30

J-171

J-196

J-345
J-231

J-234

J-231

J-171

J-260
J-265
J-1 93

J

R-1

J-1

J-1

J-1

J-1

J-'l

J-1

J-1

J-1

J-1

J-1

J-1

J-1

J-l
J-1

J-1

J-1

J-1

J-1

J-1

70

J-l
J-1

J-1

92

94

J-t
J-1

c-t'l
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End Friction
Slope

(fr/1o00'fi)
(ñ)(spm)

Hydraulic
Grade

(fr)

Mater¡al
(in)

End
Node (fi)

Link
Label

Starl
Node

3.06
't.o2

1.O2

0.31

o.37
1.39

1.15

0.88
0.59
0.46
o.97
0.03

o.82
o.62
o.12
0.08
o.28
o.71

0.16
o.o2
0.07

0.01

1.65

o.21

o.'t2

0.10
o.15
o.z7

0.11

o.37
o.37
0.18
2.25
4.58

3.27
3.55

2.O4

5.68
6.20
0.o1

o.o2
8.34
1.18

0.01

5.47

o.74
o.21

o,o2
o.o1

%2.44
364.90
362.O4

362.O4

362.27
360.80
360.80
358.86

358.86
358.53
358.14
358.12
358.12
358.14
358.31

358.53

358.58
358.83
358.75
358.33
358.31

358.31

357.06
357.27
358.33
3ffi.32
358.32
358.58
358.39
358.50
358.60
358.60
358.95
359.15
374.æ
æ2.Æ
377.52
381.60
æ5.71
385.76
391 .27

391 .26

391 .26

385.71

393.22

391 .26

393.22
356.61

357.06

4.O4

1.61

2.86
o.23
o.21

1.68

0.61

1.33

0.73
0.33
0.40
0.01

o.85

0.86
o.22
0.05
o.25
o.32
0.08
0.02
0.o,8

0.01

1.25

o.22
0.06
o.01

o.o'l

0.20
0.11

o.33

0.10
0.15
o.35
0.20
2.61

4.95
4.08
4.11

3.25
3.29
5.52
0.01

O.44e-2

7.51

1.95

0.01

22,15
5.43
o.44

1,102.96
209.72
209.72
318.46
352.97
719.94
€50.37
562.44
-15,5.M
395.31

203.52
33.24

-160.29

-160.27

189.61

14.14
-58.50

219.24
102.05

-18/..41

12o.47
jæ.67
-38.86

934.65
1,372.v

877.6
916.49

-875.53

98.10
187.97
463.OO

136.61

-78.51

50.o9
12.68

266.05
-254.33
191 .00

10,77

-526.86
-553.02

19.26

-38.62

1,896.80
-654.87

45.86

1,506.31

510.37
-256.s8

Ductile I

Ductile

Ductile

Ductile

Ductile

Ductile

Ductile

Duct¡le I

Duotile I

Ductile

Ductile

Ductile

Ductile

Ductile

Ductile

Ductile

Ductile

Ductile

Ductile

Ductile

Ductile

Ductile

Ductile I

Ductile

Ductile

Ductilc

Duclile

Ductile

Ductile

Duotile

Ductile

Ductile

Ductile

Duc-tile

Ductile

Ductilc I

Ductile

Ductile

Ductile

Ductile

Ductile

Ductile I

Ductile I

Ductile

Ductile

Ductile

Ductile

Ductile

Ductile I

130.0

130.0

130.0

130.0

130.0

130.0

130.O

130.O

130.0

130.0

130.0

130.0

130.0

130.0

130.0

130.0

130.0

130.0

130.0

130.O

130.O

r30.0
130.O

130.0

130.0

100.o

100.0

130.0

130.0

130.0

130.0

130.O

130.0

130.0

130.0

130.0

130.0

130.O

130.0

130.o

130.0

130.0

130.O

130.0

130.0

130.0

130.0

130.o

130.O

o
I
I

12
I

12

I
E

6

12

12

12

12

I
12

I
I
8
I

12

10

10

12

10

12

I
I
I

12

12

12

I
I

12

12

12

12

12

12

I
I
I

10
't2

12

12

12

12

12

J-330
J-332
J-331

J-21

J-21

J-31

J-31

J-344

J-352

J-346

J41
J420
J42'l
J421

J431

J-431

J-431

J-440

J-31

J-304
J-306

J-331

J-331

J-334

J-346

J.3G5

J-384

J421

J41
J420
J422
J-431

J-432
J-430

J-1

1,320
1,580
2,800

750
560

1,210
530

1,510

't,250
710
410
360

1,370
1,390
1,890

620
880
450
530
740

1,O90

1,040
760

1,O30

530
630

1,580
2,tn
7û

1,210
850
410
960

1,O80

.1 ,160
1,O80

1,250
1,160
1,590

580
890

1,O80

290
900

1,650

1,050
4,O50

7,380
2,150

P-31

P41

P421

P-431
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(.-y7

(psi)Demand
(spm)

Hydraulic
Grade

(ft)

Pattem
Demand

(spm)(fr)
Demand

Type
Node
Label

19.42

30.16

76.01

75.95
72,79

73.53
73.97

66.53
61.42

69.79
61 .43

60.84

63.11

66.13

91.67

62.84

66.89

69.05

68.99
62.60

æ.77
42.æ
76.33

75.O3

71.50
69,22

84.87
58.11

63.53

65.43
68.78

62.70

66.92
34.55
52.77

63.68

63,77

73.86

71.43

64.37

55,41

53.25

44.23

57.74

62.09
60.04

64.50

60.00
49.O0

41.11

0.00
0.00

43.16
12.80

13.23

11 .00

26j2
184.10

193.26

164.53
202.O3

241 .44

115.81

51.81

128.90
61 .45

198.37
111.31

253.24
23.98

166.97

17.81

71.24
15.63

25.ù5
16.14

27.83
84.04

275,ß
.77.41

48.34
301.O7

75.14
0.00

17.81

u.51
30.05
69.57
87.94

11 69

28.38
10.o2

66.23

1æ.27
31 .37

36.37
35.62
16.14

64.84
263.81

374.90
374.74
370.77
370.65
363.32

365.05
361 .07

353.84
352.O3

351.38
352.06
350.68
350.94
352.93
361.98
350.31

349.68
349.68

349.53
349.77
349.78
372.12
366.52
363.50
360.34
360.06
3ö0.01

359.39

356.91

351.30

351.06
350.00
u9.75
364.90
362.O4

æ2.27
362.48
360.80
360.19
358.86
358j2
358.'14

357.27
358.53

358.58
358.83
359.15

358.75
358.31

357.06

0.00
0.00

43.16
12.80

13.23

11.00

26,12

184.10

193.26

164.53

202.O3

241.44
115.81

51.81

128.90
61.45

198.37

111.31

253.24
23.98

166.97
17.81

71.24
15.63

25.05
16.14

27.83
a4.o4

275.44
T7.41

48.34

301.07
75.14

0.00
17.81

34.51

30.05
69.57
87.94

11.69

28.38
10.02

66.23

1æ.27
31 .37

36.37
35.62

16.14

64.84

263.81

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed
Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fked
Fixed

Fixed

Flxed

Fked
Fixed

Fixed

Fked
Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demend

Demand

Demand

Demand

Demcnd

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

J-170
J-171

J-194
J-195

J-21

J-81
J-234
J-735

J-308
J-310

J-331

J-340
J-342
J-344
J-345

J-1

J-1

J-1

J-1

J-1

J-1

J-1

J-1

J-1

J-1

J-1

J-1

J-1

J-1

J-1

J-l
J-1

330
305
195

195

195

195

190
200
210
190

210
210

205
2æ
150

2ù5
195
190

190
2ù5
200
275
190
190

195

m
210
225
210
200
192
æ5
195
285
2&
2'15

215
190
195

210
230
235
255
225
213
220
210
220
245
262



Node
Label

Elevatior
(fi)

Demand
Type

Demand
(gpm)

Demand
Pattern

Calculatec
Demand

(spm)

Salculatec
Hydraulic

Grade
(fr)

Pressure
(psi)

J-360
J-365
J-370
J-380
J-382
J-344
J-40O

J-410
J-420
J-421

J422
J-428

J-430
J431
J432
J44o
J-500

270
290
250
245
230
230

210
195

185

245
235
255
160

220
250
185

210

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Denra¡rd

lnflow
Demand

Demand

Demand

Demand

87.57

12.24

36.69

67.18

56.73
87.94

38.40

39.43

104.78

30.05
26.16

57.88
4,057.99

36.73
7.24

483.69
766.95

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

F¡xed

Fixed

Flxed

Fixed

Fixed

Fixcd

Fixed

Fixed

F¡xed

Fixed

Fixed

87.57
12.24

36.69

67.18

56.73
87.94
38.40
39.43

104.74

30.05
26.16
57.88

-4,057.99

36.73
7.24

483.69
766.95

358.33
358.32
358.39
358.50
358.60
358.95
377.52
381 .60

385.71

382.46
385.76
391 .26

393.n
391 .27

391 .26

371.O7

356.61

38.20
29.54
46.87

49.08
55.61

55.76
72.44
80.69
86.80
59.44

65.19

58,92
100.85
74.06
61 .09

80.46
63.40

l'l

d:Ð59OO2OVn5-1 -4-99.wcd
O3lO4t99 01 :59:32 PM @ Haestad Methods, lnc.

Scenario: 4170 gPm INFLOW @ J-430

SteadY State AnalYsis
Junction RePort

Resource Management lntl lnc
37 Brookside Road Waterbury, CT 06708 USA

Proiect Engineer: RMI-USERS
Cybernet v3.1 [O71b]
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rl Ct*r3 OF 9nEndoo¡
Scenario Summary RePort

¡'to aF-L -TL¿ O
PRESSURE ZONE

Scenar¡o Summary

Demand Altemative

Physical Altemative

lnitial Settings Altemative

Operational Alternalive

Age Altematve
Constituent Altemative

Trace Altemative

F¡re FlowAltemative

Demand-12-98 REVISED

Base-PhYsical

Base-lnitial Settings

Base-Operational

Base-Age Altemative

Base-Constituent

Base-Trace Altemative

Base-Fire Flow

,l

Hydraulic Analysis Summary

Analysis SteadY State

Friction MethodHazen-Wlliams Formula

AccutaoY O'0O100O

Triale 4A

-t
Calibration

Demand Operation

Demand

<none>

o.00

Roughness Operation

Roughness

<none>

o.00

l

Created: 2fæPA O2:4f :18 PM

CITY OF SHÊRWOOÞMODEL TWO
PRESSURE ZONE
IMMEDIATE FUTURE (1999)

NO FIRE FLOW
RESERVOIR @375',
SMALT PIJMP
w/ 1? IMPELLER

P-70 = 8'
P-8O = 8"

Title: O59OO.20
d:OSgOO2OVnodel two.wcd
O3t}4lgg O2:18:O7 PM @ Haestad Methods, lnc'

R.source Managcmcnl lnfl lnc

37 Brookside Road l faterbury, CT 06708 USA

Proiect Engineer: RMI-USE RS

Cybernot v3'1 fO71 bl
(2O3) 755-1666 Page 1 of 1
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I
J

J

J

J

J

HYDRAULIC SÎATUS:

HydrauJ.ic status ior steady-state conditions

Bal-anced
F.low SupPlled
Flow Denancied
FIow Stored
R-1
PMP-1
PRV-1
PRV-2
PRV-3
PRV-4

T::al-s = 5, Accuracy = 0'000606
359.79 gPm

359.79 gPn
0.00 gpn
Reservoir: EmPtYing
Pump: On

PRV: Active, Setting = 49"77 Ps:-
PRV: Active, Setting = 54'1'0 Psi
PRV¡ Active, Setting : 64'92 Psí
PRV: Active, Setting : 49'77 Psi

Title: O59OO.20

d:þS9OO2OVnodel two.wcd
O3/O4l99 Q2:1A.28 PM @ Haestad M€thods, lnc'

RGsource Managament lnfl lnc

37 Brookside Road V\lrterbury, CT 06709 USA

Proiect Engineer: RMI-USERS
Cybêrnetv3.1 [O7'lbl

(2O3)755-1666 Page I ofl
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Node
Label

Reservo¡r
Surface

Elevation
(fr)

Reservoir
lnf,ow
(spm)

Calculated
Hydraulic

Grade
(lt)

R-1 375 -359.79 375.00

n

n
i

n
i

?-l

-ì
Ê

l

Scenario: PRESSURE ZONE' 1?/98

Steady State AnalYsis
Reservoir RePort

Title: o59oo.2o Prolect

d:þS90o2OVnodel two.wcd R'3ourcê manrgGmcnt lñtl lnc

O3t}4tgg O2:18:38 PM O Haostad Methods, lnc. 37 Brookside Road Waterbury, CT 0670g USA (2O3) 755-1666

-t
I-t

-t

-l
J

J
*¡
J

J

J

IJ

J

Engineer: RMI-USERS
cybefnetv3.l loTfbl

Page I of 1
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Link
Label

End
Elevatior

(fi)

)iametel
(in)

\finor Loss lnitial
Grade
Setting

(fi)

lnitial
Status

Current
Status

Discharge
(spm)

End
Calculated
Hydraulic

Grade
(fr)

Headloss
(r)

PRV-1

PRV-i
PRV.Í
PRVJ

310
305
275
305

I
I
I
6

o.oo
0.(þ
0.00
o.oo

4É.æ
430.00
425.æ
4n.æ

Active

Active
Active
Active

Throttling

Throttlinç

Throttlint

Throttlin¡

5.O8

12.70

39.97
æ.42

425.10
430.11

425.13

420.10

93.78
88.77

93.99
99.61

Scenario: PRESSURE ZONE, 12/98

SteadY State AnalYsis
Valve RePort

.,

.J

T¡tle: O59O0.20
d:ESgOOZOVnodol two.wcd
O3/O4l99 O2:18:51 PM @ Haestad Methods' lnc'

Project Enginoer: RMI-USERS
Cybernêt v3'1 [O71b]Rosource Managcmcnt lntl lnc

37 Brookside Road \r\hterbury, CT 0670g USA Page 1 of 1
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Link
Lrb¡l

Shutofr
Head

(n)

Shutoff Design
Head

(fi)

Design Maximum Maximum
Status

Start End
(spm)

Pump
Head

(fr)
6pm) (spm) Head

(ñ) Gpm)
Hydraulic

Grade
(fr)

Hydraulic
Grade

(r)

PMP.1 148.72 0.00 134.93 51A.22 0.00 1,036.45 On 374.99 519.77 359.79 144.78

Title: O59OO.20
d:t59oO2oVnodel two.wod
O3tO4l99 02:19:O2 PM O Heestad Methods, lnc.

Scenario: PRESSURE ZONE, 12/98

Steady State AnalYsis
Pump Report

Resourcc Mãnagam.nt lnfl lnc
37 Brookside Road VVhterbury, CT 06708 USA

Proiect Engineer: RMI-USERS
Cybernêt v3.1 [O71 b]

(2O3) 755-1666 Page I of I
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Material End Friction
Slope

(fr/1OOOfr)

Link
Label

Start
Node

End
Node

Length
(fi) (in) (cpm) (fr)

Hydraulic
Grade

(fr)

P-2

P-5

P-10
P-11

P-1 1A

P-,f 1E

P-12
P-15
P-20
P-25
P-27
P-30
P-31

P-32

P-33
P-34
P-35
P-36¡
P-368
P-40
P-42
P-45
P-50
P-52
P-53
P-54
P-56
P-564
P-57
P-574
P-58
P-60
P-65
P-70
P-80

P-90
P-92
P-100
F-101

P-103
P-104

PMP-1-ln

J-10

J-10

J-1 1

J-11

PRV-4-Ot

J.1 1A

J-1 5

J-20

J-30

J-25

J-35

J-30

J-30

J-31

J-32
J-40

J-36

PRV-3-Ot

J-45

J-48

J-45

J-50

J-50

J-52

J-52

PRV-2-Ot

J-54

PRV-1-Ot

J-54

J-56

J-70

J-60

J-80

J-90

J-1 0

J-90

J-101

J-102

J-1 03

J-104

R-1

PMP-I
J-15
J-10

J-1 01

J-102
J-1 03

PRV-4-ln
J-1 1A

J-12
J-20
J-25
J-25
J-28

J-30
J-31

J-70

J-32
J-36

J-35
PRV-3-ln
J-1 01

J-40

J-45
J-50
J€O
J-52

J-53
J-54
J-56
PRV-2-ln
J-57
PRV-1-ln
J-58
J-60
J-48
J-70
J-80
J-90
J-92

J-100

80
80

1,O20

720
70

210
940
500
980
550
570
660
500

690
470

7æ
530

80
100

260
470
360
410

1,570
690
250
140
100
600

40
630
790
380
730

't,310

250
't,310

549
351

520
840

16

16

16

I
6
6
I

lo
10

I
8
I
o
0

1

1

12

12

I
I
I
I
I
I
I
I
I
8

I
I
I
I
I
8

I
I
I
6
I
I
I
I
I

1

Ductile

Ductile

Ductile

Ductile

Ductile

Duct¡le

Ductile

Ductile

Duct¡le

Ductile

Ductile

Ductile I

Ductile

Ductile

Ductile

Ductile

Ductile

Ductile

Ductile

Ductile

Ductile

Ductile

Ductile

Ductile I

Ductile I

Ductile

Ductile

Ductile

Ductilc

Duct¡le

Duct¡le

Ductile

Ductile

Ductile I

Ductile I

Ductile

Ductlle

Ductile

Ductile

Ductile

Ductile

130.O

130.O

130.O

130.O

130.O

't30.o

130.O

130.0

130.O

130.o

130.0

130.O

't30.o

130.0

130.0

130.O

130.O

130.O

130.O

130.O

130.0

130.o

130.0

130.0

130.O

13U.o

130.0

130.O

130.0

130.O

130.0

130.0

130.O

130.0

130.0

130.O

130.0

130.0

130,0

130.0

130.O

-359.79
-359.79

fla.21
47.59
æ.82
29.42
æ.82

174.&
162.34

-139.49

17.77
€8.25
39.97
-2.æ
39.97

39.97
42.87
39.97
39.97

-28.28

10.53
31.21

-37.34
50.15

5.08
35.55
12.70

12.70

5.08

5.08
6.35

72.63
18.78

99.73
113.69
130.82
17.13
0.00

-39.97
-39.97

0.00

375.00
519.77
519.73
519.76
519.71

420.08
420-ù5
519.61

5'r9.40

519.40
519.40
519.14

519.13
519.14
519.13

519.'t2
519.05
519.12
425.13

519.02
519.O2

519.O1

519.02
518.89
518.89
5tE.66
430.11

518.88
425.10

518.88
430.11

519.O2

519.02

519.14
s19.33
519.76
519.74

425.13

425.13

425.11

425.O8

0.01

0-01

o.03
o.05
0.01

o.02

0.03
o.12
o.21

o.26
0.ol
0.o8
o.01

O.12e-3

O.31e-2

O.49e-2

0.03
0.38e-2
o.4æ-2

o.01

0.19e-2
0.o1

o.o2
o.'t 1

0.67e-3
0.o1

O.79e-3

0.6le-3
O.61e-3

0.61e-4
O.98e-3

0.11

o.4æ-2
0.19
0.43

O.37e-2

o.o1

o.00
o.o2

o,o2
o.(x)

o.09
o.09

o.03
o.o7
0.11

0.11

o.03
o.%
o.21

0.44
o.01

o.13
0.o2

0.18e-3
o.ol
0.01

0.05

o.05
o.05
0.03

O.4e-2

0.03
0.o4
o.07

O.97e-3

o.o4
o.o1

0.01

O.1e-2

o.1æ-2
O.16e-2

o.14

o.01

o.26
o.33
o.01

o.01

0.00
0.05
o.05
0.00

Title: O59OO.2O

d:þ59O02OVnodel two.wcd
O3/O4l99 02:'19 17 PM @ Haestâd Methods, lnc.

Scenario: PRESSURE ZONE, 1A98

Steady State AnalYsis
Pipe RePoÉ

Rcaourcc Mânag.mant lntl lnc
37 Brooks¡de Roed vvhterbury' CT 06708 USA

Proiect Engineer: RMI-USERS
CYbernet v3.1 [O71b]

(203)755-1666 Page 1 of1
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Node
Label

Eleratior
(fi)

Demand
Type

Demand
(spm)

Demand
Pattem

Calculatec
Demand

Gpm)

3alculatec
Hydraulic

Grade
(fr)

tressure
(psi)

J-10
J-1 1

J.114
J-12
J-1 5
J-20
J-25
J-28
J-30
J-31

J-32
J-35
J-3€
J40
J-45
J-48

J-50
J-52
J-53

J-54
J-56
J-57
J-58
J€O
J-70

J-EO

J-90
J-92
J-1 00

J-1 0l
J-102
J-l 03

J-1 04

335
315
280
295
385
310
365
375
325
330
280
380
275
375
395
405

410
360
285
315

285
250
290
420
350
300
310
310
255
275
2AO

285
285

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Domand

Dcmand
Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Denrancl

Demand

Demand

Demand

Demand

Demand

Demand

Demand

3.17
17.77

0.00
29.82

3.81

12.æ
5.08

17.77

34.26

0.00
0.00

25.3E

0.00
14.59

7.61

8.25
18.40

9.52
5.08

17.77

6.35
5.08
6.35

16.50

24.11

13.96

0.00
17.13

0.00
0.oo
0.00

39.97
0.00

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixerl

Fixed

Fixed

Fixed

l-xed
Fixed

Fixed

Fixed

Fked
Fked
Fixed

Fixed

Fixed

Fixed

Fixcd

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

3.17
17.77

0.00
æ.82

3.81

12.06

5.08
17.77

u.æ
0.00

0.00
25.38

0.oo
r4.59

7.61

8.25
18.40

9.52
5.08

't7.77
6.35

5.08
6.35

16.50

24.11

13.96

0.00
17.13

0.00
o.oo
0.00

39.97
0.00

519.76
519.71

420.08
4æ.ù5
519.73
519.61

519.40
519.40
519.14
519.13
519.13

519,05
519.12
519.O2

519.O2

5r9.02
519.01

518.89
518.89
518.88
430.11

425.10

430.11

519.O2

519.14
519.33
519.76
519.74

425.13
425.13
425.11

426.O8

425.O4

79.90
88.53
60.57
54.08
58.26
90.64
æ.77
62.44

83.95
a1 .79

103.41

60.13
105.57

62.24
53.63
4.t.31

47.14
68.71

101 .',!4

88.17
62.75

75.72
60.59
42.42

73.14
94.84
9,0.71

90.70
73.57
64.92
62.75
60.58
60.58

I

\,

Title: O59OO.2O

d :ú59OO2OVnodel two.wcd
O3/O4l99 O2:19:3O PM O Haestad Methods, lnc.

Scenario: PRESSURE ZONE' 12198

SteadY State AnalYsis
Junction RePort

Rosourcc Mrntgemcnt lnfl lnc
37 Brookside Road V\faterbury, CT 0670g USA

Proiect Eng¡neer: RMI-USERS
Cybernetv3.l [O71bl
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Scenario Summary RePort

Base

Scenario Summary

Demand Altemative

Physical Alternat¡ve

lnitial Settings Alternative

Operational Alternative

Age Alternal¡ve

Constituent Altemative

Trace Alternative

Fire Flow Altemative

Peak Day

Ease-Physical
Base-lnitial Seüings

Base-Operational
Base-Age Altemative

Base-Constituent

Basc-Trace Alternative

Base-Fire Flow

Hydraulio AnalYsis Summary

Analysis SteadY State

Friction MethodHazen-\Mlliams Formula

Accuracy O.0O10OO

Trials 25

-ì
Calibration

Demand Operalion

Demand

<none>

0.00

Roughness Operation

Roughness

<none>

0.00

t

Created 12¡98, DAG

CITY OF SHERWOO}'MODEL THREE
GRAVITY ZONE
NEAR-TERM (2002)

BASE RUN
NO FIRE FLOW
ALL WELLS OFF
RESERVOIR AT 375'
BULL RUN @ 125 GPM (J-430)

d:\...Vnodel thr€e rêvised 2OO2 gravity zone.wod
o3t}4lgg 02:26:39 PM @ Haestad Methods' lnc'

Resource Managemènt lnfl lnc

37 Brookside Road \^¡aterbury, CT 0670g USA

Project Engineer: RMI-USERS
CYbernet v3'1 [O71bl

(2O3) 755-1666 Page 1 of 1
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HYDRAULIC STATUS:

HydrauJ.ic status for steady-state conditions

Balanced
Flow SupPlied
Flow Demancied
Flow Stored
R-1

TriaÌs : 6, Accuracy = 0'000441-
3,847 .82 gPm

3,847 .82 gPm

0.00 gpn
Reservoir: EmPtYj-ng

:1

I

J

l
J

J

J

J

J

Prdeot Engineer: RMI-USERS
CybomEt v3.1 [O71b]

Page 'l of I

c-3a
d:\...vnodel three revised 2OO2 gravtty zone.wcd Resourc' l/laneg'm'nt lñfl lnc

ozto4tgs 02:26:46 pM ro Haestad Methods, tno. 37 Brookside Road ì/Vatorbury, cT 0670g UsA (2o3) 755-1666



Node
Label

Reservoil
Surface

Elevation
(lr)

Reservoir
lnlow
(spm)

Calculated
Hydraulic

Grade
(fr)

R-l 375 3,808.19 375.00

I

7t

Scenario: Base
Steady State AnalYsis

Reservoir RcPort

!

I

tì

¡

r1

¡

-ì
I

:l

I

-ì
_¡

I

I
!
t

-l
J

J
_t
J

J

IJ

J

I

J

Projêct Engineer: RMIUSERS
cybemetv3.l loTlbI

Page 1 of 'ld:\...vnodel three revised 2oo2gravity zone,wcd R¡sourcclian¡gcm.ntlnfllnc
Ogl}4tgg O2i2ZtOOpM G¡HaestâdMethods, lnc. 3TBrooksideRoad Vl/atêrbury,CT06708USA (2O3)755-1666
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Link
Label

Start
Node

End
Node

Length
(fr)

Material End Friction
Slope

(fl/1ooofr)
(in) (spm) (ft)

Hydraulic
Grade

(fr)

P-1001

P-1 1q
P-1 rq
P-114
P-1 151

P-1 161

P-12o,

P-14
P-124
P-126
P-130

P-132
P-134
P-140

P-150
P-160
P-'165

P-170
P-172
P-174
P-178
P-180
P-182
P-184
P-185
P-l66
P-190
P'192
P-194
P-195
P-196
P-197
P-2o4
P-214
P-224
P-234
P-231
P-232

P-233,

P-234

P-234

P-23e
P-23e
P-24C

P-242

P-25C

P-2æ
P-262

P-264
P-28C

R-1

J-105
J-1æ
J-12f,
J-12
J-400
J-1 30

J-130
J-r30
J-126

J-140

J-220

J-14¡,
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Scenario Summary RePort

Base

Scenario Summary

Demand Altemative

Physical Alternative

I nitial Settings Alternative

Operat¡onal Alternative

Age Altemative

Constituent Alternative

Trace Alternative

Fire Flow Alternative

Base-Average DailY

Base-Physical
Base-lnitial Setlings

Base-Operational
Base-Age Alternative

Base-Constituent
Base-Trace Alternative

Base-Fire Flow

Hydraulic Analysis summary

Analysis SteadY State

Friction MethodHazen-Wlliams Formula

Accuracy O.010OOO

Trials 25

Calibration

Demand Operation

Demand

<none>

o-oo

Roughness Operation

Roughness

<none>

o.oo

1?ß8

CITY OF SHERWOOD.MODEL THREE
PRESSURE ZONE
NEAR-TERM (2002)

NO FIRE FLOW
RESERVOIR @ 37s
ONE 50 HP FUMP

P-7O= 17'
P4,O= 17'

Title: O590O.2O
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tiyDRÀ.JLiC STATTjS:

Tydraulic sr-atus fcr steaci-v-sÈate coniitions

Ba1 anced
Flow Supplied
Fiow Demanded
Fj.ow Stored
R-1
PMP-1
PRV-1
PRV.2
PRV-3
PRV-4
PRV-5

Trial-s = 4, Accuracy
559.02 gpm
559.02 gpm
0.00 gpm
Reservoir: Emptying
Pump: On
PRV: Active, SettingT
PRVs Acr-ive, Setting
PRV: Active, SettingT
PRV: Active, Setting
PRV: Active, Setting

0.00807?

4 9. 99 psi
54
64
q?

]-

I
1

a59 .99

Title: O59OO.20

d :þ590O2OVnodel three(rev).wcd
O3/1O/99 O8:5O:O2 AM @ Haested Methods, lnc.
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Project Engineer: RMI-USERS
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Node
Label

R6servo¡t
SurÍace

Elevation
(fr)

Reservoil
lnf,ow
(spm)

Calculated
Hydraul¡c

Grade
(fi)

R-1 375 -559.02 37s.00

n

rl

n
I

rl

1
t

1
I

Scenario: Base

Steady State AnalYsis
Reservoir RePort

T¡tle: o59oo.2o Proiêct Engineer: RMI-USERS

d:þS9Oo2OVnodel three(rêv).wcd Rcsourcc Managem.nt lnfl lnc cybernet v3'1 [O71bl

O3/Og/99 OB:21 :32 AM @ Hãestad Methods, Inc. 37 Brookside Road l/Vaterbury' CT 06708 USA (2O3) 755-1666 Page 1 of 1
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Link
Label

Shutoff
Head

(fr)

Shutoff Design
Head

(fr)

Design Maximum Maximum
Status

Start End
(spm)

Pump
Head

(fr)(spm) Head
(lt) Gpm)

Hydraulic
Grade

(fr)

Hydraulic
Grade

(fr)

PMP¡ 163.68 o.00 128.59 1,063.07 0.00 2j26.14 On 374.98 530.25 559.02 155..27

'l
rt

I

!'l
.l

'l
l

I
l

Scenario: Base
Steady State Analysis

Pump Report

Title: o59OO.2O Project

d:ESgOO2OVnodel three(rev).wod R.soufcê Manâgemènt lntl lnc

O3/OB/99 08:21:44 AM @ Haestad Methods, lnc. 37 Brookside Road Vìlaterbury, CT 06708 USA (2O3) 755-1666

I
I
I

¡

Engineer: RMI-USERS
Cyb€rnet v3.r [O71bl

Page 1 of 1
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L¡nK
Label

End
Elevation

(fr)

Diameter
(¡n)

Vlinor Los: lnitial
Grade
Setting

(fi)

lnitial
Status

Cunent
Status

End ieadloss
(fi)(spm)

Hydraulic
Grade

(fr)

PRV-1

PRV-i
PRV-:
PRV-/

PRV-T

3fo
305

275
305
300

8
I
8
b

I

0.oo
o.00
o.00
0.00
o.oo

425.50

430.15

425.15

425.15

438.60

Active
Active
Active
Active
Active

Throttling

Throttlinç

Throttlinç

Throttlin€

Throttling

5.08
12.70

69.78
36.18
17.13

425.æ
4æ.26
425.28

425.25

4æ.72

103.64
98.98

104.O7

104.91

91 .46

rt

ft

Title: O59OO.20
d :DS9OO2OVnodel three(rev).wcd
O3l1Ot99 O8:5O:18 AM @ Haestad Methods, lnc'

Scenario: Base
Steady State Analysis

Valve Report

Resource Managcmant lnfl lnc
37 Brooks¡de Road l,l\faterbury, CT 0670g USA

Proiect Engineer: RMI-USERS
CYbernet v3.1 [O71bl
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Link
Labêl

Start
Node

End
Node

Length
(fi) (in)

Mater¡al
(spm)

End
(t'r)

Friction
Slope

$/1OOOfr)Hydraulic
Grade

(ft)

P-2
P-5
P-10
P-11

P-1 1A

P-1 1B

P-11C

P-15
P-20
P-25
P-27
P-30

P-31

P-32
P-33
P-34
P-35
P-364
P-368
P-37
P-38
P-39
P-40
P42
Pl5
P-50
P-52
P-53
P-54
P-56

P-564
P-57
P-57A.
P-58

P€O
P65
P-70
P€O
P-90
P-92
P-93
P-94
P-100
P-101

P-103
P-104
P-105
P-107
P-108
P-610

PMP-1-ln
J-1 0
J-1 0

J-1 I
PRV-4-ln
J-1 ,IA

J-12
J-1 5
J20
J-30
J-25
J-35
J-30

J-30
J-3't

J-32
J-40
J-36
PRV-3-Out
J-32
J-37
J-38
J45
J-48
J45
J-50
J-50
J-52
J-52
PRV-2-Out
J-54
PRV-1-Out

J-54
J-56
J-70
J-60
J-80
J-90
J-1 0
J-90
J-92
PRV-s-Out
J-101

J-'t02
J-1 03
J-104
J-104
J-105
J-12
J-52

R-1

PMP-1

J-15
J-10

J-1 1

J.114
J-20
J-?5
J-25
J-28
J-30

J-31

J:70
J-32

J-36
J-35
PRV-}ln
J-101

J-37
J-38
J-37
J-40
J-45
J-50
J€O
J-52
J-53

J-54
J-56
PRV-2-ln
J-t7
PRV-1-ln
J-58

J€O
J-48
J-70
J€O
J-90
J-92
PRV-lln
J-94
J-1 00
J-1 01

J-102
J-1 03

J-1 05

J-107
J-1 07

J-610

80

80

1,O20

720
70

210
940
500
980
5s0
570
660
500
690
470
750
530

80
100

710
1,470

420
2æ
470
360
410

1,570
6€0
m
140

100

600
&

630
790
380
7æ

1,310

250
980
110

950
549
351

520
840
170
390
310
700

16

16

16

I
6
6
I

10

10

I
I
I

l0
10

12

12

I
I
I
8
I
I
I
I
I
I
I
I
I
8
I
I
I
I
8
I

12

12

16

I
I
I
I
I
I
I
I
I
8

12

Ductile lror

Ductile lror

Ductile lror

Ductile lror

Ductile lror

Ductile lror

Ductile lror

Ductile lror

Dr"rclile lror

Ductile lror

Ductile lror

Ductile lror

Ductile lror

Ductile lrot

Ductile lrot

Ductile lrol

Ductile lrot

Ductile lrot

Ductile lrot

Ductile lrot

Ductile lrot

Duc-tile lror

Ductile lror
Ductilê lror

Ductile lror

Ductile lror

Ductile lror

Ductile lrol
Ductile lror
Ductile lror
Ductile lror
Ductile lror
Ductile lror
Ductlle lror
Ductile lror
Ductile lror
Duc{ile lror
Ductile lrcr
Ductile lror
Ductile lror

Ductile lror

Ductlle lror

Ductile lror
Ductile lror
Ductile lror
Ductile lror

Ductile lror

Ductile lror

Ductile lror

Ductile lror

130.O

130.O

130.0

130.0

130.0

130.0

130.0

130.0

r30.0
130.0

130.0

130.0

r30.0
130.0

130.0

130.0

130.0

130.0

130.0

130.0
't30.0

130.0

130.0

130.0

130.O

130.0

130.0

130.0

1t0.0
130.0
r30.0
't30.0

130.0

130.0

130.0

130.0
't30.o

130.0

130.0

130.0

130.O

130.0
't30.0

130.0

130.0

130.O

130.0

130.0

130.0

130.O

-559.02
-559.02

180.04

-53.95
-36.18
-36.18
-36.18
176.23

1il.17
-144.50

14.59

ô2.44
196.99

-149.19
196.99
69.78

-37.06

69.78
69.78
48.2
10.58

-13.53
-2,.47
22.U
37.æ

-ã3.25
72.ù5

5.08

35.9'5

12.70

12.70

5.08
5.08
6.35

100.34
30.59

273.U
287.æ
321.86

34.26
17.13

17.13

0.00
.69.78

-41 .86

-14.58

14,58

14.æ
6.36

21.90

375.OO

530.25

5æ.21
530.23
530.17
425.25
425.22
530.O8

5æ,87
5æ.87
529.86
529.58
5æ.43
5æ.71

5æ.37
529.36
529.51

529.35
425.27
5æ.32
5æ.32
5æ.32
5æ.49
529.49
5æ.47
529.50
5æ.X
5æ.25
5æ.24
43o.æ
5æ.24
4É.æ
5æ.24
4æ.æ
529.50
5æ.49
5æ.71
529.88
530.21

530.18
530.18
434.71

425.27

425.27
425.22
425.'19

425.19
425.18
425.18
529.25

o.o2
o.o2
0.03
0.06
0.01

o.03

0.04
o.12
o.21

o.28
O.42e-2

0.07

0.15
0.13
o.06
o.01

o.o2
0.01

o.ol
0.05

o.*-2
O.æe-2
o.4æ-2

0.01

0.01

0.03
o.2,

0.73e-3
o.o1

O.79e-3

0.61e-3
O.64e-3

0.61e{
O.1e-2

o.21

0.01

o.17
0.33
0.02
0.04

O.11e-2

0.01

0.00
o.05
0.03
0.01

0.13e-2
O.29e-2

O.49e-3

0.15e-2

o.21

o.21

0.03
0.08
0.16
o.16
o.04
o.25
o.22
o.51

0.01

0.11

0.31

0.18
o.13
0.02
0.04
0.13
0.13
o.o7

o.1æ-2
0.35e-2

0.02
0.02
o.(x
o.o8
o.14

O.11e-2

o.04

0.01

o.o1

O.11e-2

O.15.-2
0.16e-2

0.26
0.03
0.23
o.25
0.08
0.04
0.01

0.01

0.00
0.13
0.05

0.01

0.01

0.01

0.16e-2
O.22e-2

I

*t

Title: O590O.2O
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Scenario: Base
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Pipe Report
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Link
Label

Start
Node

End
Node

Length
(fi)

Mater¡al End Friction
Slope

(fl/1ooofr)
(in) (spm) (fi)

Hydraulic
Grade

(ñ)

P-612
P-614
P-616

J€10
J-612
J-6f 4

J-612
J€14
J-32

1 ,570
,840

,900

1

1

12

12

12

Ductile lrot

Ductile lrot

Ductile lrot

130.O

130.0

130.0

-78.99
-78.99
-78.99

5æ.24
529.33
5æ.37

0.04
0.04
0.04

o.o2

o.02
o.o2

r.l

Title: O59OO.20
d :\O59OO20Vnodel three(rev).wcd
O3/1O/99 O8:5O:47 AM O Haestad Methods, lnc.

Scenario: Base
Steady State Analysis

Pipe RepoÉ

Rcsourcc Managrmcnt lnfl lnc
37 Brookside Road Waterbury. CT 06708 USA

Pror6ct Eng¡neer: RMI-USERS
Cybernetv3.l [O71bl

(2O3) 755-1666 Page2of2

¡,Ì

-!

)

:

-t

1
:

-J

-,

*¡

.-¡l
c-,12



Node
Lâbel

Elevatior
(fr)

Demãnd
Type

Demand
(spm)

Demand
Pattern

Calculated
Demand

(spm)

Calculatec
Hydraul¡c

Grade
(fr)

Pressure
(psi)

J-1 0
J-1 1

J-1 ,IA

J-'12

J-1 5
J-20
J-25
J-28
J-30
J-31

J-32
J-35
J-36

J-37

J-38
J40
J-45
J-48
J-50
J-52
J-53
J-54
J-56
J-57
J-58
J€O
J-70
J€O
J-90
J-92
J-94
J-100
J-101

J-10,2

J-103
J-104

J-105
J-107

J€10
J-612
J€14

335
315
280
295
385
310
365
375
325
330
280
380
275
33s
3n
375
39s
4ù5
410
360

285
315

2A5
2æ
2æ
4æ
350
300
310

310
285
Æ
275
2æ
285
285
æ8
302
400
345
340

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Dcmand
Demand

Demand

Demãnd

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

3.17
17.77

o.00
29.82

3.81

12.06

5.08
14.59

34.2e
0.oo
o.o0

25.38

0.00
24.11

24.11

14.59

7.61

a.25
18.40

9.52
5.08

17.77

6.35
5.08
6.35

't6.50

24.11

13.96

o.00

17.13

17.13

0.00
o.oo

27.92
27.28

0.00
0.00

20.94
100.89

0.00
o.00

Fixed

Fixed

Fixed

F¡xed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Flxed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fked
Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fked
Fixed

Fixed

Fixed

Fixed

Fixed

Flxed

3.17
17.77
0.oo

29.42
3.81

12.06

5.08
14.59

34.26
o.oo
o.00

25.38
o.oo

24.11

24.11

r4.39
7.61

a.25
18.40
9.52
5.08

17.77
6.35
5.O8

6.35
16.50
24.11

13.96
o.00

17.13
17.13
o.oo

0.00
27.92
27.24

o.00
o.00

20.94
100.89

o.00
o.oo

530.23
530.17
425.22

425.14

530.21

530.08
529.87
529.86
s29.58
5æ.43
529.37
529.51

529,36

5æ.32
5æ.32
529.49

5æ.49
529.49
5æ.47
5æ.Æ
529.25

5æ.24
4æ.26
425.æ
430.26
529.50
5æ.71
529.88
5æ.21
530.18
434.71

4É.27
425.27
425.æ
425.19

425.19

425.19

425.18

5æ.25
5.29.24

s29.33

84.43
93.05
62.80
56.30
62.79
95.17
71.æ
66.97
88.47
æ.24

107.44
64.65

1Gt.99
84.03

90.52
88.8'l

58.16
53.84
51 .66

73.19
105.62

92.64
62.81

75.94
60.65
47.35
77.71

99.41

*s.23
s5.21

æ.47
73.6i:¡

64.98
62.80
60.62
60.6-2

67.97

53.27
55.89
79.69
ü.47

rt
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Crr Y oF S*çUr-rla':¡
Ho>Et- Ë¿4, -GAnvrrl ToNE

Scenario Summary RePort

C-A¡E Tt ô- TRR¡"lsËr:çro¡J l"l/\tN ADDED

Scenario Summary

Demand Alternative

Physical Alternative

lnitial Settings Alternative

Operational Alternative

Age Alternative
Constituent Alternative

Trace Alternative

Fire Flow Altemative

Peak Day

Base-Physical
Base-lnitial Settings

Base-Operational
Base-Age Atternative

Base-Constituent
Base-Trace Altemative

Base-Fire Flow

Hydraulic AnalYsls SummarY

Analys¡s SteadY State

Fr¡ction MethodHazen'\Mlliams Formula

Accuracy 0.oO10Oo

Trials 25

f
1

Calibration

Demand Operation

Demand

<none>

0.00

Roughness OPeration

Roughness

<none>

0.00

Created 12198, DAG

CITY OF SHERWOOD.MODEL FOUR

FUTURE - URBAN RESERVE (2O17)

GRAVIfi ZONE
wATgß jupfrY FAo¡.t 6u¡-u Rt{d '6'o ltGD
.BASE RUN
.NO FIRE FLOW
.ALL WELLS OFF
.RESERVOIR AT 375'

'P-l 0o & P-l 1O (24)
-P-gOO TRANSMISSION MAIN TO RESERVOIR (24"), Q=417OONM (ø HC O)

:l

.i

-ìl

)

-¡
d:\.-.Vnodel four rev¡sed 2O17 gravity zono.wcd
O3t}4lgg 02:06:46 PM @ Haestad Methods, lnc'

Resourc€ Managamênt lnfl lnc

37 Brookside Road Watorbury, CT 06708 USA

Projeot Engineer: RMI-USERS
Cybernetv3'1 [O71bì

(2O3) 755-1666 Page 1 of 1
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I

HYDRAULIC STATUS:

Hydraulic sr-atus for sr-ead]¡-stet-e condiÈions

Balanced
Flow SuPPlied
Fl-ow Demandeci
Flow Stored
R-1

Tri-als : 5, AccuracY : 0'000518
6tI94.96 gPm

6,1-94.96 gPm

0.0U qPm

Reservoir: EmPtYing

!

-ì
.t

I
¡

.l

l
I
J

J

J

J

J

Project Engineer: RMI-USERS
Cybernêt v3.1 fo7l bl
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Node
Lâbel

Reservoir
Surlace

Elevation
(û)

ìeservoit
lnflow
(spm)

Calculated
Hydraulic

Grade
(fr)

R-1 375 2,024.96 375.00

n

n

l"l
i

"'l

I
l

Scenario: Base

Steady State AnalYsis
Reservoir RePoÉ

-t
t

I
I

:l

l

I

Project Eng¡neer: RMI-USERS
Cybêrnetv3.1 [O71bl

Page 1 of I
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24 Ductile I

24 Ductile

I Ductile

12 Ductile

Ductile

12 Ductile

12 Ductile

I Ductile

8 Ductile

I Ductile

12 Ductile

I Ductile

I Ductlle

12 Ductile

12 Ductile

I Ductile

12 Ductile I

I Ductile

10 Ductile

10 Ductile

12 Ductile

10 Ductile

10 Duclile
't0 Ductile

12 Ductile

10 Ductile

10 Ductile

10 Ductile

10 Ductile I

10 Ductile I

12 Ductile

14 Ductile

't4 Ductile

12 Ductile

14 Ductile

14 Ductile

12 Ductile

I Ductile

14 Ductile I

I Ductile

I Duct¡le

I Ductile

I Ductile

10 Ductlle

I Ductile

't2 Ductile

10 Ductile

12 Ductile

10 Ductile

12 Ductile

d:\...Vnodel four revised 2017 gravity zone.wcd
O3lo4tgg O2:O7:21 PM @ Haestad Methods, lnc.

Scenario: Base

Steady State AnalYsis
Pipe Report

Resource Management lnfl lñc

37 Brookside Road \^/aterbury, CT 06708 USA

Proiect Engineer: RMI-USERS
CYbernet v3'1 [O71 b]
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Link
Label

Start
Node

End
Node

Length
(fr)

Material End
Oalculatec
Hydraulic

Grade
(fr)

Friction
Slope

(ñ/1ooofr)
(in) (spm) (fi)

P-1

P-1

P-1

P-1
P. 1

P- 1

P-

P-l
P-1 1

11P-

11P-

P-1

P-

1

11

P-

1

1

1

1

1

1

1

1

1

P-1

P-1

P-1

P-

P.
P-

P-

P.
P.
P-

P-1

F-1

P-1

P-1

P-1

P-1

P-1

P-21

P-231

J-1

J-1

J-1

J-1

J-1

J-'l

J-1

J-1

J-1

J-1

R-1

J-1 60
J-160

J-171

J-1

J-1

J-1

J-1

J-1

J-1

J-1

J-1

J-1

J1
J-l
J-l
J-1

J-
J-l96
J-110

J-231

J-384
J-231

J-2ñ
J-2&
J-260
J-171

J-260

J-1

J-1

J-1

J-1

J-1

J-1

J-1

J-1

J-1

J-1

J-1

J-1

J-1 71

J-'170

J-172

J-105
J-1 10

J-1 1

J-1

J-1

J-1

J-1

J-'l

J-1

J-1

J-1

J-1

J-1

J-1

J-200
J-2tO
J-21

J-231

J-231

J-240
J-1 40

J-250
J-250
J-260
J-265

300
250
920
2AO

670
I,O30

840
610
260
530
420

I,530
760

2,240
7AO

2,170
1,300
1,340
1,910
1,470

920
1,7&

830
1,780
3,420

930
2,910
1,770
1,20
1,520

3,2'lO
370
960
780

1,960
370

2,510
2,O30

470
1,550
1,520

630

1,530
2,100
1,360

630
1,460

1 ,610
970

1,850

130.O
'r30.o

100.o
100.0
100.o
100.o
100.0
100.o
100.o
100.o
100.0
roo.o
100.0
130.0
r00.0
130.O

100.0
100.0
130.O

130.0
130.0
130.O

130.0
130.0
130.0
't30.o

130.o

130.O

130.0
130.0
130.0
130.0
't30.o

100.o
't30.o

130.0
130.0
130.O

130.0

130.0

130.0
130.0

130.O

100.0

130.O

130.0

130.0

130.0
130.0

130.o

6,194.96
4,112.03

ô52.24
-91 .60

-6r0.08
515.O7

1,215.76
-505.68
't39.60

-336.17

1,234.64
2æ.67

-322.94

r,396.41
961 .27

-251 .O4

541 .39

30.66
-195.96

6.O7

321.O2

-21 .O7

444.71
-so2.59
-631 .49

259.57
-73.16

136.36
-1 16.88

23.98
-307.83

3,459.78
2,831 .89

1,324.83
1,158.13

788.11

-?44,97

104.69
-246.30
-108.66
109.81

-134.43
420.99

-425.75

571.26
-493.85
'l't7.17

562.68
261.61

-186.47

374.24
373.94
373.94
36'l .49

369.51

36r.48
361 .48

361 .49

356.13
356.33
356.33
351 .31

354.17

351 .31

337.68
340.71

335.94
337.62

337.æ
337.09

335.64
335.95
337.10
340.21

343.94
335.16
335.3r
334.88
335.02
335.01

335.95
369.51

361 .58

361.58
356.13
352.68
353.00
352.11

352.68
352.ö4
352.17
352.17
346.92
351 .31

337.88
337.44

337.M
336.03
335.52
335.52

0.76
0.30

12.46
0.01

a.o2
1.26

5.15
s.16
o.20
2.16
5.O2

4.42

2.86
10.60
3.03

3.09
1.74

o.06
o.58

0.95e-3
o.30
o.01

1.15
3.12
3.73
0.48
o.15
0.28
o.14
o.01

0.93
4.43
7.93
5.45
3.12
o.32
o.89

0.57
0.04
o.47
o.47
0.28
5.76

4.39
9.04

o.44
o.17
1.42

o.50
o.21

2.55
1.19

13.55

0.05
11.97

1.22

6.13
8.46
o.78
4.08
6.12
3.15
3.76
4.73

3.88
'1.43

1.34

0.05
o.31

O.51e-3

0.33

O.49e-2

1.38

1.75

1.09

o.51

o.05
0.16
oj2
0.0't

o.29
11.97

4.26
6.99
1.59

0.87
o.36
o.28

0.09
0.30
o.31

0.45
3.77
2.O9

6.65

0.69
o.12

0.88
o.52
o.11

e- 5rl



Start
Node

End
Node

Length
(fr)

Material End Friction
Slope

(fl/1ooofr)

Link
Label (in) (spm) (fr)

Hydraulic
Grade

(n)

P-30C

P-301

P-305

P-307

P-309

P-31C

P-32C

P-33C

P-332

P,333

P-334
P-335

P-33€

P-337

P-34C

P-342

P-344
P-345

P-346
P-350
P-352
P-354
P-356
P-358
P-360
P-362
P-365
P-366
P-370
P-375
P-380

P-383

P-384

P-385

P.4O0

P-4O5

P41Q
P42C
P-421

P-422

P423
P-42e

P-42t
P-43C

P-431

P432
P-44C

P-50C

P-502
P-90C

J-21

J-2',1

J-31

J-31

J-331

J-334

J-336
J-336
J-S40

J-342

J-344

J-U4
J-380
J-346

J41

J 421

J421

J431
J-428
J-430
J-431

J-431

J-440
J-306

J-31

J-331

J-331

J-344

J-346
J-360

J-æ2
J-384
J-345
J-105
J421

J-41

J431

J

J-432
J-430
J-500
J-352
R-1

J

J

1,320
1,580
2,8æ

750
560

1,210
530

1,510
1,250

710
410
360

1,370
1,390
1,ðUU

620
880
450

, 530
740

1,O90

1,O40

760
1,030

530
650

1,580
2,O20

740
1,210

850
410
960

I,080
1,160
1,O80

1,2æ
't ,160
1,590

580

890
1,O80

290
900

't,650

I,O50
4,O50

7,380
2,150
5,OOO

12

I
8

12

12

12

12

12

I
12

I
I
I
I

{1

't0

10

12

10

12

I
I
I

12

12

6
I
I

12

I
't2
I
I
6

12

't2

12

12

12

I
I
I

10
'12

12

12

12

12

12

24

Ductile

Ductile

Ductile

Ductile

Ductile

Ductile

Ductile

Ductile

Ductile

Ductile

Ductile

Ductile

Ductile

Ductile

Duotllo

Ductile

Ductile

Ductile

Ductile

Duct¡le

Ductile

Ductile

Ductile

Ductile

Ductile

Ductile

Ductile

Ductile

Ductllè

Ductile

Ductile

Ductile

Ductile

Ductile

Ductile

Ductile

Ductile

Ductile

Ductile

Ductilc

Ductile

Ductile

Duct¡le

Ductile

Ductile

Ductile

Ductile

Ductile

Ductile

Ductile

130.0
130.0

130.0

130.O

130.0

130.0
130.O

130.0

130.0

130.O

130.0
130.O

130.0

130.o

130.0

130.0

130.0

130.0

130.0

130.O

130.o

130.0

130.O

130.O

130.0

130.0

130.0
130.0

r30.o
130.o

130.0

130.o

130.0
130.0

130.o

130.0

100.0

100.0

130.0

130.O

130.O

130.O

130.O

130,0

130.0

130.0

130.0

130.0

130.0

130.O

1,207.O4

228.74
228.74
337.00
371 .51

805.52
-735.9s

64A.O2

-161 .82

474.51

184.15
20.69

-154.',!2

-153.45

212,ã5
22.46

117.60

372.73
128.O4

-49.16
38.81

5.42
241 .49

-241 .34

154.79
7.77

10.29

-63.77

166,52
90.73

-142.94
111.90
€7.80
41 .31

2,O82.93

92s.47
€05.99
-566.56

549.73
343.69
317.53

19.26

-38.62

1,01 1.51

215.68
45.86

1,'t 15.18

547.93
-219.O2

4,170.OO

356.81

359.68
356.32
3æ.32
356.58
354.74
354.74
352.24
352.24
351.79
351.46
351.45
351 .45

351 .46

351 .51

351.79
351.79
351 .90

351.82
351.52
35í -51

351.51

350.47
350.66

351.52
351 .31

351 .51

351.79
351.56
351 .63

351.69
351.69
351 .89

352.11

374.24
360.35
362.73

360.67
358.98
358.86

356.89
356.87

356.88
358.98
356.ô4
356.88
356.64
350.14
350.47
375.OO

4.77
1.90

3.36
o.26
o.23
2.O7

o.77
1.73

0.79
0.46
0.33
0.o1

0.79
0.80

0.a8
O.34e-2

0.10
o.21

0.07
o.o1

0.05

O.12e-2

1.O5

o.20
0.04
0.01

0.01

o.23
o,()7

0.26
0.06
o.f 3

0.20
o.22

11.50

234
2.06

1.69

1.37

1.49
'l .97

o.o1

O.44e-2

2.35
o.25
0.01

12.70

6.19
0.33
6.12

3.6't

1.20
't.20

0.34
o.41

1.71

1.45

1.14

o.63
0.64
o.80
o.o1

o.58
o.57

0.15
0.o1

o32
o.47
o.14
0.o1

0.05
O.11e-2

1.38

0.19
0.08
o.o1

o.38e-2
0.1 1

o.o9
o.n
o.07
o.32
0.20
0.20
9.92
2.n
1.65

1.46

0.86

2,57
2.22
0.01

o.o2

2.6'l
0.'t5
0.o1

3.14
0.84
0.15
1.22

t- 'l
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d:\...Vnodel four revised 2017 gravity zone'wcd
Ogl}4t99 02'ß7'.54 PM @ Haestad Methods, lnc

Scenario: Base
Steady State AnalYsis

Junction RePort

Rèsource Manågcmênt lnfl lnc
37 Brookside Road Waterbury' CT 0670g USA

Project Engineer: RMI-USERS
CYbernet v3.1 [O71bl

(2O3) 755-1666 Page 1 ol2

c-56

Hydraulic
Grade

(fr)

(psi)Pattem Demand
(spm)

Demand
(spm)(ñ)

Demand
Type

Node
Label

19.13

29.81

71.99
72.OO

68.83
69.76
69.76
60.85

55.21

63.83
54.96
9.46
56.63

59.28
a2.25
56.49

60.61

62.84

62.65
56.22
58.39
40.87

74.20
71.84
68.33
66.02
61.68
54.99
59.21

59.62
62.89
56.66
60.77

32.29
50.30
61.22

81.32

71.24
6A.74

61 .51

5? 5?

50.36
41 .37

54.83
59.15
57.O4

61.45
57.00
46.06
38.26

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

F¡xed

Fixed

Fixed

Fixcd

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

0.00
0.00

43.16

12.4O

13.23

11.00

26.12
184.10

193.26

1A4.53

202.O3

241.44

115.81

51 .81

128.90

c1 .45

198.37

111.3'l

253.24
23.98

166.97
17.41

71 .24

15.63

25.O5

16.14

27.43
84.04

275.ß
77.41

4434
301 .07

75.14
o.00

17.81

34.51

30.05
69.57
87.94

11.69

28,38
't0.o2

66.23
1æ.27

31 .37

36.37

35.62
16.14

64.84

263.81

374.24
373.94
361 .48

361 .49

354.17
3S.33
351 .31

340.71

337.68
337.62
337.O9

335.94
335.95

337.10
340.21

335.4r
335.16

335.31

334.88
335.O1

335.O2

369.51

361 .58

356.13
353.00
352.68
352.64
352.17
346.92
337.88
337.44
336.O3

335.52

359.68
356.32
356.58

356.8r
354.74

353.97

352.24
351 .45

351 .46

350.66
351.79
351 .79

351 .90

352.11

351.82

351 .51

350.47

0.00
0.00

43.16

12.80

13.23

11.OO

26.12
184.10
193.26

164.53

202.O3

24't.44
115.81

51 .81

128.90
61.45

198.37
111.31

253.24
23.98

166.97

17.A1

71 .24

15.63

25.t5
16.14

27.83
84.M

275.48
77.41

ß.34
301.07

75.',!4

0.00
't7.81

34.51

30.05
69.57

a7.94
11.69

?8.38
10.o2

66.23
1@.27

31 .37

36.37
35.62

16.14

64.84
263.81

J-105
J-110
J-1

J-1

J-1

J-1

J-1

J-1

J-1

J-'l
J-1

J-1

J-1

J-1

J-1

J-1

J-1

J-l
J-1

J-1

J-196
J-200
J-210
J-220

J-23'l

J-301
J-306

J-308
J-31

J-33f

J-346
J-350
J-352

71

330
305
195

195
195

195

190

200
2',to

190
210
210
205
2@
150

2(J5

195

190
190
2ù5
200
275
190
190
't95

200
210
225
210
200
192
205
195
285
240
215
215
190
195

210
230
235
255
225
215
220
210
220
245
262

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Elemand

Demand

Demand

Dêmând

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

ffemand
Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Dernand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Lf,



(fr)
Demand

Type
Demand

(spm)
Pressure

(psi)Node
Label Pattem Demand

(spm)
Hydraulic

Grade
(fr)

J-360i
J-3651

J-370
J-380
J-382
J-384
J-400
J410
J420
J421
J422
J-428
J-430
J431
J432
J440
J-500
J-900

270
290
250
245
230
230
210
195
185

245
235
255
160
220
250
185

2'to
160

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand
Demand

Demand
Demand

Demand

Demand

Oemand

Demand

Demand

Demand
lnflow

87.57

12.24

36.69
67.18
56.73
87.94

38.40
39.43

104.78

30.o5

26.16
57.88

112.01

36.73
7.24

483.69
766.95

4,170.00

F¡xed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

F¡xed

Fixed

Fixed

Fixed

Fixed

87.57

12.24

36.69
67.18
56.73
a7.94
38.40
39.43

1o,4.78

30.05
26.16
57.AA

1't2.o1

ß.73
7.24

4A3.69

766.95

4J70.OO

351 .52

351.51

351 .56

351 .63

351 .69

351 .8S'

362.73
360.67
358.98
360.35

358.86
356.87
356.44
356.89
356.88
343.94
350.14
381 .12

35.25

26.60
43.92

46.1',!

52.62

52.71

66.O5

71.64
75.24
49.88
53.s6
44.O-5

85.O3

59.19
ß.22
68.73
60.60
95.62

r'1

.-/

2

d:\...Vnodel four rev¡sed 2017 gravlry zone'wcd
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Scenario Summary RePort

BASE

rl
Scenario Summary

rì
Demand Altemative

Physical Alternative

lnitial Settings Alternative

Operational Alternative

Age Alternative

Constituent Alternative

Trace Alternat¡ve

Fire Flow Altemative

.96 base

Base-Physical

Base-lnitial Settings

Base-Operational

Base-Age Alternative

Base-Constituent

Base-Trace Altemative

Base-Fire Flow

Hydraulic Analysis Summery

l

Analysis Steady State

Friction MethodHazen-\Mlliams Formula

Accuracy 0.0O100O

Trials 40

ì
Calibration

Demand Operation

Demand

<none>

0.00

Roughness Operation

Roughness

<none>

0.00

I

-¡

Created: 12I31Æ,A 11:0O:12 AM

CITY OF SHERWOOD,'MODEL FOUR

PRESSURE ZONE
FUTURE - URBAN RESERVE (2017)
. NO FIRE FLOW
- RESERVoIR @ 375'

P-7o&P-60@1s'

ONE LARGE PUMP

Title: O59OO.20
d:\..Vnodel four revised 2Ol7 pressure zone'wcd
O3l}4lgg O2:09:56 PM @ He€stad Methods, lnc'

RGsourc. Managament lnf¡ lnc

37 Brooksido Road Waterbury, CT 06708 USA

Project Engineer: RMI-USERS
Cybemet v3'1 fO71 bl

(2O3)755-1666 Page 1 of1
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HYDRÀULIC STATUS:

Hydraulic status for steady-state conditlons

Balanced
Flow SupPlied
Flow Demanded
FIow Stored
R-1
PMP-1
PRV-1
PRV-2
PRV-3
PRV-4
PRV-5

47 .83
52.00
64 .99
52.00
59 .99

psr
psi
psi
psi
psi

Trial-s - 5, Accuracy : 0.000418
808.15 gpm
808.15 gPm

0.00 gpn
Reservoir: EmPtYing
Pump: On
PRV: Active, Setti-ng -
PRV: Active, Setting :
PRr/¡ Active, Setting =

PRV: Active, Setting :
PRV: Active, Setting :

-ì
-¡

-t

_t

-l
J

J
=¡
J

J

J

J

J

Title: O59OO.2O

d:\..Vnodel four revised 2017 pressure zone.wcd
Ogl}4lgg O2:1O:O1 PM O Haostad Methods, lnc'

RGrourcc Managemcnt lnfl lnc

37 Brookside Road V\Êatorbury, CT 06708 USA

Projoct Enginêer: RMIUSERS
CYbernet v3'1 [O7t b]

(2O3) 755-1666 Page I of 1
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Node
Label

Reservoir
SurÍace

Ele\¡ation
(r)

Reservoir
lnf,ow
(spm)

lalculated
Hydraulic

Grade
(fr)

R-1 375 -808.'t5 375.00

rl
:

l

î

!"1

¡

?'!

i

I
-ì

I

Scen¡rio: BASE
Steady St¡te AnalYsis

Reservoir RePort

Title: O59OO.2O Proieot Engineer: RMI-USERS

d:\.,Vnodel four rev¡sed 2O17 pressure zonê.wcd Rosourcc Manrgemant lntl lnc Cybern€t v3'1 [O71 bl

OA/O4lg9 O2:1o.i 5 pM e Haestad Methods, lnc. 37 Brookside Road Vvaterbury, CT 0670g USA (2O3) 755-1666 Page I of I

C -ao

I
I

¡

:l

l
J

J

J

J

J

J



Link
Label

Sht¡tofr
Head

(fi)

Shutofi Design
Head

(fi)

Design Maximum
Status

Start End
(spm)

Pump
Head

(fi)
Gpm) Gpm) Head

(fr)
)¡scharge

Gpm)
Hydraulic

Grade
(fr)

Hydraulic
Grade

(fr)

PMP.I 163.68 0.oo 128.5e 1,063.07 0.00 2126.14 On 374.97 519.56 808.15 144.60

f-t

ltle: O590O.2O

d:\...Vnodel four revised 2O17 pressure zono.wcd
O3tO4l99 02:10:26 PM @ Haestad Methods' lnc.

Scenario: BASE
Steady State AnalYsis

Pump RePort

Resourc. Managomrnt lnfl lnc
37 Brookside Road VVaterbury, CT 06708 USA

Prolêct Eng¡neer: RMI-USERS
Cybemet v3.1 fo71 bl

(2O3) 755-1666 Page 1 of 1
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Link
Label

End
Elevation

(fi)
(¡n)

Vlinor Los! lnitial
Grade
Setting

(fr)

lnitial
Status

Curent
Status

End

Hydraulic
Grade

(fi)

Headloss
(fi)(spm)

PRV-1

PRV-'
PRV-3

PRV.¿

PRV.s

315
310
275
305
300

I
I
I
6
I

0.00
o.oo
o.00
o.00
0.00

425.æ
430.15
425.15

425.15

438.60

Ac{ive
Active
Active
Active
Active

Throttling

Throttlinç

Throttlint
Throttling

Throttlin¡

4.45
11.14

62.65

30.29
15.O2

425.60
4æ.25
425.28
425.25

438.72

91.68

87,O2

92.57
94.ß
ao.73

-l

-t

Title: O59OO.20

d:\...Vnodel four revised 2O17 pressure zone.wcd
O3lO4t99 O2:1O:44 PM @ Haestad Methods, lnc'

Scenario: BASE
Steady State AnalYsis

Valve Report

Rcsourc¿ fiil¡nagamant lñfl lnc
37 Brookside Road l/\återbury, CT 06708 USA

Project Engineer: RMI-USERS
Cyb€rnet v3.1 [071b!

(2O3) 755-1666 Page 1 of 1
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Material loughness End

Hydraulic
Grade

(fi)

Friction
Slope

(fl/1ooofi)
Link

Label

P-2
P-5
P-10
P-11
P-11
P-1 1

P-11

Start
Node

PMP-1-ln
J-1 0

J-1 0
J-1 1

PRV-4-ln
J-1 fA
J-12

J-1 5

J-20
J-30
J-25
J-35
J-30
J-30
J-31

J-32
J-40
J-36

P-15
P-20
P-25
P-27
P-30
P-31

P-32
P-33
P-34
P-35

P-37
P-38
P-39
P-40
P-42
P-45
P-50
P-52
P-53
P-54
P-56

P

J-32
J-37
J-38
J-45
J-48
J-45

J-50
J-50
J-32
J-52

P-57

J-54
PRV-1.O

J-54
J-56
J-70
J-60
J-80
J-90
J-1 0
J-90
J-92

P-58
P€O
P-65
P-70
P-80
P-90
P-92
P-93

P-94

P

P

P-1

P-101

P-1

P-1

P-1

P-1

P-1

P-6lO

J.1 01

J-102
J-1 03

J-104
J-1 04

J-1 05

J-12
J-52

End
Node

R-1

PMP-1

J-1 5

J-1 0

J-1 1

P

J-1 1A

J-20

J-25

J-25

J-24

J-30

J-31

J-70

J-32
J-36

J-35

PRV-3-ln

J-1 01

J-37

J-38

J-37

J-40
J-45

J-50

J-60

J-52

J-53

J-54

J-56

PRV-2-ln

J-57

PRV-1-tn

J-58
J-60
J-48
J-70

J-80

J-90
J-92

PRV-5-ln

J-94
J-1 00

J-101

J-102
J-1 03

J-1 05

J-107
J-107
J-610

Length
(fi) (in) Gpm) (fi)

7æ
70

210
940
500
980
550
570
660
500
690
470
7æ
530

80
100

710
1,870

820
260
470
360

410
1,570

690
2æ
140

100

600
40

630
790
380
730

r,310
250
990
110

950
545
350
520
840
170

390
310
7æ

80
80

1,020

16 Ductile

16 Ductile

16 Ductile

I Ductile

6 Ductile

6 Ductile

8 Ductile

10 Ductile

10 Ductile

Ductile I

I Ductile

Ductile

Ductile

Ductile

Ductile

Ductile

Ductile

Ductile

Ductile

Ductile

Ductile

Ductile

Ductile

Ductile

Ductile

Ductile

Ductile

Ductile

Ducttle

Duct¡le

Ductile

Ductile

Ductile

Ductile

Ductile

Ductile

I
10

lo
12

12

I
I

130.0

130.0

130.0

130.0

130.0
'130.o

130.O

130.0

130.0
130.0

130.0

130.0

130.O

130.0

130.0

130.0

130.0

130.0

130.0

130.O

130.0

130.0

130.0

130.0

130.0

130.O

130.0

130.0

130.0

130.0

130.0
't 30.0
130.0

130.O

130.0

130.0

130.0

130.O

130.O

130.0

130.0

130.0

130.O

130.0

130.0

130.0

130.0

130.0

130.0

130.0

I
I
I
I
I
I
I
I
I
I
I
I

lro

I
8
I
8
I
I

18 Ductile I

16 Ductile I

16 Ductile

I Ductile

8 Ductile

I Ductile

I Ductile

8 Ductile

I Ductile

I Ductile I

I Ductile I

I Ductile

I Ductile

12 Ductile

€08.15
€o8.15
2o/9.78

-45.88
-30.29

-30.29
-30.29

2æ.43
195.86

-178.60

12.80
-75.17
383.42

-310.04

3A3.42

as.47

-52.91

62.65
62.65
42.30

8.29

-12.86
-40.11

46.53
79.96

-108.00

171.83
4.45

31 .17

11.14

11 .14

4,45
4.45

5.57
176.24
53.77

507.43
519.67
549.72

30.G5

't5.o2
15.O2

0.00
-62.85
-38.16
-14.23
14.23

14.23

4.13
127.85

375.00
519.56
519.49
519.53
519.48
425.25
425.23
519.33
519.03
519.O3

519.03
518.61

518.O8

519.10
517.88
517.86
518.51

517.85
425.27
517.84
517.84
517.84
5la.47
518.45
518.39

518.52
517.28
517.28
517.24
430.25

5J.7.24

425.60
517.28
430.25
518.52
518.48
519.10
519.23
519.48
519.45
519.45
43A.71

425.27
425.27

425.23
425.21

425.20

425.20
425.20
517.24

0.03
0.03
0.o4
0.04
0.01

o.o2
0.03
o.17
0.30
o.42

0.33e-2
0.10
0.53
0.49
o.20
o.o2
0.04
0.01

0.01

0.04

O.47e-2

O.47e-2

0.o'l

0.03
0.06

o.12
1.11

0.55e-3
0.01

O.64e-3

O.43e-3

0.49e-3
0.61c-4
O.7öe-3

0.59
0.03
0.13
o.25
0.05
0.03

0.85e-3

0.01

0.00
0.04
0.02
0.01

O.12e-2

0.27e-2
O.21e-3

0.04

f:.

Title: O59O0.20
d:\...Vnodel four rsvised 2O17 pressur€ zone.wcd
o3/o4l99 02:11:O5 PM @ Haestad Methods, lnc'

Scenario: BASE

Steady State AnalYsis
Pipe RePoÉ

RG3ource Mlnagam.nt lnfl lnc

37 Brookside Road ì/Vat€rbury, CT 06708 USA

Proiect Engineer: RMI-USERS
Cybernet v3.1 [O71 bl

(2O3)755-1666 Pagel of2

o.42
o.42

0.03
0.06
o.12
o.12
0.03
0.33
o.30

0.76
0.01

o.15
r.o5
o.71

0.43
0.03
o.08
0.11

0.11

0.05
O.25e-2

0.01

0.05
0.06
o.17
0.30
o.71

0.8e-3
o.03

O.46e-2

O.43e-2

O.81e-3

0.15e-2
û.12e-2

o.74
o.o8
o.r8
0.19
o.21

0.03
0.01

0.01

0.00
0.1 1

0.04
0.01

0.01

0.01

O.69e-3

o.06

L-63



(in)
Material End

Hydraulic
Grade

(fr)

Friction
Slope

(t/1ooofi)
Link

Label
Start
Node

End
Node

Length
(fi) (gpm) (fi)

P-612
P614
PS16

J-612
J€14
J-32

J-610
J-612
J-614

1,570
1,840

1,900

12

12

12

Duciile lror

Ductile lrot

Ductile lrol

130.0

130.0

130.0

99.80
177.73
255.65

517.24
517.30
517.49

0.06
0.19
0.39

0.o4
0.10
o.n

/t

Title: O59OO.20

d:\..Vnodel four revised 2O17 pressure zone'wcd
O3/O4l99 O2:11:O5 PM @ Haestad Methods' lnc'

Scenario: BASE
Steady State AnalYsis

Pipe Report

Rôsourca Man¡gGm.nt lnfl lnc

37 Brookside Road ìrltaterbury, CT 06708 USA

Proiect Engineer: RMI-USERS
CYbernetv3.l [071b]

(2O3) 755-1666 Page2of2

tt

i

a¡

ßJ

I

uI

*,

J
c-6r{



Tì

Title: O59OO.2O

d:\..Vnodel four revised 2017 pressure zone.wcd
O3/O4l99 O2:11',2O PM @ Haestad Methods, lnc

Scenario: BASE

Steady State AnalYsis
Junction RePort

Rcsourcc Månagam.nt lntl lnc
37 Brookside Road lrvaterbury, CT 06708 USA

Proiect Eng¡neer: RMI-USERS
CYbernet v3.1 [O71b]

(2O3)755-1666 Page 1 of1

c-61

(psi)Hydraulic
Grade

(ft)

Pattem Demand
(spm)

Demand
(spm)

Demand
Type

Node
Label (û)

519.53
519.48
425.23

425.n
519.49
519.33
519.03
519.03
518.61

518.08

517.88
518.51

517.86
5l7.44
517.44
518.47
518.45
518.48
518.39
517.28
5l7.24
517.28
430.25
425.60
430.25
518.52
519.10

519.23
519.48
519.45
438,71

425.27
425.27
425.23
425.21

425.20
425.æ
425.20
517.24
517.30
517.49

79.80
88.43
62.80
56.30
58.16
90.52
66.61

62.28
83.72
81 .33

102.87

59.90
105.O2

79.O7

85.55
62.O4

53.39
49.O7

46.87

68.01

100.45

87.47

62.81

75.93
60.65
42.60
73.12
94.80
90.58
90.57
66.47

73.63

64.98
62.80
60.63
60.63
67.98
53.28
50.70

74.51

76.75

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

F¡xed

Fixed

Fixed

Fixed

Fixed

F¡xed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

2.74
15.58
0.o0

26.16
3.34

10.58

4.45
12.80

30.06
0.00

0.oo

22.26
?2.82
21 .15

2't.15
1?.AO

6.68
7.24

16.'14

8.35

21.15
12.24

0.oo
15.O2

15.O2

0.00
o.00

24.49
23.93

0.00
0.00

18.36

227.65
77.92
77 92

4.45
15.58

5.57
4.45
5.57

14.47

2.74
15.58
0.00

26.16
3.34

10.58
4.45

12.4O

30.06
0.oo
o.00

22.%
22.42
21 .15

2',1 .15

12.4O

6.68
7.24

16.14

14.47

21 .15

12.24
0.oo

15.O2

15.O2

o.oo
0.00

24.49
23.93
o.00
o.oo

18.36

227.65
77.92
77.92

8.35
4.45

15.58
5.57
4.45

5.57

335
315

280
255
385
310

365

375
325
330

280
380

275

335

3n
375
395

405

300

310

310

285
255
275

280
285
285
268
302
400

345
340

410

360

285
315

285
250
290
420

350

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Dcmand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

Demand

J-r I

J-10
J-1 1

J-12
J-15
J-20
J-25
J-24
J-30
J-31

J-32
J-35
J-36
J-37
J-38
J-40
J-45
J-48
J-50
J-52
J-53
J-54
J-56
J-57
J-58
J-60
J-70
J-80
J-90
J-92
J-94
J-100
J-1 01

J-'lc.2

J€1
J-612
J-614

J-'r

J-1

J-1

J-1
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WATER SYSTEM MASTER PLAN UPDATE

APPENDIX D

SUMMARY OF ESTIMATED
PROBABLE PROIECT COSTS
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Wnren SYsreu MRsreR PI-¡t¡ UPoRre

SuuuRRy or Esnmlreo PnoeleLe Pno¡ecr Cosrs
ron RecoMMENDED G¡p¡rnl lu¡pRovenneruts

Proiect Description
Probable Proiect

Cost ($)

-i

Ll

l. Treated Water Reservoirs

I Initial Phase: 6.0-MG concrete tank

t Future Phase: 3.0-MG concrete tank*

2. Booster Station

r Southwest Booster Pumping Station
(Fig.7-1.,Item 9)

I 8-inch intertie across HwY. 99W

3. Distribution System

I 1.2-inch pressure zone main under park site
(Fig.7-1,,Item 1,)

I L2-inch pipe under Pine, Columbia and
Washington (Fig. 7 -1., Item 2)

I 8- and L2-inch pipes under Gleneagle and
Twelfth (Fíg. 7-1, Item 3)

I L2-inch pipe under Lincoln and Oregon
(Fig.7-1.,ltem 4)

I 12-inch pipe under Tualatin-Sherwood and
Tualatin-Scholls Roads w/ Hwy' 99W

crossing (Fig. 7 -1, Item 5)

t 12-inch pipe between Roellich and Edy
(Fig.7-1,,Item 6)

I 24-inch marn from the Bull Run Connection
to reservoir site (Fig. 7-1,ltemT)

I 24-inch replacement pipe reservoir site and
intersection of Lincoln and Division
(Þig.7:l,ltem 8)

I 12-inch pipe NW from Hwy. 99W to connect
to Edy PUD (Fig. 7-L, Item 10)

I 12-inch pipe under Galbreath and Cipole
Roads (Fig. 7-1,, Item 11)

¡ l{eplace 2-,4- and ô-inch prpe hnes wrth 8-

inch pipe throughout City

$ 3,800,000

'1,,925,O00

700,000

150,000

125,000

140,000

L95,000

220,000

385,000

130,000

790,000

50,000

40,000

270,000

690,000

Torer $_9,61!.000

Present worth cost, assuming the tank is constructed in 2005 (3% discount rate).

D-¿
BOOKMAN-EDMONSTON

ENGINEERING, INC.
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City of Sherwood, Oregon
'Water System Master Plan Summary

September 1999

In addition to this summary, the City of Sherwood 1999 Water Master Plan consists of the
following documents:

City of Sherwood, Oregon Vy'ater System Master Plan Update, dated April 1999, authored
by Bookman-Edmonston Engineering, Inc, authorizedby Sherwood, October 1997.

City of Sherwood Municipal Well Field Hydrogeological Evaluation, dated June 11,
1999, authored by Squier Associates, authorized by Sherwood, January 1999.

Analysis of Southwest Sherwood Service Zone, dated September 13. 1999, authored by
Mun'ay Smith Associates, authorized by Sherwood, February 1999.

In addition to the above three documents, Sherwood authorized the preparation of a
Water Management and Conservation Plan. This Plan, mandated by Oregon State 

'Water

Resources Department (Division) is underway and will be presented to Sherwood for
review and adoption shortly. When adopted, it will be an important element of
Sherwood's 1999 Water Master Plan.

The above listed documents and this summary titled "City of Sherwood 1999 'Water 
System

Master Plan Project Sunmrary", and system map, titled "City of Sherwood 1999 Water System
Master Plan", is intended to constitute Sherwood's 1999 Water System Master Plan. The last
Sherwood Water Master Plan was adopted in June 1991.

The City of Sherwood 1999 Water Master Plan, to be a useful tool, must be thoroughly reviewed
annually.

Project Summary:

The projects listed in the attached Project Summary have been identified as necessary to provide
Sherwood's water customer with a reliable, safe and economical product. The guidelines and
standards used in identifying the projects were Oregon Administrative Rules, Chapter 333,
including ORS 448, Drinking V/ater Program of the Oregon State Health Division and the
American'Water Works Association.

Several of the projects, through necessity, have been started, such as the search for additional
water sources. Other projects have been completed, such as the Municipal Well Field
Hydro geolo gical Evaluation.

Page I
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Priorities:

Projects in process:

l. Securing additional source

Planning is underway to find a way to increase the pressure and flow to the West
Sherwood Pressure Zone, an area above elevation 250 and containing 180 acres. The
area includes a proposed elementary school scheduled to open in September 2000 and the
YMCA.

3. Replacement and upsizing to 12 inches, the Lincoln and Oregon Street water lines.

The projects in the spread sheet, pages 3 through 6 are prioritized. Prioritization is dependent
upon available funding, time ancl location of development.

Project Probable Cost:

The probable project cost has been developed for several projects. The cost contains a
reasonable amount for construction, plus 30-50 percent for contingencies, overhead, and
engmeenng.

In all cases, the probable cost is based on 1998 and 1999 construction costs.

Prepared by Consulting Engineer, Robert Meyer, P.E., PLS
September 14,1999

Page2
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C¡ty of Sherwood, Oregon
7999 Water System Master Plan

Project Summary

1

Ðessiption

Addition Source of Supply to meet year
2017 demands

Planning

uu5ts Esr.

To be

determined

Cornments

To supplement its water source, Sherwood is in the
evaluating two sources, (1) joining with Tigard,
\Mlsonville, Tualatin, and Tualatin Valley Water district, in
the development of the Willamette River Water Treatment
Facility and (2) purchase of water from City of portland
combined system.

2 West She¡lvood Seryice Zone - To
provide that area of West Sherwood above
elevation 250 feet with a residual pressure
of approximately 45 pounds per square
inch during instantaneous demand and fire
flow demand at either the school site or
YMCA.

Planning $3.3 Million The recommended solutíon is: (a) lnstall a ground level
reservoir at about elevation 440 feel, along Kruger Road,
approximately 22OO feet west of Hwy 99W. (b) The
reservoir is to be filled from the Wyndham Ridge Booster
Station via new piping along Elwert Road. (c) New
piping from the reservoir to the distribution system, along
with reinforcement piping, will provide adequate flow and
pressure to the West Sherwood Service Zone as well as
fire protection to the YMCA and proposed elementary

3 Well Field Evaluation - A study "City of
Sherwood, Municipal Well Field
Hydrogeological Evaluation dated June
1999, prepared by Squier & Associates,
predic'ts a sustained yield of 1.0 mllllon
gallon per day in year 2000 through 2006
and reduces to 840,000 gallons per day
through year 2010. On an average day the
wells will produce water for 8,000 residents
through year 2006 and nearly 6900
residents through 2010. The above
predictions of well yield assume
improvements to Well 3 and Well 5.

Completed N/A Shen¡vood is in a Groundwater Limited Area which places
restrictions on development of new wells. However, the
wells do not produce their design capacity, or allowable
yield. Sherwood should investigate means to increase
yield to design capacity.

3A Deepen Well #5 - lncrease yield Requ¡res
lmmediate
Action

To be

determined
Well #5 depth was terminated 20 feet above a primary
water bearing basalt pillow. lf successful, dccpcning will
allow the closing off of the water zone which cascades
into the water causing milky (aerated) water.

3B Lower Well #3 Pump Bowls

Spada Farnr Well Analysis - Tlre Spada
Farm Well is located outside of the Urban
Growth Boundary and east ofthe proposed
Home Depot site. The eight inch well
drilled 1983 to depth of 500 feet was tested
at 400 gallons per minute. The owner has
approached Sherwood to rnvestigate the
well as a possible source for municipal use.

Scheduled
for
completion
winter 1999-
2000
Testing lo lre
completed in
October.

To be

determined
Bowls are at 130 feet depth and welldepth is at 319 feet.
Lowering bowls will help insure a rellable yield.

3C T¡r he

determined
Thls woll ls to be inveetigated and tcstcd as a possible
potable source for Shen¡¡ood. This well may be a
consideration of a municipal irrigation source if it is not
economically feasible to improve the Spada Well for use
as a potable source.

Page 3
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C¡ty of Sherwood, Oregon
1999 Water System Master Plan

Project Summary
Costs

4 Lincoln and Oregon Streets Water Line -
This project replaces a leak prone six inch
water line requiring frequent repair. The
new 12 inch replacement line completes a
12 inch loop by connecting to a 12 inch
near Oregon and Roy and to a 12 inch at
Lincoln and Willamette.

Construction $ 327,300 Construction is underway and scheduled for completion
October2,1999

5 Treated Water Storage - Water storage
requirements for Shenrood in Year 2017 is
9.0 million gallons (MG). The majority of
the storage 5 to 7 MG is to be placed at
Snyder Park site near the 2.0 MG reservoir.
The remainder of the storage is planned for
the west and south part of Sherwood.

Planning $3,800,000
for 6.0 MG
Storage

Co nstruction of new storage to serve the West Shen¡¡ood
Service Zone may delay the need for additional storage
at Snyder Park.

6 Water management and Conservation
Plan - An implemented Water
Management and Conservation Plan is
designed to conserve water which may
reduce and/or delay size of some system
components.

Planning lmplemen
tation costs
to be
determined

This plan is mandated by the Oregon Department of
resources as a requirement of the permit for Well

7 Distribution System lmprovements Plannlng
Design

Size and locatron ol the water distribution system
improvements were finalized after completing several
computer network models under different demand. The
priority of the distribution system improvements is
dependent upon location, size, and type of growth.

7A lnstall 5,000 leel of 24 inch pipe along
Murdock Road and Division Street from the
Regional Supply line to the Snyder
reservoir site

$ 790,000

7B

7C

lnstall 300 feel of 24 inch pipe to replace
the 1G inch Gravity Zone pipe between the
Snyder Park reservoir site and the
intersection of Lincoln and Division Streets
Install 1,600 feel12 inch pipe from the
Pressurc Zonc booster station through
Snyder Park to the intersection of Sunset
Boulevard and Aldergrove Avenue. The
upgrade is needed to deliver fire flows to
the southerly portion of Aldergrove Avenue
and the area of Highpoint Drive and
Cascara Terrace,

$ 50,000

$ 12s,000

7D lnstall3000 feet of 12 inch pipe across
Highway 99W under Tualatin-Sherwood
and Sherwood-Scholls Roads to complete
system loop.

$ 385,000

7E lnstall 1 ,500 feet of 12 inch pipe from the
north end of a 10 inch pipe in Roellich
Avenue to Edy Road to complete system
loop.

$ 130,000

Page 4
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Costs
7F lnstall 500 feet of 12 inch pipe northwest 40,000

Highway 99W near Cedar Creek to
connect to a 10 inch in Edy Village
(Development plans submitted)

7G lnstall2,400 feet of 12inch pipe along
Galbreath and Cipole Roads to connect to
system at north edge of BMC West.

$ 270,000

7H lnstall 2,950 feet of 8 inch piping and 300
feet of 12 inch piping to replace the 6 inch
water lines under Gleneagle Drive and
Twelfth Street.

$ r95,000

7t lnstall300 feet of l2 inch piping in
Washington Street to increase capacity and
replace leaking 8 inch water mains.

$ 140,000

7J Replace 1 1,300 feet of 2-, 4- and 6 inch
pipe lines at various locations with 8 inch
pipe.

$ 690,000

I Snyder Park Reservoir Structural
Analysis

Scheduled
for
completion
by October
1 999.

Snyder Park Reservoir Structural Analysis is required on
this 27 year old facility. Since design in 1972, the
Uniform Building Code has changed the class of
earthquake to a more severe quake. The analysis will
uncover any sfnrctrrral defects that may require attention

Water meter inspection and replacement
program

I lmp lement a systematic water meter inspection and
replacement program to remove meters that no longer
function properly.

10 Hydrant flushing program Develop a schedule for periodically flushing fire hydrants
throughout the system

11 Snyder Park Pressure Zone Booster
Station - This station, constructed ln
1996, services the southeastern area ofthe
City.

Draft
analyris
complete

$ '160,000 The installed pumping capacity was designed for peak
and lrre llow rJemand at complete build out of the service
area. However, at average demand and night time
demand, it is necessary to continuously run a 50
horsepower pump lo sustain pressure. This situation ae
well as other deficiencies requires correction.

C¡ty of Sherwood, Oregon
7999 Water System Master plan

Project Summary

Page 5
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CITY OF SHERWOOD
MUNICIPAL WELL F¡ELD

HYDROGEOLOGIC EVALUATION

1.0 INTRODUCTION

This report presents the findings of a hydrogeologic evaluation conducted for the City of Sherwood,

Oregon's municipal ground water well field. The study, as completed by Squier Associates, lnc.,

includes a review of available geologic and hydrogeologic reports, wellfield-specific hydrogeologic

data, and the evaluation of well-specific hydrologic data. This hydrogeologic evaluation has been

undertaken for the purpose of providing a tool that will assist the City of Shenruood in its
understanding of this ground water resource. By increasing their understanding, the City of

Sherwood will be able to make informed decisions on their future water supply plans.

1.1 Project Background

The City of Sherwood is located southwest of the Portland Metropolitan area (refer, Figures 1

and 2). The City has a current estimated population of about 9,800 people and anticipates

increased growth. Historically, Sherwood has obtained all of its municipal drinking water supply

from ground water. Most of this water is produced by pumping four ground water supplv wells,

designated Well number (No.) 3 through Well No. 6. These four ground water supply wells have

been installed in various part of the city as shown on Figure 3. Well No. 1 (drilled in 1890) and Well

No.2 (drilled in 1923) were shut down in 1984 due to the presence of microbiological

contamination. Well No. 1 and Well No. 2were located for this study.

In 1998, Sherwood began updating its Water System Master Plan. As part of the planning process,

Sherwood is evaluating several alternatives to help meet forecasted future water demand, including

purchasing water from either the City of Portland's Bull Run Water Supply System, or joining other

water providers in developing the proposed Willamette River Water Supply System. Critical to the

City's commitment to one or both of the surface water sources, is an understanding of the long

term reliability of the existing well system. This hydrogeologic evaluation is a direct outgrowth of

this planning process, whereupon Sherwood has made the decision to increase its understanding

of the reliability of the ground water supply.

.l
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1.2 Project Objectives

The objectives of the hydrogeologic evaluation for the City of Shen¡vood's Municipal Well Field are:

Determine the source(s) of water for each of the production wells (i.e. aquifer identification)

and develop a conceptual understanding of the basalt ground water system.

Evaluate seasonal and long term trends in well water levels, using data provided by the

City.

Characterize groundwater quality in general, and specific water quality of each city well

using available data.

ldentify ways in which Sherwood can improve the long term reliability of its ground water

system in terms of water quantity and quality.

Evaluate the feasibility of options identified by the City to increase system yield, such as

adding new wells, and water rights transfers.

Discuss an approach to conducting a preliminary evaluation of Aquifer Storage Recovery
(ASR) feasibility.

1.3 Scope of Work

The scope of work for this municipal well field hydrogeological evaluation has been tailored to meet

the City of Sherwood's objectives. ln order to facilitate meeting these objectives, this work has

been subdivided into 5 tasks, as follows:

Task a. Proiect Database. This subtask includes the collection, review, and compilation of

the available geologic, ground water, and well information pertinent to the Shenryood

MunicipalWell Field.

Task b. Develop Conceptual Hvdroqeoloqic Model. Using well logs, information from
published reports, input from local experts, and our experience working with

aquifers of the Columbia River Basalt Group (CRBG), a Conceptual

Hydrogeological Model of the Sherwood ground water system has been developed.

Task c. Develop Hvdrographs for Selected Wells. An understanding of seasonal and long

term water level trends is considered critical to developing an approach to ground

water management.

a

Squier Associates, lnc.
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Task d Conduct Well Hvd raulics Evaluation. The increased understanding of the factors

that appear to control individual well productivity is an important part of this

evaluation. lncluded in this understanding are a detailed analysis of each

production well in terms of its design, casing depth, diameter, pump size and depth

setting, specific capacity, and historical water levels.

Task e. Ground Water Evahration Of equal importance is water quality. Using data
provided by Sherwood, ground water quality has been reviewed and evaluated

Task f. Preoare Reoort with Recommenclations- This report includes maps, figures and

tables to support the text as appropriate. lncluded in the report is a summary of our
interpretations about the hydrogeology of the Sherwood area, identification of basalt

aquifers, a survey of ground water use in the study area, and recommendations for
management of the ground water resource, from both a water quantity and quality
perspective.
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2.0 EXISTING WATER SUPPLY WELL SYSTEM

Thc City of Sherwood maintains four water supply wells for the purpose of municipal ground water

production (refer, Figure 2). lnformation on these four wells is provided below and summarized in

Table 1 . ln addition, the City of Sherwood maintains a reservoir located at275 Division Street. The

water supply wells are located according to street addresses, tax lots, and according to the U.S.

Geological Survey (USGS) coordinate system. The USGS coordinate system is based on a series

of parallel lines extending 6-miles apart. The north / south tiered lines are numbered consecutively

from Township 1 North (T1N) and Township 1 South (T1S). The east / west extending lines are

numbered consecutively from Range 1 East (R1E) and Range 1 West (R1W). The 6-mile square

blocks formed by the Township and Range lines are termed Sections. There are 36 sections within

a Township / Range Block. The Sections are further divided into quarter-quarters using the letters

a (northeast), b (northwest), c (southwest), and d (southeast).

2.1 Well No.3

Location Details. 300 Pine Street (corner of Pine and Willamette Streets)
County Map 2S132D8, Tax Lot 400
T2S / RIW / Section 32bd.

Well According to Oregon Water Resources Department (OWRD) records, Well

No. 3 is the oldest of the operatlng ground water production wells in the Sherwood MunicipalWell

Field System. Copies of the information on file with the OWRD are included in Appendix A. Well

No. 3 was drilled in 1946 and is reported by OWRD to be 339 feet deep, however the City of

Sherwood's records indicate that the well is 319 feet deep. OWRD records indicate that Well No.

3 was constructed with 16-inch casing set from surface (0 feet) to depth 36 feet and 12-inch casing

set from depth 35 feet to depth 'l22feel. The City's records indicate that the 12-inch casing is set

from sudace to depth 77 feel. The City's information further indicates that Well No. 3 has an 8-inch

pump with piping connected to a 75 horse power Johnston pump and an intake setting of 1 10 feet.

ln April 1999 Schneider Equipment, Inc. and Drilling Company of Saint Paul, Oregon (Schneider)

began rehabilitation of Well No. 3. Accordingly the well's pump intake was lowered to depth

130 feet. The pump intake depth of 130 feet is used in Table 1 .

According to the 1946 well log for Well No. 3, basalt (described as lava rock) was encountered at

depth 137 feet. A "sand rock" is described as being encountered from depth 38 feet to 137 feet.
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Since the casing only extends to depth 122 teeT, this indicates that 15 feet of detrital sediments

overlying the basalts are uncased. No specific information on water bearing zones is provided.

Also according to the 1946 well log, the well had an initial specific capacity of about 12 gallons per

minute (gpm) per foot. The specific capacity is defined as the ratio of the pumping rate to the

drawdown in the well and is typically considered an indicator of well productivity . According an

evaluation completed by the City of Sherwood in 1984, this well is capable of producing 920 gpm

and is a good producing well. Using water level measurements from December 17, 1998, ¡t

appears that the well has a drawdown of 21 feet after t hour of pumping, suggesting a current

specific capacity of 44 gpm per foot.

Historical Well Use. Data provided by the City of Sherwood concerning historical pumping efforts

for Well No. 3 have been tabulated. The available data only covers the period between 1993 to

March 1999. During this period the well has typically been used to produce between 9 to 13 million

gallons per month. The well has been used to produce as much as 26.4 million gallons in one

month's period.

HistoricalWater Qualitv. Representative water quality samples were collected and analyzed by a

contracted analytical laboratory from Well No. 3 in June 1996. The samples were tested for volatile

organic compounds (VOCs), pesticides (including herbicides), and inorganics. No concerns were

detected during this evaluation. The inorganics evaluated included antimony, arsenic, barium,

beryllium, cadmium, chromium, cyanide, fluoride, lead, mercury, nickel, nitrate, nitrite, selenium,

sulfate, and thallium. These elements and compounds were not detected in the water quality

sample.

The historical water quality data indicates that the ground water produced by Well No. 3 is
moderately hard, with a measured hardness of 88. Hardness is typically reported as parts per

million (ppm) of Calcium carbonate (CaCOr) equivalents and is calculated from the concentrations

of calcium and magnesium. Hardness values ranging from 51 to 120 are considered moderately

hard.

2.2 Well No. 4

Location Details. 1530 Meinecke Road,
County Map 2S1314, Tax Lot 701

T2S / R1W / Section 31ab.

Squier Associates, lnc.
August 23, 1999 hydrostuaydoova2.s/pd
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Well Description. Well No. 4 was drilled in 1969 and according to OWRD records is 455 feet deep

(refer, Appendix B). The City records indicate a completion depth of 458 feet deep. Casing was

installed from about 1-foot above ground (+1 feet) to depth 99 feet. The ground water intake was

set at 400 feet with an 8-inch pump piping connected to a 60 horse power Cornell pump.

The 1969 well log for Well No. 4 indicates that basalt was encountered at depth 78 feet. Red

basalt is identified at depth 98 feet suggesting weathering and the presence of water. The casing

was set at depth 99 feet, probably based on the presence of a water bearing zone at that depth.

The overlying sediments are effectively sealed off by the casing in this well.

Historical Well Use. The initial specific capacity for this well, as measured in 1969, was

approximately 2 gpm per foot. ln 1984 the total well capacity was reported as 350 gpm and the

well was reported as a low to moderate producing well. Since 1993, the production range for this

well has been from about 2lo 4 million gallons per month. Using January 1997 water level data

and a pumping rate of 350 gpm, the well's specific capacity remains about 2 gpm per foot.

Historical Water Qualitv. Historical water quality reports for Well No. 4 include a series of sampling

and analysis events conducted between August 1986 and November 1986 for mercury content.

Apparently 0.0021 milligrams per liter (mg/L) of mercury was detected in August, an average of

0.0016 mg/L of mercury for four samples was detected in September, and less than 0.0005 mg/L

was detected in November 1986. Water quality samples were also collected in 1996 and tested

for the same parameters as Well No. 3 at that time (VOCs, pesticides, and inorganics). No

concerns were noted in the evaluation. A water sample was also tested for gross alpha radiation

in 1997. This sample displayed 0.19 picocuries per liter (pCi/L). This is not a concern since it is

less than 15 pCi/L, the standard developed by the Federal government for radionuclides. Testing

for inorganics was again completed in 1997, with no concerns noted. Historical hardness

evaluations of Well No. 4's ground water indicate a range from 26.7 to 85.5. This suggests that

the well water is soft to moderately hard.

2.3 Well No. 5

Location Details. 16491 Sunset Boulevard
County Map 2S132 CB, Tax Lot 6600
T2S lRlW / Section 32cb
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Well Details. Well No. 5 was drilled in 1984 and is 800 feet deep. OWRD records indicate that

16-inch diameter casing set f rom 1.5 feet above surface (+1.5 feet) to depth 200 feet (refer,

Appendix C). The City's records indicate that the 16-inch diameter casing is set from sudace

(0 feet) to depth 252 teel. The well is completed with 8-inch diameter piping connected to a

150 horse power Worthington pump whose intake setting is at depth 430 feet.

According to the OWRD well Log, broken porous basalt was encountered at depth 83 feet. The

first water bearing basalt zone is listed at depth 2S2teel and extends 14 feet to depth 266 feet.

The depth 252teel is the depth that the City reports that the open hole begins. An additional S-foot

thick water bearing zone is also listed at depth 283 feet. Well No. 5 reportedly has a zone of

cascading water at approximate depth 253 feet. ln 1984 a down-hole video camera well log of Well

No. 5 was completed. The interpretation of the video indicates a very rough, broken zone with

caving at depth 253 feet. The video interpretation narrative also provides additional information

on other zones including pillow basalts, broken zones, and fracture patterns (refer, Appendix C).

ln 1999 Dr. Marvin Beeson reviewed historical drill cuttings archived by the City. Dr. Beeson has

developed a well log identifying the CRBG Formations, Members, and Units, as well as zones of

interest. A copy of Dr. Beeson's well log for Well No. 5 is included in Appendix C.

Historical Well Use. lnformation on the initial specific capacity for this well was not recorded at the

time the wellwas installed. The historical production from this wellaveraged about 7 million gallons

per month, ranging from about 4 to about 15 million gallons per month. ln March 1997, the well

was used to produce 103 million gallons. Using the City of Sherwood's recorded measurements

for August 27,1996, a specific capacity oÍ 2.4 gpm per foot has been calculated for Well No. 5.

Historical Water Qualitv. The water quality testing for Well No. 5 was according to the same

schedule as Well No. 4. No VOCs, pesticides, nor gross alpha particles were reported. Low levels,

below levels of regulatory concern of lead (0.011 mg/L) and mercury (0.0013 mg/L) were reported

in 1986. A low concentration of arsenic (0.007 mg./L) was detected in 1989 and lead was again

detected at 0.006 mg/L in 1992. Hardness testing on the Well No. 5 ground water indicates a

hardness of 811, suggesting moderately hard water.

2.4 Well No.6

Location Details. 1830 Roy Street
County Map 2S132, Tax Lot 12100
T2S lRlW / Section 32ad

Squier Associates, lnc.
August 23, 1999 hydrosru/hydoova2.uod
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Well Details. Well No. 6 is the newest of Sherwood's water supply wells, having been completed

in 1997 (refer, Appendix D). Records indicate that the 16-inch diameter steel casing is set from

1-foot above sudace (+1 feet) to depth 301 feet. A 12-inch welded steel liner has been set from

depth 294 feel to 889 feet. Factory mill-cut perforations are in the liner at depths 430 feet to

450 feet, 640 feet to 680 feet, and 769 feet to 889 feet. Currently the well, which is 889 feet deep,

has an f-inch diameter production piping connected to a 75 horse power American Turbine pump

with bowl set at 300 feet.

A very complete well log package has been developed by Schneider Drilling Company for the

installation of Well No. 6. Apparently the drillhole was advanced to depth 1,030 feet and cemented

back to depth 889 feet. A copy of the well log package on file with OWRD is included in Appendix

D. ln addition, Dr. Beeson also developed a well log based on the drill cuttings provided by

Schneider Drilling and the City. Dr. Beeson's well log for Well No. 6 is also included in Appendix D.

According to these well logs, basalt was encountered at depth 30 feet and extended to depth

1 ,014 feet. Predominantly clay was encountered after depth 1 ,014 feet.

Historical Well Use. Well No. 6 is the newest and most productive of Shenvood's water supply

wells. Well No. 6 was completed in 1997 and test pumped as high as 2,000 gpm. lt has a

relatively high specific capacity (48 gpm per foot), and is capable of producing in excess of

1,000 gpm. However, due to OWRD permit restrictions this well is pumped at about 600 gpm. The

well produced almost 128 million gallons in 1998, averaging about 10 gallons per month. Peak use

of the well was in August 1998, when it produced about 21 million gallons.

Historical Water Oualitv. The water from Well No. 6 was tested for inorganics in 1996 and 1997

and VOCs in 1997. No VOCs were detected. The inorganics detected include sodium (which was

detected in allthe wells), manganese (0.04 mg/L), and iron (0.08 mg/L). Manganese and iron are

typically found in basalt water wells. Sodium is not a regulated compound. Manganese and iron

are regulated as Secondary Contaminants, with unenforceable regulatory levels. Arsenic, lead,

and the other inorganics of concern were not detected. A hardness of 204, indicating very hard

water, was reported for ground water from Well No. 6.

2.5 Possible Additions to the City's Wellfield (Spada Well)

The Spada Well is located north of Sherwood, in a former agricultural area zoned for future

inclusion in the Sherwood Urban Growth Boundary. lt is an 8-inch well that was drilled 500 feet

deep in 1983, and when drilled produced 400 gpm. Water quality is not known; however it is a

-]
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basalt well and quality should be comparable to Sherwood's other wells. A copy of the well log

onfile with OWRD for the Spada well is included in Appendix E.
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3.0 GEOLOGY

The nature and occurrence of geologic units and geologic structures governs to a large degree the

behavior of ground water, and consequently, the availability of water in volumes sufficient to

support municipal systems. An understanding of the vertical and lateral distribution of geologic

units, and tectonic structures which effect these units is considered fundamental to managing the

ground water resource.

3.1 Regional Setting

Sherwood is located adjacent to the Willamette Valley physiographic province, between the Coast

Range to the west, and the Willamette Valley to the east, within a physiographic subdivision known

as the Tualatin Valley. The Tualatin Valley area is characterized by a broad, generally low relief

flood plain mantled with alluvium, and surrounded by low to moderate elevation hills composed

largely of basalt bedrock. An example of these hills is Parrett Mountain, immediately south of

Sherwood, which reaches an elevation of about 1,200 feet.

The dominant feature of the Tualatin Valley is the Tualatin River. This river meanders from its

headwaters in the Coast Range to the Willamette River, east of Sherwood. The river passes

approximately 2 miles to the north of the Sherwood area. Cedar Creek, a secondary tributary flows

northcastward from Parrett Mountain to the Ci$ Limits and then flows northward to its confluence

with Chicken Creek, which ultimately empties into the Tualatin River north of the City. Another

tributary to the Tualatin River, Rock Creek flows northwestward, east of the City.

3.2 Regional Geologic Stratigraphy

A regional geologic map is included in the Ground Water Report No. 40, Groundwater Conditions

ot Basalt Aquifers, Parrett Mountain, Northern Willamette Valley, Oregon (Mlller, et al., 1994). The

pertinent portion of that map is included as Figure 3 with this report. Regional geologic stratigraphy

is typically subdivided into five major unlts. The five geologic units are listed below, from youngest

to oldest:

Recent Alluvium and Willamette Silt. Recent alluvium is a generalterm for the deposits

of local rivers, streams, and lakes that have been laid down due to the mechanics of the

particular water body. ln the Sherwood area the primary source of the most recent

a
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alluvium is the Tualatin River. The Willamette Silt is typically a massive, mica-bearing

clayey silt, often with very fine sand and minor organic woody material (Wilson, 1998).

The unit may exhibit crude lamination, and includes an upper oxidized yellow-brown

section and grades to an oxygen reduced blue-gray section. The Willamette Silt is a term

originally used by Allison (1953) and later by Trimble (1963) for the predominant surficial

geologic unit in the Willamette Valley area. This unit includes the Catastrophic Flood

Deposits, which consist of crudely to complex layered, poorly consolidated fine to medium

sand and silt as well as gravel. The Catastrophic Flood Deposits were formed by repetitive

catastrophic glacial outburst floods from ancient Lake Missoula, located in the western

Montana area, that occurred between 13,000 and 18,000 years ago. During these

repetitive flood events, sediment rich flood waters entered the Tualatin basin from the

Columbia River, forming a temporary lake with a suface elevation near 400 feet mean sea

level (msl). Soil development has introduced significant clay in the upper 6 to 15 feet of

the deposited sediments.

Hillsboro Formation. ln his doctoral dissertation, Wilson (1998) proposes the Hillsboro

Formation as a new name for the Pliocene-Pleistocene sediments found above the CRBG

and below the Willamette Silt. Wilson's stratigraphic organization places all materialfouncl

in the Tualatin Valley and formerly assigned to the Troutdale Formation and Sandy River

Mudstone into the Hillsboro Formation. Accordingly, the fluvial and lacustrine silt, sand,

graveland conglomerate of Miocene to Pliocene age and formerly considered Troutdale

Formation, are considered as Hillsboro Formation. The Troutdale Formation is now used

to distinguish deposits of Columbia River origin, generally poorly to moderately

consolidated gray brown silt, with lenses of sand and gravel.

ln addition, the Helvetia Formation sediments, which reach thicknesses over 800 feet in

the Hillsboro area, are included as part of the Hillsboro Formation. Schlicker and Deacon

(1967) describe the Helvetia Formation as a red-brown, poorly consolidated sand, sandy

silt and silty clay deposit. lt is found to unconformably overlie the CRBG. The Helvetia

Formation has been mapped to occur throughout the Tualatin Valley region, and is
believed to be related to the earliest Miocene sediments. ln places it may represent a

weathering horizon in the basalt, rather than a distinct alluvial deposit.

Columbia River Basalt Group. The Columbia River Basalt Group (CRBG) is comprised of

a series of Miocene to Pliocene basalt flows that erupted from fissures in eastern Oregon

and Washington, and western ldaho. Thicknesses of individual basalt flows range from

a
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a few feet to several hundred feet, but are commonly less than 100 feet. The thickness of

the CRBG in western Oregon ranges from a few hundred to as much as 1,500 feet.

Knowledge of CRBG stratigraplry has evolved through the application of geochemistry,

magnetic stratigraphy, and lithologic characteristics. The following five units of the CRBG

(and one paleosol horizon) comprise the basalt stratigraphic section in the Sherwood area:

Unit: The Gingko unit is the lower of two units of the Frenchman SpringsGino

o

member of Wanapum Basalt, an intercanyon basalt flow that made it all the way to

Cape Foulweather (near Newport, Oregon). The younger unit of the Frenchman

Springs member (Sand Hollow unit) represents the youngest basalt flow irr the

Portland Basin. The Sand Hollow unit is the uppermost unit of the CRBG in the

Portland Basin and, hence, was exposed at the ground surface for an extensive

time period, promoting deep weathering and erosion.

The Ginkgo unit flowed over a somewhat variable topographic sudace due to the

initial tectonic folding, faulting, and uplifting in the region, as tectonic deformation

was underway prior to that time. This tectonic deformation contributed to the

erratically distributed two units of the Frenchman Springs member. Erosional

remnants of these basalt flows are severely weathered and may only be found 10 to

30 feet thick, however, a maximum unit thickness up to 60 feet has been

encountered.

Where thick and not completely weathered, the Ginkgo basalt displays abundant

plagioclase feldspar phenocrysts in a fine-grained, glassy groundmass.

Phenocrysts (large crystals within a fine groundmass) and glomerocrysts (clots of

phenocrysts), ranging from 0.3 centimeters (cm) to 2 cm in size, provide a reliable

visual stratigraphic indicator identifiable in Gingko core specimens.

Vantaqe Horizon: A prominent interbed and stratigraphic reference called the

Vantage Horizon underlies the Ginkgo basalt and represents an erosional

unconformity and significant geologic time break between placement of the

Wanapum Basalt Formation's Frenchman Springs member and the underlying

Grande Ronde Basalt. ln the Portland area, the Vantage Horizon is a relatively thin,

1-foot to 4-foot thick paleosol, or ancient soil horizon, that locally overlies a

weathered upper Grande Ronde Basalt surface.

i,J
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The material in the Vantage Horizon typically contains well consolidated

sedimentary materials including volcanic ash (tuff), sand, and other fluvial deposits,

as well as carbon and wood remnants of a Miocene forest.

Sentinel Bluffs Unit: The Sentinel Bluffs unit is the youngest of the Grande Ronde

Basalt. The Grande Ronde Basalt typically consists of dense to slightly vesicular

basalt flows with localized variably lithified flow breccia (a rock composed of angular

rock fragments). Vesiculation occurs most commonly at flow tops and is formed by

the post-emplacement migration and entrapment of aqueous vapor bubbles.

Vesicular zones are laterally continuous for hundreds of feet to many miles.

Regionally the Grande Ronde Basalt displays blocky to columnar jointing with poorly

developed or absent entablature zones. Figure 4 has been provided to display the

characteristic structure types of the CRBG.

The thickness of the Sentinel Bluffs unit has been found to be generally uniform,

ranging between 170 feet and 185 feet in the Portland Region. The Sentinel Bluffs

unit consists of two identifiable primary flows, an upper and a lower flow. The upper

and lower subunits typically are both about 85 feet to 90 feet in thickness and also

are relatively uniform in distribution. The two flows are similar in characteristics,

such as geochemical composition, strength, joint spacing, and weathering. The

upper and lower flow boundary is typically identified at an interflow contact zone with

minor flow breccia.

Flow structure of the Sentinel Bluffs unit is generally of the blocky columnar to

entablature colonnade form (refer, Figure 4). The upper flow usually has no or one

internal intraflow contact; the lower flow commonly has two to three intraflow

contacts, and occasionally up to four apparent intraflow contacts. lntraflow

contacts, and the upper/lower interflow contact, generally include a thin (usually

1 foot or less) basalflow breccia or broken zone belonging to the overriding upper

flow, overlying a thin contact zone a few inches thick, which, in turn, overlies an

upper flow breccia and vesicular zone of the underlying flow. Development and

thickness of the underlying flow breccia is highly variable, ranging from 1 foot to

20 feet or more. However, the relatively thin intraflow breccia zones have been

most commonly observed.
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Where relatively unweathered, the Sentinel Bluffs Unit is light to dark gray in color,

slightly to very slightly weathered, and generally ranges in hardness from high to

very high strength. Frequently the very high strengths are noted near the flow base.

Extensive cooling related fractures are characteristic for the Sentinel Bluffs Unit.

Fracture patterns suggest that much of the Sentinel Bluffs Unit consists of poorly

developed entablature jointing with random joint orientations of short extent. Longer

undulating colonnade type joints are only anticipated near flow bases, or locally as

relatively small diameter columns that may fan radially at various attitudes. Cooling

joints are generally moderately rough, of short extent, and, in the poorly developed

entablature flow sections, non-planar and random in orientation. Colonnade flow

portions have more preferentially oriented sets that tend to be high angle to vertical,

relatively smooth, undulating, and of longer vertical extent than horizontal.

Each flow is separated from overlying and underlying flows by an intedlow zone that

may or may not contain a thin soil horizon. Where present, soil horizons are

generally well-lithified and less than 1 foot in thickness. Several of the identified

flow boundaries are characterized by flow breccia zones, varying in thickness up to

20 feet. Rock clasts comprising the breccia are generally subangular, gravel- to

cobble-sized and vary in appearance from vesicular to dense, and in color. The

character of the flow breccia zones varies substantially, from well-indurated,

relatively competent and unweatherecl material to unlithified rubble zones with

relatively high hydraulic conductivity.

Winter Water Unit: The Winter Water unit is a part of the Grande Ronde Basalt.

ln hand specimen a basalt of the Winter Water unit is very similar in appearance

and characteristics to the overlying flows. Differentiation trom the Sentlnel Bluffs

unit and Winter Water unit is made with certainty only on the basis of geochemical

composition and definirrg nrajor oxide and trace element composition. Generally,

the Winter Water unit basalt contains sparse, small blocky plagioclase

glomerocrysts, is slightly darker gray in color than the overlying Sentinel Bluffs Unit

and glassy to fine-grained (mineral grains have no form or are not visible without

magnification), but this distinction is often masked by intraflow variability.

Extensive cooling related fractures are characteristic for the Winter Water unit, as

they are in the Sentinel Bluffs unit. The Winter Water unit has typically two flow

subunits. Flow structure, like the overlying Sentinel Bluffs unit, is characterized as

I
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columnar to entablature / colonnade, but is recognized to vary widely. A persistent

flow breccia or pair of closely spaced flow breccias commonly defines the upper

contact of the Winter Water unit. Basalt flow thicknesses between the two

brecciated flows ranged from about 10 feet to 30 feet. The primary flow unit

underlying the second breccia, however, displays substantial thickness up to

1 10 feet.

Ortlev Unit: The Ortley unit interfingers with the Umtamun unit and therefore may

be observed as lithologically interchanged. This requires additional investigatory

work to separate the units. This unit displays a uniform physical appearance with

typically a glassy to fine grained and aphyric groundmass. The Ortley unit is noted

to lack the tiny laths of plagioclase feldspar found in basalts of the Umtamum unit

(refer, below) and the overlying Winter Water unit (refer, above). The Ortley unit

flows typically display entablature or colonnade jointing patterns and less frequently

change to a blocky - columnar jointing pattern.

Umtanum Unit: As noted above, the Umtanum unit interfingers with the Ortley unit.

l'he Umtanum unit is typically aphyric with a distinctive entabulature or colonnade

jointing pattern. Of the two flows of the Umtanum unit, the upper flow has very low

paleomagnetic inclination and can be distinguished from the Winter Water unit by

the lack of phenocrysts.

Grouse Creek Unit: A member of the Grande Ronde Basalt, the Grouse Creek unit

has at least 10 distinct flows, although not all 10 have ever been identified in one

section. Although, this unit is identical in appearance to the younger Ortley unit, the

Grouse Creek unit flows lack microphenocrysts and rarely contain plagioclase

phenocrysts in addition to being associated with a wide range of joint patterns.

Geochemically, this unit is characterized by low titanium oxide (TiOr) content and

intermediate to low magnesium oxide (MgO) content. Also noted and useful in

differentiating the unit is that basalts of the Grouse Creek Unit display a reverse

magnetic polarity compared to current conditions and the Winter Water and Ortley

Units.

Wapshilla Ridqe Unit: The basalts of the Wapshilla Ridge Unit within the Grande

Ronde Basalt Formation are also characterized by a reversed polarity. This unit

typically displays entablature to colonnade structure in the western regions of the
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flow. Hand samples are commonly glassy to fine grained with abundant microphyric

plagioclase and rare plagioclase phenocrysts. Geochemically, low MgO and high

to very high TiO, contents are associated with the Wapshilla Ridge Unit, providing

another useful tool for unit differentiation.

Mount Horrible / Downv Gulch Units: The Mount Horrible unit is physically and

compositionally similar to the Grouse Creek unit, but the two units are always

divided by the Wapshilla Ridge unit. The Downey Gulch unit has basalts that are

associated with high TiO, and intermediate to low MgO flows. This unit is fine

grained with microphyric and aphyric plagioclase crystals.

o

l
l

a Oliqocene-Miocene Sedimentarv Rocks (Marine Sediments). These rocks include

tuffaceous, quartzitic, and silt and clay deposits, including siltstones and claystones (often

appearing as "shale" on driller's logs). The marine sediments are found below the CRBG

and are considered the bottom of the ground water system. Ground water within the

marine sediments is often brackish, and exhibits elevated concentrations of total dissolved

solids and may be only marginally potable, or non-potable.

3.3 Sherwood Area Geology

Based upon a review of logs for wells ln the immedlate vlclnlty of Sheruood and geologic maps

from Miller, et al (1994) and Schlicker, et al (1979), the near surface geology includes a cover of

quaternary alluvium, overlying Willamette Silt and Hillsboro Formation in the downtown area. An

approximate 1O0-foot section of Hillsboro Formation is encountered in Well No. 3. South of

downtown, as the land surface rises toward Parrett Mountain, CRBG is exposed at the surface,

including several identified units of the Grande Ronde Basalt (refer, Figure 3). The CRBG flows

are tilted, dipping towards the south and east.

Parreü Mountain is a highland area that separates the Tualatin Valley from the Willamette Valley.

The area typically gently slopes frorn the valley lowlands to the Parrett Mourrtailr peak at 1,250 feet.

Some steep slopes are found in stream canyons and along the scarp of the Sherwood Fault. The

highlands are formed by compressionalforces creating the uplift of the basalt units, which dip to

the southeast.

Geologic structures of the Sherwood area include the inferred southwest extension of the Columbia

Transarc Lowland, known as the Sherwood Trough. The Columbia Transarc Lowland is a

:1
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significantly major geologic structure that has allowed the Columbia River access through the

Cascade Mountain Range. The primary structure of the Sherwood Trough is the Parrett Mountain

and Lake oswego Structure which is approximately 5 to 1s miles in length.

Based upon geologic unit interpretations and geologic mapping by Miller (1994), an approximate

North 60 degrees East (N60"E)-trending dip-slip fault, referred to as the Sherwood Fault, is

considered to define the south-east end of Tualatin Basin in the Sherwood area (refer, Figure 3).

A dip-slip fault is a fault whose net slip is line with the dip of the fault trace. The fault is inferred to

be near vertical with the northern fault block being downdropped. This downdropped block assists

in forming the Shen¡rood Trough. The City of Sherwood's downtown area, water supply Well No. 3,

Well No. 4, and Well No. 5 are located on the northern, downdropped block. Divergent, or splay

faults, fan out from the southern fault extremity on the southern block. The vertical offset ranges

f rom 50 feet 100 feet on the primary fault and 10 feet to about 35 feet on the southern fault splays.
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4.O HYDROGEOLOGY

All rocks have some capacity to hold an amount of water. Tlte inherent physical cltaracteristics of

the different types of rocks (including unconsolidated materials) are relevant to the rock's ability to

hold water. The rock's ability to store, transmit, and yield water is what is used to differentiate good

aquifers from poor aquifers, in addition to aquifers from aquitards or confining beds. The

hydrogeological characteristics that will be addressed in this report are as follows:

Effective Porosity

Hydraulic Conductivity

Transmissivity

Storativity and Specific Yield

Ground Water Flow Direction

Ground Water Flow Velocity

Ground Water Recharge and Discharge

The source of ground water for the City of Sherwood's well field is water-bearing zones of the

CRBG basalts. Relative to the CRBG, the water bearing zones are the interflow zones associated

flow tops or bottoms whlch tend to be vesicular (containing many small cavities) with flow breccia

zones and highly fractured. These intedlow zones are laterally extensive and somewhat

predictable. At depth, the inter{low zones typically exhibit the characteristics of confined aquifers,

however under special conditions they may behave as unconfined aquifers. How these

hydrogeologic characteristics relate to CRBG water bearing zones and the City of Sherwoocl's well

field is provided below.

4.1 Effective Porosity

The porosity of a hydrogeologic unit is the percentage of the aquifer that consists of open spaces.

These open spaces are the locations where ground water may reside. The interconnectedness

of the open spaces ls a relationship referred to as the rnaterial's perrtteability. Tlte effective

porosiÇ is the percentage of that aquifer from which water can be retrieved (not all of the water

could be withdrawn). Porosities that are developed during the formation of the rock are referred

to as primary porosities and porosities that are formed by some activity after the rock mass has

formed, such as faults, are referred to as secondary porosities.
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Vesicles, cooling fractures, and flow breccia within the basalt units provide the primary porosity.

Subsequent faults and tectonic deformation may locally provide higher secondary porosities. Joint

fractures, perpendicular to the flow boundaries do not tend to increase the effective porosity

significantly. The vesicular interflow zones tend to be laterally extensive but may be truncated

faults that clayey gouge or have been subject to clay mineralization. The massive entablature/

colonnade structure that forms the bulk of the basalt units tends to have extremely low porosity with

even less effective porosity, due to a lack of open interconnected fractures in the blocks.

According to current hydrogeologic literature, the effective porosity of fractured basalt ranges from

5 percent to 35 percent. Massive dense basalt typically have an effective porosity of 0.S percent

or less, although it may contain abundant cooling fractures. The effective porosities for productive

intedlow zones are generally considered the equivalent to unconsolidated gravels and range from
20 percent to about 30 percent A CRBG unit can have effective porosities spanning this whole

range within the same unit.

4.2 HydraulicConductivityandTransmissivity

The term hydraulic conductivity refers to the water transmittlng characteristic of an aquifcr in

quantitative terms. A measurement of hydraulic conductivity is a coefficient of proportionality that

describes the rate at which water can move through a permeable medium under a given head.

Hydraulic conductivities are typically measured in a unit of lateral movement during a given time

period, such as feet per day.

The transmissivity of an aquifer is a measure of the capacity of an aquifer to yield water and hence,

is directly related to an aquifer's hydraulic conductivity. ln order to estimate the transmissivity of

an aquifer, the hydraulic conductivity is simply multiplied by the aquifer's thickness. Transmissivity

can be also derived from the analysis of an aquifer pump test. The transmissivity of an aquifer is

the rate at which water is transmitted through a unit width of an aquifer under a unit hydraulic

gradient and transmissivity values are typically presented in gallons per day (gpd) per foot.

Squier Associates has analyzed the semi-logarithmic plot of time against drawdown for the

1 ,100 gpm aquifer pumping test conducted on Well No. 6 in 1997 by Schneider. Using the Cooper-

Jacob formula approximating the Theis non-equilibrium equation, we derived a transmissivity

estimate of 65,000 gpd per foot. This value is within the range of other CRBG aquifers developed

for municipal ground water supply in western Oregon.
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Aquifer test data sufficient to estimate aquifer transmissivity at the other Sherwood well locations

do not exist. Empirical relationships between specific capacity and transmissivity (Driscoll, 1986)

can be used to estimate transmissivity using the following equation:

Ql2 = T /2000 (for confined aquifers)

Using this method of estimating, it appears that the transmissivity of the basalt aquifer at Well No. 3

is greater than 100,000 gpd per foot. This estimated transmissivity value is greater than the

calculated transmisssivity value for Well No. 6. Using the same estimation techniques,

transmissivity values on the order of 4,000 gpd per foot to 5,000 gpd per foot were derived for Well

No. 4 and Well No. 5.

4.3 Storativity and Specific Yield

The storativity (or storage coefficient) of an aquifer is that volume of ground water released from

or added to a unit cross-sectional area due to the measured decline or increase in average

hydraulic head. The specific storage capacity of an aquifer is dimensionless. Storativity considers

the compressibility and elasticity of the aquifer and water and the release or addition of water from

draining or refilling the open pore volLtme of a confined aqrrifer. The storage term tlsed for

unconfined aquifers is specific yield. Effective porosity is roughly equivalent to specific yield for

unconflned aquifers.

Storatlvlty is a coefficient that is equal to tlre volume of water an aquifer relcases from storage per

unit su¡face area of the aquifer, per unit change in head. Confined aquifers, such as the CRBG

aquifers, typically have a low storage coefficient, ranging f rom 1 x10-3 to 1 x 10'5 (dimensionless).

Drawdown data from an observation well during a controlled aquifer test are required to calculate

storativity, and to our knowledge no such data exist for the Sherwood wells.

4.4 Ground Water Flow

Ground water flow direction is simply estimated based upon an evaluation of water head (surface)

elevations. Flow is always from high head (elevations) to low head. More exact predictions of

ground waterflow direction requires measured elevations of water level or potentiometric head from

three or more points at reasonably contemporaneous times. Regional ground water flow can be

determined by evaluation of a flownet consisting of ground water equipotential and flow lines. The
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equipotential lines represent contours of similar ground water elevations. Flow direction is

perpendicular to these equipotential lines.

Variable controls of the ground water flow include the physical character of the medium, such as

heterogeneities, anisotrophies and impermeable boundaries. Furthermore, seasonal fluctuations

in the water table introduce transient effects in the flow system. The regional ground water flow

may be evaluated while taking into consideration the controlling variables.

ln the Sherwood area, the ground water flow direction could be assumed to be from the Parrett

Mountain highlands (to the south) northwards towards the Tualatin River. Ground water would also

flow from the Chehalem Mountains (to the north), southward and eastward also towards the

Tualatin River. Local variations to this regional pattern will be expected based on the locations of

various surface features such as creeks, streams, gullies, and lakes and subsurface features such

as more permeable beds and faults.

ln order to develop a better understanding of the ground water flow direction, the estimated

elevations for the top of casing of the water supply wells was estimated from a USGS topographical

map of the Sherwood area. Estimations of the water table elevations were then made based on

water level information supplied by the City for the summer of 1998. Based on this information it

appears that the ground water located east of the City, and east of Chicken Creek, flows towards

the north northwest (approximately N20"W) and the ground water west of the City, and west of

Chicken Creek, flows to the northeast (approximately N60"E). These flow directions closely

approximate the sudace topography for the respective areas. These rough estimations do not

factor in the complexity required by the presence of the Sherwood Fault and should be considered

subordinate to more site specific data.

The hydraulic gradient is the measurement of vertical change over a unit horizontal distance,

usually presented as feet per foot. Using the same data and assumptions (with the same

limitations) that were used to estimate the flow directions, an hydraulic gradient has been

calculated. The ground water in Sherwood's wellfield area is estimated to be moving at a gradient

of about 0.01 feet per foot.

4.5 Ground Water Velocity

Specific discharge, also known as Darcy's velocity, is the product of the hydraulic conductivity of

a particular geological medium and the hydraulic gradient. The velocity of flow is proportional to
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the hydraulic gradient. The specific discharge is a macroscopic conceptualization of the ground

water flow rate. lt should be noted that Darcy's Law is valid for most granular materials and that

other principles apply in a fractured media. However, as stated previously, the aquifer

characteristics of the laterally extending interflow zones are more similar to the aquifer

characteristics of gravel zones than massive fractured geologic media.

Schneider's 1997 aquifer test data for Well No. 6, our porosity assumptions, and the estimated

ground water flow gradient can be used as variables for the ground water flux equation for Darcy

velocity. By placing these variables into the equation, the Darcy velocity for the ground water is

calculated to be about 11.5 feet per day if 20 percent porosity is assumed. lf 30 percent porosity

is assumed the ground water velocity is about 7.7 feet per day. The calculated Darcy velocity for

gravels, using published data on gravels, also equals about 11.5 feet per day. Calculations made

using published data on massive and fractured basalt produces a Darcy velocity ranging from

0.0004 feet per day to 0.3 feet per day, revealing that water velocity through the interflow zones

is significantly more rapid than through the main rock mass.

4.6 Ground Water Recharge and Discharge

Ground water systems tend to be in a dynamic state of equilibrium, or balance, in the natural state.

The water balance is based on the principle that the water into the system (recharge) minus the

water out of the system (discharge) is equal to variations in storage or normal water level

fluctuations. The normal water level fluctuations for the City of Sherwood well field have been

observed and recorded intermittently sinco 1979. The ground water levels, as measured by the

City of Sherwood, generally indicate seasonal trends. There are three main influences on the water

level of the City of Sherwood well field:

pumping rate of the wellfield,

rate of recharge, and

seasonal precipitation.

Recharge to the basalt aquifers occurs through exposed flowtops, fault zones, along

alluvium/basalt or colluvium/basalt boundaries, and by vertical migration through the surficial soils

and into the underlying basalt flows. lt should be noted that a fractured basalt aquifer possesses

an anisotropic character and therefore local characteristics should not be assumed to be regional

in extent. Discharge from the basalt aquifer system occurs through ground water pumped for
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mun¡cipal and domestic use, in addition to the natural out-flow from the system, such as in springs,

and into stream channels.

Faults can act as zones of enhanced recharge or discharge or barriers. The presence or absence

of gouge (crushed and ground up rock), hydrothermal alteration, brecciation of adjacent rock and

type of fault (compressional or tensional) all have a significant influence on the effect on migrating

water. A fault will be a conduit and allow the migration of recharging water if the fault is relatively

young and does not contain significant fine gouge. As water migrates through the structure, clay

infilling and mineralization occurs and the faults ability to transmit water becomes impaired.

Accordingly older faults become barriers to ground water flow.

Wells that produce water from the alluvium and Hillsboro Formation would be primarily recharged

from precipitation and surface water bodies. This is also the primary recharge mechanism for wells

that produce from the shallow unconfined water-bearing zones of the CRBG. lt is our

understanding that Well No. 3 would fall into this category. The other water wells that produce from

deeper CRBG water bearing zones are primarily recharged from upland areas where the basalt

units outcrop or a near the surface at unconformable boundaries with alluvium. The recharge by

downward vertical migration is slow due to the confining nature of the colonnade/entablature zones

of the CRBG. Locally, the faulting present throughout the area may control recharge of the deeper

units.
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5.0 CONCEPTUAL HYDROGEOLOGIC MODEL

5.1 Key Elements

The Conceptual Hydrogeologic Model is a verbal and graphical representation of the known and

assumed characteristics of the hydrogeologic system. The Conceptual Hydrogeologic Model will

assist in the understanding of current processes and the prediction of others. The following

sections present in detail the data sources and interpretations that formulated the basis of our

working model of the City of Sherwood's wellfield hydrogeologic system.

The Conceptual Hydrogeological Model is based on the following key elements:

The shallow subsurface consists of detrital sedimentary deposits, predominantly silt and

clay, with some sand. This unit, considered overburden in this report, occasionally is

lithified to form siltstone, claystone, or possibly even sandstone. The overburden

sediments range in thickness from a few tens of feet to a few hundreds of feet.

a

a The overburden sediments are underlain by basalt of the CRBG. The CRBG represents

a series of basaltic lava flows that entered the vicinity from the east. These rocks are

predominantly massive, low permeability, crystalline rocks with relatively thin, yet laterally

extensive, permeable interflow zones of vesicular and/or brecciated rock. Local geologic

structures can significantly influence the hydrogeologic properties of these materials.
'l

i

a Certain vesicular and/or brechiated interflow zones are capable of being highly productive

aquifers. Sherwood's four water supply wells extend into and produce ground water from

these zones.

5.2 Cross Sections

The understanding of the subsurface is facilitated by the use of geologic cross-sectlonal dlagrams

developed for the subsudace of the municipal wellfield area (refer, Figures 5 and 6). The location

and orientations of each of the subsequent cross-sections is presented on Figure 3. Cross-

section A-A'traverses the site in a general north-westerly direction (refer, Figure 5). Cross-section

B-B'traverses the site in a general north-easterly direction (refer, Figure 6).

"J Squier Associates, lnc.
AUgUSt23, 1999 hydrostu/hydo€va2't4td

City of Sherwood
24 MunicipalWell Field Hydrogeological Evaluation

.-]



The geologic cross-sections were developed using well logs obtained from OWRD's files, published

geologic maps, and a study completed by Dr. Marvin Beeson on the drill chips collected from Well

No. 5 and Well No. 6 (refer, Appendix E). lnitially, a well log inventory was completed for the area

around Sherwood, Oregon. From this well log inventory, selected well logs were obtained that

provided additional geologic information necessary to develop the cross sections. The selected

well logs included the La Bahn well, the Seeley well, and the Cravuford well.

All of Sherwood's four water supply wells initially penetrate recent alluvium. Thickness of the

alluvium varies, generally being thickest towards the west (Well No.4). Well No. 3 (located just

west of the Sherwood Fault) encounters a section of Hillsboro Formation below the recent alluvium.

This unit is described as "sand rock" in the historical well log. The complete section of Portland

Area CRBG units (including the Gingko unit and Sentinel Bluffs unit) underlie the Hillsboro

Formation in Well No. 3. A very thin, weathered section of the Sentinel Bluffs unit is probably

encountered below the recent alluvium in Well No. 6. Well No. 4 and Well No. 5 both encounter

the Winter Water unit as the uppermost CRBG unit. The primary water bearing zone for Well No. 6

appears to be a pillow basalt zone of the lower Wapshilla Ridge unit. This unit is apparently also

just barely tapped by the La Bahn well. Well No. 5 also apparently produces water from the

Wapshilla Ridge nnit, as well as the Ortley, Umtanum, and Grouse Creek units. However, Well

No. 5 was not extended to a depth sufficient to encounter the major water bearing pillow basalt

zone of the Wapshilla Ridge Unit. Based on our understanding, Well No. 4 produces from the

Ortley, Umtanum, and Grouse Creek units, but does not extend to the Wapshilla Ridge unit. Well

No. 3 produces from the Gingko and Sentinel Bluffs units, as well as the Hillsboro Formation.

5.3 Water LevelTrends

As paû of the hydrogeologic study, Squier Associates updated and modified hydrographs depicting

water leveltrends in Sherwood's production wells. The hydrographs were originally generated by

OWRD as part of Ground Water Report No. 40. An electronic version of the spreadsheets was

used to initially generate the hydrographs. The hydrographs were then updated with water levels,

pumping volumes (monthly), pump intake depths as provided by Sherwood. Monthly precipitation

data from a nearby weather station (Rex 1S) was also collected and summarized. Figure 7

presents the monthly precipitation totals for each month from January 1979 to December 1998.

Figure 7 also presents a summation of each years total annual precipitation. lt should be noted

that the period from about 1986 to 1993 was drier than normal, about 35.5 inches per year, and

the period from 1994 to present (1999) has been wetter than normal, about 55.5 inches per year

(refer, Figure 7). Figure I illustrates the relationship between precipitation and water levels.
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Although we tabulated data going back to earlier than the original well construction, due to the

relatively large data set, we elected to limit Figure I to 20 years (1979-1999). Figures 9 through

12 depict hydrographs for each production well, plotting monthly water levels against monthly

pumping volumes.

Well No. 3 Trend Figure 9 compares measured water levels in Well No. 3 to monthly

pumping volumes in the same well for the recent period from October 1995 to April 1998. lncluded

in Figure 9 is a comparison of static water level, measured as daily maximum water level over the

sensor, to pumping level (as measured as daily minimum water level over sensor)--Qased on this

figure, there is an approximate drawdown of 30 feet during pumping periods. During periods of

high production, the pumping level has dropped below the sensor level (refer, Figure 9). The

pumping volume information presented in Tables 2 and 3 suggest that the pumping rate increased

about 25 percent from 1993 to 1997, however the 1998 pumping rates are similar to the 1993

pumping rates.

A review of a trend line associated with the static water levels for Well No. 3 suggests a decline in

ground water levels of about 0.85 feet per year since 1979. However, a review of a trendline

constructed in the water levels depicted in Figure 9, for the recent years, suggest that the recent

increasecl pumping efforts have produced a water level decline of about 6 feet per year.

Well No. 4 Trend Analvsis. Figure 10 displays the maximum daily water level (static level) and

minimum daily level (pumping level) for Well No. 4 since October 1995. The relationship of the

static water level and punrping level indicates tlrat tlrere is an approximate 165-foot drawdown for

this well, suggesting a specific capacity of 2 gpm per foot. This agrees with the initial

measurements of pumping and measured drawdown, as stated earlier.

The trendline for these two data sets suggests that no appreciable decrease in water levels is

occurring. Accordingly it appears that declining static water levels in Well No. 4 are not sustained

after pumping activities and have mostly rebounded to closely approximate prepumping levels.

However, if the sparse data set from 69 to 1999 is evaluated, a dccrcasing trcnd of about 1 .7 feet

per year can be constructed. Further evaluation by selecting only the dates from March 1997 to

March 1999 indicate a decrease of about 5 feet per year.

WellNo. S Analvsis. Figure 11 shows the historical water level data versus monthly pumping

rates. The distance between the static water level and pumping level is considerable in Well No. 5

(about 300 feet), suggesting a specific capacity of also about 2 gpm per foot. Well No. 5 water
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levels have declined about 2 feet per year since 1995, whereas pumping volume has increased by

only approximately I percent.

Well No. 6 Trend Analvsis. Well No. 6 has been online producing water for an insufficient time for

the necessary level of certainty to be applied to the trend analysis. However, a relationship

between rapidly decreasing water levels and elevated pumping rates can be observed in

September 1998 (refer, Figure 12). During the period around August 1 998 and October 1998 the

pumping rate was raised as high as 0.9 mgd and the associated water levels dropped about

25 feet. Water levels returned to prepumping levels as pumping rates were lowered to about

0.2 mgd (refer, Figure 12).

Overall Trend in Water Levels Compared to Pumpinq Volume and Precipitation. ln order to

evaluate the overall trends, the precipitation data was compared to the water levels for each of the

Sheruood water supply wells (refer, Figure B). l-urther evaluation of the same data was

undertaken by looking at the trendline developed using the mean water levelfrom each measuring

point for the water supply wells (refer, Figure 13). This figure suggests a decline of approximately

1 .2 Íeet per year since 1961 . Since the bulk of this data does not include periods when all four

wells were in prodLrction, Figure 14 was preparecl to display the mean water levels since 1992. The

trendline for this recent data suggests a decline of 17 feet per year.

Squier Associates, lnc.
AUgUSt 23, 1999 hydrostu/hydæva2.npd

City of Sherwood
27 MunicipalWell Field Hydrogeological Evaluation



-t

-t
I

6.0 RELIABLE GROUND WATER YIELD ESTIMATES

This section discusses preliminary reliable ground water yield estimates developed from existing

information. This reliability is different from what can be termed system reliability, which would take

into account the potentialfor down time due to well or pump failure, and other components of the

water system. Most water system operators report a 90 percent reliability factor, but this figure

applies to ground water systems with built-in redundancies, i.e. backup wells, a system component

that Sherwood currently does not have. To increase the overall reliability of the system (which is

different than increasing yicld or oapacity) rodundancy would neod to be developed. This

redundancy would allow for the institution of regularly scheduled well maintenance activities.

ln order to evaluate the reliability of the ground water source, in terms of its sustaining the needs

of the City of Sherwood we evaluated the water level trends. A number of these trends, based on

different criteria, have been discussed in earlier sections of this report. Table 4 has been

developed to summarize the trend analysis. lncluded in Table 4 are five trendlines, which are

discussed in greater detail below. We have used the depth below surface, above the pumping

level, that corresponds to the drawdown that the wells typically experience immediately at the start

of pumping activities. This level has been termed the "Critical Level".

6.1 Declining Trend Determined From Water Levels From Period 1962 to 1999

ln order to evaluate the overall trend of water levels in the vicinity of Sherwood municipal ground

Water Well Field, we plotted out the mcan watcr lcvcl, based on the available water levels for eaclt

month since 1962 (refer, Figure 13). The declining trend determined from this plot was then used

to calculate the estimated depth to water in the year 2010. An additional estimate was then made

as to what year the water level would reach the Critical Level (as defined above).

lf we presume the declining trend observed since 1962 is constant and will continue for the next

ten years, then it appears that all four municipal ground water supply wells should be capable of

producing a reliable yield until approximately the year 2030 and beyond (refer, Table 4). This

prediction presumes no other significant increase in production from the basalt aquifer in the study

area beyond current levels.
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6.2 Declining Trend From Mean Water Levels From Period 1992 to 1999

The reported water level trends suggest that the decline is not uniform over time, with an apparent

increased rate of decline during the recent years. This may be due to the fact that more wells are

producing more water from the aquifer's limited supply. ln order to evaluate the decline based on

declining trends determined from recent water level data, the mean water levels for the wells since

1992 was plotted (refer, Figure 14). The declining trend for this set of data is about 17 feet per

year.

This declining trend factor was then used to calculate the estimated water level for the year 2010

and the estimated year the Critical Level would be reached (refer, Table 4). Since this approach

weighted data from wells showing significant decline equally with wells showing insignificant

declines, the decline rate is considered very conservative and probably higher than should be

expected. The estimated years that the Critical Levels are breached are'\ruorst-case" scenarlos

for this evaluation.

6.3 Declining Trend From Full Set of Well-Specific Data

Since Well No. 3 produces from a different water bearing zone than the other three wells and Well

No. 6 also produces from a water bearing zone untouched by the other three wells it is important

to look the well-specific water level trends. The declining water level trend for each well was

calculated using all of the available data for each well, however, large data gaps exist. Based on

this analysis, the following declining trends were determined:

0.85 feet per year for Well No. 3,

1.7 feet per year for Well No. 4, and

8.5 feet per year for Well No. 5.

As before, these declining trends were used to predict what the water levels will be in 2010 and at

what year the Critical Level will be reached (refer, Table 4). Since Well No. 6 was not placed until

1997, there was no reason to include the well with this evaluation. The predicted water levels using

this method are generally similar to the levels predicted using the mean water levels from 1962 to

1999. A key difference is the extension of time for Well No. 3, whereas Well No. 4 and Well No. 5

reached Critical Level's the soonest.
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6.4 Declining Trends Based on 1993 to 1999 Well-Specific Water Levels

The City of Sherwood has a Supervisory Control and Data Acquisition (SCADA) system placed

online in 1993 for its wells. The data f rom this SCADA system was downloaded, placed into

spreadsheets, and subsequently graphed (refer, Figures 9 through 12). Well specific trends were

determined from each of the SCADA water levels and used to predict the water levels in the year

2010 and the year when the Critical Level would be reached (refer, Table 4). The following

conservative decline rates were used for this determination:

6 feet per year for Well No. 3,

2feel per year for Well No. 4, and

2feet per year for Well No. 5.

6.5 Declining Trends Based on 1997 to 1999 Well-Specific Water Levels

Since there is an apparent increase in the rate of decline in the recent years only the SCADA data

from 1997 to 1999 were used to evaluate the rate of decline trends for the four water wells. This

data is also tabulated in Table 4. ln summary, the following rates of decline were determined:

16 feet per year for Well No. 3,

5 feet per year for Well No. 4, and

10 feet per year for Well No. 5.

ln addition, the SCADA data was evaluated for Well No. 6. This evaluation showed no appreciable

decline trend in the Well No. 6 water levels.

6.6 Time - Drawdown Calculation for Well No. 6

Since an insufficient amount of time exists for the development of trends from the Well No. 6 data,

an alternative approach was undertaken. As discussed previously, Well No. 6 has good specific

capacity and produces from a water bearing zone that has sufficient transmissivity to support well

pumping rates in the range of 500 to 1,000 gpm. Using the estimated transmissivity value of

65,000 gpd per foot, time-drawdown calculations may be used to project long-term drawdowns

produced by pumping. At present pumping rates (about 600 gpm), it appears that the well could

be pumped continuously for up to 90 days with less than 40 feet of drawdown in the well.

*J
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lncreasing the pumping rate to 1,000 gpm would increase the 90 day drawdown to approximately

55 feet.

6.7 Well No.6lnterference

Another concern from pumping Well No. 6 is its affect on water levels in the other wells. Well No. 6

is not 100 percent efficient, meaning that drawdown in the aquifer nearby to the well is not equal

to the well drawdown during pumping. Specific capacity data indicate the well is moderately

efficient, on the order of 65 percent. Therefore, 40 feet of drawdown in the well means aquifer

drawdown is approximately 32 feet just a few feet from the well bore.

Assuming that well drawdown is equal to 40 feet in a 65 percent efficient well and the drawdown

is 26 feet in a uniform, homogeneous aquifer (which is unlikely) by projecting a semi-logarithmic

graph of drawdown versus the log of the distance from the well, aquifer drawdowns at selected

distances can be estimated. Also by using the Jacob equation for distance-drawdown, and the

same assumptions, we have calculated the following:

Aquifer drawdown 1,000 feet from Well No. 6 = 16 feet

Aquifer drawdown 10,000 feet from Well No. 6 = 11 feet

The above estimates do not take into account variations in aquifer transmissivity (either higher or

lower values) which will have an effect on the drawdown response. The estimates also do not

include an analysis of well intederence. The above analysis is considered quite conservative as

it is unlikely that Well No. 6 would be pumped continuously for g0 days. What the above estimates

indicate is that drawdown responses may propagate considerable distances from pumping wells.

An initial concern at the start of this study was a perceived well inteñerence from Well No. 6. There

was a noted rapid decrease in water levels as observed in Well No. 3 beginning in 1997, the year

Well No. 6 was brought online. By comparing the graph of SCADA pumping rates and SCADA

water levels for the two wells it becomes apparent that the decrease in water levels in Well No. 3

occurred during a period when it was being pumped at an elevated rate (refer, Figure 15).

6.8 Predicted City Water Supply Requirements

The declining trend lines discussed above are based on the City of Sherwood not significantly

increasing their pumping requirements. lf the City of Sherwood allows growth at the same rate as
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growth since 1993, the City's water needs will also increase. Figure 16 has been prepared to

present a simplistic prediction of what level of water production Sherwood would need to meet the

increased growth. According to this straight line method, the City must increase its water

production 82 percent by the year 2010 to meet the projected water need. An increase of

g2 percent would greatly stress the existing water system and shortages would probably occur.

We also looked at the available supply for the City's water needs, using the 1998 well-specific

water production volumes listed in Table 2 and predicted water levels listed in Table 4 (refer,

Table S). Table 5 presents preliminary estimates of water supply production totals for the years

1g98 to 2010, based on assumptions made using the information presented in this report. The

estimates are presented according to five scenarios (refer, Table 5).

Scenario 1 presents the "status quo", no changes are made to the system and water production

rates for each well ls static. lf this culiclil.iott cotrtitrues, and the predictions listed in Table 4 are

valid, in the year 2001 the City's water production will be curtailed by 31 percent. An additional

curtailment will occur in the year 2OO4 when Well No. 5 reaches a critical level and the City's water

production ability becomes about 44 percent of its 1998 production.

Scenario 2 considers mitigation efforts in Well No. 3 involving lowering the pump in the well' lf the

pump is lowered as the water is lessened due to the declining water levels, the well's production

capacity will also be reduced. Without empirical wcll-specific clata, the amount of reduction in the

well's production must be assumed. Our review suggests that if the pump is lowered about 100

feet, the production will be roughly halved. Based on this critical assumption, in the year 2000, the

City will be producing about 85 percent of its 1998 water production. Further reductions in water

production will occur in the year 2OO4 (down to about 60 percent of the 1998 production). The

lowering of the pump and reduction of the pumping capacity of Well No. 6 effectively allows an

additional six years of use from the well. The Scenario 2 model predicts that in the year 2007, the

City's water production could be about 44 percent of lts 1998 production.

Scenario 3 involves thc rccommended deepening of Well No. 5. Our assumption is that the

deepened well would then be capable of producing the equivalent to Well No. 6. By just deepening

Well No. 5 and not lowering the pump in Well No. 3, the City's water production capacity would

increase I percent in the year 2000, then drop to 76 percent in the year 2001.

Scenario 4 combines both lowering the pump in Well No. 3 and deepening Well No. 5. The same

assumptions as used in Scenarios 2 and 3 are used in Scenario 4. Based on these assumptions,
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we estimate that the water production would drop about I percent in the year 2000 and then drop
to about 76 percent of the 1998 production in the year 2007.

The last scenario (Scenario 5) combines Scenario 4 with the added production potential of the

Spada well. Since no specific capacity data is available on the well log for the Spada well, we

made some assumptions. The well log did report that a 400 gpm air lift well test was performed

for 4 hours at depth 240 ieel (refer, Appendix E). Since the reported static water level was 20 feet
and if we assume the well test was stopped when the drawdown reached the pump, there would

be 22O feet of drawdown. This translates to a specific capacity of about 1.8 gpm per foot, the
equivalent of Well No. 4. Using these critical assumptions, we based our predictions on the Spada
well producing the same amount of water as Well No. 4. Based on these assumptions, the City's
water production would increase by about 4 percent until the year 2007. ln the year 2007, Well
No. 3 will lose its abili$ to pump water and the City's production will be about 13 percent less than
its 1998 production.

These predictions are made using simplifying assumptions. ln order to further evaluate the well
field production capability with greater confidence, more empirical data is necessary. The
predictions presented herein have been developed using only readily available, ancJ in some cases
incomplete, data. The predictions are being provided to assist the City in making informed

decisions, however, the interpretations and predictions should be considered only rough

estimations. The accuracy for the included predictions is susceptible to many variables. Variables

outside of the City's control include the depletion of water levels due to the use of the ground water

by others and unforeseen changes in the subsudace geology. lf other users increase or decrease

their use, the rates of decline will adjust accordingly. Other variables include dynamic rates of
change, which could be caused by an as yet undetermined effect, and a time lag for recharge

efforts.
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7.0 WATER SUPPLY OPTIONS

The information presented in this report suggests that the City of Shen¡rood may need to further

evaluate alternative water supply options to meet projected needs. We describe herein four

possible water supply options that could augment the City's water supply. The four options are:

Adding new wells

Transfer of existing water rights from another suitable ground water source

Aquifer storage and recovery

Purchase surface water from another source.

7.1 Adding New Wells

The City of Sherwood could expand their current wellficld's production by adding new wells. ln

order to limit the degree of intederence on the existing wells, the City should focus on placing deep

wells into fault blocks and untapped water bearing zones that are not currently producing water

from existing wells. Examples may be the fault block north of Well No. 6 and the fault block south

of Well No. 5.

Alternative locations that present a greater potential for well interference include placing a deep

well in the vicinity of Well No. 3 or in the Tualatin Valley area, north of the city. These wells would

have the potential of accelerating the depletion of the deep aquifers that are already being used

for production.

One key element that makes this option less favorable is the expressed position of the OWRD.

OWRD has stated that the City of Sherwood should become less reliant on ground water. lf

additionalwells are considered, additional consultation and negotiation with the OWRD would likely

be required prior to expending more resources on this water supply option.

7.2 Water Rights Transfers

A second water supply option would involve the City of Sherwood purchasing land that has a water

well and obtaining the water rights for that well. Certificates of water rights are directly transferred

wlth property transactiorrs, altlrougll the water riglrts are based on use. The water uses typically

associated with a water right are domestic, municipal, and irrigation.
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Domestic water wells used for single farmsteads are exempt from the need for a water right and

therefore, typically there is not a water right for those properties. Water use for irrigation purposes

of greater than O.S-acre does require a water right, but the water right is solely for a set volume to

be used as irrigation on a given acreage. Municipal water use requires a water right.

Water rights are obtained by the application for a permit of water use. Permits of water use

generally take about 9 months to obtain, if the process is uninterrupted by changes. There are a

number of stages to the application process including the final certification process. Water use can

be undertaken once a permit is granted during the certification process.

Based on our discussions with OWRD, the City of Sherwood would need to apply for a permanent

transfer to add wells as additional points of appropriation. lt appears that a permanent transfer

would provide greater benefit to the Ci$ than a temporary transfer (for up to 5 years). ln conferring

with Mr. Kelly Starnes of OWRD, a Certified Water Rights Examiner (CWRE) would be required

to complete the application map. The application would be reviewed by OWRD technical staff and

would be subject to a public comment and review period.

7,3 Aquifer Storage and Recovery

Aquifer Storage and Recovery (ASR) is a specialized subset of the more general term artificial

recharge. lt is an emerging solution that can be viewed as "water banking". ASR technology

involves injecting drinking water (typically from a surface water source) into the ground via wells,

storing the water underground for a period of time, and withdrawing the water when needed

(typically, summer). ASR is an option that is currently being evaluated by a number of water

providers in western Oregon. lt is a process that can be used to store water underground for

reuse, raise ground water levels to reduce pumping costs, and for water quality improvements.

Key concepts in a feasibility evaluation for ASR are the following

suitability of potential source water,

suitability of aquifers to store water, and

the ability to retrieve the water when it is needed

Additionalfeasibility concerns include the potentialchemical interaction between the recharge water

and the host rock. ln preliminary review, the presence of the well field in basalt with declining head

shows that there is a suitable aquifer and that there is probably sufficient room to store the water.
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Also the discrete faulted blocks of the CRBG underlying the Sherwood MunicipalWell Field provide

a positive scenario for containing ASR-injected water. The faulted blocks have inherent boundary

conditions. ln addition, the basalt is a preferred host rock since it is relatively inert and minerals

are not readily leached from exposed surfaces.

Potential source waters during the winter months could come from one of several sources. These

include Bull Run, Clackamas River, and the Trask / Tualatin Rivers. During the winter months,

these water providers tend to have excess water and under utilize their water treatment capacity.

Oregon regulates ASR under Oregon Administrative Rules (OAR) 690 Division 350. ln brief, a

limited license is provided to conduct ASR Pilot studies after an application is submitted. The

application would include the submittal of a preliminary hydrogeologic characterization. After the

evaluation of the Pilot Test data a full ASR Permit could be presented. This process is expected

to take from 3 to 10 years. There currently are two ASR Limited Licenses in the preliminary pilot

test stage in Oregon.

7.4 Purchasing Water From Other Source

This option is very complex and requires evaluation from a multitude of perspectives. lt is our

understanding that the City of Sherwood is currently evaluating aspects of this option. The study

of this option is outside the scope of this hydrogeologic characterization. This option will not be

discussed further in this report.

I

I
l

i

1

'

,]

1

-.¿

I
l

i¡

.l

Ll

Squier Associates, lnc.
August 23, 1999 hydrostu/hydæva2.wpd

City of Sherwood
36 MunicipalWell Field Hydrogeological Evaluation



8.0 CONCLUSIONS AND RECOMMENDATIONS

Squier Associates has completed this Hydrogeologic Evaluation for the City of Sherwood, Oregon's

Municipal Well Field. The work has been conducted in accordance with generally accepted

hydrogeologic practices and included such tasks as were considered necessary, in Squier

Associates'professionaljudgement, to enable us to evaluate and prepare conclusions for the well

field. After an evaluation of the available data, Squier Associates has developed the following

recommendations concerning the site.

Well No. 3's water production zone begins in uncased sandstone of the Hillsboro

Formation. This is the geologically youngest producing zone of the Sherwood Municipal

Well Field system. The well then extends about 202 fee| into basalt, of which about

77 Íeel produces all the water. The basalt encountered by Well No. 3 belong to the

Gingko and Sentinel Bluffs Units, the youngest of the CRBG basalt flows in the Portland

Basin. Sherwood's other municipal water supply wells do not produce from these units.

A benefit to using the shallow water bearing zones is the probable higher ability for aquifer

recharge from sudace migration. A detriment for the shallow water bearing zones is the

vulnerability to contaminant sources.

Trend analyses on sets of water levels for Well No. 3 show rates of decline ranging from

0.85 feet per year to 17 feet per year, depending on the time span evaluated. lt is our

opinion that the use of the greater rates of decline is more appropriate since these provide

a morc conservatlve approach and also reflect more current conditions.

Based on this conclusion, future efforts at routine monthly water level collection should be

closely monitored and graphed, so that the actual trends can be compared to our

preliminary predictions. lt should be noted that the addition of new pumping wells which

pump year round (as opposed to irrigation wells, which are pumped only for relatively short

periods in summer) may contribute to a further decline in water levels.

2. Well No. 4 produces ground water from the Winter Water, Ortley, and Umtanum Units of

the CRBG. The well has a low specific capacity (2 gpm per foot) and is considered a low

producer. The hydrographs for Well No. 4 indicate a trend of slightly declining water

levels. However, peak season monthly pumping volumes on the order of 4 to 7 million

gallons appear to be sustainable.
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3.

4.

Well No. 5 is also constructed to produce water from the Winter Water, Ortley, and

Umtanum Units of the CRBG. ln addition, the well also extends to depth sufficient to tap

into the Grouse Creek and Wapshilla Units. However, it appears that the well terminated

about 20 feet above a primary water-bearing pillow basalt zone of the Wapshilla Ridge

Unit. This correlation is based on information obtained from Well No. 6. A videocamera

survey has shown that a cascading water zone exists at about depth 253 feet. This

corresponds to the basal flow unit of the Winter Water unit.

The water level data for this well indicates a relatively large well drawdown occurs (about

300 feet) when pumping is commenced. The trend line analyses for this well suggests that

there is a likely risk that water levels will decline to a level inadequate to produce the

volume of water required by the City of Sherwood prior to the year 2010. A reduction in

the design yield and overall pumping volume from this well may be warranted, as further

decline in the static water level could result in drawdown below the pump intake of

430 feet.

ln our opinion, enhanced production capacity could be provided by deepening the well an

additional 60 to 100 feet in order to penetrate and produce from the projected pillow basalt

zone. Well No. 5 is on the opposite side of the Sherwood Fault from Well No. 6 so there

should not be well interference because the fault will provide boundary conditions. lt is

also our opinion that the cascading water zone at depth 253 feet should be cased off. This

action would improve the well's efficiency and also provide a check on the decline of an

upper water bearing zone, possibly providing an incentive to the OWRD to allow greater

extraction from other zones.

Well No. 6 is an excellent water production well. lf possible, permit adjustments should

be undertaken so that the well production could be increased. An application for water

rights transfers from existing wells owned by the City would be necessary. For this

transfer, consultation with a CWRE who has experience with municipal well systems is

recommended.

To increase the overall reliability of the system (which is different than increasing yield or

capacity) redundancy should be developed. This redundancy would allow for the institution

of a regularly scheduled well maintenance activities. ïhe redundancy could be

accomplished by either constructing new wells or purchasing other existing wells. lt may

be possible to apply for a water rights transfer for the other existing wells, should

5
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Sherwood elect to go ahead and purchase these well properties. The transfer would cover

type of use (from presumed irrigation to municipal) and point of diversion. A separate

application from the existing well transfer would be necessary and consultation with a

CWRE would also be required.

Before purchasing the Spada Farm Welland its associated water rights, Sherwood should

conduct preliminary aquifer and well performance testing to evaluate the yield potential

and water quality. At a minimum, a series of specific capacity (step) tests, followed by an

I hour pumping test should be performed, with the assistance of a hydrogeologist and well

drilling contractor. The Spada well in particular appears to be in a good location in terms

of proximity to the existing water transmission system (while being far enough away from

Sherwood's other wells to minimize interference effects) and had a good reported initial

wellyield. Should any testing be done on the well, it will be important to monitor response

in Well No. 3, Well No. 4 and Well No. 6.

A potential water supply solution for Sheruvood to consider is ASR. The preliminary review

of site characteristics are favorable to an ASR approach to water supply. This could be

accomplished by having the water system connected to a regional water supply system.

The general approach would be to recharge and store water during the winter season, and

extract the stored water during the summer season, ideally at higher production rates than

presently achievable without recharge. With well modifications, and augmented storage,

it is possible to increase system capacity significantly using this approach. At the City's

option, a feasibility analysis of ASR could be undertaken.

These preliminary recommendations should be re-evaluated if and when any additional

wells are added to the Sherwood system and pumping begins. lt is important to note this

potential pumping would result in an additional stress on the ground water system that

could over time, increase the rate of water level dccline.
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9.0 REPORT LIMITATIONS

The scope of the investigation presented herein is a Hydrogeologic Evaluation of a MunicipalWell

Field for the City of Sherwood, Oregon. This report has been prepared to present the results of

our evaluation that has been provided by others. Squier Associates cannot verify the validity of the

data obtained by others. Squier Associates' conclusions and recommendations are based on this

limited available data and observations described herein, and on the assumption that subsurface

conditions in other portions of the well field are not significantly different from those disclosed by

this study and inferred from the data. However, there remains a level of risk that unforeseen

conditions may exist that may not become apparent until later. This level of risk could be reduced,

but not eliminated, through systematic subsurface exploration, sampling, and testing.
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gpm = gallons per minute
gpd = gallons per day

Table I
Well Gonstruction Details

E/19/99 3:2'l PM
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TABLE 1

I ]J

Transmissivity

(gpd per foot)

100,000 (estimated)

4,000 (estimated)

4,000 (estimated)

65,000

Specific
Capacity
(gpm per

foot)

44

2.2

2.4

48

Pumping
Depth

(feet)

130

400

430

300

Casing
Diameter
(inches)

12

14

16

16

Casing
Depth

(feet)

77

99

252

300

Total
Depth

(feet)

339

458

800

889

Year
Completed

1946

1969

1984

1997

Vúell No. 3

Well No.4

Well No. 5

Well No. 6

City of Shenvood



Table 2
Historical Pumping Rate Summary

(volume in million gallons)

SQUIER ASSOCIATES

TABLE 2&t9/99 2:l9PM

Averaqe

Well No.3
10.2
10.3
8.9
12.4
12.9
10.4

2 .b 7.2

WellNo.4
3.4
3.9
3.2
4.3
4.3
3.5

1 8.5 2.8

WellNo. S

6.0
6.6
5.8

8.6
8.1

5.9

WellNo.6
6.7
10.7
6.2

Cumulative

122.1

123.3
35.4
148.8
155.1
125.3

40.8
46.2
12.6
51.1

51.6
41.6

72.O

78.6
23.O

90.9
103.1
96.9
17.7

20.0
128.O

18.7

December

þ.o
7.2
8.4
8.4
10.1

9.3

2.2
3.0
2.9
4.O

3.4
2.1

4.1

4.8
5.3
7.1

6.7
7.4

6.5
8.1

6.9
6.8
8.6
8.6
8.9
7.3

1.6
2.5
3.2
3.4
3.7
2.6

3.8
4.1

5.8
6.3
7.2
o

6.3
þ.Þ

6.0
9.1

9.7
9.7
10.1

7.9
l1tll--¡

t.: 
: :::::.:::::::: ::: : : :: : :

2.4
3.1

3.1

3.7
3.5
2.6

4,6
5.1

6.0
7.O

6.8
6.6

7.2
7.5

9ç[./(gt I tuçl

12.4
13.4

12.8
12.9
11.8

4.3
4.5

4.3
3.7
3.1

7.1

9.2

9.1

8.7
10.1

19.4

20.9
13.9

15.5
15.6
17.0

6.7
4.7

5.3
3.7
4.4

12.2
10.0

10.7

9.7
12.9

21.3

Julv

12.9
13.8

17.2
17.3
16.8

4.9
4.8

6.1

6.5
5.3

7.7
8.5

11.5
14.8
12.8

18.3

June

11.1

13.7

26.3
26.4
11.7

æ

4.6
5.4

5.7
5.4
4.4

7.3
8.7

9.7
10.5
o2

10.7

10.1

10.7

15.5
15.5
8.3

æ

4.2
4.2

4.3
5.7
3.3

6.1

7.1

6.5
10.5
7.O

8.2

12.6
8.7

9.9
9.9
8.2

I

l-

3.2
3.5

3.7
4.3
3.2

3.6
5.8

t)

7.5
6.9

7.3

March

8.6
9.1

8.9
9.0
7.3
6.9

::.:

3.8
âo

3.8
4.3
3.0

5.9
5.1

5.8
7.4
6.2
5.6

6.8
5.9

February

7.0
7.8

7.3
7.4
7.5
b.b

2.9
3.0

3.2
3.6
3.1

4.3
4.9

5.1

6.5
5.5
5.3

6.9
5.6

January

7.O

9.1

8.7
8.7
12.O

12.2
8.1 i

0.0
3.6
3.4
3.6
3.8
4.5

5.3
5.3
5.9
6.1

6.8
6.2
6.8

6.9
7.2

1993
1994
1995
1996
1997
1998
1999

-
1993
1994
1995
1996
1997
1998

1993
1994
1995
1996
1997
1998
1999

1997
1998
1999

hVdD stury:\wll3h¡sl.xls Sheet2
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Table 3
Historical Pumping Rate Summary

(volume in million gallons per day equivalents)

SQUIER ASSOCIATES

TABLE 3

Average

WellNo.3
0.33
0.34
0.29
0.41

o.42
0.34

1999 o.22 0.24

WellNo.4
0.11

0.13
0.10
0.14
0.14
0.11

0.09

WellNo. S
0.20
0.22
0.19
o.2s
o.28
0.26
0.20

WellNo.6
0.22
0.35
0.21

Cumulative

4.0
4.1

1.2
4.9
5.1
4.1

1.4

1.5

0.4
1.7

1.7

1.4

0.3

2.4
2.6
0.7
3.0
3.4
3.2

0.7
4.2
0.6

December

0.21

0.23
0.27
0.27
0.33
0.30

0.07
0.10
0.09
0.13
0.11

0.07

0.13
0.15
0.17
0.23
0.22
0.24

0.21

0.26

November

o.æ
0.æ
0.æ
0.29
0.3c
o.24

0.05
0.08
0.11

0.11
0.12
0.09

0.13
0.14
0.19
0.21
0.24
0.20

0.21

0.22

October

0.19
0.29
0.31

0.31
0.33
0.25

0.08
0.10
0.10
0.12
0.11

0.08

0.15
0.16
0.19
0.23
0.22
0.21

0.23
0.24

September

o.41

0.45

0.43
0.43
0.39

0.14
0.15

o.14
0.12
0.10

0.24
0.31

0.30
0.29
0.34

0.65

Auqust

0.67
0.45

0.50
0.s0
0.5s

0.22
0.15

0.17
o.12
0.14

0.39
o.32

0.35
0.31

0.42

0.69

July

0.42
0.45

0.55
0.5â
0.54

0.16
0.15

o.2J
o.21

0.17

0.25
o.77

0.37
0.48
0.41

0.59

June

0.37
0.46

0.88
0.88
0.39

0.15
0.18

o.14 i 0.19
0.18 i 0.18
0.1 1 i 0.15

0.24
o.29

o.32
0.35
0.31

0.36

MaV

0.33
0.35

0.50
0.50
0.27

o.14
0.14

0.20
o.23

o.21
0.34
0.23

o.26

April

0.28 i o.42
0.29

0.29 0.33
0.33
o.27

0.11

0.12

o.12
o.14

0.10 i 0.r 1

0.12
0.19

0.20
o.25
0.23

o.24

March

0.29

0.29
0.24

0.12
0.13

0.12
0.14

0.09

0.19
0.16

0.19
0.24

0.20 ¡ 0.20
0.18

0.22
0.19

February

0.25
0.28

0.26
0.26
0.27

0.10
0.11

0.11

0.13
0.11

0.10

0.15
0.18

0.1E

0.23

0.19

0.25
0.20

January

0.23
0.29
o.28
o.28
0.39
0.39

0.0
0.12
0.11

0.12
o.'12
0.15
0.10

0.17
0.17
0.19
0.20
0.22
0.20
0.22

o.22
0.23

1993

1994
1995

1996

1997
1998

1993

1994
1995
1996
1997

1998

1993
1994
1995
1996

1997

1998
1999

1997

1998
1999

City Of Shenrood



WellNo. 3
WellNo.4
WellNo. 5
WellNo.6

WellNo. 3
WellNo.4
WellNo.5
WellNo.6

WellNo.3
WellNo.4
WellNo. 5
WellNo.6

1962 to 1999 Mean

Water Levels
(feet below surface)

72

91

94

101

Table 4
Predicted Future Water Levels

Assumptions
CriticalLevel

(Pumping Level March 1999 Water
Pumping Level minus Dravrdown) Level

(feet below surface) (feet below surface) (feet below surface)
130 100 59

400 235 78
430 130 81

300 275 88

Estimated Water Level in Year 2010
Based on Trendline Data From:

1992 to 1999 Mean Earliest Data to 1993 to 1999

Water Levels 1999 Lerels SCADA Levels
(feet below surface) (feet below surface) (feet below surface)

246 68 125

265 97 100

268 175 103

275 not applicable not applicable

1997 to 1999

SCADA Levels
(feet below surface)

235
133

191

89

2033

2130
2040

2155

Estimated Year to Reach Critical Level
2001 2047 2006

2008 209. 2078
2002 2005 2024

2010 not applicable not applicable

2002
2030

2004

3869

8/'20199 9:494M
tr6nds / summary.xls

SQUIER ASSOCIATES

TABLE 4
City of Shen¡rood
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201 opred Jds predictions

TABLE 5
Predictions of Water Supply Based on Gritical Assumptions (million gallons)

The predrctions presented above are were derived using only :eadily available and, in some cases, incomplete data.

Critical assumptions have been made that can influence the predictions significantly.

Conseq:rently, the above predictions should be considered to represent rough estimates.

SQUIER ASSOC'ATES
TABLE 5

Well No.3
Well No.4
Well No.5
Well No.6

total

1998
125

45

100
13Ð

400

I 999
125

45

100
130

400

2000
65

45

130
130

2001
65

45

130
130

2002
65

45

130
130

2003
65

45
130
130

2004
65

45

130

r30

2005
65

45

130

130

2006
65

45

130
130

2007
0

45

130
130

2009
0

45

130

130

2010
0

45

130

130

2008
0

45

130

130

Pump ln Well No. 3 and Deepen We[ No. 5

Well No. 3

Well No.4
Well No.5
Well Nc.6

Spada
total

1998
125
45
100
130

and Produce From Spada Well ln

1999 2000 2001
125 65 65

45 45 45

100 130 130
130 r30 130

45 45
400 415 4'15

2002
65

45

130
130
45
415

2003
65

45

130
I 3fl
45
415

2004
65

45

130
130
45
415

2005
65

45

r30
130

45
415

2006
65

45

130
130
45
415

2007
0

45

130
130
45

2008
0

45

130
130

45

2009
0

45

130
130
45

20't0
0

45

130
130
45

ngto

400

Well No.3
Well No.4
Well No.5
Well No.6

total

1998

125

45

100
130
400

No. 5

1999

125

45

100
130
400

2000

125

45
130
130
430

2001

0

45

130
130

2002

0

45

130
130

2003

0

45

131
131

2004
0

45

130
130

2005
0

45

r30
130

2006

0

45

130
130

2007

0

45

130
130

2008

0

45

130
130

2009

0

45

130
130

2010
0

45

130
130

Well No. 3

Well No.4
Well No. 5

Well No.6
total

1998
125
45
100
130

400

1 999
125
45
100

130

400

2000
125
45
100
130

400

2001
0

45
100
130

2002
0

45
100

130

2005
0

45
0

130

2006
0

45
0

130

2007
0

45
0

130

2008
0

45
0

130

2009
0

45
0

130

2004
0

45
0

130

20æ
0

45
100
r30

2010
0

45
0

130

to

Well No.3
Well No.4
Well No.5
Well No.6

tota¡

1 998
125
45
100
130
400

1 999
125
45
100

130
400

2000 2001 2002 20c3 2004 200s 2006 2007 2008 2009
6565656s656s65000
45 45 45 4a 45 45 45 45 45 45
100100100100000000
130 130 130 13Ð 130 130 130 130 130 130

340 .. ,'' ,.340''::ii..': 340 34û 240 24A. 24A 175 ,, 175 l,iS

201 0

0
45
0

130
1i5

Scenario 2: Lower Pump ln Well No. 3

City of Shenrvood
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FIGURE 10
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Trendline Based on Mean Water Levels (1992 to 1999)
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Comparison of Well No.3 and Well No.6
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Estimated Ground Water Production Requirements
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from lIq

t¡ tõ

?n

38'

"l'{', a'/c

17q r8a

182 2ô6

e^A 241+

?Ê,L ?Âa

26A 2t3
:rü!H.-
F-+F+¡Irtì_-t:'#qfr.:

2A6
T -: ""'

256 '{?o
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18¿t
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254'
?69',
âT3 '
2161

Plpo¡ 38
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Statla thtqr

DD
DD

DD
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r #7
L.l z/tw* 3 t E

þ-31 e.b

OF WEI,Í,:

NCfiCE TO
lltrc

oJ
î"ffiffiîiîî,ffi'El0
thb ¡cpor{ erc to bc [[

flled wlth the - - MÁY

HI
?

/
fl * o ä,Ïfftrft,ìlffi -f" TF ENGINEdffiüinT'.ï"";i"o,li,'ì"",

orwêucompl€ton. ÊALEM. ORECON G-
rr 

(l) (11)

Address .r'f
Ddller's well number

w

ând distance oÏ

- :.' = -:; : : : ,' ; : ::-:_
(2) TYPE OF
New waF Deepenlng

(check):
D RocondltionürÉ E Àbåndotr fl .-

ft ¡bsndonrrent, deEcriÞe m¡terlal and grcc¿dure ln ftem u.

(s) TYPE oF WELL¡
Rotrry O -/Dr¡von E
câbtê lt' tetlÊd E

(4) PBOPOSED USE (check):
Dom¿¡Llc Ë InduÉtrlâl El Munlclpal

WELL LOG: nråffiÊter ot wFJI belorÍ, " 
rn* ..-/-.{..^.'..-.'

Depth drilled it. - Depth of completed well It.

il
l

B Boted 0 D Te¡t tJyêlt tr othér n
tromâttonl Detcrlbe color, texturc,
and ¡how thlckness ud neture 0t

CASING INSTALLED: rhresded n wcrdeð' S/ wltL' rt leatt one €ntry lor
.....f-f;." ot^. ,**..-:*./-....- n. to .-frf...' (t. Garô .r.3.3.&, ¡n posltfon of StrtÍc Water Levol a¡

MÂÍERfAL

..-..-....-.-1 Dlem. from

TIONS:

ßka ol ln, bv tr¡,

' Perfordtlonr

gl¡ln elee år¡d Structur€ of matê¡lålr;
eåcb 8úralum ànd sq¡rllsr pËnÊtrrtcd,

eech chañgê of formãtlon. Report cach change
Notc dru¡lng r¡tcB.

awL

rg

'- ì

from ..-...--,.,..--.......* lt. to ..*...-*,.**-.-*-. IL

\fork started

pite *'eil ãi.irung mactitne ii\"vrià-"tt o! weil "-

Dru¡¡n¡ M¡chl¡e op"""to¡¡ toUnriùoo,

Drllliug Maeblne Operator's Licenge'No. *¿¡¿

(?) SCREENS: wétt screea tndalledt Q Yer úK

I

ì¡

llllnulûctufêr't Nåmê .......-

Dlsm. ..-....-,--. Slot Elzç ..,- ..--.--.- É€t frôm .-.-,,..,.-.,.-.... lL to ..,.*,,.-...-.-.... ft.

(8) IilATDE LEVEL¡ ComPleted well.
8tÃtlc hnd Euffecê Date

lresoqre lÞr, per sq¡¡rre ¡ncl¡ Dltê

(e) ìüELL TESrs: Dr¡wdown It amount water
lowered bêlow ¡t¡tic ¡evel

lB

tst II

It. dr¡wdown hr6.¡ltêr

Brile¡ te¡t râI./mtL wlth lt. drarYdown elte¡ h¡..

tlow Drtc

lcmpcrature of watc¡ If¡å¡ â ctlcmlcal ¡nrlysl¡ mrdêt E Ye¡

.I (10) coNsTßucTIoN:
wcu sert-Materlel

Depth ol EËâl

a

Thl¡ well w¿a cónst¡:uchid'uuder ily dlreet rupervlgtou. Mate-
r!Êlg used and lnformatlon reported above åre f¡ue to my best
knowledge and belie!.

;;;:ä;irq{dk:k#f o^,. ff:,l d r ß â r

I Dlrmctcr of well boro to þotto¡n ol tr¡l
Worc uy tæ¡c ¡trata æmented ot!? [
Weù r rlrlvc ¡hoe u¡¿<t? D Ye¡ úß"

vc¡ gj"16
ln-

Dcplb --.....*..-.**.-.

It" Wrler Well Contr¿otot'¡ Ocrtlf lc¡tlml
Thfs well was drilled my

true to the ol mY

NAME
It¡m

tnd thts report ls

9¡ print)

Dld ¡nv 6!1dfi uûur¡blê n Yo¡ ,Å#
TvÖê ol mt¿r? dêDtü ol

AddreBg

[Slsned]MctÌ¡od of tcqttrt str¡tr ol!

c ontrac rorr¡ Ltcense No] fP-... - - o ti ...#-=.1g. -:- -., $; -d -2
wclr cÖtrt¡rclor)

trom ..-*---* fL to --...'--...-.---- ft.

From to
4Ê1)'¡øuu tJ * Ê,1. ¿-¿ &tM

Ë,i,*'É -Crtxõ
q-ç* ,>f

-.¿,.t * ëZdJ &-.fÑ
t7tr q3

,€ttl,¿ b^
qFç-?'.t-,-.-{ J, t4 i.æ/ n'?z.WÍ AfFn:"{
lj ¿,,J,ft-â¿,péfr.rlf, //, lt

it,a' ,{17
tl.,7 /å?,t/
ll rr ] c'fr)t7¿.P¿2Æu,{,lF

/-¿.tÈ*-t;F.t*F"it\ A c./ri 5_P?

LP.T .'ëú¿
'2*lt 2*î
zaQ -11/,Jtá:

èr/!fFt'3talP 'ß/í"îgtr
I -Çætr*trl7

4)q +tÁ#l.anl l?a.?/,lLf Éo;f

Completed.'19

Or¡vrl ¡,llccal
(uE 

^Dtt¡r¡oNAr, 
s¡llgtÎa IF NEcEgSAnY)

* ,.J
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STÀTEOFONEqON

WATER WDLL NEPORT
(a¡ requtrotl bY Ong õ87.79õ)

REG EI UE I} a-
N0v lfr19B4

PLEASE TYPE or PRINr IN I$$TËR RËSOURCES (for officlsl utê

(1O) LOCA desaription:
F-l

(1) OWNER:
Nrmc -t1

sShl -,¡. nrso.tl'n _32 .of

nno* lw ,wrn.- (Ruc! ir Estt q $¡e3Ð

Citv Rl.a*-u¡nnd flr¡ o"1 bn stqte rllsl¡¿_ I¡t _ Blocl.- .-guhdivlsio¡ +-.-.-

M.ÀILINGÀDDRESS OF \tELL (o¡ nætaddæg¡) .. . -"

(11) IflATER LEVEL of COMPLETED'WELL:
al which s,at¿rw¡¡ Íust Ícund

8t¡tla lcvsl It. below lsd ¡u¡fu¡-

A¡teelan prÉô¡ute - Ii:". psr ¡qua¡e inch. Date

(r2) ! Dì¿meter of well below c¡sing .,t5.::A-6P""-g::
._:.

8ül
Depth ft Dopth of complet€d "¡ou 

800 fh

MATERIAL swL

I (3) TYPE OF

),

(2) TYPE OB WORK (cheok):

NwIt¡¡[ [t. DeepenÎng E RecondÍtioning lJ

If materíal ¡nd ln Item 12.

Abandon fl

(4) PnCIPOSED USE (check):
ÐMestic tr n*"t ii E Mooicip.l fl
Irigatíor tr ittffili-t E nnh,ædo; LJ

Othcr:õü;;ü. E Gror¡¡din¿ E r¡st tr

ft.
RotalyÂ¡¡ [t
RotüyMud Éf

Ë¡

Drive!

Dug

Foird

n
E
E

CASING INSTALLED, åff1"0* Ë

Ç r,çggrNSrALLED:

Plastic tr
Welddd 0
.i?1

8tÆl
Th¡eaded

Þtårtic
W¿lded

tr
D

tr
tr

'Diam. Fom *-..--.*- fL to ----*.,---- ft- Oawe

(6)
SIze

PERFORATIONS: Perfo¡ated? .E Yer- I No
l¡.of porfontion¡ in. by

from .-..-*..--.*- fh tô ..*.-.*--- f!.

perfo¡ntions fmm .-.-,-.,,..,*,,.. ñ tó .--,*,--.* ft.

(Ð SCREENS: \{ellscrcêuiu¡tallefl D Y¿ )OlNo

lvf¡nufactr¡re/s NanB -..-'**-.---.*
T¡De Mu¡l¿l N.p, --,...,.-,,--'*..-
Di¡rn. -.*.----*..-....i.-e-.r SlotSiæ...'.....*.-.- Setüoq'-*'*-'""&' t'o '---'-- &!

SIot Si¡¡ ..----".*- Set Þom

Drawdown i¡ ¡mouot wator lovel ig losered
(S) WELL TESTS; below ¡t¡tlc levol

Wa¡ ¡ te¡t m¡de? Ys El ¡qo wlom?A&ll
r?lth d¡aç<lowr¡ ¿ftær

Air tcat ¿nl./¡nin. vi¡th d¡ill st¿m at ft, b¡t.

Båilê! ttJt ø!,/mìn. c¡ith ft. dmwdo+n nfr¿r !¡¡.

A¡tsi¡n llo*
fL

Dato wort rt¡rtsd

CONSTRUCTION: Epecial¡tand¡rds .ve¡[ No{] m¡chine mot¿dofrof weII 1 19

Woll rcal-Materi¡l usd (unbonded) W¡ter Wsll Con¡tri¡ctor Certiflcatton (ll ¡pplicable):
Well s¿rled fþm ltnd ¡urfacc !o ft-

-.1
Diaæte¡ of *tll bore to.bottom of s¿al

Dirmet¡r of wcll bora bslow Pal

A¡nout of ¡oeling mrrterl¿l

Hoçwattenut

raqkc ËF poundr El
n,

in.

"-800
This we¡I waE conetructod unìfgr mvdi$ct

informrtïon åbove are besù

(bonaled) S¡ator Woll Coûstructor
Bond-Iuuedb¡':(nebø)

on b€hrlf of .sÍAç 0
(typr ntrba

Thú well
best of ny

eupervieion Materìale l¡sed and
knowledse and belief.

, r',0* -Ll: 5---..,ls -84.

and thb report lr tn¡e to the

rrJ

- j lVæpump inrtalled? 110 'lþe *---.. HÞ --...-..- Depth--.*.'-.' ft.

EJ Ye¡. )C ¡¡" Phat 8iæ: Ioutlon -*---*, ft.lVaEa d¡lw ahoe used?

Did anv ¿tratr rcnt¡ln unusabls wa-ter? E Ye¡ ?Ç No

j

!l

Df Wåtrr? of str¡ta

Msthodof Et¡¡tr off

Warwell E Yea No

from .._,*,**-..--._ ñ. fo.--.-..--**,-... ft.
I - <-RLt

N(}T[CE TO 1VATER WELL CONsTRUSTOR
Ihc orlgülal and firrt ootry of thb rsport

aæ t¿ br lllcd wtthr.bP

WATER RESOURCES D¡.PARTMENT,
SAI,Erú OREOONYI't0 ' -;'

ritÀl¡ ÍI &¡¡ ôom tho d¡tc of ç¿ll couolrtlo¡.
.,J

FIu To

0nc soil-
1.3

L5
t'Isrr rrrpw stíekv w./green

þ7 83

8? 18e
2.1?

?4?,
283_

"AÂ
266
2ea
2R, ?12Êqnq]L.srev hnd.
a1 ,1 a? Ipo rril + ñv.;--'äoi;ou-slfra trd
?D ?"1Rqsq'lt prrev w/brln frctrd
q?1 c4qEtoaøJ * -av.ar¡ Ìrr rl -

"(q'
.)R

tEtocrq'l t rrr.ot¡ lrynt. ¡rred - hrd
ILÔ''7lrrokcnlto oq J * ¡ry'o¡¡ hrvr

Lrô, I tL2, InoÀÃT+-- øt'ail äFd - --

. -¡J

G¡avel
@ateð

8P.¿8808.€9{l



t.
. STATEOFOAEGON

WATEN WDT,L REPORT
(¿¡ requt¡ed by ORg õ32.?€õ)

(1) OWNER:

Âdduq

REGEIUEÍT

umlk^Èf 
$.""g?l{åt$n,"u#P,dfr EJflJåil:i:

EE

(1O) LOCATTON OF WELL d.eeoriptlon:

Townahip .Range
flownehlp l¡ È'Io¡th or 9outh) --- ßä¡. h ìrst; tvær)-' wM'

Thx I¡t Subdivi¡ion

LÍAILINC ADDRESS OF WELL (q¡ reatrlt. !dd¡q) 

-

Ståte

Ab¡ndon E

(4) PROPOSDD USE (oheak):
DaEG¡rrc fl roa.r"i¡ tl t'l-rapa tl

__ _ Tborrul;
I¡¡lg¡tion --.8 Wltl¡d¡aq¡l E 8¿,l4¡ccllon Ú
0ûs¡ixørut¡c- fl cruains E rct tr

Cconty- 1{ 1{ ofSection-of

(2) TYPE OF WORK (check);
rtmrvcn E Deepenlng E Reconàitioiring E
If de'gcribe oatedsl ¿nd in Itcr¡ 12,

(3) TYPE OF (11) WATaR. LE\IEL of COMPLETED WELL:
Depfh at whio} watcr wse fl¡Êt found

Ståttc level tL b€loç land rutfâcê. Ðatâ

A¡teslsn p¡eÉ¡uê lbe. ¡u rouam inclL Datè

not¡ry ¡lr E

noi¿trtrtu¿ F

Dlven

DUB

n Bond

u
E
tr

ft"

(12) WELL LOG:
Depth drilted

Diarneter ofwell below caring
ft. De¡th of com¡l¿trd well fLCASING INSTALLED: sæ"r Plâs¿ic

I¡1¡eld¿dThleâded

Pla¡tic
Welded

l'orsratbn:Ðescribocolor, ûð(b¡¡Þ, 8ra¡n rirê andltn¡ctur€ o(matartålgi ând rhow thicL¡es¡
and n¡h¡¡o ofsâchrtrahm and aqulferpcnetrated, witàat leutonc ætry lor cach c'Ìrange of
ûormatio¡. Report each change ln po¡ition of Static Wat¿¡ T-¿vel a¡d îndicatt princÞal
wat¡¡-boaring ¡trat¡

M¡ITERIÅL s$'L

(u¡bonded) IÍote¡ Well Couãtructor Cer¡lflcotlou (lf ¿pplicable)¡
This crellwa!coDrtructed undormydirect u4ænieion, Mat¿rial¡u¡edand

information reported above are true to my H knowl@e and belief.

E]
tr

tr
u

.-..--,....' Dtam. hom ,."-,.*,.-.,..,* fL to *-*'.* fL Gauge

*,.-..-.-.-' Diam. ftom -.---.-,-- fL to *----*- fL Gaugt

Õ r,rrvrn TNSTALLED: st.€r tr
17 -lbr€auco -.-. ì

(6) PERFOIIATIONS:
Size olperfo¡ation¡

Pe{oraæd? D Ye¡
in, by

ENo
in.

pcrfòntfóru ftom -.-..-..-..-.- tu tô.-...-.--* fl,

Slof Size -..-...-*- Set fmm -..-.-..-.,.-.*. ft !o .-...-..--.- ft.

Slot She*-,*.- S¿t f¡om *.--,**. fL to ,......,-.-.--- ft,

(g) TyELLTESIST H**n;;îol¡nts?terreverr¡ìowered

' Waspump inrtaltcd? --..-*.-..-**TypeT-** HP -'.-'*"*., Deplb,*...-,*. fL

Waa a drivri ¡liroc r¡eet? . tr Yæ t No P-h€¡ -*'-.* Slz¿: hc¡llon ..---.* ft'
-'- DirlmvctÌataænt¡inuwblew¡iÃi tl Ë" Û ¡¡o

TVoe of \¡ì/at¿r? d¿Dth ofòtratr

M¿thod of¡e¡llns ctr¡ta oü

ul¡¡¡wellE¡evclpackcd? OY¿e 0 No SÞe of

from --,-..--**--.- fL !o ..**'-'*---** f,-

NdTiCE TO WAIER T'EI¿ CONSTRUCÎOR
ltc orlglnd rnd 6nt oopy ofthlr rcaut

æ ø bs tiled with the

Was¡ testmde? ÚYe" [No
witl¡ &. d¡awdosn ¡fter hrs.

Air test with drlll ¡t¿n at fL hF.

Bailcr te¿t gal/Írln. with fl. d¡¡wdoçn eltu hr*

A¡tesis llow
Oow er¡ørmt¿¡ed .-..-*.-..- ü

DateÌ'orl rtdrtôd
CONSTRUQTIONI Sþ-ecialrtandarde ve¿ E No tr Dale wcll d¡illinr nachinc mowd off of well 19

Wcll æal-M¡teri¿l ucil.-..*.-..-..-

lYcll sealcd hom lånd ¡urface to .-.--- -..-..--...*.,- fl
D¡rmeær of \,eell bare to bottorn of s€ål '-'.-'****-.*.- ¡D.

Diæler of *etl bore below æal .--*.--*-------..-. ¡".

Amount of realìng ¡nateríal .'-*---* ucb E 'pormds E
llow r+as cement grout phced? ,*,'....* (bo¡detl) Water WeIl Consùructor Certltlcaflon:

Bond-
(nmtw)

Ißued bla

.On bclullof srrrÂco LIRT.T,
(Surcly Compa¡¡y N¡qe)
FS TNI1 -

tæet of my

(Si$ed)

This *ell Ìvas

WÀTER NESOURSES DEP^ TT¡BT.IT.
3¡rEl4 OREcTONTæro

?ithin 80 ¡byr ñoùr thr datc ofÍcl¡ colrphtion-

(tyDr o¡ pdût hræ ôlwalärff.ll Coüiructo¡)

and thls ¡eport is true to ühe

!rco To

v r32,
l?-

êd b?oken I l'11l v L
roqBn.ea]-t srev somr red hîd

Rqen]-t ¡rrêv hrrì - I
ElaooT* }. l oal¡]¡¡n ¡arl n¡c (?l <lrlr
â.sE].t Erev red aomê Doloui rl

I I ie 1
a 5r t7

Baea].t b].aek rêd rlorous
6r 483seml- . broken

Rnsnlt ¡r,?êv h?d C iq iql
(Baselt s?èv hrd fractured

Ftqn¡¡'l * ¡rrapw hart¡l L
"?8IRRqssl* ãrel hsr¡r! w,/frctrd

n löôBaeal-t sTev hsrd

dwats

Gnvel
(ÐateÖ

sP.16866.690
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î OCTOBER L7 , 1984 SHER9TOOD WELI #5

srATrc-tIATER-tH/EL- - 4s.33 FT. t0Ç t^üEtt--TV CAMERÀ--MÀRK cFarsrENsEN

Footaqe Coqlnent s

Casing weld
rlas ing wetd (35 .7 f eet )

Suspension material (iron'
g.later mudd-;
Fick uP anobher t"'ell
Fick uþ anobher well (40'5)
Casinq joint
gãcto* éasing dePth' rough
tiice vertical fractures
Ànot,her fracture
t4ore f ractures, horizontal
InteresEing "stuff"
More fractures
ún side, he:<agonal Prism
FairI y' tighrt basalb , too
S,:me fracEures sterting
FairIT smooth hole
I-tcri:cnteI fracture
t-iarizontal ¡ racture, ma¡'be
Horr:cntal fracLure ' maYbe
Line fracture, cccasional
lJicc broken !one
Very' interesting vertical
t bouldery"- Iookinç t

Li'rhE f ractures, fairlY &

Niåe smooth hole
$f ice broken zone, IoEs or

rJ

looks like hit in drilling
Rough
Rouc¡h, broken zone
F.ou,:h,,., brckerl :one
F.cuqh Þ'asalE broken zcne
Eroken tone
$lice -fr'acEures
Nice -íractures
Rough fracture, broken zones
Rugged.Iookingbrokenzones'verticalfractures'looks
boulders
V¿rtical fractures, horizonLal
Nice smooth hole
üross-cubtinq fractures; vertical block' horizontal

4',
a alL. /.

3
I
b
l
I
I
I
,t
I

1/.

1

:
i

L

:
;

:
¿.

l
:
-)

bricrh.t stuf f )

rock below it (cemented in)

f rac ture
-ì

--l

,J'

le'
+û'
BI.I'
û1.;"
rl9-2It.r
t5
L7'
I8 - 2I'r
]I'
:5
?". - ¿3ú'
l+
iú
J. -¿a

+l
12,2+.3,244

; nice flat fracfures
many f'ractures, water

to show uP, water more
clearing uP
clearer

a,lD,
-'t rJ
1É '1g

j.lú '

;-ltr.5

i5 -j
:b{ -:65
:1r7'

horizontal fractures

f ractures in mbble zone'

narrow braken zone; smooth hole

caving, very rcugh hole, and

lì

j
I

J
;'; ù
-.T I

-l*
.J3ù
:g+
;95
¿ 8ti

1i ke

-i ¿'j t¡
¡ ù.1

,4ùr
-l

rJ

J



/:to'
órc't
/,,,,,

'/1y'322', 
'.

/')/ 375' 
"

Light fractures
Caúern-blocking, "piIIow basalt", clay in between, very
int,ere sting
Smooth holè, but rough texture "pi1low basalt" rougher,
then top of hole
Coarse Lexture, but smooth ho1e, soft driIling, some

fractures
Rough texture, "pillow basalt", number of fractures'
rough texture to walls
Somé d.iscontinuitY, sti1l rough
Hard.er basalt, leis f ractures/ smoot'h hole
Broken zone
Followed bY dense basalt
Smooth hole ' some roughness
Broken zone
Broken zone, íYactures
Broken zone
Rounded. smooLh. ed.ge smooth; embedded in a matrÍx; limestone
large holes; bor-¡1.rlerv " stuf f "

Kiná of broken zone, rounded (like Iinestone) (large
piiro*r, f resh "pilIot"- basalt" ) , round textured; broken zone

Big caved area
vesicuLar basalt,; hole noE too broken; vesicules and holes
s ides or- wal l
lf ice smocth ç-ell Þore, ::pillcr"' ÞasaIt" , but rough te:tture
- - smooth !e:<t'ured wal l
Nice, rc,ugh "pebbly-texture" on wall
Smcoth ';el1 bore, harder -basalt
trlice cavern off Eo side
Ver¡- blcck7, rugged zone: big and blocky
tÍrce, snaoLh !:cle, eccesior:al fractures
tiotes: tüater is coming out of all these broken zones,
saturateC rocks
tlice-Iooking broken zone, ì/'ery rugged
itice-lookino broken block;; :one
Very smooth hole
Nrcå, smooLh hole; sone vertical fracfures
tloEe: Plost occur top & bottom basatt f lows;
and. bo!Eom where come together--water sets
through; bit bounce around
uice, smcoth hole
tot f lood.ed. out, broke intur a zone--not too
amount of water
Nice, broken zone (fractures, stilI broken)
Irlice, broken zone; nct as rough as other ones; f iner
te:<ture, more f ract,ures; rough f ractures
fi¡åle: Alot of f oam and air went through that hole
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Li t,t Ie rouqh
Ñice, smooth hole
Ver¡r smooth hole
Broken zone area¡ smooth hole; casing reduction, 16"
Nice fracture in the 8" hole
"Pillow basalt", L2' below that too
Broken zone, vuggy broken zone i very interesting
Nice. vusqy matåiial; rough hole; nÍce, broken zonei

toB

I
l

" -ìf61r
47 2',
47 3'
475 ,476',

182',
.t86'

489 , +9Q',
4'iL'
5r+'
51s

510 Ec 5l:

5lt,5i'r'

blocky-fractures
Nice fractures
('trice, big vugs
Very interesEing frac
Horizontal fractures
Nice, smooth basalt;
f ractures
lf ice, long f racture.
picking uP some more
pat t e rns
F.eat smooth hole
F.ough broken zone

basalt "
Nice fractures; broken basalf
Big hole, vuggy basalt ( almost
veiv smooth hole; Iots of vugs;

"pilIorr

Iook tike Iimestone again)
broken stuff;

l
]

ì

./

i

.,¡

ture pattern
inEersectinq diagonal, some vertical
d.ark bands near :¡eri interesbing

end.ing up in a horizontal fractures '
vertièaf- fractures; interesting fractur

5f1',
q1)'
Ê:.1 ,

b ,¡h

Rough broken zc'ne
5EiIl broken, some cavÍt-r f illings ' "Pi1loç- basalt"
aPpearance
"Pi11ow basalt"
Br¿ken ;one abanConed
t'laLer has settled dowrt
Broken :one
F.eaI sm,:cih hole
Fractures, broken zone; clearrng up water
Brcken zone
Brcr-en basal r-

hlater clearinç ttP
"PilIot'basalt"
Fretf l- mudCi', below-

É.t F

5+b
5.t l
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City of Sherwood Well No. 6 lVell Log
SC#87126 Label#L02I86

By Schneider Drilling Co.

1996-1997

To Desçriotign
1 ToP soil
2 Grsvel3l4"'

12 Clay, brow4 rnedium

17 Claystone, brown, medium-soft, broken

3û Claystone, brown & gray leyers' medium-soft

35 Basalt, brown, medium'hard, fractured

45 Basalt, graY, medium-ha¡d

59 Basalt, gray & brown, medium-soft, fractured, small layer of claystone

63 Bæalt, gray, medium-hard' ftactured

65 Basalt" graY, hard

88 Båsatt, brown dsome gray' medium, fraututed

96 Basalt brown, med'soft, fractured

100 Basalt, graY, hard

105 Basalt graY, har{ fracturêd

t09 Basalt, browrl 6edi¡m, fractured

t3l Basalt, graY, hard

139 Basalt, g¡ay, hard' some fractures

160 Basal! brown-red, vesicular, medium, #claystone layers

164 Basalt, grey & brown, rnedium-hard

t95 Basalt, $ay E¿browrç medium-ha¡d, fractured

233 Basall gray, hard, fractured

241 Basalt, graY, hard

251 Basall black, soft, vesicular

26A Basalt, black & reô soft' vosicr¡lar

266 Basalt, black, medium'hard, fractured

303 Bæalt, graY, hard

3ll Basalt, g';ay &blach med'soft, vesicular

315 Basalt, gray, medium, fractured" some vesicular

334 Basalt, gray, trard

142 Basalt, black, med-soft, fractured, vosicular, small claystone layers

347 Basalt, black, mediunr' fractured

354 Basalt brown & red" brokem' vesicular, some claystone

358 Basalt, b¡own, fracture4 vesiculâr

370 Basaft, graY, hard

373 Basatt, gray, med-hard' fractured, some vesicular

377 Bæall grùy &brown, mediun¡ fradured

396 Basalt, graY, hard

ffiFûN$b{#ti
fvtAR _ 4 tgg7

*^'ãiåii%'[%1j,,ï-h

s
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.:
i

396

399

401

4t2
4t6
435

44r
447
451

453

470
474

490
493

494
496

502
506

529
s33
563

s74
s75
605

642
652
657

674

678
688
700
737

761
762

767

788

79'.1

80s
8t3
830
853

862
892
901

EÎ'Hrr*i!'lJH"ft
3gg Bæalt, black, med-soft well-fractured EIIå"'{r¡ûrù*l

401 Basalt, black & re{ soft, vesiculâf, well f¡actured

412 Basalt, black, med-soft, fractured, vesicular MAR - 4 1997

416 Basalt, gray, med-hard, fractured, some vesicular w TER ¡lESoLtHCËs DEPT,

435 Bæalt, gray, hard SALEI'I!, OREGÐN

441 Basall btack, med-hard, fractured

447 Basalt, btack & re4 soft, well frartured, vesicular, broken

451 Bosalt, brown & black, soft, well fractured

453 Basalt, brOyn, red & blapk, soft, well broken, vesicular, some claystone

470 Basalt, black & gray, med-hard, fractured ri

474 Basalt, gray, hard, some fractwes

490 Basalt, gra¡ hard

493 Basalt blackt med'hard, fractured ¡:
4g4 Basalt, re4 soft, broken, vesicular, some claystoru

496 Basalt, black & browr\ soft, broken, vesicular, some claystone

5OZ Basalt, black, med'soft, well fracn¡¡ed, some vesicular

506 Basalt, blach med-hard, some fractures' some vesicular

529 Basall grey, hard, fracùrred

533 Basalt, black, med-soft, well fractured, vesicular, some claystone

5ó3 Basalt, black, med, firaÊtured, vesicular

574 Basalt, graY, me&hard, fractured

575 Basalt g¡aY, hard, fractured

605 Basalt, gray w/red steaks, ha¡d' fractured

642 Basalt, gray, hard, fracturçd

652 Basalt, black-browrr, soft, well fractured" some vesicular

657 Basalt black & red" sofr broken, vesicular

6'14 Basalt, gray &blach rned-soft, well fra¡tured

678 Basalt, blnck, mcd-soft' fractured

6s8 Basatt, gray, hard, some Êactures

700 Basalt, black, hard

737 Basålt, blach hard, some frachues

761 Basalt, gray-blach very har4 some fracturss

762 Basalt, dark graY, verY hard

'1.67 Basalt graY, very hard

?88 BasalÇ gray, hard, fractured

797 Basalt, black, soft, fractured' vesicular

805 Bhsalt, dark gray, med'hard, fractured, some vesicular

813 Basalt, gray, hard, fracü¡red

830 Ba.satÇ black, med" welt'fractured, vesicular

853 Basalt black, soft, well frac,turd vesicular, some clrystono layers

862 Basatç blach med, welt-fractured' some vesicula¡

8g2 Basalt, black & brown, soft, well fractured" vesicular

901 Basalt, blaok & brown, soft' broke4 some clalatone

936 Basall gray, hard, fractured

-'l

f
l
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i
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l
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936
938

943
948

e53

960

97L
98ó
99s

1014

l0l6
1023

938

943
e48

953

960

97t
98ó

995
t0l4
1016

t023
1030

Basalt, black, med-hard, fractured, sonte claystone
gasalt, black, med-soft, fractured

Basalt, gray, med-hard, fractured, some vesicular

Basalt, gray, hard, fractwed
Basalt, gray, med-soft, fractured, some vesicular, some claystone

Basalt, gray, med, fractured, dsome quartz

Basalt, black, med, fractured, some vesicular

Basalt, gray, hard

Basalt, gray, mod-soft, brokeq vesicula¡, some claystone

Clay, grry & browrq soft

Clay, gray & brown, sofl liule sandy

Clay, blue, med-soft

R,Í*f;ifi?s{ffif3
iuAR - 4 1997

WATER FIËSOURC:ñS ÐËPT.
SALEL/l, 0F{[:OON
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Sunday, June27,1999

Squier Associates
4260 Galewood Street
Lake Oswego, OR 97035

Attn: David King

Re: Summary of City of Sherwood water well logs

This report is a summary of the stratigraphic interpretation ofthe water wells (Shenvood

#5 and Sherwood #6) drilled for the city of Sherwood, Oregon. These logs were possible

because I was given cuttings trom these wells and had cleaned, logged, and saved them

for my research on the distribution of Columbia River Basalt Group (CRBG) flows. The

stratþaphic sections are the result of a visual inspection of the cuttings, in order to
chancterizethe lithology ofthe lava flows, and chemical analysis of selected samples by

Concord Analytical Services. Enclosed are logs for the Sherwood #5, Sherwood#6, and

a nearby well along Cedar Creek. Chemical analyses of selected samples from these drill
holes, and graphs illustrating chemical compositional changes with depth are also

presented. The chemical analyses generally confirm stratigraphic identifications of the

Columbia River Bosalt Group (CRBG) lava flows made on the basis of visual inspection

and relative position except for the lowermost flow in the Sherwood #6, which is occurs

below the Wapshilla Ridge flows.

The chemical data enclosed for Sherwood # 6 was obtained specifically for this project

from Concord Analytical Services. Chemical data for Sherwood # 5 and the Cedar Creek

well were obtained several years ago from the Washington State University
GeoAnalytical Laboratory for my research. Since there are systematic differences in data

from different laboratories or even from the same laboratory at different times, one

should not attempt to compare the absolute concentration values between batches of data.

However, inspection of the graphs of TiOz concentrations plotted against depth clcarly

shows that relative changes with depth is similar for all of the wells. Data from the

earlier analyses are unpublished and are presented here for use on this project only.

The graphs of TiOz show how chemical differences help to confirm and refine the

stratigraphy based on lithology. 'the chemical stratigraphy of the low-MgO part of the

section [etween the Sentinel Bluffs unit and the Wapshilla Ridge unit is very subtle and

might better be left undifferentiated except for the Winter Water, which has distinctive

small, blocky plagioclase phenocrysts. There are subtle differences in TiOz

concentrations, changing from slightly higher in the Winter Water to slightly lower in the

Ortley to slightly higher in the Umtanum to slightly lower again in the Grouse Creek. I
identified these units on the logs on this basis, and although similar chemical variations

are seen in both of these wells, one should not place too much confidence in these fine

distinctions unless further drilling corroborates it. The differences in concentrations
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between units is not much greater than the average analytical uncertainty and the vertical
variation within a flow, meaning that it is statistical possible that any given sample might
not be identifiable with certainty. TiOz is distinctly higher in the V/apshilla Ridge,
making this contact more certain. The Grouse Creek and Wapshilla Ridge units display a
reversed magnetic polarity, but this characteristic cannot be measured from cuttings.
Although the Sentinel Bluffs Member was not detected in the wells, it crops out very near
the Sherwood #6locality and would therefore be in its proper position at the top of the
drill hole stratigraphy.

Hydrogeology - it is interesting to note that every water-bearing zone indicated on the
driller's log for Sherwood #6 is also a vesicular flow top or basal pillow basalt (813'-
860'). This emphasizes the strong control that the stratigraphy and physical
characteristics of the basalt flows have on hydrology in the Columbia River basalt.
Although tectonic fracturing and faulting often produces secondary permeability, this
does not seem to be a factor in this well. Comparing the well logs for Sherwood #6 with
Sherwood #5 indicates that Sherwood #5 terminated before reaching the water-rich
pillow basalt encountered in Sherwood #6. Pillow basalts in the CRBG were formed
where the lava flows encountered standing water and their lateral extents are limited by
the topography at the time. Therefore, although pillow basalts probably also occur below
the bottom of Sherwood #5, there is no guarantee.

Irr conchlsinn, I f,hink that the conrhinationof lithology and chernistry has allowed us to
construct an &ccurate stratigraphic section that can help form a stratigraphic architecture
suitable for hydrologic modeling and that can also be used as a standard for comparing
future well logs. Please let me know if there are other points that you would like me to
address or if there are questions and comments on these results.

Sincerely,

Marvin H. Beeson
Geology Consultant (Oregon G493)
7264 SBWilshire€surt
Milwaukie, OF.97267 TARVIN H.IIESOII

OREGO}I
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Log of Borehole Sherwood #6

Project: City of Sherwood

Street Location: Murdock Road (near 1830 Roy Street)

Townshlp, Range, Sectlon: 25, 1W,32, SE of NE

Geologist: Marvin H. Beeson
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SUBSURFACE PROFILE
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Þescription
c
.9
(ú

ct
tr¡

Remarks

0-

100-

m-

Ground Surface 250

XRF sample - 120'

Ctay and claystone
(no sample.s saved)

2n

hrown basalt
(no cuttings saved)

ha6alt g' st

(no cuttings saved)

205

186

154

141

W¡nÍerWater lîlow

111

W¡nter Water il flow top
Oxidized, weathered, cavity fillings

90

Wnter Water ll îlow
a few small phenocrysts

Ddlled By: Schnieder

Ddll Method: Air Rotary

DnllDale:2î7197

Contac'ts: are approximate, may be gradational

Marvin H. Beeson
7264 SE Wilshire Court
Milwaukie, OR 97267

Hole Size: 24" to ã)" to 15"

Sampling lntenal:5 ff.

Sheet'l of 6



Log of Borehole Sherwood #6

Pro¡ec't: Cìty of Sherwood

Street Location: Murdock Road (near 1830 Roy Street)

Township, Range, Sec-t¡on: 25, 1W, 32, SE of NE

Geologist: Marvin H. Beeson

SUBSURFACE PROFILE
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Description
c
.9
(g

o
E

Remarks

2ú-

300-

4æ-

WinterWater llfrow
a few small phenocrysts

Ordey tlow top
little oxidation or weathering, a few chips of sediment

Qrdey flow

50

XRF sample - 225'

XRF sample - 296'

XRF sample - 315'

XRF sample - 342'

XRF sample - 3Zl'

o

-15

-53

å:*g¿ Veslcular zone -61

Ortley îlow

a4
èb.a X

Umtanum flow
fresh gray rock with a slightly open texture

t,rT,,'r"1
-97

-1 08

-146

Ddlled By: Schnieder

Drill Method: Air Rotary

DnllDale:21787

Contacts: are approximate, may be gradational

Marvin H. Beeson
7264 SE Wilshire Court

Milwaukie, OR 97267

Hole Size:24" to 20" to 15"

Sampling lnterval: 5 fr.

Shed: 2 of 6
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Log of Borehole Sherwaod #6

Pro¡ect City of Sherwood

Street Locatlon: Murdock Road (near 1830 Roy Street)

Township, Range, $ec.tlon: 25, 1W, 32, SE of NE

Geologlst: Marvin H. Beeson
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SUBSURFACE PROFILE

c
o-oo
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a

Description
C
.9
(ú

dtt
Remarks

4æ-

500-

600-

Grouse Creekflowtop
slightly oxidized, black basalt, few sediment chips, pyrite

-150

XRF sample - 426'

W.B. zone - 438'-466'

XRF sample - 480'

W.B. zone - 491'-501'

XRF sample - 506'

W.B. zone -527'-545

XRF sample - 542

XRF sanrple - 573'

-165

Grouse Creel< I flow
a few microphenocrysts

-191

Vesicularflow lop
weathered and oxidized

-210

Grouse Creek ll tlow
a few microphenocrysts

-243

Wapshilla Ridge îlow top
weathered. oxidized. some sediment -25s

Wapshllla Ridgeflow
microphyric

Vesicularzone
not oxidized (not flow top)

-279

-293

Wapshiild Rtdgeflow
microphyric

Drilled By: Schnieder

Drill Me{hod: Air Rotary

DnllDate:217/97

Contacts: are approximate, may be gradational

Marvin H. Beeson
7264 SE Wilshire Gourt
Milwaukie, OR 97267

Hole Size:24" to 20" to 15'

Sampling lntennal;5 ff.
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Log of Borehole Sherwood #E

Prolec{: City of Sherwood

Street Location: Murdock Road (near 1830 Roy Street)

Townshlp, Range, Sec'tlon: 25, lW,32, SE of NË

Geologist: Marvin H. Beeson

SUBSURFACE PROFILE

-c
CLoo

õ
-o
Ê
u)

Description
c
.9
(ú

o
ú

Remarks

600-

700-

800-

Vesicular flow top
slight weathering and oxidation

-350

XRF sample - 625'

W.B. zone - 639'-676'

XRF sample - 758'

W.B. zone -7æ'401'

XRF sample - 797'

-392

415

Wapshilla Ridge II flow
microphyric

-538

Drilled By: Schnieder

Ddll Method: Air Rotary

DnllDate:217ß7

Contac{s: are approx¡mate, may be gradational

Marvin H. Beeson
7264 SE Wilshire Court
Milwaukie, OR 97267

Hole Size:24" to 20" to 15'

Sampling lntervah 5 fr.

Sheet 4 of6
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Log of Borehole She¡wood #6

ProJec-t: City of Sherwood

Street Location: Murdock Road (near 1830 Roy Street)

Townshlp, Range, Sec't¡on:25, 1W,32, SE of NE

Geologist Marvin H. Beeson

g!
I
j

'l
:

l

-t

SUBSURFACE PROFILE

-c
o-oo

õ
-o
Ê
a

Description
c
.9
.E

ú,
E¡

Remarks

800-

900-

1e+03-

Vesicular zone
not oxidized (not flow top)

(Vesicles common to base of basalt)

-550

W.B. zone - 813'-860'

XRF sample - 921'

-573

Pillow basalt
glass chips and pyrite common

-612

Vesicular flow top
some weathering and oxidation

not microphyric

-660

Mt. HonibleJDowney Gulch?

This flow is not mícrophyric and has a lower TiQ2 content than
Wapshilla Ridge. lt could be either Mt. Horrible or Downey Gulch.

clay and síÍtstone chips (mica)
703

Ves¡cularflow base
not microphyric, secondary calcite

mix - sediment, vesicular basalt

¡
1

l

-
ì

J

l
I

l
l
I

I

r-I

ì

".1

l

arJ

J

Drilled By: Schnieder

Drill Method: Air Rotary

DnllDalg.217197

Contacls: are approimate, may be gradational

Marvin H. Beeson
7264 SE Wilshire Court
Milwaukie, OR 97267

Hole Sizq 24'to 20" to 15'

Sampling lnten¡al:5 ff.
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Log of Borehole Sherwood #6

Project: City of Sherwood

Street Location: Murdock Road (near 1830 Roy Street)

Townshlp, Range, Sectlon: 25, 1W,32, SE of NE

Geologist: Marvin H. Beeson

SUBSURFACE PROFILE

-c
CL
l)o

1e+03-

l.1e+03-

'l .2e+03-

Mrcaeous sirfslone
glass in sediment - (peperite)

-750

764

778

End of Borehole

Drilled By: Marvin H. Beeson
7264 SE Wilshire Court
Milwaukie, OR 97267

.!¿

noÇsize:

Safiþling

24" to 20" to '15"

lnterr¡al:5 fr.Drill Method: Air Rotary

Drill Dale:217197

Contacts: are approximate, may be gradational

Sheet 6 of6
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Log of Borehole Sherwood #5

Proiect: City of Sherwood

Stre€t Locatlon: Wilsonville Road (SW Sunset Blvd.)

Townlhip, Rangc, Sêct¡on: T2S. RlW, Sco 32, NW of SW

Geologist: Marvin H. Beeson
It

I
I

.l

-l
j

-ì

'!

I
)

l
l

I
I/

SUBSURFACE PROFILE

-c
CL
0)o

õ
-o
E
u)

Description
c
.s
õ
o
t¡¡

Remarks

0-

100-

2ú-

Ground Surface 190

XRF sample - SH1

XRF sample - SH2

XRF sample - SH3

CIay
topsoil over hard clay

Sandy clay with rock
(no cuttings saved)

175

143

Clay and claystone
gray sticky clay w/ green claystone streaks

107

WintørWaterflaw
(most of this flow appears to be weathered and oxidized and broken.

A few fresher zones occur within the flow and near the base.)

few blocky phenocrysts
i
I.¡

i

J
l
I

hl

¡
I

-l

I

ir,l

I

r.¡

Ddlled By: Staco (Steven Stadli)

Drill Method: Air Rotary

DrillHe: 10/'18/84

Contacts: are approximate, may be gradational

Marvin H. Beeson
7264 SE Wilshire Gourt

Milwaukie, OR 97267

Hole Size: 15'to 8'

Sampling lnten¡al:5 fr.

Sheet 1 of4



Log of Borehole Sherwoad #.5

Project: City of Sherwood

Street Location: Wilsonville Road (SW Sunset Blvd.)

Township, Range, Sec'tion: T2S, R1W, Sec 32, NW of SW

Geologist: Marvin H. Beeson

SUBSURFACE PROFILE

CL
r¡)o

õ
-o
E

U)

Description
c
.o
tú

-0,ul

Remarks

2ú-

300-

4{n-

Vesicular ñow fop
mix of black scoria and oxidÞed chips

-10

XRF sample - SH4

W.B. zone -25?/-266'

XRF sample - SHS
W.B. zone -283'-288'

XRF sample - SH6

XRF sample - SH7

-65

åj"33ã
.ã,.lt'fiÉ .i}
.oåo 83
BËgã
oÉ-.o(¡ -90

O¡lley flow?

-127

Vesicular ñow top
black with little oxidation

-1 38

l"
Oriley flow

gray, open textured, becoming denser toward the base

-170
Vesicular flow top

mix of black and oxidzed scoria chips
-1 85

Umtanum flow
gray basaft w/ few vugs and vesicles becoming fewer w/ depth

Drilled By: Staco (Steven Stadli)

Drill Method: Air Rotary

Drill Date: lOnAß4

Contac{s: are approximate, may be gradational

Marvin H. Beeson
7264 SE Wilshire Gourt

Milwaukie, OR 97267

Hole SÞe: 15'to 8"

Sampling lntervaf:5 fr.

Sheet 2 of 4
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Log of Borehole Sherwood #5

Project City of Sherwood

Street Locatlon: Wilsonville Road (SW Sunset Blvd.)

Townshlp, Range, Sect¡on: T2S, R1W, Sec 32, NW of SW

Geologist: Marvin H. Beeson

-ì

"l
I

I
l

J

I

¡

_l
'l

J

SUBSURFACE PROFILE

-c
CLoo

õ
-o
E
o

Description
tro
1ú

o
E

Remarks

400-

500-

600-

Umtanum flow
gray basalt Mfol vtqs and ve.sicles becoming fewer M depth

-210

XRF sample - SHB

XRF sample - SH9

XRF sample - SH10

XRF sample - SH11

XRF sample - SH12

-240

Vesícularflow top
oxidized

Grouse Creek flow

-246

-285

Vesicular flow top
-295

Wapshílla Ridge flow
microphyric

332

Vesicular îlow top
oxidized ; tuff fragments?

-350

Wapshilla Ridgeflow

374

Vesicularflow top
oxidÞed

-395

I

)

I
J

.J

I
I

J

l
1

*,¡

3

-i

I

.-l

J

Ddlled By: Staco (Steven Stadli)

Ddll Method: Air Rotary

DrillHe: 10118184

Contacts: are approximate, may be gradational

Marvin H. Beeson
7264 SE Wilshire Court

Milwaukie, OR 97267

Hole Size: 15'to 8"

Sampling lnterval:5 fr.
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Log of Borehole She¡wood #5

Projec't: City of Sherwood

Street Location: Wilsonville Road (SW Sunset Blvd.)

Township, Range, Sect¡on: T2S, R'lW, Sec 32, NW of SW

Geologist: Marvin H. Beeson

SUBSURFACE PROFILE

-c
CL(,
o

õ
-o
E

U)

Description
C
.9
1ú

o
ul-

Remarks

600-

7æ-

800-

Wapshilla Ridgeflow
very microphyric

410

XRF sample - SH13

XRF sample - SH14

XRF sample - SH15

XRF sample - SHl6

XRF sample - SH17610

Drilled By: Staco (Steven Stadli)

Ddll Method: Air Rotary

Drill he: 10/'18/194

Contacts: are approxlmate, may be gradational

Marvin H. Beeson
7264 SE Wilshire Court
Milwaukie, OR 97267

Hole Size: 15'to 8'

Sampling lntennal: 5 ñ.

Sheet 4 qf 4
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Log of Borehole Cedar Creek We[l

Project: City of Sherwood

Street Location:

Townsh¡p, Range, Sectlon: T3S, R2W, section 11, NE of SE

Geologist Marvin H. Beeson

l

l

t
I
l

¡

i

-l

i

i

.l
l

1

.J

l
.l

:/

"i

\-¡

SUBSURFACE PROFILE

E,
CL
oo

o
-o
E
U'

Description
c
.9
tû

o
ú

Remarks

o-

100-

2ffi-

Ground Surface æa

XRF sample - 1@'

XRF sample - l4O'

Srrf

brown soil grading to gray sih to brown silt at 60'

225

Winterwatar flaw
brown weathered basalt to 90'

(attered zone at 1 20'; contact or fracture?)
one or two small Phenocrysts seen

115

Oñeyf,ow
gray to black

Drilled By: Ross A. Jannsen

Drifl Method:

Drill Date: 8121ng

Contacts; Are approximate and may be gradational

Marvin H. Beeson
7284SÊ. Wilshire Court
Milwaukie, OR 97267

Hole Size:8 in.

Sampling lnterval: '10 fr.

Sheet 1 of3



Log of Borehole Cedar Creek Well
Project City of Sherwood

Street Locat¡on:

Township, Range, Section; T3S, R2W, section 11, NE of SE

Geologist: Marvin H. Beeson

SUBSURFACE PROFILE

Â
oo

õ
-o
E
s)

Description
c
.9
6

_9
t¡J

Remarks

2æ-

300-

ffi-

Ordey flow
gray to black

90

XRF sample - 210'

XRF sample - 250'

XRF sample - 280'

XRF sample - 320'

XRF sample - 340'

65

Vesicular zone
weathered. vesicular. no oxidation 55

:.;t l

:,-,:
.: t,

lr::;i:

Ordey flow
gtay

45
Vesicular zone

no oxidation -55

Umtanum flow ?

€5

Vesicular flow top
vesicular, oxidized -98

Umlanum/Grouse Creek ?
noi microphyric, dense

Drilled By: Ross A. Jannsen

Drill Method:

DrillDate: 8121n8

Contacts: Are approximate and may be gradational

Marvin H. Beeson
7264 SE Wilshire Court
Milwaukie, OR 97267

Hole Size:8 in.

Sampling lnterval: l0 ft.

Sheet 2 of 3



Log of Borehole Cedar Creek Well

Project City of Sherwood

Street Location:

Townsh¡p, Range, Section: T3S, R2W, section 11, NE of SE

Geologist: Marvin H. Beeson

I
,]

l

l

I

,J

SUBSURFACE PROFILE

E
CLoo

o
-o
E
U)

Description
C,
.9
(û

-gul

Remarks

4ü)-

500-

600-

Umtanum/Grouse Creek ?

not microphyric, dense

-1 10

XRF sample - 410'

XRF sample - 470'

XRF sample - 480'

-125

Wapshtlla Ridge flow top
oxidized. vesicular, microphyric -1 35

non vesicular zone -1 45

Vesicular zone
not oxidized

-165

Wapehílla Ridge flow
microphyric, dense

-210

End of Borehole

Drilled By: Ross A. Jannsen

Ddll Method:

Drill Date:8n1n8

Contacts: Are approximate and may be gradational

Marvin H. Beeson
7264 SE Wilshire Court

Milwaukie, OR 97267

Hoþ Size: B in.

Sampling lnterval: l0 fr.

Sheet 3 of 3



CONCORD ANALYTICAL SERVICES LIMITED
83þ Keele Street, Unit 38, Concord, Ont. L4K 2N2 CANADA

phone: (S) 6605171, fax (æ5) 66Ggt74
emall: chemtest@pathcom.com, web: www.pathcom.com/-cherntest

55.1
54.8
55.1
54.2
55.1
54.9
54.9
55.0
54.6
53.7
54.8
54.7
54.0
54.1

53.4

4t203
o/o

13.2
13.3
13.5

13.5
13.5
13.5
13.7
'13.2

13.5
13.6
13.6
13.4

13.34
13.37
13.3

T¡O2
o/o

2.09
2.15
1.94
1.80
1.96
2.03
1.91

2.12
2.35
2.40
2.37
2.36
2.30
2.32
2.25

Fe2O3
o/o

13.9
14.3
13.3
12.9
19.1

13.5
13.0
13.9
13.4
14.2
13.6
13.7

13.98
13.72
14.2

MnO
o/o

0.20
0.21
0.20
0.20
0.19
0.19
0.19
0.19
0.19
0.19
0.18
0.18
0.19
0.19
0.20

CaO
o/o

6.91
7.07
6.95
7.44
6.91
7.'12
7.31
6.80
6.98
6.93
6.84
6.86
6.97
6.98
7.13

Sheet5

Mgo
oA

3.30
3.40
3.43
3.84
3.37
3.5f¡
3.76
3.28
3.45
3.32
3.29
3.36
3.42
3.43
3.56

K20
o/o

1.69
1.64
1.82
1.74
1.99
'1.78

1.75
1.88
2.06
1.88
1.89
2.O3

r.81
1.97
1.67

3.65
3.51
3.26
3.06
3.11
3.31
3.30
3.39
3.17
3,',|2
3.41
3,25
3.21
3.12
3.18

0.36
0.36
0.33
0.30
0.35
0.37
0.34
0.38
0.38
0.37
0.38
0.38
0.38
0.38
0.38

-0.39
-0.47
0.15
0.25
0.13
-0.19
-0.20
-0.28
0.16
0.45
-0.16
-0.17
0.28
0.05
0.69

99.99
100.22
99.94
99.30
99.78
100.06
99.93
99.85
100.14
100,14
100.21
100.16
99.90
99.65
100.01

SHERWOOD #6 WELL

Marvin H. Beeson
7264 SE Wilshire Court
Milwaukie, OR 97267

SAMPLE ID s¡02
To

April5,1999

CASL WO# MHB7O16

Na2O P2O5
o/o o/o

TOTAL FLOW ID
o/o

LOt
%

SHER #6-120
SHER #ô-225
SHER #6-296
SHER #6-315
SHER #6-342
SHER #6-377
SHER #6426
SHER #6-480
SHER #6-506
SHER #6-543
SHER #6-573
SHER #6-625
SHER #6-758
SHER #6-797
SHER #6-921

WinterWater
WinterWater
Ortley
Ortley
Ortley
Umtanum
Grouse Creek
Grouse Creek
Wapshilla Ridge
Wapshilla Ridge
Wapshilla Ridge
Wapshilla Ridge
Wapshilla Ridge
Wapshilla Ridge
Downey Gulch ?

Laboratory Manager:
M. L. G. (Gary) Genitse

Page'l



Í I

SAMPLE lD Ag As Ba Be Cd Cr
ppmppm ppm ppm ppm ppm ppm ppm ppm

SHER#ô-120 <1 <4 571 <1 <1 12 18 28 <4 <4

I

SHERWOOD #6 WELL

SbSeSnVZn
ppm ppm ppJn ppm ppm

r f I I; -l )

CONCORD ANALYTICAL SERVICES LIMITED
83þ Keele Street, Unit38, Concord, Ont. L4K2N2 CANADA

phone: (S) 66ù5171, fax (905) 660€!+74

email: chemtest@pathcom.ccm, web: www.pathcom.com/-chemtest

Marvin H. Beeson
7264 SE Wilshire Court
Milwaukie, OR 97267

SheetS

3
5
7
7
E

14
12
16
10
19
o

12
11

15

<20
<20
<20
<20
<20
<20
<20
<20
<20
<20
<20
<20
<20
<20
<20

April5,1999

CASL WO# MHB7O16

PbN¡Gu

SHER#6-225 <1

SHER#6-296 <l
SHER#ô-315 <1

SHER#6-342 <1

SHER#6-377 <1

SHER#6-426 <l
SHER #6-480 <1

SHER #6-506 <1

SHER#6-543 <1

SHER#6-573 <1

SHER#6-625 <l
SHER #6-758 <1

SHER#6-797 <1

SHER#6-921 <1

Laboratory Manager:

567
612
542
622
612
585
642
655
622
633
645
618
637
578

M. L. G. (Gary) Genitse

<1 <1

<1 <1

<1 <1

<1 <1

<1 <1

<1 <1

<1 <1

<1 <1

<1 <1

<1 <1

<1 <1

<1 <1

<1 <1

<1 <l

12 <4 <4

12 <4 <4

13 <4 <4
13 <4 <4

17 <4 <4

40
14
15
14
12
14
15
15
15

<4 <4
<4 <4
<4 <4
<4 <4
<4 <4
<4 <4
<4 <4
<4 <4
<4 <4

<2

3
<2
<2

2
2
3

<2
2
3
5

<2
4
4
5

<4
<4
<4
<1
<1
<4
I

<1
<4
<4
<4
<4
<4
<4

10
6
14
12
15
13
7
10
o

9
I
10
10
10

323
353
291
292
308
324
309
333
353
350
352
352
348
363
383

123
122
110
104
113
114
108
114
119
117
123
117
114
117
114

Page 2



WSU GeoAnalytical Laboratory
(old analysis, 1985)

SHERWOOD #5 WELL

Sam ID S¡O2 Al2O3 T¡O2 Fe2O3 FeO MnO CaO M K2O Na2O P2O5 TOTAL FLOW ID

sH #s-1
sH #5-2
sH #5-3
sH #5-4
sH #5-5
sH #5-6
sH #5-7
sH #5-8
sH #5-9
sH #5-10
sH #5-11
sH #5-12
sH #5-13
sH #5-14
sH #5-15
sH #5-16
sH #5-17

95-1 00
105-1 10
195-200
250-255
280-285
345-350
375-385
424-430
455-460
470-475
510-515
550-555
625-630
675-680
740-745
775-780
795-800

55.10
55.05
57.74
55.19
56.27
55.25
55.98
55.44
54.89
55.18
54.75
55.22
54.88
55.10
54.74
54.94
54.89

15.85
15.76
16.38
14.89
15.57
15.29
15.47
15.34
15.13
15.23
15.08
15.08
15.10
15.02
'15.24
14.98
14.99

2.40
2.38
2.48
2.25
2.12
1.95
2.15
2.20
2.04
2.06
2.42
2.37
2.46
2.47
2.44
2.46
2.44

2.00
2.00
2,O0
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.OO

2.00

10.30
9.61
10.60
8.56
9.45
8.92
9.85
9.89
9.75
10.37
10.15
10.35
10.35
10.2s
10.32
10.39

0.18
0.16
0.20
0.18
0.19
0.18
0.18
0.19
0.19
0.20
0.19
0.19
0.19
0.19
0.20
0.19

7.13
4.90
7.03
7.13
7.45
7.15
7.01
7.37
7.36
7.01
7.03
6.91
6.90
6.98
7.08
6.98

3.24
2.02
3.s7
3.62
4.17
3.76
3.71
4.13
4.09
3.74
3.70
3.66
3.59
3.82
3.66
3.73

1.01
1.74
1.47
1.89
1.58
1.79
1.47
1.46
1.47
1.67
1.68
1.66
1.66
1.62
1.63
1.70

2.61
2.65
2.48
2.35
2.38
2.28
2.48
2.61
2.38
2.44
2.26
2.44
2.38
2.38
2.40
2.36

0.36
0.38
0.33
0.32
0.27
0.32
0.33
0.30
0.30
0.33
0.33
0.34
0.33
0.34
0.34
0.33

100.02
100.02
100.01
100.01
99.98
100.00
100.01
100.01
100.01
100.01
100.01
99.99
99.99
100.00
100.01
100.00

10.1 0. rWater
WinterWater
WinterWater
Winter Water

Ortley
Ortley
Ortley

Umtanum
Grouse Creek
Grouse Creek

Wapshilla Ridge
Wapshilla Ridge
Wapshilla Ridge
Wapshilla Ridge
Wapshilla Ridge
Wapshilla Ridge

illa
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WSU GeoAnalytical Laboratory
(old analysis, 1986)

Cedar Greek well

SAMPLE lD S¡O2 41203 T¡O2 Fe2O3 FeO Mno CaO MsO K2O Na2O P2Os TOTAL FLOW lD
cw100 57.04 16.05 2.55 2.40 11.51
cw140 55.75 14.98 2.22 2.00 10.42
cw210 55.48 14.90 2.11 2.00 10.13
cw250 55.26 15.11 2.15 2.00 9.89
cw280 55.11 14.94 1.97 2.00 9.84
cw320 54.54 14.95 2.19 2.00 10.58
cw340 55.57 14.94 2.17 2.00 10.15
cw410 55.n 14.74 2.2s 2.00 10.67
cw470 54.æ 15.06 2.50 2.00 10.85
cw480 54.05 15.21 2.51 2.00 11.25

0.17
0.19
0.19
0.20
0.19
0.20
0.18
0.20
0.19
0.19

4.61
6.67
7.11
7.20
7.51
7.31
6.99
6.83
7.14
7.16

2.17
3.42
3.70
3.78
4.12
4.00
3.70
3.52
3.72
3.70

1.73
1.51

'l.75
1.78
1.57
1.50
1.50
1.73
1.62
1.35

1.83
2.48
2.32
2.31
2.46
2.39
2.46
2.42
2.30
2.25

0.3s
0.34
0.30
0.33
0.28
0.33
0.34
0.34
0.32
o.32

100.01
99.98
99.99

100.01
99.99
99.99

100.00
99.97
99.99
99.99

WinterWater
Winter Water

Ortley
Ortley
Ortley
Ortley
Ortley

Umtanum?
Wapshilla Ridge
Wapshilla Ridse



WSU GeoAnalytical Laboratory
(re-analysis, 1989)

Percent
S¡O2 41203 T¡O2 FeO MnO GaO

Cedar Creek well

Kzo¡ TOTAL FLOW ID
cwl00
cw40
cw210
cw250
cw280
cw320
cw340
cw410
cwt70
cwtE0

56.77
56.62
56.16
56.19
55,79
55.29

55.99
54.84
54.24

15.15
13.73
13.88
14.09
14.11
14.01

13.61
14.25
14.47

2.363
2.046
1.953
1.976
1.803
2.053

2.095
2.358
2.391

13.34
12.00
11.79
11.43
11.36
12.O0

0.166
o192
0.192
0.191
0.191
0.199

4.93
6.73
7.15
7.17
7.63
7.42

6.85
7.23
7.29

2.03
3.30
3.64
3.62
4.11
3.84

3.35
3.58
3.62

1.84
1.65
1.87
1_91

1.72
1.66

1.86
1.78
1.s1

3.00
3.37
3.03
3.07
3.00
3.17

3.34
2.78
3.00

0.408
0.361 100.00
0.324 99.99
0.342 99.99
0.29s 100.01
0.362 100.00

Winter Water
WnterWater

Ortley
Ortley
Ortley
Ortley

12.35
12.64
12.94

0.194
0.190
o.187

0.362 100.00 Umtanum?
0.355 100.00 Wapshilla Ridge
Ð.341 99.99 lla
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PPM
SAMPLE N¡CrSeVBaRbSrZçYNbGaCuZnPbLaCeTh

I

cw00
cw40
cw2l0
cw250
cw2E0
cw320
cw340
cw4t0
cw470
cw4E0

013
0 13
61E
10 30
728
827

37 15.7 25
37 14.0 23
34 13.9 23
36 13.0 2'l
33 10.4 22
38 13.1 21

14.3
14.4
15.6

33
33
3l
32
32
38

34
34
37

57
47
49
49
44
43

279
310
318
314
301

314

304
316
323

198
176
174
172
156
170

140
131

124
122
118
123

123
133
138

11

11

12
13
11

I

11

I
12

354 721
338 620
310 631
336 65ô
314 579
317 644

7
5
7
7
5
5

7
9
5

45
49
57
50
35
30

56
45
50

20
12
29
23
27
40

15
40
0

23
22
22

3
2
14
11

17
17

16
13
13

51

48
45

21

27
28

9
I
7

3æ 692
379 640
380 650

178
189
191

2G

38
39
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