
ORDINANCE No. 1139-A 
Introduced by Commissioner: Mayor Gilbert Gramson 

Amending the City ofWarrenton's Comprehensive Plan, Article 7, Section 7.160 thru 7.170 (Stormwater), 
Warren ton's Development Code Chapter 3.6 (Stormwater and Surface Water Management), and adopting as 
reference the Stormwater Management Plan as part of the Comprehensive Plan. Stormwater Management Plan is 
attached as Exhibit "A"; revised language in the Comprehensive Plan is attached as Exhibit ''B"; and revised 
language in the Development Code is attached as Exhibit "C". 

WHEREAS, certain changes are necessaty to revise, update and amend Warrenton's Comprehensive Plan 
and Development Code in order to comply with Statewide Planning Goals, Oregon Administrative Rules, and 
Oregon Revised Statutes; and 

WHEREAS, the Warrenton City Commission received the Planning Commission's recommendation on this 
matter, and conducted a public hearing on June 23, 2009 and August 25, 2009 and closed the public hearing on 
August25,2009;and 

WHEREAS, the Warrenton City Commission has determined to approve adopting as "reference" the 
Stormwater Management Plan and the revisions to the Comprehensive Plan and Development Code as described in 
Exhibit "A, B, and C" which will amend the afore-mentioned sections of the Comprehensive Plan and Development 
Code. 

NOW, THEREFORE, The City of Warrenton ordains as follows: 

Section 1: The City of Warrenton's Comprehensive Plan (Exhibit "A and B") is amended as described in 
the attached exhibits. 

Section 2: The City of Warrenton's Development Code (Exhibit "C") is amended as described in the 
attached exhibit. 

Section 3: This ordinance shall become a final land use decision upon its second reading, enactment, and its 
signing by the Mayor. 

Section 4: This ordinance shall become effective thirty (30) days from the date of its adoption. 

Section 5: If any article, section, subsection, phrase, clause, sentence or word in this ordinance shall, for any 
reason, be held invalid or unconstitutional by a court of competent jurisdiction, it shall not nullify the remainder of 
the ordinance but shall be confined to the article, section, subdivision, clause, sentence or word so held invalid or 
unconstitutional. 

First Reading: September 8, 2009 
Second Reading: October 13, 2009 

ADOPTED by the City Commission of the City of Warrenton, Oregon, this __Ll1h_ day of October, 2009. 

APPROVED 

· Gil Gramson, Mayor 
ATTEST: 

Linda Engbretso~ity Recorder 

Date the City mailed the Notice of Decision to parties with standing and to the Department of Land 
Conservation and Development on the required form: 
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Section 1- Executive Summary 

1 . 1 Overview 
The City of Warrenton, Oregon contracted with HLB-Otak, Inc. in 2007 for Phase 2 of their 
Stonnwatcr Master Plan to study their stormwatcr management system and develop a stortnwatct 
n1anagcrncnt pbn with Capital Iinprovemcnt projects for the City to itnplcxnent in anticipation of 
continued growth. 

The City previously undertook Phase ·1 of the effort, working with CH2M Jlill and !-!LB, Inc. to 
pcrfonn a large data collection effort that included an inventory of the tidegates and topographic 
survey data on many of the stormwatcr conveyances in Warrenton. 

The City of Warrenton is not currently obligated lo manage stormwatcr pe1: any specific regulatory 
requirements. The City simply has a growing concern that increased dcvclopn1ent activity would 
<)vcdoad the existing system of ditches that have not been routinely dredged, the ridegates that are 
leaky or missing, and the pump station that is nearing the end of its useful life. The City rccogni7,es 
that a comprehensive look is necessary to detenninc how they should managt.'. the systc111 before 
investing stormwatcr revenue in any particular ptojcct. 

The scope of work for Phase 2 included Meetings> Public Involvement, Characterization of the City's 
Watersheds, development of a stonnwater management strategy, and preparation of a Stormwatcr 
Master Plan that includes recon1mcndat:ions for existing facility maintenance and a Capital 
lt11provc1ncnt Plan. The stormwatcr management :.-;ttatcgy was primarily focused on conveyance and 
flooding issues. Minimal titnc was spent discussing stormwater water quality and the relationship 
between stor1nwater managc1ncnt and the City's abundant natural resources. The City1s development 
code was reviewed and samples of stonnwatcr ordinances from other jurisdictions were co1npiled 
and included for reference in the sto1:mwatcr management plan docrnnent. 

Several rncetings were held with City staff to inforn1 the consultant tcan1 about their current 
stormwater system, 1nanagcmcnt practices> and existing problem areas and to discuss progtcss on the 
project. The City invited several members of the Warrenton Co1nmunity to participate in two 
Stakeholder Committee Meetings. The first stakeholder meeting was held on April 5, 2007 to review 
the data collc~ction and watershed characterization efforts. The second stakeholder meeting was held 
on September 5, 2007 to review and discuss the list of recommended Capital Improvement projects. 
The project was presented before a Joint City /Planning Conunission workshop on October 16, 
2007. A draft of the plan was completed and the project shared with the general public at an open 
house at City Hall on October 30, 2007. Comments were received and recorded in the Final version 
of the Stormwatcr Management Plan. 

1.2 Recommendations 
Several recommendations resulted from this project that can be l.111plcmcntcd in the ncar .. tcrm and 
over the long-term to maintain livability in the \Xlanenton Community when it con1es to stormwater 
tnanagcm.cnt. This summary tries to capture all of the recommendations with greater detail provided 
later in various sections of the doc\unent. 
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fid11catio11: Increased public awa.rencss is considered the most important part of any municipal 
st:ortnwater management program. Simple outreach ideas include: 

• 
• 
• 

A warencss surveys 
Stortn drain stenciling 
Posting this plan on your website 

• 
• 

f\rticlcs for publication 
Walking and bicycle tours 
Educational signs and plaques 

flood Hazarchc Much of the City is located within multiple hazard zones. Continue to coOl'dinatc with 
state and federal e1nergency 1nanage1nent. agencies on ctncrgency preparedness and public education. 
\X/ork with FEMA to sort out issues surrounding recently proposed revisions to the F'lood IosL1rancc 
Rate Iviaps. Try to locate copies of the data used to produce the previous flood lnsur~nce study and 
maintain a filing location for such data. 

]3xisting I...JJvees: The levee systcn1 with culve1ts and tidcgates arc a major piece of infrastructutc that 
protects the City from flood waters. Continue with regular maintenance activities and develop a plan 
for repair/ replacement of culverts and tidegatcs that arc deteriorating. 

Mai11te11a11<t o/ Bxhti11g Ditches: The drainage system in Warrenton (behind the levees) relics primarily 
on ditches that have not all been routinely deaned due primarily to funding issues. The City should 
have casements for any ditches that they agree to maintain. If ultimately required) programmatic 
perrnits can be obtained to allow 1nai11tenancc cleaning of the ditches to their odginal condition. 

Devdopment Code: Adopt new ordinances that require development and tc-dcvelopmcnt projects to 
provide stormwater managc1ncnt facilities designed to remove pollutants from the runoff before 
leaving the site. J\ downstrcatn analysis should be requited by the dcvclopct to document 
downst1·cam conditions and demonstrate the downstream system has conveyance capacity for 
additional flows, or that stonnwatcr detention is necessary to restrict the rate of flow 1·clcase<l from a 
site. 

Design Sra11d,mlr: ,\dopt design standards based upon existing guidance documents. Collaborate. with 
other communities to develop a storn1water design manual that is applicable to coastal conditions 
and consistent with the needs of coastal co1ntnunitics. 

Cttj)ztal Improvement Plan: 'T'hc Capital Imptovcmcnt Plan includes recom1ncndations for twelve 
projects, some of which will generate additional projects. The following list of twelve projects is 
cstirnated to cost as 1nuch as $6 million to implement. Cost estimates assume projects are bid to 
private contractors. However, sotnc aspects of the ptojccts could be performed by City crews and 
result in significant cost tcductions. 

1. Rcpair/Refm-bish West Hammond J'vforina Tidegate 
2. Repair/Refurbish East Hammond Marina Tidegat:e 
3. 'Iidegatc Repair & Replacement Plan 
4. Evaluate and upgrade existing pump station adjacent to SE 3rd/ 4th St. 
5. Refurbish existing pump station adjacent to NE 1st St. 
6. Upsizc storm system in west portion of I--Ja1nmond Madna sub-basin. 
7. Relieve stormwatcr drainage issue in the East Hammond/Braillcr-Enterpdse Ditch Arca. 
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8. If necessary, obtain ptogrammacic pennit to allow O&M i:ourine maintenance of all City drninagc 
ditches. 

9. Create and Implement Monitoring Plan for City of Warrenton 
10. Upgrade downtown conveyance system and create definitive connection between north and 

south downtown pump stations 
11. Sanitary Sewer Inflow /Infiltration Study 
12. Stonnwatcr Rate Study 

Each CIP project was discussed with City staff and assigned a rdativc. priority. Based upon the 
priorities and feedback from the public at the open house, the projects listed in Table 1.1 src 
considered LEVEL 1 priority and recommended as the first to be implemented. 
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Table 1.1: Recommended LEVEL 1 Capital Improvement Projects 

CIP 3 - Tidcgate Repair & Replacement Plan 

The City relics upon the levee system along the Columbia River fot protection from tidal 
fluctuatiom, and flooding. A faih.itc in the levee syste1n could be costly in tcrrns of damage 
to property and repau: of the levee failure. The Corps of Engineers is undertaking 
inventory and risk assessment of levees in the Portland District. 1 Iowevcr, the full scope 
and timclinc for risk assess1ncnt of the Warrenton levees is unclear. 'l'hc tidegatcs and 
culverts are the n1ost likely location for a failure due to the ability for water to penetrate 
into the levee through an eroded head wall 01' a corroded pipe. It: is in the City's interest to 
complete an evaluation of the condition of the tidcgatcs and associated culvctts. 'l11c cost 
and P1'ioritv for rcoaii: or rcnlaccmcnt can be dctetmincd as a oart of the st11dv. 

CIP 4 - 3"' / 4'" Street l'ump Station 

Downtown Watrenton relies upon t:hi.s pu111p station to 1:cmovc stormwater from the 
downtown area during high tides. This pwnp station should be upgraded first. fn addition, 
the existing motor can be re-installed on the NE 1st Street pu1np station until funding 
bcco1ncs available to replace die Nfi 1 ~1 Street pump station. 

Cil' 8 - Ditch Maintenance 

Much of the City conveyance system is comprised of drainage ditches, some of which 
were originally constructed by and may be regulated by the Corps of Engineers. This CIP 
would identify whether a permit is necessary to complete ditch maintenance and, if so> to 
sitnplify the process involved in performing ditch maintenance by obtaining the regulatory 
c0111pliancc necessary to 1naintain City-owned drainage ditches. 

--
CIP 12 - Stormwater Rate Study 

The City needs to identify sufficient funding sources to i1nplcrncnt the recommended 
Capital J mprovctne..nt Plan, continue on-going maintenance) and 1naintaln/ repair the levee 
system. 
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Section 2-General Information and History 

The Study Arca incorporates the entire Urban Growth Boundary (UGB) of the City of Warrenton. 
The UGB are bordered by the Pacific Ocean and Fort Stevens State Park to the west, the Columbia 
River to the north, and the Lewis and Clark River to the cast. There is no significant geographic 
feature along the southern boundary of the Study ./\tea, instead the border follows a series of cast
west .wads, shifting south in the middle and then shifting back north along the Clatsop County 
Airport. Figure l is a base tnap of the study area. 

There arc two main waterways that" run through the Warrenton UGB, the Skipanon River and 1\lder 
Creek. The majority of the study a1'ca dtains to these two water bodies. In addition, there arc :ci 

number of smaller creeks and sloughs which flow into the Sldpanon River) .Alder Creek, or the 
Columbia River. The Study Arca is mostly flat and at low elevation. The area was dominated by 
tidally influenced wetlands prior to settlement. ;\ series of levees, t.idegates, and fill projects reclaimed 
po1:tions of the City for urbanization. The undeveloped portions of the City arc pri..marily palustrinc 
wetlands. The topography, natural h.isto1y, and urbanization of the study area have produced 
complex drainage patterns. Storm nmoff and river water can either fill or drain various sub-basins 
depending on tidal conditions and storm intensity. Basins interact with each other diffetently based 
on cuncnt so.ii 1noisture and flood conditions. Most of the stonnwatcr conveyance system within the 
City has little or no slope, resulting in ponding and .localized flooding. 

Diking of the Skipanon River began in 1878 and the City was established in 1899. The levee and 
tidcgatc system was initially constructed in the late 1800\ and cady 1900\. The current system 
configuration dates impi:oven1ents engineered by the US Army Corps in the late 1930's. The 81h 

Street Dam was built across the Skipanon River in the early 1 %O's to alleviate flooding upstream of 
this location dm·ing high tide conditions. Improven1cnts to the structure were rnade in 1997 to 
in1prove fish passage and water qualit-y. 'fwo pump stations were built near downtown \X/arrenton in 
the early 1970's to facilitate di:ainage of the City during high tailwatcr conditions in the Skipanon and 
Columbia. Figure 3 is a flood ha7.ard map overlaid on the Study .Arca showing the FEMA 100-year 
Floodplain. 

2. 1 Basin Boundaries, Location and Areas 

The Study Arca was divided into four major basins based on drainage to .Alder Creek, Skipanon 
River, Lewis and Clark River, and ,lircctly to the Columbia River. Only a small portion of the City 
dtains to the Lewis and Clark, the rctnainder is divided among the other three basins. 

Each basin was divided into .sub-basins based on t·opography ::incl locations of levees, roads, and 
existing conveyance features such as pipes and ditches. Information from conversations with City 
c1nployecs and an J\pdl 2007 site visit was also factored into the determination of basin bm..1ndarics. 
A total of 38 sub-basins were delineated, 30 of which are completely within the Study J\rea and eight 
(8) that arc partially within the Study J\rea but still contribute stormwatcr runoff. The total 
contributing area~ excluding sub-basins that empty to the Colun1bia or Skipanon River without first 
passing through a tidcgatc is approximately 5,727 acres. Figure 4 show8 the 1najor basin and sub•
basin boundaries for the Study Area. 
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The topography of the Srndy Area, especially within the developed area is fairly flat. As such, the 
sub-basins interact with each othu in both directions) not just upstream to downstream. Stormwatcr 
flows in and out of the sub-basins depending on the tidal condfrions and storm magnitude. These 
interactions create complex drainage patterns which arc heavily influenced by factors such as 
antecedent soil moist·ure conditions and groundwater. In so1nc cases a defined control, such as a 
culvert, exists and li1nits sub-basin interactions. In other cases the sub-·basin interaction covers a 
broad area. Each sub-basin eventually drains to a particular tidegatc in the City levee system, with a 
chain of sub-basins contributing to sorne outfalls and only a single sub-basin contributing to others. 

2.2 Climate 

The City of Warrenton experiences a coastal temperate cli111atc strongly influenced by the Pacific 
Ocean and related weather patterns (I'aylor and Hatton 1999). Climate in the Pacific Northwest 
usually includes an extended winter rainy season followed by a long) dry summer season. In nrarby 
1\storia, air temperatures range between a mean dally minimum of 35° Fin January and a mean daily 
maximum of 70° Fin August (OSU-Extension 2000). 

The Study Arca !'cccivcs approximately 76 inches of precipitation annually (E&S Environmental 
Chemistry, Inc., 2000). The Astoria Airport teports an annual average of 67.13 inches. Th.is 
precipitation falls primarily during the rainy winter months. Precipitation is predominantly rain with 
rnrc snowfall occurrences that arc short in duration. 'fhe Skipanon is unique in the Pacific Northwest 
in that the headwaters tarely sec snowfall. .As a result, high peak flows due to rain-on-snow events are 
rare. ln February 1996, when much of the Willamette Valley experienced near 100-year flooding, the 
City's flooding was much less because a porl"ion of the flooding in the Willamette Valley was melt 
water from a heavy snow pack. On the other end of the spcctrmn, cloudless days are fairly rare ln the 
study area. Typically Astol'ia has 242 cloudy days a year, per a 1975 report from the Depa1't111ent of 
Comrnerce. Figure 2.1 shows the monthly averages for temperature in precipitation in nearby 
Astoria. 
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Figure 2.1: Temperature and Precipitation Trends for Astoria Oregon 
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Human activities in a watershed can alter the natural hydrologic cycle, potentially causing changes in 
water quality and aquatic habitats. These types of changes in the landscape can increase or decrease 
the volume, si7.e, and timing of runoff events and affect low flows by changing groundwater 
recharge. Land cover within the Study Area is dominated by urban areas, palustrinc wetlands, non
commercial forests, and grasslands. Dunes and groundwater-fed lakes are also prominent features in 
the western portion of the UGB. 

Development is generally concentrated in Warrenton's UGB. The UGB encompasses an area of 
approximately 13.45 sq. mi, which encompasses 48 percent of the Skipanon River and Alder Creek 
watersheds. Almost 29 percent of the land within this urban growth boundary is occupied by locally 
significant wetlands per the City's Goal 5 inventory. Actual wetland boundaries have to fo1mally be 
delineated to determine actual presence of wetlands. Future development concentrated in the lower 
elevations of the watershed has the potential to impact wetlands within the urban growth boundary 
which may lead to the loss of important wetland functions. First, development can result in the 
placement of fill in wetland areas. Wetlands are regulated so that filling of wetlands must be mitigated 
by either wetland construction or restoration (some exceptions may occur after evaluation by the 
Division of State Lands). Second, these same land use activities often result in the channelization an<l 
diking of the rivers for flood protection. Loss of these wetland areas may lead to changes in the 
hydrology of the watershed by decreasing flood water storage and groundwater recharge. 

Tables 2.1 and 2.2 show the current and projected future land use breakdown for the City. These 
percentiles arc based on information provided in a draft study by Cogan Owens Cogan, dated May 3, 
2007. T he current land use was evaluated using zoning data and a survey of vacant versus developed 
lands. The future land use was evaluated using zoning data and a buildable lands inventory created by 
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Cogan Owens Cogan. Any remaining acreah>e not accounted for in the tables below was considered 
to be undeveloped. Figures 5 and 6 show a City overview of current and future land use) respectively. 

Table 2.1: Current Land Use 
Land Use Category Total Area Percentage of Total 

(acres) Study Area 

Low Density Residential 732.5 8.5 
Medium Density Residential 281.6 3.3 
Rural 431.1 5.0 
Industrial/ Commercial 1512.4 17.6 
Undeveloped 5651.4 65.6 

Table 2.2: Future Land Use 
Land Use Category Total Area Percentage of Total 

(acres) Study Area 

Low Density Residential 1209.1 14.0 
Medium Densitv Residential 459.9 5.3 
Rum! 431.1 5.0 
Industdal/ Cornmcrcial 1816.8 21.1 
Undeveloped 4692.1 54.5 

2.4 Landform, Topography and Slopes 

Topography in the Skipanon River watershed is characterized by flat lowlands bordered by rolling 
hills and sand dunes. Elevations within the study area range ftotn sea level at the confluence with the 
Coltrn1bia River Estuary to 110 ft in the sandy highlands on the western side of the UGB. Slopes in 
the Study 1\rca arc fairly flat, with an avcra1,>e slope of only 0.65 percent. There me low hills in the 
western and south-eastern portion of the site with steeper slopes. J-<igurc 7 ls a topographic map of 
the study atca, including contours and hill shade. 

The Skipanon River watershed ,111d the Study Arca feature ptcdominantly Broadlcaf (20 percent) and 
small conifer (17 percent) stands. Less than one (1) percent of t'l1c watershed is occupied by large 
conifer stands. 'fhc Skipanon River watershed is a unique Oregon coastal basin dominated by low
elevation plains and a high density of wetlands and lakes. Only 52 percent of the entire Skipanon 
watershed is forested, and less than 20 percent of the watershed is currently managed for timber 
harvest:. These numbers are less inside the study area. 
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2.5 Surface Water Features and Drainage System 

The Skipanon River, Alder Creek, and other strcarns in the watershed arc dctived mostly from 
groundwater. Changes in the groundwater hydrology will most likely have greater effects on surface 
water featmes than changes in land use in the upper elevations of the watershed which represents 
ptoportionally less area. 

Except during the winter months, fn~sh water flow in the Skipanon River is low> averaging 
approximately 50 cubic feet per second (cfs). Colum.bia River watct and oce;-in wafet arc the main 
water masses observed below the 8th Street dam. The Skipanon River is also fed by the outflow from 
Cullaby Lake. There is no continuous discharge data available for the Skipanon River 01· for Alder 
C1·eek. 

The land between the Skipanon Rivci- and the airport: is clrnrncterized by foul' large sloughs, named 
Skipanon, Holbrook, Vera, and J\<lairn;. A :dough is a shallow, secondary channel off of the main 
waterway. They typically have sutgnant or slow moving water and ::ire flushed regularly by the tide. If 
healthy) sloughs can be qualhy habitat. for a variety of t1:quatic species. \Xlanenton\; slollghs drnin a 
forge portion of the land cast of the Skipanon River. Flow into and out of these sloughs is rew1lated 
by a tidcgatc through the levee system. Skipanon Slough empties into the Skipanon River, and the 
Holbrook, Vera, and 1\dams Sloughs drain to the Columbia River. The tidcgatc at the entrances to 
each of these water bodies has been categorized as a potential fish bal'l'ier. The Columbia Ri,,ci
Esiuary Study 'l'askforcc (CRF•:S'l) has recently been conducting tests on a new, "fish friendly" 
ridegate on Adams Slough. The City has expressed concerns; however, that these fish pas:rnge 
tide.gates will create flooding issues in the developed area surrounding the sloughs, \\later surface 
devations should be monitored on Adams Slough by the City to substantiate 01· dispi-ovc these 
concerns priot to forther installation of addi(ional tidegatcs. 

Drnitrnge facilities consist primadly of roadside ditches with culverts for street crossings. Storm sewer 
pipe systems arc also used in and around the Har:nmond and Downtown atcas. The slope of most of 
these conveyances arc basically flat, leading to sedimentation issues in many of the ditches and pipes 
in the city) which further reduces capacity. The levee system along the Columbia, Skipanon, .1nd 
Lewis and Clad< Rivers prevents high tides from inundating the City. A sedcs of culverts with 
tidcg.1tes connect the City's drainage systern to the natutal waterways. During high tide, the majority 
of these tidcgatcs close and do not allo\v storm.water w drain out of the City. The trnppcd 
stonnwater is wuted to two pumping stations on the west bank of the Sldpanon River just north and 
south of the downtown area. These two stations pump stotmwatcr over the levee system and into 
the Skipanon River, continuing to dmin the City until the tide lowers enough to allow slotmwalcr 
through the tidcgatcs. Cuncntly only the southern purnp station is operational. A 1999 survey of the 
tldcg:ates by the Skipanon River Council showed that 6 of the 23 ti<lcgatcs were in need of repair. 
Many of the current tidcgatcs arc old irnn doors that no longer work properly or arc missing entirely. 
City maintenance personnel st·ated these di:..abled tidcgatcs nrny allow Columbia River water into the 
City during high tide, potentially reducing available flood storage. Thi:. is c:.pccially tnic of the two 
t:idcgatcs in the lTamrnond Marina. 
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The rnajority of the undeveloped portions of the City arc classified as wetlands. The levees and 
tide.gates restrict interaction between the wetland areas and the natural waterways, which may 
disconnect the sti:eatn channels from their floodplains. Disconnecting the floodplain from the strcatn 
can lead to strea1n simplification and down-cutting due to increased water velocities, resulting in 
erosion and deteriorated habitat conditions. Additionally, disconnection from the floodplain can lead 
to changes in the biotic sttucturc of the stream by limiting nutrient and organic material exchanges 
between the stream and floodplain. Except for the sand ridges of the Clatsop Plans, the land area of 
Warrenton was otiginally all wetlands. Diking in the Skipanon Rivet began as early as 1860 at the 
1nouth and east side of the river. Between 1917 and 1939, extensive diking occuned in the Skipanon 
River, with dtcdgc spoil disposal along the mouth. By 1950 dikes tinged tbe lowlands of the 
Skipanon. 

There arc approximately 48 stteam/road crnss1ngs 111 the Skipanon River watershed (E&S 
E11virnnrncntal Chcrnistty Inc, 2000). The Oregon Department of Fish and Wildlife (ODFW) 
conducted a survey of culverts on state and county roads in the 1990's. Of the 6 culvc1ts surveyed by 
ODFW, only 2 did not meet standards, suggesting that they block access to upstream habitat areas. 
Neither of these 2 culverts occurred on the mainstream Skipanon River. There are, howcvct, three 
possible fish passage banicrs on the Skipanon River. These ate tbc dams at the 8th Sttcct road 
crossing, the Plytc!' Darn, and the Cullaby Lake Dam. These possible baniers arc all fitted with fish 
passage facilities but still may represent partial fish passage batriers. Only the 8th Street Dam is 
within the study atca. lt bas been rctrnfittcd with fish passage facilities. 

2.6 Groundwater 

Direct precipitation is the prin1ary source of water entering the Clatsop Plans aquifer, although son-1e 
natural inflow 111ay occur as underflow frofn the foothills of the Coast Range 01: in stna11 ephemeral 
foothill streams that peteolatc into the ground at the base of the hills. Wate!' leaves the aguifet by 
discharge to the ocean, either directly as subsurface flow or indirectly as discharge to surface streams) 
primarily the Skipanon River and Ncacoxic Creek (Jltank, 1970). Most of the precipitation pctcolatcs 
into the ground. It is csti111atcd that the Clatsop Plans dune sand aquifer contains about 900,000 acte
fect of water. \Xlatcr in son1e areas of the aquifer has a short residence time, emerging as discharge to 
surface waters in hours, days, or weeks, while water in other portions may be retained for decades 
(Ftank, 1970). 

A distinct feature of the western edge of the study area is the dunes and the Jakes within this dune 
area. Between these dunes arc several long, narrow lakes: Coffenbury Lake) Sunset Lake, Smith Lake, 
West Lake, Crabapple Lake, Wild Ace Lake, Shag Lake, and Cleat Lake. Most of the lakes in the 
Clatsop Plans have no strca1ns entering or leaving them and arc fonned entfrcly by surfacing 
groundwater~ with water levels fluctuating with seasonal changes in the water table. Cullaby Lake is 
the major exception in that it is pattially fed by a foothill stream, Cullaby Creek. Water levels in the 
lakes arc ditectly related to watc!' levels in neatby groundwate!' wells (F!'ank, 1970). Anecdotal 
evidence from local residents suggests periods of time when surface flow from the lakes in the 
Clatsop Plans is connected with the Braillet-Enterprisc Ditch system. (hank, 1970) AppcntUx .J 
includes histodcal dtawings and as-builts fro1n the 1930's and 1940's that show various components 
of the Braillet-Entetprise Ditch system. 
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The City of Warrenton Public Works Depa1'tmcnt has several n1011itoring wells in the downtown 
area. Tcny .Ager, a Water Quality Technician for the City stated that the water level in these wells 
typically stayed within two t:o thtee feet of the surface during the rainy winter months and lower 
during the dryer summer months. 

2.7 Wetlands 

Wetlands are a prnminent landscape feature in the Study Arca. They represent a little more than 20 
percent of the total Skipanon River watershed area. The predominant wetland type is palustrinc. 
Palustrine wetlands arc defined as all non-tidal wetlands dominated by trees, shrubs, and pc.rsistcnt 
emergents and all wetlands that occur in tidal ,lrcas with a salinity below 0.5 parts per thousand 
(Mitsch and Gosselink 1993, Cowardin ct al. 1979). Although wetlands may or may not contribute 
large woody debris (LWD) to the stream channel depending on the wetland type, they do provide 
several important fish habitat features, such as back channels and cover. Many of these wetlands 
have long since been diked and disconnected from the stream. \Xlctland features in the Skipanon 
River watershed may have historically been a more important feature than L\VD, as none of the 
riparian ai-eas in the Skipanon River watershed demonstrate an adequate potential to contribute 
L\Xll) to the stream channel. Stream shading in the Skipanon River watershed is generally low to 
rnodcratc. Sub-watersheds have large proportions of wetlands in the riparian areas, ranging from 20 
to 42 percent. Wetlands can provide shade from vegetation, Most undeveloped areas within the UC-B 
have been classified as wetland, either Locally Significant Wetlands (LSW) or non-LSW. 

2.8 Water Quality & Sediment sources 

In general, wate.t quality is typically managed t·o protect the n1ost sensitive beneficial use. In 
Warrenton, managerial responsibility varies depending on the location. '11-i.c City of \Varrcnton, the 
Port of Astoria, Clatsop County, the State of Oregon, and federal agencies all manage different parts 
of the wMtrshed and its array of wetlands, sloughs and strean1 channels. In the case of the Sidpanon 
River watershed, the most sensitive beneficial use is likely salmonid fish spawning. It is assumed that 
if the water quality is sufficient to support the n1ost sensitive use, then all other less sensitive uses will 
also be supported. For the Study Arca, temperature and dissolved oxygen are considered to be the 
areas of greatest conccm in regards to water quality (E&S Environmental Chemistry, lnc, 2000). The 
levee tidcgatc structures along the Skipanon and Colu1nbia Rivers significantly reduce the <<flushing 
effect" of the tidal fluctuations. As a result, waterways behind the levees beco1nc stagnant and subject 
to contamination. Water bodies can become dissolved oxygen deficient ot anoxic under certajn 
conditions. Lack of shoreline shade in the majority of the Study Area further exacerbates this 
problc1n by increasing water temperatures, especially in the sun1111cr tnonths. \Xiater's ability to 
absorb dissolved oxygen decreases as tc1npctaturc increases. Salinity inttusion occurs \vhencvcr 
salinity is present in the adjacent Colun1bia River waters. Despite the low fresh water flow, strong 
vertical differences in salinity occur during the fal1, and bottotn waters may also becotne stagnant. 
Dissolved oxygen levels well below state and federal standards have been observed (Boley, 1975). 
Water quality and dissolved oxygen has been a major concern in the City's 111any sloughs, particulady 
during the drict sutnn1cr 1nonths. 
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In the Skipanon River watershed, slope instability, road instability, and rural road run.off were 
dctcnnincd to be the most significant sediment sources based on the location of the watersheds 
(Oregon Coast Range) and the local land use (E&S Environmental Chemistry, Inc, 2000). Streamside 
landslides and slumps can be major contributors of sediment: to streams and shallow landslides 
frequently initiate debris flows. Rural roads arc a cornrnon feature of this watershed. \X/ashouts from 
rural roads contribute sediment to streams and sometimes initiate debris flows. The density of nu:al 
roads in the upper watershed, especially unpaved gravel and dirt wads, indicates a high potential for 
sediment contribution to the stream network, which could i1npact water quality downstream within 
the study area. 

2.9 Soils 

Knowk:dge of local soil conditions and thcit response to precipitation is essential for evaluating a 
drainage systetn. Many <lisposal paths ate possible for p1'ecipitation. Precipitation may evaporate, 
collect in depressions, be intercepted and used by plants or infiltrate into the soil. Stonnwater runoff 
occurs when precipitation exceeds the capacity of these paths. The existing degree of soil sattu·ation 
and the slope of the drainage basin also affect runoff rates. Runoff potential is based on the soil's 
capacity to absorb pl'ecipitation. Sandy soils lrnve highei- infiltration capacity and lower potential than 
soils with a high percentage of clay. 

A portion of the Study Arca is made up of the Clatsop Plans, which are comprised of sand dunes, 
tidal flats, and floodplain alluvium. The Clatsop Dunes arc a series of sand ridges formed by wind. 
The source of these dunes is sediment from the ColLUnbia River deposited since Pleistocene time 
that is constantly .reworked by wind, waves, and i-ain. In some parts of the dunes the sand is over ·1 50 
feet deep. Floodplain alluvium occurs along the Columbia River and Skipanon. River at the Northern 
End of the Clatsop Plans (E&S Environmental Chemistry Inc, 2000). 

The primaty soils of the Study Arca are the Coquillc-Clatsop(C-C), Grindbrook-Walluski-Hcbo (G
W-H), and Waldport-Gearhart-Brailler (W-G-B). The C-C soils are very deep, very poorly drained silt 
lomn and muck and are located on tidally influenced floodplains. 'J.'he G-W-H soils arc deep to very 
deep soils, moderately well drained or poorly drained silt loam and silty clay loam found on terraces. 
The w .. G-B sojls arc very deep and are either: excessively drained, somewhat excessively drained, or 
poorly drnincd fine sand, fine sandy loan1, or mucky peat found in dunes and swalcs (Smith and 
Shipman, 1988). 

'T'he Natural Resource Conservation Sc1:vice (NRCS) rates soils into fout categories based on their 
infiltration capacity, water transmission rate and runoff potential. Hydmlogic Soil Group (HSG) "D" 
produces the greatest a1nount of runoff and HSG "A" produces the least atnount. \X!it:hin the study 
area, approximately 53.6 percent is HSG '<l"Y', 7.5 percent is HSG "C", less than 1 percent is HSG 
<<B" and 34.5 percent is HSG '' A", The tcmaindcr is water. F'igurc 8 is a map of the soil types for the 
study area. 
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Section 3-Stormwater Model Development 

3. 1 Introduction 

The City ofWai:renton stonnwater system is a complex sctics of sloughs, streains, st:ormwatcr pipes) 
drainage ditches, roadside ditches, ddcgatc culverts, and pun1p stations. Tide levels in the Colu111bia 
River routinely reach elevations that close the tidcgatcs and prevent the City fron1 drainjng. Some 
tidcgatcs arc in disrepair, allowing Columbia River water to flow into the City during high tides. 
Debris filled channels and pipes and tidegatcs cause backwater conditions and localized flooding. 
The lack of significant elevation change in most areas of the City, results in ditches and pipe with 
little slope. This magnifies the stor111watct conveyance problems. Lmgc portions of the City are 
classified as wetland and these areas arc typically saturated during the wet winter 1nonths. Many sub~ 
basins of the City are linked through direct or indirect pathways, further complicating the drainage 
patterns. 

To accurately model the Citfs entire stormwater system with all of its intticacics would require 
extensive survey and time-intensive 1nodcl building and calibration runs. To do so would not: be 
economically feasible. Detailed modeling of areas of the City that arc undeveloped and un-buildablc 
is unnecessary. The solution was to simplify the City-wide model down to a nct\1/ork of storage 
nodes fot each sub-basin and links connecting each sub-basln hydraulically. Tl1e storage areas where 
connected to the tidally influenced Skipanon and Columbia Rivers through culverts and tidcgatcs. 
This approach allowed the entire City to be modeled, focusing on the hydrologic results and the 
influence of the tides and tidegatcs. Links were placed at key points between sub-basins to simulate 
the interconnectivity of the Citfs drainage patterns. Once the city-wide hydrologic rnodcl was 
completed, it provided the flow inputs for smaller, more detailed stoi-mw~1ter models in areas that 
requited a more thorough analysis. Using this strategy, the 1nany factors influencing stonnwatcr 
drainage in the City were simulated. The detailed modeling effort was focused on problem areas and 
potential Capital Improvement Projects. 

b:Ievation data for this study came from many different sources, wil'h mnny different datum. N/\ VD-
88 was chosen as the standard datutn for all modeling and mapping. Information used from sources 
referenced to different datum was converted to NAVD-88 using Table 3.1. 
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Table 3.1 • Datum Conversion Factors 
FROM"\ USACOE 

NGVD-29 Astoria Tide MLLW (Tide 
NAVD-88 tidegate as-

(FEMA) Station Datum Chart) 
builts 

NGVD-29 -- +3.67 + 1.65 -1.00 +3.88 
(FF.MA) 

NAVD-88 -3.67 -2.02 --4.67 +0.21 
Astoria Tide -1.65 +2.02 -2.65 +2.23 

Station Datum 

USACOE + 1.00 +4.67 +2.65 -- +4.88 
tideua tc as-bu.ilts 

MLL\X/ (Tide 3.88 -0.21 -2.23 -4.88 .... 

Chari) 

3.2 Hydrology 

3.2.1 Methodology 

Runoff rates for the Cit)• were determined using the Santa Barbara Urban Hydrograph (SBUl-1) 
method. The SBUI-l method is a popular and commonly accepted method for calculating runoff, 
since it can be done with a spreadsheet or by hand relatively easily. The SBUH method is the 
standard 1ncthod fot calculating runoff rates throughout Oregon and eastern Washington. 

The SBUIJ method uses two steps to synthesize the runoff hydrograph (from City of Seattle 
storrnwatcr nunnal): 

There arc four key inputs to the SBUH method: 
Pctvious and impervious land acreage quantities. 

• Time of conccnttation ('l) calculations. 
• Design storn1 intensity and hyetograph. 
• Runoff curve rmtnbets (CN) applicable to the site, 

All land areas were <lctennincd through GIS data from public and private sources. Pel' the scope of 
work for this phase of the project> pJ:ccisc quantities of pcrvious and impervious areas were not 
determined. Instead an assumption of impervious percentage \Vas rnadc for each of the foue land use 
categories. This percentage is based on City developmental code and Portland BES standards, The 
pervious portion was split into forest, brush, and gtassland. Table 3.2 summarizes the percentages 
used in the model. 
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'l'ime of concentration ( I'c) represents the llmc for runoff to travel fro1n the hydrnulically m.ost distant 
point of the watershed, The calculation is based on the method described in Soil Consctvation 

Table 3.2: Cover Typo Percentage for Land Use Categories 

CoverTvoe lmoervious Forest Brush Grassland 
Low Dcnsitv Residential 38% 20% 42% 0% 
Medium Density Residential 65% 10% 25% 0% 
Rural 10% 10% 10% 70%, 

Commercial and Jndustrfal 80% 10% 10% 0% 
Roadway (includes ROW) 70% 0% 30% 0% 

Service (now NRCS) publication 210-VI-TR-55, 2"" F.d., 1986. Slopes in each sub-basin were 
determined using the LIDJ\R data and GJS. Sheet flow was allowed for a maximum of 300 feet. 
Survey information, aerial photography, and LIDAR data were used to determine shallow 
concentrated flow and open channel flow for the temaindcr of each sub-basin's flow path. The time 
of concen.tmtion was assutncd to be identical for current and future land use conditions. 

The NRCS curve number relates a land area's runoff depth (precipitation excess) to the precipitation 
it receives and to its natm·al storage capacity; the more natural storage capacity available, the lower 
the curve numbet. Nat.utal storage can take the form of voids in the sojJ colun1n, local depressions in 
the topography, intcrccpdon storage in the tree canopy, and other forms. Table 3.3 sum1natizcs the 
curve numbers used for the hyclrologic modeling effort. These values arc from the NRCS TR-55 
manual. High antecedent 1noisture condition$, representing the extremely wet conditions \X!anenton 
sees in the winter and cady spring, were factoi-ed into the curve nrnnbcr determination. It was 
assumed that soil type did not change fron1 current to future land use conditions. 
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Table 3.3: Curve Numbers 

Hvdrolorric Soil Grow, 

Land Tyr,e A B (' D 
lmnervious 98 98 98 98 

Wetland 100 100 100 100 

Fotcst 30 55 70 77 
Brush 35 56 70 77 

Fannbnd/ 49 69 79 84 
Grassland 

Commercial/ 85 90 93 94 
Industrial 

Low 61 75 83 87 
Density 

Residential 

Medium 77 85 90 92 

Density 

Residential 

Rural 49 69 79 84 

The design storm hyctograph is essentially a plot of rainfall depth versus time for a given design 
storm frequency and duration. It is usually presented as a dimensionless plot of unit rainfall depth 
(increment rainfall depth for each time interval divided by the total rainfall depth) versus time. This 
study utilized the Type 1/1 design storm distribution for all hydrologic calculations. The Type 1/1 
curve is the accepted design storm hyetograph for western Oregon. Figure 3.1 shows a sample Type 
1.A distribution. Precipitation depths are discussed in Section 3.2.2. 
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Figure 3.1: Sample Type I A Rainfall Distribution Curve (from King County SWM) 

As was discussed in Chapter 2, each basin was divided into sub-basins based on topography and 
locations of levees, roads, and existing conveyance features such as pipes and ditches. City staff 
also provided input about sub-basin boundary locations. Topography and basin interactions make 
basin delineation fairly difficult, especially in the flat, marshy area west of downtown . 

.All developed or potentially developed land was grouped into one of four land use categories. These 
arc Low Density Residential, Medium Density Residential, Commercial/Industrial and Rural. City 
of Warrenton Zoning Data is more detailed than this, with 17 zoning classifications. These were 
grouped into the four desired categories by comparing descriptions of the classifications in the 
City's Development Code. Table 3.4 shows the City of Warrenton Zoning classifications grouped 
into one of the four categories used for this study. 

Table 3.4 • Zone Grouping 
Project Zonina Cateaorv Citv of Warrenton Zonina Classification 
Low Densitv Residential R10, R40 
Medium Densitv Residential RM,RH 
Commercial/ Industrial Il, 12, Cl, C2, CMU, RC 
Rural RGM, OSI 
Other (not used in hydrologic .A-1, .A-2, A3, A-5 

calculations) 
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3.2.2 Precipitation Design Events and Rainfall-runoff model 

The precipitation depths used for the hydwlogic model and summarized in Table 3.5 are from a 
digitlzed map of the National Oceanic and .Atmospheric Administ.ration (NOAA) Atlas 2, Volume 
10 (1973). An attempt was made to compare the isopluvial maps to local standards, but research 
uncovered that no nortl1 coast city has set standards for design storm intensities. A review of past 
HLB-Otak projects in surrnunding cities revealed that the NOAA atlas is the standard for tunoff 
calculations when tlle unit hydrograph method is utilized. 

Table 3.5 • NOAA 24-hr Precipitation Depths 
Desian Storm Return Period Depth (inches) 
2-year 3.1 
10-vear 4.35 
25-year 5.1 
100-year 6.1 

The Oregon Climate Center (OCC) is in the process of updating design storms in Oregon. The City 
should check back witll the OCC periodically to sec if new design storms arc available for 
Warrenton. 

3.2.3 Current Land Use Hydrology 

The current land use was determined using data from several sources, including zoning data from 
City of Warrenton, wetland locations from the local wetland inventory (LWI), current land
occupation status (i.e. vacant or non-vacant) from Cogan Owens Cogan, and satellite imagery for 
determining land use on vacant and non-categori7.ed areas of the city. These data sets were 
combined into one GJS dataset using .ArcMap, forming individual parcels with specific 
characteristics. An Excel spreadsheet was used to determine each parcel's curve number based on 
the soil type and land use shown in Table 3.3. 

Parcels were then grouped by sub-basin t:o determine composite cu,:ve numbers and total 
contributing area for each sub-basin. These values, along with sub-basin time of concentradon, were 
imported into Xl'-SWMM for use in the SBUH hydrologic model. Model runs yielded current land 
use peak runoff rnt:es for each desi1,,r:n storm. 
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3.2.4 Future Land-use Hydrology 

Hydtologic calculations for future land use assumed full build-out of the City. Full build-out 
assumptions arc based on Cogan Owens Cogan's July 2007 City of Warrenton Buildable Lands 
lnvento1y. In this study each parcel was categorized as "buildablc" or "non-buildablc" based on 
various factors, with the primary factor being the location of the City's extensive wetlands. i\ll 
cmrcntly developed land and all "buildablc" land was considered developed for tl1c future land-use 
analysis. With this information, the Current Land Use cu1ve number dataset was modified to 
determine sub-basin composite curve numbers for Future Land Use conditions. These cmvc 
numbers, along with sub--basin area and time of concentration, were inputted into the SBUH 
hydrologic model. Model runs yielded future land use peak runoff rate for each design storm. 

Many of the sub-basins saw little change from existing to full build-out condidon. This is because 
much of the City's undeveloped land is considered wetland in the rainy winter months. These 
wetland areas actually have a higher curve number than most development because the ground in 
wetland areas is already saturated or even has standing water. Rainfall in these areas is not absorbed 
and immediately becomes runoff. Areas with fewer wetlands, such as Hammond, saw a greater 
increase as a result of projected development. Comparison of peak flowrates for the 25-year design 
storm in key basins is shown in Table 3.6. These flow rates represent the wnoff generated for each 
sub-basin from the hydrolo6nc model and do not account for hydraulic routing from other basins or 
ddal conditions. It is meant as a comparison of the runoff generated in current and future 
conditions. The complete set of hydrologic model results can be found in Appendix C. 
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Table 3.6: Hydrologic Model Comparison• 10-yr Design Storm 

Sub-basin 
Current Land Use Future Land Use Percent 

(els) (els) Increase 
Hawse 24.2 67.6 180% 
Hams 34.2 43.5 27% 
Etnas 89.6 92.3 3.1% 
NE1st1 13.5 15.9 17.8% 
NE1st2 23.8 25.1 5.5% 
SE3rd1 77.3 79.0 2.2% 
SE3rd2 9.7 10.2 5.6% 
Kinrrs 26.5 38.6 45.6% 
Hl31 39.8 45.2 13.6% 
HB2 38.5 41.7 8.4% 

3.3 Hydraulics 

A City-wide hydraulic model was built in XPSWMM vlO.O. F,stablishing a hydraulic portion of the 
model allowed for the connection of sub-basins and the simulation of the tides and tidegate 
influences. The hydraulic model was created using the EXTRAN module, which allows for varied 
flow, varied tail water conditions, backwater effects, rnd hydraulic structures such as weirs and 
pumps. 

Geospatial data for building the hydraulic portion of the model came from several sources. Survey 
data complied during Phase 1 of the Stormwater Management Plan was the primary source for the 
existing stormwater conveyance system. Complete data tables of the survey data is provided in 
i\ppcndix E. The tidegatc and levee data came from USCAOE as-built drawings. Survey data and 
tidegatc photographs from the Phase l portion of the project were also very helpful. Natural 
channel cross-sections, such as Alder Creek and Holbrook Slough were determined using LIDAR 
data of the City. The L!Di\R data was created during a recent USGS project involving the Lower 
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Columbia River. The LTDAR data was also used to estimate available stormwater storage available 
in each sub-basin. By evaluating the available storage at regular elevation intervals, a stage••Storage 
relationship was created for each sub-basin and input to the model. Additional stormwatcr facility 
locations and sizes were determined through personal communication with City personnel and a site 
visit in April 2007. 

Creating the City-wide stormwater model was a multi-step process. First, the Columbia and 
Skipauon Rivers were modeled using cross .. sections generated using LID.AR data. Only the left 
bank of the Columbia River was simulated and the upstream input flowrate was adjusted 
accordingly. The Skipanon River was modeled from the confluence to the Fort Stevens Highway 
Spur Bridge south of downtown. The tidal fluctuations in these rivers were simulated by varying the 
outfall tailwatcr elevation. By putting a zero slope on the modeled rivers, the "tidal" level 
transferred throughout both river reaches, creating a smooth, sinuous tidal fluctuation that mimics 
gauge data recorded at the Astoria tidal gauge. Tides are discussed in greater detail below. 

Once boundary conditions and the major waterways wc1·e defined, storage nodes representing each 
sub-basin were defined in the model. Primary connections between sub-basins in the same major 
basin were created using survey data and LIDAR generated cross-sections. Secondary connect.ions 
between sub .. basins of different major basins were input where applicable. In cases where a direct 
connection did not exist, a wide channel or weir was used. Elevations for these links were taken 
primarily from LIDAR data. Tidcgatc elevations were based on USACOE as-builts. These 
structures control the flow into and out of the interior storage areas. Tidegates are discussed in 
further detail in Sect.ion 3.4 below. Figure 9 shows a schematic of the City-wide stonnwater model. 

3.4 Tidal Influence, Levees, Tidegates and Pump Stations 

Tailwatcr conditions are an important factor in the performance of any drainage system. A high 
tailwater can greatly teducc the ability of stonnwater runoff to pass through a culvert: or storm pipe. 
Backwater effects due to a high tailwatcr can sig11ificantly lower the capacity of existing drainage 
ditches and culvc,:ts. The City's low elevation and its close proximity to the tidally influenced 
Columbia .River make t.ailwatcr conditions a key component of the stormwater puzzle. As 
Warrenton lies approximately between River Miles 5 and 9 of the Columbia River, water elevations 
in the Columbia River and the Skipanon River arc heavily influenced by Pacific Ocean tides. Water 
elevation can fluctuate 7 feet diurnally, with a Mean High water of elevation 8.15 and a Mean Low 
watet of elevation 1.38 and can differ as much as 15 feet: annually, tanging from elevation -2 to 
elevation 13. Table 3.7 gives some statistics from the Astotia tide station. All teportcd elevations 
were converted to N.AVD-88 .. All information was gathered from the NOAA website. 

(http://ti.dcsandcun:cnts.noaa.gov/;,t·at:ion info.shtml?stn=9439040%20Astoria,%20OR) 

28 



Table 3.7 •Astoria Tide Information 
Statistic Elevation (ft) 

Mean Tidal Level 6.74 
Mean Hio:h Water 8.82 
Mean Low Water 8.15 

Mean Higher-High 1.38 

Water 

Mean Lower-Low 0.21 

Water 

Maximum Station 12.58 (1983) 

Water Level. 

Minimum Station -3.64 (1979) 

Water Level 

In lieu of using a constant tailwatcr condition, a time series was created that varied the tailwater 
elevation at the outfall over a period of several days. This allowed the stormwate1· model to reflect 
the varied tidal effects. Tide data was collected from the published NOAA database for the tide 
station in Astoria, Oregon (Station ID# 9439040). The water surface elevation difference between 
Astoria and Warrenton is typically only ±0.1 feet, so no correction was made in the data for this 
study. Approximately 15 years of data was reviewed for use in the model. Statements made during 
the April 2007 Citi?.en Advisory Committee meeting about periods of significant flooding in town 
allowed particular periods to be isolated. November 11-17, 2001 was chosen as the primary rime 
series to use. Three other events were also tested in the model. The November 2001 storm 
represents a period of high low tides on the Columbia and a 2-year storm event in Warrenton. Table 
3.8 gives summary statistics of several tidal events. The City experiences most of its flooding 
problems when the low tide in a tidal cycle is unusually high. The invert elevations of most of the 
City's tidcgatcs arc below elevation four (4). When the low tide does not drop below this elevation, 
a large portion of the City is unable to drain effectively through the gravity fed tidegates for days at 
a rime. Flooding within the City occurs if this high ride cycle coincides with a large rain event in the 
City. This problem is further exacerbated by the reduced storage capacity of the existing drainage 
ditches in need of maintenance. Adjusting the tide time series and the precipitation intensity allowed 
the model to test a wide variety of scenarios. 
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Name 

Tide 1 
Tide 2 
Tide 3 
Tide 4 

Table 3.8: Tide Events 

Start Date End Date 
Avg.EL % of time 

Max EL (NAVD-88) Min EL (NAVD-88) Diff (ft) 
(NAVD-88) OverEL=4 

11/11/01 11/17 /01 11.2 0.97 12.17 5.2 61% 
2/17/96 2/24/96 11.95 1.16 10.79 6.7 77% 
12/10/99 12/17 /99 10.68 1.76 8.92 6.4 84% 
12/11/02 12/18/02 11.2 0.25 10.95 6.1 79°/o 

The City's levees range in height from elevation 15 to elevation 17 (NA VD-88). The levees were 
modeled in conjunction with the City's tidcgates. The Columbia and Skipanon Rivers were 
separated in the model from the City by links representing the tidegates. The levees arc effectively 
modeled by only allowing runoff to drain to the river through the tidegates. The overtopping 
elevation of the boundary nodes were set at the levee crest elevations. No storm events or tidal 
conditions were modeled that overtop the levees. LIDAR data was used to estimate available 
stormwater storage behind the levee in each sub--basin at elevation 1 through elevation 11 in 1 foot 
increments. This allows runoff to fill the available storage area behind the levee and then release to 
the river as tidegate capacity and tailwatcr conditions allow. The maximum elevation of the runoff 
in each storage area for each scenario provides insight into potential flood areas. 

The tidegatcs arc critical to the City's stormwatcr system as dw vast majority of the City's 
stormwatcr rnnoff passes through them. The tidegates regulate flow between the City and the rivers, 
which is dictated by the tidegate culvert's size, material, and invert elevation. The majority of 
Warrenton's tidegates arc made of cast: iron and hinged at the top. The tidegate itself is attached to a 
culvert, either wood stave or con:ugated metal, which runs through the levee. Tidegates on Alder 
Creek and Adams Slough are rectangular concrete boxes. "As--built" construction drawings of the 
levees and tidcgates provided by the USACOE were used to populate the model with required 
tidegate dimensional information. Manning's "n" were estimated based on the construction material 
and the tidegate photos from the Phase 1 site visits. Typically the older tidegatcs arc constructed of 
wood stave pipe and the newer tidegates arc concrete box culverts or corrugated metal pipes. 
Entrance and exit loss co-efficients were applied when applicable. Exit losses were typically 
increased to simulate the losses due to the large restorative force associated with cast-iron, top
hinged tidegatcs. By design, t.idcgatcs, when functioning properly only allow flow in one direction. 
During high tailwater conditions water pressure and lack of head differential between the inland and 
river side of the t.idegate closes the tidegate flap. XP-SWMM only has a "ti.degate" modeling option 
for the outfall. The soft.ware does however have an option to permit "downhill" flow only 111 
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conduits. The option allows the model to simulate any number of tidegatcs without having to create 
a large number of outfalls. Altering this option enables the model to simulate a combination of 
tidegates in the City that are either operational or non-operational. It also makes simulating the tidal 
effects uniformly throughout the model possible. A table found in Appendix D lists the City's 
tidcgates and gives some summary information about material, size, and condition. A photographic 
summary is also found in the Appendix D. 

Recog11izing the flooding hazard during high tide periods, the City installed two pump stations in 
the 1970's in the downtown area. The pump stations consist of a grated ditch inlet connected to a 
wet-well. The vertical shaft-driven pump siphons stormwater out of the wet-well and pumps the 
runoff over the levee through ductile iron pipes and into the Skipanon River. Each pump is 
eguipped with a 40 horsepower motor that turns on and shuts off automatically at pre-set water 
elevations in the wet-well. By the mid-1990's the southern pump station's pump motor was no 
longer operable. The City moved the motor from the northern pump station to the southern pump 
station, fixing the problem, but leaving the northern pump station out of commission. The sou them 
pump station continues to function as the City's lone stormwater pump, but is susceptible to power 
outages and periodic mechanical conditions resulting in pro--longcd downtime. There is no defined 
hydraulic connection between the two pump station's sub-basins, though several overland routes 
and small drainage pipes provide an indirect connection during high flows. While these pump 
stations have the potential of being an integral part of a successful stormwater system, their current 
condition limits their capabilities and their reliability to function as designed. l'ignre 3.2 is a 
schematic of how the current pump stations are confignrcd. 
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Figure 3.2 • Schematic of existing stormwater pump 

The pump stations arc modeled in XP-SWMM using the software's pump station feature at their 
appropriate locations in the stormwater system. They arc modeled as "static head pumps" with 
specific elevations at which the pump turns on and off The "pump-on" and "pump-off" elevations 
were taken from as-builts and converted to NAVD-88. Ve.ty little information is known about the 
performance curve of the pump itself, so assumptions were made based on the motor's 
identification plate. The pump was estimated to have a 50 percent efficiency rating. The head 
differential was estimated at 7 feet based on as-built drawings showing water elevations. From this 
information, the pump's output was calculated to be approximately 20 cfs or 8,750 gpm. The lack of 
pump performance curve information necessitated the assumption of a constant output flow rate 
regardless of inlet water elevations (i.e. static head). Upgraded pump stations simulated during the 
CIP analysis were modeled in XP--SWMM using performance curves provided by a local pump 
supplier. 

3.5 Existing Storm System Evaluation 

Warrenton's existing conveyance system was evaluated. It is extremely flat in most places, allowing 
bi-directional flow depending on tailwater conditions. Only two parts of the city, the downtown 
area and the Hammond/Brailler-Enterprise Ditch area, have a continuous system of sig11ificant 
pipes and engineered drainage ditches. 'f'hc rest of the City's system is locali?-ed and sporadic. It 
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consists primarily of roadside ditches and drainage canals, the capacities of which arc typically 
reduced by vegetation and debris. Most of these drainage facilities have not been maintained in 
many years. Many of the piped systems in the outlining areas consist of catch basins and pipes with 
diameters of 8 inches or less. They arc primarily used to drain parking lots and other impervious 
areas and empty to the nearest ditch or channel. Sutvey revealed that many of tl1c catch basins and 
pipes have suffered from sedimentation. Two aspects of the City's system lend themselves to 
evaluation through stormwatcr modeling. 
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Table 3.9 • Tidegate Performance (Results from 25-yr Design Storm) 

Max Max 

Tidegate # 
conduit Model Name Computed Compute 

Flow(cfs) Velocity (ft/s} 

1 1.30inCMP 14.8* 3.1 
2 2.30inCMP 9.8* 2.4 
3 EntCon 33.9* :t6 
4 Dl-J\3+24 1083.0 8.7 
5 Dl-14+12 99.7 6.2 
6 42inCMP 58.2* 6.1 
7 D2-2+16 12.2' 7.1 
8 G3+40 0.9 2.0 
9 3rdStTG 92.4 5.8 

10 D2-41+90 0.9 1.2 
11 8th Street Dam 413.4* 2.5 
12 64+85 1 [.()<• 6.5 
l3 R2+21.2 34.1 7.4 
14 111+00 10.5* 6.3 
15 37+81 38.3 5.2 
16 Galcna'l'() 4.4:;- 8.0 
17 22+00 131.1 6.0 
18 177+00 64.2 6.5 
19 125+00 102.5 5.5 
20 95+28 250.0 5.9 
21 59+88 26.3 5.4 
22 26+15 117.8' 9.3 
23 Link4 47.6* 4.7 

* lnditalcs mrix comptitnl Oow l'XC<:t·ds dc,;ign !low - Posl\ibh: bc,::wsc or h<.:ad build-up on 

tlw UP~lrcam end of the culvert 

The first of these is the City-wide system of levees and tidcgatcs. As stated earlier in this chapter, 
the modeling effort focused on the tidegates, tidal effects, pump stations, and available stormwater 
storage behind the levees. 'l11e peak flow rate, passing through each tidcgate, was compared to the 
peak flow rate entering each sub-basin through rainfall and inter-basin transfer of runoff. 
Stormwat.er accumulations in the storage areas were also analyzed. Limitations were iden6ficd and 
addressed in the recommended Capital lmprovemcnt Projects (CIP). The area affected behind the 
ddegate played a large role in determining which tidegates should be upgraded. For instance, much 
of the land cast side of the Skipanon River is either wetland or forest. These areas had a lower 
priorit1• than ridegatcs that served a heavily developed area. Table 3.9 shows tl1e perfonnancc of 
tidegatcs for the 25-year design storm under existing conditions. 
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Two portions of the City's existing system were modeled in detail using XP-SWMM. The 
downtown sub-basins and the l-Iammond/Brailler-Enterprise Ditch area both have a system of 
continuous pipes and ditches tbat drain to specific tidcgatcs. These two areas arc shown in detail in 
Figures 10a and 10b. All major existing conveyance components were included in the evaluation. 
Three separate Xl'-SWMM stonnwater models were created as part of the CIP evaluation for tbese 
two areas. One covered the West Hammond sub-basin and tidcgate. The second modeled the East 
Hammond and Braillcr-Enterprise Ditch sub-basins. The final model covered the two downtown 
sub-basins. Sec the CIP's in Chapter 5 for a discussion of the existing system and recommended 
i1np1·ove1nents. 

This section of the Stormwatcr Management Plan (SWMP) outlines strategics and provides 
recommendations that: will update the City of Warrenton's water quality and natural resource 
management and regulations guidelines. This information is specifically designed to address the 
management: of stormwater quality in the context of the City's location within the 100-ycar 
floodplain of the Columbia River. Accordingly, the need to control the potentially deleterious 
effects of stormwater runoff as it relates to maintenance and operation of storm and surface water 
conveyances (ditches, culverts, and tidegatcs) and the protection of natural resources is discussed. 
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Section 4- Stormwater Management Strategy 
4. 1 Water Quality 

This section of the Plan outlines the requirements of each of these various stormwater related 
obligations of the City. 'lhis includes analysis of the City's upcoming storm.water regulatory 
requirements and activities needed to meet existing sutface water management obligations, including 
compliance with applicable regulations. 

4.2.1 Summary of Regulatory Requirements 

Clean Water Act 

The Federal Clean Water Act (CWA) requires states to set standards for pollution and enforce 
violations. 'I'he goals of the CWA include maintaining surface water that does not threaten the 
health of fish, shellfish, or wildlife. These goals establish standards for rhe specific chemical criteria 
set by the State of Oregon Department of Environmental Quality (DEQ). 

DEQ has established water quality criteria for the protection of freshwaters in the State of Oregon. 
These surface water criteria arc used to highlight discrepancies between the quality of tl1e water 
body being analyzed and the quality of water needed to support a healthy aquatic ecosystem. Section 
303(d) of the CWA requires that a list be developed of all waters not meeting these criteria 
(considered threatened or impaired). 

According to the Federal Clean Water Act, states arc to review their water quality standards at least 
once every three years. This process is often referred to as the "triennial review". During the review, 
states revise standards to incorporate the latest scientific information and to make any other 
revisions tl1e State determines arc needed. DEQ's last review cycle was from the fall of 1999 until 
the fall of 2003. Temperature and toxic pollutants criteria and beneficial use designations have been 
revised. Turbidity criteria arc under review and DEQ expects to revise the turbidity criteria in 2005. 
From 1999 through 2003, DEQ assembled a Policy Advisory Committee (PAC) and Technical 
Advisory Committees to advise the Department on standards revisions. 

TMOL/303d List 

Section 303(d) of the CWA mandates that the state establish the Total Maximum Daily Load 
(!'MDL) of pollutants on the 303(d) list. The TMDL determines the amount of a given pollutant 
that can be discharged to the water body and still meet water quality standards. DEQ is responsible 
for assessing and com.piling this list of impaired and threatened water bodies and submitting the 
303(d) list to the EPA for Federal approval. The DEQ then summarizes this information in the 
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Oregon Water Quality lndex (OWQI). The OWQI analyzes a defined set of water quality variables 
and produces a score describing general water quality. The water quality variables included in the 
OWQI are temperatme, dissolved oxygen 6)crcent saturation and concentration), biochemical 
oxygen demand, pH, total solids, ammonia and nitrate-nitrogens, total phosphorus, and bacteria. 

Data used in the OWQl summaty that apply to the City of Warrenton were collected at a station 
located in the Skipanon River from 1996 through 2006. Water quality at this site has declined over 
the ten years of monitoring and factors leading to degradation of water quality may include 
increased levels of point or non-point source activity and/or decreased flows. In 2007, the OWQl 
rating for this station was "very poor", indicating a significant u·end in quality decrease and a 
designation for the Skipanon River of water quality limited. The Skipanon River was classified as 
impaired because of the frequency of exceedance for temperature, dissolved oxygen (DO), nutrient 
levels, bacteria levels, and possible pH. As required by the CWA, impaired water bodies must be 
further analyzed for the parameters of concern using a TMDL study. 

On June 30, 2003, the North Coast Sub-basins TMDL was issued as an order by DEQ (Kasper, 
2003). The area covered by the North Coast Sub-basins corresponds to four fourth-field hydrologic 
units that drain to tl1c Lower Columbia River, including the Skipanon River and Young's Bay. The 
document includes TMDLs for temperature concentrations in tributaries discharging to the 
Columbia River, including the Skipanon River and Young's Bay. Dissolved oxygen will be treated 
separately as DEQ determines the full scope of dissolved oxygen limitations throughout the basin, 
but there is no TMDL for DO at: this time. 

The TMDL for temperature addresses tl1c migration and reating temperature criteria of 64°F and 
the spawning criteria of 55°F. The critical period for these temperatures is the summer through early 
fall, when low stream flows coincide with maximum solar radiation. Two main sources of thermal 
loading were identified including: 1) increased loading due to riparian alterations and 2) that from 
warm water point source discharges. This TMDL requires specific measures be taken to reduce 
water temperature pollution from entering the Columbia River. Stormwater management and the 
maintenance of the conveyances that carry that water to tl1e Skipanon River arc important 
components in improving tcmpernture conditions in stonnwater draining the City of Warrenton. 

Lake Water Quality 

Water quality parameters of concern have also been identified in several lakes witl1i11 the City of 
Warrcnton's boundary. Jn 1994, DEQ listed three lakes in the Clatsop Plans on the northern 
Oregon Coast on the 303(d) list for impaired water quality. The specific parameter of concern 
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in these waterbodies is aquatic weeds or algae. The lakes of concern within the Warrenton area are 
Coffenbury Lake and Smith Lake. To address this problem, the Regional Lake Management: 
Planning for TMDL development (DEQ 2005) was developed. 

This TMDL identifies nutrient inputs from surrounding activities as the primary cause of the 
increase in algal production. Agriculture, septic systems, logging, and runoff from lawns are all likely 
sources of nutrient to these lakes. Nutrient reduction measures are recommended to improve water 
quality by reducing algae growth and increasing water clarity. 

National Pollutant Discharge Eliminations System MS4 

Under the Federal Clean Water .Act, The National Pollutant Discharge Elimination System 
(NPDES) permit prog1:am controls water pollution by regulating point sources that discharge 
pollutants into waters of the United States. Under these regulations, local governments, and those 
subject to the Federal National Pollutant Discharge Elimination System (NPDES) Stormwatcr 
Program, arc required to have st:onnwater management programs. 

Under the NPDES stonmvater pem1it program (Phase !), industrial facilities that were owned or 
opetated by municipalities with a population of less than 100,000 were previously exempted from 
the requirement to obtain a stormwater discharge permit. 

Under the NPDES stormwater program Phase II, operators of large, medium, and regulated small 
municipal separate storm sewer systems (MS4s) require authorization to discharge pollutants under 
an NPDES pe1mit. Medium and large MS4 operators arc required to submit comprehensive permit 
applications and are issued individual permits. NPDES permitting authorities have not yet issued 
permits for regulated small MS4s. However, under the Phase JI rule Under the Small MS4 
Stormwater Program, operators of regulated small MS4s are required to: 

• Develop a stormwatcr management: program which includes the six minimum control measures 
which include: 1) Public Education, 2) Outreach Public Participation/Involvement, 3) Illicit 
Discharge Detection and Elimination, 4) Construction-site Runoff Control, 5) Post-Construction 
Runoff Control Pollution Prevention, and 6) Good Housekeeping. 
• Implement the stormwater management program using appwpriate stormwatcr management: 
controls, or best management practices (BMPs). 

• Develop measurable goals for the program. 

• Evaluate the effectiveness of the program. 

• Identify ESA threatened and endangered listed species located in or around the municipality. 
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Warrenton is a MS4 small operator, although they arc not among the listed cities and counties in 
Oregon that are required to obtain a Phase II Municipal Stormwater Permit. No permit is required 
at this lime because the City is located outside of an urbanized area (as determined by the 2000 U.S. 
Census) and its popnlalion is of less than 10,000 persons. However, Warrenton can be re,1uircd by 
the DEQ under its discrelionary authority to submit a modified permit. The basis for the 
requirement is a detcnninalion that a community's stormwater discharges violate water quality 
standards. Currently, Watrcnton's efforts to improve stormwater condilions and maintain 
stormwater conveyance structures arc in keeping with the regulatory requirements of DE'.Q and the 
TMDL process. 

Other NPDES Requirements 

Although no permits arc required under the NPDES MS4, Wanenton is expected to consider tl1e 
requirements of the state water discharge baseline general permit for wastewater discharges and 
minimize impacts that may degrade stonnwatcr quality associated with erosion and sedimentalion 
from construclion activities. 

'J'hc City of Wau:cnton operates a wastewater treatment facility. Wastewater is treated and 
discharged to the Columbia River in accordance with NPDES Permit Number 100874. A 
stormwater permit is not required for this facilit-y. All stormwater is also treated at the facility before 
discharge. 

Specific construction.,telated permit conditions that should be considered arc a Stormwater 
Pollution Prevention Plan (SWPP) and BMPs implemented to eliminate or minimize tl,c potential 
to contaminate stormwater. Construction activities within a floodplain, as designated by the Federal 
.Flmergency Management Agency (FEMI\), should be coordinated with the agency to ensure 
compliance with all agency requirements. FEMA's primary concern is to not adversely impact the 
floodplain. For construclion activilics that distmb one acre or more, an NPDES General Permit 
1200-C is re,1uired. This is issued by DEQ and requires the prcparalion, submittal, and review of an 
application for the permit. 

Requirements include: general project and site information, land use compatibility statement signed 
by the local planning department, and the applicalion fee. An erosion and sedimentation control 
plan specific to the project must also be prepared. The plan must be approved by DEQ prior to the 
commencement of any construction activities. These practices will minimize stormwater 
contamination associated with erosion and sedi1ncntation during construction. 
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Endangered Species Act 

The Endangered Species Act (ESA) was enacted in 1973 to establish a program to identify and 
conserve species of fish, wildlife, and plants that arc declining in population to the point where they 
are now or may be within the foreseeable future, at the risk of extinction. The ESA prohibits killing 
or harming an endangered species in any way, including significant modification of critical habitat 
for the species. It requires federal agencies to develop programs to conserve and to help recover 
endangered and threatened species. Under the ESA, a species likely to become extinct in the 
foreseeable future is categorized as "endangered"; one likely to become endangered is categorized as 
"threatened." 

NOAA Fisheries and the U.S. Fish and Wildlife Service (USFWS) share responsibility for 
implementing the ESA. NOAA manages marine species including anadromous salmon, while 
USFWS manages freshwater species. Listing of an endangered species protects it from a "take" as 
defined by federal law. "Take" can be construed as harm, harassment, pursuit or hunting, shooting, 
catching, killing, wounding, trapping, or collecting. A take can also result from actions, which if 
repeated sufficiently, could result in hann; consequently, activities that: reduce habitat, food supply, 
or affect water quality could also qualify as a "take". All federal agencies, including funding agencies, 
arc required to consult with NOAA Fisheries (or USFWS) on any activity that may affect a listed 
species. 

The Columbia River Estuary sub-basin involves a number of federal and state agencies, and regional 
organi,-ations, and managed primarily by the lead entities: the Lower Columbia River Estuary 
Pattnership (LCREP) in partnership with tl1c Lower Columbia Fish Recovery Board (LCFRB). The 
Est1.1ary Partnership is a two-state, public/private partnership that has developed a management 
plan for the lower 146 miles of the Columbia River The Estuary Partnership works to restore 
habitat, provide education and information, and eliminate pollution from the lower river to recover 
threatened and endangered species. 

Estuary sub-basins, such as the Skipanon River and Young's Bay, involve a number of federal and 
state agencies, and regional organizations coordinated by the National Marine Fisheries Service 
Salmon Recovery Division. The Estuary Partnership remains an active member of the "Executive 
Committee for Lower Columbia and Willamette River Salmonid Recovery", but no longer 
coordinates or staffs the meetings. 
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Other Regulations 

,Removal and .Fill Regtilatio11s 

Removal or fill of 50 cubic yards or more of material in waters of the State requires a permit from 
the Oregon Department of State Lands (DSL). "Waters of the State" include bays, flowing and 
intermittent streams, lakes, wetlands, and other natutal waterways. Streams that arc designated as 
essential salmon habitat require a permit regardless of the quantity of removal or fill. Certain 
activities or projects are exempt from state removal-fill requirements. These activities include, but 
are not litnited to: rnaintcnance or reconstruction of existing serviceable structures (such as drainage 
ditches); maintenance or reconstruction of recently damaged parts of roads or transportation 
structures; fish passage structures; ot 111aintenance, repair, ren1oval, and replaccn1ent of culverts. 
Permits issued by DSL include various conditions and may require some type of mitigation to 
compensate for environmental impacts to wetlands. Permits specify when in-water work can be 
conducted consistent with information provided by ODFW. Projects requiring a DSL permit will 
often require a pe1mit from tbe U.S .. Army Corps of Engineers. DSL and the Corps have a joint 
permit application form which streamlines the application prnccss. 

Ri,ght-C~(Way (ROI¥) _Gvs.,il!gs 

Crossings of state highways require coordination and approval by tbe Oregon Department of 
Transportation (ODOT). ODOT maintains stringent design standards that must be incorporated 
into apprnved projects. ODOT also coordinates with other agencies such as ODFW on issues and 
requirements applicab1c to the project:. 

Railroads also have minimum design standards for crossings to ensure the integrity of the railway. 
Railways often view crossings as a source of income. Negotiations for crossings of rail RO\Xls often 
focus more on contractual terms and casement costs rather tban on technical or design issues. 

Summary of Personal Communications 

• 
• 
• 
• 

Etsegenct Bclete, Water Quality Permit Specialist, DEQ, August 2007 . 
Beth Moore, NPDES Wastewater Permit Specialist, DEQ, October 2007 . 
.Judy Linton, US Anny Corps of Engineers, September 2007 
Robert: Anderson, NOAA Fisheries, September 2007 
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Potential future regulatory changes that may affect the stonnwater management strategy for 
Warrenton are: 

• Revised TMDL waste load allocations under section 303(d) of the CW /1.. 
• The State of Oregon is currently updating their water quality criteria. 'Inese changes may 
include more stringent requirements on stormwater discharge. 
• Upgraded listing of candidate species under ESA. 
• More stringent: regulations of construction impacts and activities. 
• Changes in statewide development practices requiring alternative treatment and monitoring of 
stonnwater discharge. 
• New NPDES requirements which arc specific to permitting of MS4 . 
• 
4.2.2 Develop Recommended Development Guidelines for Stormwater Quality 303(d) Listed Water Bodies 

The Lower Columbia River, Skipanon River, /I.dams Slough, Coffenbury Lake and Smith Lake arc 
all on the 303(d) list and have been designated for TMDL studies. Particular attention should be 
given to the specific parameters of concern in these areas, and, where possible, measures should be 
taken to improve water quality conditions in these water bodies. 

Pollutants of Concern 

'l'hc parameters of concern for the study areas 303(d) listed water bodies arc found in Table 4.1. 
Stormwatcr runoff associated with a variety of land uses may be associated with non-point source 
contributions of these parameters. 
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Table 4.1 • 303 Cd) Listed Parameters of Concern and TMDL Association 
Water Bodv 303 Id) Listed ParameterCs) TMDL Studv 

Lower Columbia River Temperature, DO North Coast Sub-basins 
1TMDL) 

Skipanon River Alkalinity, Ammonia, Aquatic North Coast Sub-basins 
Weeds, Chloride, Chlorophyll a, (fMDL) 

Dissolved Oxygen, Bacteria, pH, 

Nutrients, Temneraturc 
Adams Slough Ammonia, Chlorophyll a 
Coffenbury Lake Ammonia, Chlorophyll a, Regional Lake Management Plan 

Dissolved Oxygen, Iron, ('I'MDL) 
Manganese, nl-1, Phosphorns 

Smith Lake Ammonia, Aquatic Weeds, 

Chlorophyll a, Dissolved Oxygen, 
J rnn, Manoanese, oH, Phosphorus 

One likely source of contamination from stormwater mnoff into the Skipanon River is associated 
with urban development and future growth within the City of Warrenton. 

Impacts of Projected Growth on Water Quality 

In natural (undeveloped) conditions, tainfall infiltrates slowly into the ground. Natural processes 
cleanse the water as it moves through vegetation and soil and into groundwater. In the Pacific 
Northwest rainstorms are not typically large enough to cause tbc soil to reach saturation. 
Conse9uently, the majority of the rainfall infiltrates into tbe ground leaving only a small percentage 
as surface water runoff. Particles and sediments within this runoff settle out in vegetation and 
wetlands as they move toward receiving water, and the water is purified before it flows into rivers 
and strca1ns. 

Development of the landscape from its natural condition alters these conditions. Impervious 
surfaces associated with development such as buildings, roads, parking lots, and sidewalks prevent 
rain from infiltrating into the ground. There is also less vegetation to absorb, store, and evaporate 
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the stormwater. As a result, stormwater runoff over the lan<l surface greatly increases, even <luring 
small rainstorms. 

This alteration in the way water is stored and moves across the lan<lscape has significant impacts on 
receiving waters such as lakes, streatns, and estuaries. For example, when itnpervious areas in a 
watershed reach 10 percent, stream ecosystems begin to show evidence of <lcgradation. Coverage of 
more than 30 percent: is associated with significant degradation. Developed urban areas typically 
have impervious surface coverage of well over 30 percent. 

The way the water moves across the land is also altered. The increased volume of rnnoff also has an 
associated increase in speed as it drains to receiving waters. No longer slowed by vegetation and 
wetlands, tl1is water can cause flooding and erosion and desti:oy natural habitat. Greater runoff 
volume equates to less water available to infiltrate into the ground and results in less groundwater 
recharge. This reduces stream base flows and can increase stagnation, which is harmful to fish and 
aquatic organisms. 

Water quality is also impacted as impervious surfaces retain heat, which increases runoff 
temperature during warm weather. This in turn raises the temperature of the receiving waters, 
negatively impacting aquatic life. Stormwater runoff also collects oil, fertilizers, pesticides, metals, 
chemicals, sediments, bacteria, and other pollutants, and carries them into rivers and streams. 

Traditional stormwater management does not address all of the problems associated with 
sto11nwater runoff. Gutters, drains, and pipes collect runoff from impe1vious surfaces and convey it 
to discharge points. l.,arge volumes of untreated stormwater rapidly discharge into natural water 
bodies. 

J\ national review of stormwatcr studies was conducted (Glasoe and Christy, 2004) examining the 
effects of growth and development on receiving waters. They identified strnng correlations that 
st:ormwatcr related to development in coastal areas is impacting water quality and natural 
ecosystems. Below are their specific conclusions: 

• Coastal areas arc highly prnductive and sensitive environments. They are also highly valued 
places to live, work, and play. Two dramatic and related trcnds--population growth and 
urbanisation-arc stressing and degrading coastal ecosystems. 

• Urbanizati.on is perhaps the most significant of all land use changes, dramatically altering the 
natural capacity of watersheds to absorb and attenuate flows and contaminants. The imprint of 
urbanization is generally permanent and many of the related environmental impacts, including the 
contamination of shellfish growing areas, arc difficult to mitigate or reverse. 
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• Microbial contamination is chronic and pe1vasive in many coastal areas of the United States and 
is closely correlated with population densities, development levels, rainfall events, stormwat:cr 
runoff, and rivet flows. 

• Research documenting the effects of human development on the health of stream systems is 
extensive and compelling. The available research examining the effects of development on the 
health of estuarine systems is more limited, but reveals strong and similar correlations. 

• lmpetvious cover is the most widely researched landscape indicator for gauging the effects of 
development on aquatic ecosystems. Studies indicate that moderate levels of development in the 
range of 10 to 25 percent impe1vious cover degi:ade aquatic habitats of all kinds and the degradation 
increases as development intensifies. 

• Stonmvater runoff is a defining characteristic of urbanizing landscapes that results from the 
conversion of natural land cover to impervious cover. 

• Pollution impacts can be prevented and mitigated using a variety of approaches and techniques, 
but there arc practical limits to our ability and "~llingness to preserve coastal habitats and resources 
as development: progresses. 'fhere is no replacement for sound land use planning and personal 
stewardship that: recognizes and prese1vcs the inherent qualities of natural systems for buffering 
impacts and preserving clean water and healthy aquatic habitats. 

Recommendations to Improve Stormwater Impacts 

The most effective and efficient way fot· the City of Warrenton to address stormwatcr watct quafay 
problems is tl1rough new development and re-development witfon the City; making stormwatcr 
quality a requirement of every land altering project that: occurs within the City limits. 

There are several strategics put forward by the Lower Columbia River Estuary Partnership in the 
Lower Colwnbia River Field Guide to Water Quality Friendly Development 
(h111ruw,v.\ld"~1.orp/ficklyuidci..indt:,J1trn)- This work was developed through collaboration 
between the Portland Bureau of Environmental Se1viccs, Oregon State University, Sea Grant: 
Extension, Oregon Department of Land Conservation and Development, Clad, County, and MctJ:O. 
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Several larger municipal agencies have developed guidance documents that arc intended for use by 
engineers and architects in the design of stormwater best management practices to mitigate water 
quality impacts resulting from development. 'l'he following arc a recommended list of design 
guidelines for refc,·ence: 

• 
• 
• 
• 

King County Surface Water Design Manual 
Western Washington Stormwater Management Manual 
Portland BES Stormwater Management Manual 

Clean Water Services Dcsig11 and Construction Standards 

It is recommended the City amend their development code to include requirements for mitigating 
water ,1uality impacts. This recommendation is discussed later in the development code review 
section of this ,·cport. 

4,3 Natural Resources 

4.3, 1 Summary of Regulatory Requirements 

This section summarizes applicable state and federal statutes and regulations for management of 
stormwatcr as they relate to protection of natural resources and statewide planning goals. Natural 
resources described in this section include wetlands and ES/\. species. 

Clean Water Act 

For regulatory purposes under the Clean Water /I.ct, the term wetlands means "those areas tlrnt are 
inundated or saturated by surface or groundwater at a frequency and duration sufficient to support, 
and that under normal circumstances do support, a prevalence of vegetation typically adapted for 
life in saturated soil conditions. Wetlands generally include swamps, marshes, bogs and similar 
areas." In Oregon, the DSL and the Portland District US .Army Corps of Engineers (COE) regulate 
wetlands. DSL administers the State Removal-Fill Law and the COE administers Section 404 of the 
CW /1.. 

Endangered Species Act 

Under ES/\, NOA/\ Fisheries is responsible for the protection of marine life, including anadromous 
salmon within the Columbia River, Columbia River Estuary and Coastal areas. When a species is 
listed as "cndangei:cd", the prohibitions against "take" of that species ai:e immediate under Section 9 
of ESA. Should a species be listed as "threatened", NO/\/\ Fisheries may be more flexible in 
establishing regulations for protection. These regulations are known as Section 4(d), 
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One of the limitations in the 4(d) rule is Limit Number 12 - Municipal, Residential, Commercial, 
and Industrial development and redevelopment (MRCl). This 4(d) rule states that, with appropriate 
safeguards, MRCI development can minimize impacts and meet the requirements of the ESJ\. 

State of Oregon Regulation and Policies 
The Oregon Land Conse1vation and Development Commission (I ,CDC) is a statewide program for 
land use planning. The program consists of a set of 19 Statewide Planning Goals. The goals arc 
accompanied by guidelines, which arc not mandatory, describing how a goal may be applied. 

The goals arc achieved through the local comprehensive planning process. State law requires each 
city and county to adopt a comprehensive plan and the zoning and land-division ordinances needed 
to put the plan into effect. The City of Warrenton is currently in the process of updating their 
comprehensive plan and these goals arc addressed fully in that docl!mcnt. 

There arc six goals that pertain to natural resources and stotmwater management within the City of 
Wal'tCnton. These include Goal 5, Goal 6, Goal 11, Goal 16, Coal 17, and Goal 18. A brief 
description of each of these goals, how they apply to Warrenton, and how they may effect the 
management of stormwater arc presented below. 

Coal 5: Natural Re.rotmts. S,mic and I !i.rton,· //.1@£. and Ol!en .foam· 
--•- 7 X 

c;oal 5 covers more than a dozen natural and cultllral resources. Natural resources covered include 
river and stream riparian corridors, groundwater, fish and wildlife habitats, and wetlands. Fish and 
wildlife areas should be managed in accordance with the Oregon Wildlife Commission's fish and 
wildlife management plans. Stonnwater improvements often involve natural waters such as streams 
or rivers, and may directly impact fish passage or health. In 2001, Oregon adopted laws regarding 
fish passage requirements that must be addressed prior to the installation, replacement, or 
abandonment of an artificial obstruction. This applies to waters in which native, migrating fish are 
currently or historically present. ODFW has developed a set of fish passage guidelines that reflect 
the new laws. 

C,oal 5 also establishes a process for each resource to be inventoried and evaluated to determine its 
significance. In 1990, DSL adopted guidelines and rules for conducting Department of State Lands 
Wetland Inventory (LW!s) within urban growth boundal'ics. The LWI rnles were updated in 
Februa,y 2001. Wetlands arc to be inventoried as patt of the LWL The LWI report identifies 
significant wetlands within the City limits. If a resource or site is found to be si6mificant, a local 
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government has three policy choices: preserve the resoutee, allow proposed uses that conflict with 
it, or determine a means of both protecting the resource and prnviding the uses. The City of 
Warrenton started its LWI process in 1991. The Oregon Natural Heritage Center also provides 
information 011 wetland communities of concern that should be considered. 

The LWI will he used to provide guidance in determining the placement of stormwater facilities and 
tl1c location of future development within Warrenton. The presence of a large amount of wetland 
habitat and wedand soil within the City limits will dictate the options for stormwater treatment and 
conveyance. 

Coal 6: Air a11d ).11/ater (211t1!it11 

Goal 6 requires local comprehensive plans and implementing measures to be consistent with state 
and federal regulations on matters such as water pollution. The City of Wancnton is following the 
guidelines for water quality protection through the DEQ and TMDL process. 
Individual projects within the City could be required to p.rovide stotmwater quality measures in 
order to qualify for a federal permit. How ever, the City is currcn tly in compliance with state and 
federal regulations because there are no regulations the City is obligated to enforce. 

Goal 11: P11h& .Fatih'ties and Sen1ices 

Goal 11 calls for efficient planning of public services such as sewers, water, law enforcement, and 
fire protection. This provides guidelines for developing public services in a manner that is planned 
and in accordance with a community's needs and capacities. The development of this stormwatcr 
management plan is a major piece of information necessary for the City to prepare a public facilities 
plan. 

Goal 16: Fis//1aties 

To maintain diversity among Oregon's esr.uatics, c;oal 16 directs LCDC to set overall limits on the 
amount of development that can occur in each estuary. The classification sets an upper limit on the 
types and intensities of development that: can occur and serves as a guide to prcpat:ation of plans for 
each estuary. This goal requires local governments to classify Oregon's 22 major estuaries in four 
categories: natural, conservation, shallow-draft development, and deep-draft development. lt: then 
describes types of land uses and activities that are permissible in those "management units". 

The Columbia River Estuary is considered a Deep Draft Estuary. These types of estuaries have 
maintained jetties and a main channel maintained by dredging to deeper· than 22 feet. Deep draft 
development estuaries have development, conservation and natural management units. These 



should be discussed in the City's Comprehensive Plan. Stormwater facilities may only be located 
within areas that have been designated for development. 

Goal 17: Coastal Sh01ikmcl.r 

The goal defines a planning area bounded by the ocean beaches on the west and the coast highway 
(U.S. Route 101) on the east. The objective of this goal is to conserve, protect: and restore the 
beneficial uses of coastal shorclands. These include water quality benefits, fish and wildlife habitat, 
water-dependant resources, economic resources, recreation, and aesthetic value. The goal requires 
an inventory of all of these resources and uses. This information is then used in the comprehensive 
planning process to establish policies and designated uses. This goal also specifics how certain types 
of land and resources arc to be managed. For example, major marshes arc to be pwteetcd. Sites best 
suited for unique coastal land uses such as stormwatcr facilities arc teserved for areas designated for 
"water-dependent" or <(water related" uses. 

Goal 17 would apply for tl1c City of Warrenton should the City choose to revise the boundary of 
allowed uses of a designated water-dependant shorcland sites. They may also determine if there arc 
any existing areas suitable for redevelopment and well suited for water--dcpendant uses. These might 
include stormwater facilities located outside of the currently designated area or the placement of a 
site along the Skipanon River. 

Goal 18: Beaches and Dttne.r 

Goal 18, sets planning standards for development on va11ous types of dunes. It prohibits residential 
development. on beaches and active foredunes, but allows some other types of development if they 
meet key criteria. The goal also deals with dune grading, groundwater drawdown in dunal aquifers, 
and the breaching of foredunes. The specific management guidelines for beaches and dunes would 
be identified in Wartenton's Comprehensive Plan. 

4.3.2 Wetlands 

The City of Warrenton contracted in August 1991 with SRI, Inc. to conduct a wetland conservation 
plan (WC:P) inventory. This inventory was approved by .DSL on February 8, 1994. The WCP 
inventory was later revised in 1997. 
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1) A wetland determination / delineation, which consists of a map and discussion showing the 
location and boundaries of the wetlands; and 

2) A wetland functional assessment, which 1s a report listing the functions prnvidcd by each 
mapped wetland. 

SRI, Inc. used a combination of aerial photograph analysis, topographic mapping, U.S. Natural 
Resources Conservation Service (NRCS) mapping and site-by-site field data collection to conduct 
this study in determining or delineating the City of Warrenton's wetlands. Detailed maps of these 
wetlands arc available for review and are located in the City of Warrenton's Planning office, and at 
the Oregon Division of State Lands offices. The C01ps and DSL have the final decision--making 
capability on whether or not an area is a wetland under their respective jurisdictions. 

4.3.3 Threatened or Endangered Species 

Several ES.A listed species have been identified by NOAA Fisheries within the Lower Columbia 
River Estuaty. Chinook salmon (011,~d,ynch11s tshaivyt.rcha), Chum Salmon (0. Keta), Coho Salmon 
(0. kisutd,), and Stcclhcad Twut (0. "!Jkis.,) arc all listed as threatened (NOA/\ Fisheries 2007). In 
addition, The USFWS listed Bull Trout (\'a!ve/i1111s co11/711mt11.,) as threatened in 1999. In addition, rare, 
threatened and endangered species have been identified in Clatsop County by the State Natural 
Arca Preserves Advisory Committee. 

Under ESA, NOAA Fisheries would apply 12-cvaluation considerations when determining whether 
development ordinances or plans arc adequate to pi:otect these species and their associated critical 
habitat. The following should be considered for developing City ordinances that protect endangered 
species: 

1) Development: ordinance to avoid inappropriate areas such as unstable slopes, wetlands, areas of 
high habitat value, and similarly constrained sites. 

2) Development ordinance to minimize stormwater impacts on water quality and quantity as well 
as stream flow patterns in a watershed - including peak and base flows in perennial streams. 

3) Development ordinance to prntcct riparian areas well enough to attain or maintain Prnper 
Functioning Conditions (PFC), habitat that provides for biological requirements of the fish around 
all rivers> estuaries, strcains, lakes, deepwatcr habitats, and intcrn1ittent strean1s. 

4) Development ordinance to avoid stream crossings - whctl1Cr by roads, utilities, or other linear 
development·· wherever possible and, where crossings must be provided, minimize their impact. 
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5) Development ordinance to protect historic stream meander patterns and channel migration 
zones and avoid hardening stream banks and shorelines. 

6) Development ordinance to protect wetlands, wetland buffers, and wetland function -including 
isolated wetlands. 

7) Development ordinance to preserve permanent and intermittent streams' ability to pass peak 
flows. 

8) Development ordinance to maximize the use of native vegetation in landscaping to reduce the 
need to water and apply herbicides, pesticides, and fertilizers. 

9) Development ordinance to require control of erosion and sedimentation in stormwatcr runoff 
during and post-construction; thereby, preventing pollutant discharge to stream, wetlands, and other 
water bodies which support fish. 

10) Development ordinance to reduce water consumption so that demands on water supply can be 
met without affecting water directly or through groundwater withdrawals - the flows required by 
saltnon. 

11) Development ordinance to provide a means of monitoring, enforcing, funding, reporting, and 
implementing the stormwater plan. 

12) Development ordinance to comply witl1 all State and Federal environmental and natural 
resource laws and permits. 

Recommendations for Integrating Stormwater Management 

To minimize stormwater••related impacts and provide for greater protections of natural resources, 
including ES/\ listed species, the following recommendations have been compiled: 

• Adopt critical areas ordinances to protect critical habitat.. 

• Amend ordinances to include riparian buffers, vegetation retention, soil retention, maximum 
road density limits, maximum impervious area limits, and limits on road crossings of streams. 
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• Adopt stormwater operation and maintenance ordinances requiring regular, frequent 
maintenance of facilities. 

• 

• 

4.3.4 

Provide for inspection, monitoring, and enforcement of stormwater BMPs . 

Prnvide adequate funding for stormwater infrastructure . 

Summary of Personal Communications 

.J evra Brown, Wetland Specialist, Oregon Department of State Lands, October 2007 

John A Christy, Oregon Natural Heritage Information Center, October 2007 

Heather Howard, Wetlands Support Staff, Department of State Lands, October 2007 

4.3.5 Recreational and Educational Facilities 

Stormwater facilities can often be integrated into open space areas that have other uses. These can 
be recreational, educational, or both. Stormwater management can be the central tl1eme for 
developing recreational proi,>1:ams, or recreation can take place on land used to construct stormwatcr 
facilities. 

J(ducation is one of the most effective stormwater best management practices. \1(/an:enton has 
numerous opportunities to create beneficial educational opportunities. Education, Involvement and 
Stewardship strategy will yield multiple benefits. It will help raise awareness, increase interest in 
community watershed issues, and the importance of healthy watersheds. An educated community 
will: 

• More readily understand how their projects, individual behaviors, and actions can promote 
healthy watersheds; 

• Rccogniic their responsibility in effective stormwater management; 

• More likely participate in public decision-making regarding st:ormwatcr management, thus 
leading to better decisions; and 

• More likely implcrncnt sto11nwatcr 111anagcmcnt decisions and support stormwatcr n1anagcn1ent 
strategics. 
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\Xlarrenton has already implemented several education and outreach programs. These include 
educational/interpretive signs at the .Hammond Marina, the 8th Street Dam, and educational 
programs at the City's new waste water treatment facility. 

Recommended Education and Outreach Opportunities 

The success of the Warrenton St:ormwater Management Plan will be dependent upon awareness and 
support of the community at large. Several conceptual education and outreach opportunities 
targeting these primary audiences are prnposcd. The list include: 

• 
• 
• 
• 
• 
• 

Awareness Surveys 
Storm Drain Stenciling 
Website J nformation 
An-ides for Pnblication 
Walking and Bicycle Tours 
Education Plagues and Signage 

These opportunities were selected to maximi7,c effectiveness by providing a diverse set of offerings 
that would appeal to a range of audiences and utili7.e a variety of media. For each opportunity, 
information is provided on recommended activities, target audience, potential resources, and 
expected benefit or outcome. A detailed description of each of these programs can be found in 
Appendix G. 

4.3.6 Floodplains, Tsunami and Coastal Flood Hazards 

Floodplains 

FEMA is the desig11atcd administrator of the National Flood Insurance Program (NFIP). The City 
of Warrcnron (including the former City of Hammond) participates in the NFIP. The most recent 
flood insurance study was published in 1978. 

Flood insurance rates arc established per flood 7.ones. Flood mnes arc geographic areas that FEMA 
has defined according to varying levels of flood risk. These zones are depicted on a community's 
Flood Insurance Rate Map (FIRM) or Flood l-Ja7,ard Boundary Map. Each zone rcflec!s the severity 
or type of flooding in the area. 
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Local communities participating in the NFJP arc required to adopt local ordinances that restrict 
floodplain development activity and enforce development practices consistent with, or more 
restrictive than, the NFIP requirements. 

Most of Warrenton, east of the Skipanon, is within Zone A, meaning it is inside the 100-year 
floodplain. Most of Warrenton, west of the Skipanon, is Zone X. 

Tsunami 

'I'sunamis are a set of ocean waves caused by any large, abrupt disturbance of the sea-surface. If the 
disturbance is close to the coastline, local Tsunamis can demolish coastal communities within 
minutes. A ve1y large disrurbance can cause local devastation AND export Tsunami destruction 
thousands of miles away. The word Tsunami is a Japanese word, represented by two characters: tsu, 
tncaning, '{harbor'\ and nami tncaning) "waven. Tsunamis rank high on the scale of natural 
disasters. Since 1850 alone, Tsunamis have been responsible for the loss of over 420,000 lives and 
billions of dollars of damage to coastal structures and habitats. Most of these casualties were caused 
by local Tsunamis that occur about once per year somewhere in the world. For example, the 
December 26, 2004, Tsunami killed about 130,000 people close to the earthquake and about 58,000 
people on distant shores. Predicting when and where the next Tsunami will strike is currently 
impossible. Once the Tsunami is generated, forecasting Tsunami arrival and impact is possible 
through modeling and measurement technologies. 

Since 1946, the Tsunami warning system has provided warnings of potential Tsunami danger in the 
Pacific basin by monitoring eartl1quake activity and the passage of Tsunami waves at tide gauges. 
However, neither seismometers nor coastal tide gauges provide data tlrnt allow accurate prediction 
of the impact: of a Tsunami at a particular coastal location. Monitoring cartl1quakes gives a good 
estimate of the potential for Tsunami generation, based on earthquake size and location, but gives 
no direct information about the Tsunami itself. Tide gauges in harbors provide direct measurements 
of the Tsunami, but the Tsunami is significantly altered by local bathymctt·y and harbor shapes, 
which severely limits their use in forecasting Tsunami impact at other locations. Partly because of 
these data limitations, 15 of 20 Tsunami warnings issued since 1946 were considered false alarms 
because tl1e Tsunami that arrived was too weak to cause damage. 

NOAA has primary responsibility for providing Tsunami warnings to the United States, and a 
leadership role in Tsunami observations, and research. The USCS monitors eartl1quakes through a 
network of seismic detectors. The States also monitor seismic activity. This information is critical to 
understanding when a Tsunami wave might be generated. 
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NOAA Research develops models that forecast T'sunamis and create Tsunami inundation maps. 
NOAA Research provides the forecast: models to the NOAA's Weather Service forecasters and the 
inundation models and maps to the State and National planners and emergency managers. This 
information is critical to issuing warnings to communities at tisk. 

NOAA monitors sea height through a network of buoys and tide gauges (NOAA Research/Pacific 
Marine Envimnmcntal Laboratory, NOAA Weathet Service/National Data Buoy Center, and 
NOAA National Ocean Service). This information is critical to understanding the height the 
Tsunami wave will be when it comes ashore. 

NOAA Tsunami Warning Centers use observations of seismic activity and sea height with forecast 
models and issue Watches and Warnings where appropriate. 

NOAA's National Weather Service promotes Tsunami hazard preparedness thrnugh Tsunami 
Ready, an active collahoration among Federal, state and local emergency management agencies, the 
public, and the NWS Tsunami warning system. 

A Tsunami resilient community is educated about Tsunami risks, has plans for securing property 
and evacuating people in the event of a forecast or warning, and maintains an alertness and 
readiness to respond to forecasts and warnings. 

State emergency managers use inundation maps together with information about civil infrastructure, 
and make effective plans for responding to a Tsunami forecast or warning, using guidance from the 
National Response Plan and FEMA. Emergency planning includes educating the community about 
the danger, and informing them of appropriate response to forecasts and warnings. 

Once a Tsunami bas occurred, FEMA coordinates measures to mitigate the damage. An evacuation 
zone map was developed for Warrenton by the Oregon Department of Geology and Mineral 
Tndustries in consultation with local officials. It is intended to represent a woi:st-case scenario for a 
Tsunami caused by an undersea earthquake near the Oregon Coast. The map includes 
recommendations for emergency preparedness in the event of a Tsunami. A copy of the map is 
provided in Appendix B. 
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Coastal Flood Hazards 

Flood hazards in the coastal zone not only considers ground elevation of the subject area with 
relation to d1e 100-ycar Base Flood Elevation (BFE) as shown on the effective FIRM, but also 
considers the inland limit of the Primary Frontal Dune and high velocity wave action which 
constitutes the Coastal High Hazard Arca, or V zone. Mapping of this type of hnard zone 
considers tidal fluctuations, storm surges, near shore wave action, and coastal dune erosion. This 
type of flood hazard zone mapping would apply to the western most edge of Warrenton, where 
Fort Stevens is located and has not been included in the current FIRM for 1.-Iammond or 
Warrenton. 

Recommendations 
lt is recommended that the City continue to woi:k with the Oregon Department of Emergency 
Management and od1er federal agencies on emergency preparedness, and educating the citfaenry 
about flood hazards. 

It is recommended that the City update their FIRM to combine Hammond and Warrenton. A copy 
of the detailed data used in the current flood insurance study to create the FIRM was requested 
from FEMA FEMA responded that they have no detailed data in their records. The City should try 
to locate copies of this data in their records. 

lt is recommended tJ1e City continue to require development located witJ1in flood hazard zones to 
comply with National Flood Insurance Program development requirements. 

4.4 Development Code Review 

4.4.1 Review of Current Code Language 

The City of Warrenton's land use code and ordinance language was reviewed to determine its 
applicability to stormwater and the protection of water quality and natural i:csources. 

The current code language contains several references to drainage, storm drainage, and sui:face 
water management. They are very general requirements and leave it up to the City to decide when 
certain stormwater management requirements should be imposed upon a development. 
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The City code has established riparian corridors and restricts development within the riparian 
corridors. Maintaining riparian corridors is one of the few best management practices that have 
been found to be very effective at reducing the types of water quality problems identified in the 
waterways in Warrenton. Following the completion of the Comprehensive Plan, this code may need 
updating to be consistent with new regulations guiding stormwater treatment and wetlands. 

4.4.2 Recommendations and Discussion 

It is recommended that the City code, or at least City policy, be amended to require stormwatcr best 
management practices with all development (or redevelopment) activities to provide treatment of 
stormwater runoff and reduce pollutant concentrations before discharge from a site. 

Stormwater facility placement and designs are not currently part of Warrenton Development Code. 
There arc many different types of stormwater best management practices suitable for treating runoff 
from site development. Given the high concentration of wetlands within the City limits, conditions 
are not conducive to facilities that rely on infiltration due to high groundwater levels. 

It is recommended that tl1e City adopt some guidance for design of stormwatcr facilities. This could 
be by reference to existing guidelines published by others, in collaboration with other northern 
coast communities, or in guidelines developed specifically for the City of Warrenton. 

Multiple jurisdictions have published stormwatcr design standard that may be helpful in selection 
and design of stormwater BMPs for water quality requirements for sites involving development and 
redevelopment. A few northwest communities have published excellent, detailed guidance 
documents for the design of stormwatcr treatment facilities. Several smaller communities ha~e 
adopted these guidelines by reference. The recommen<lc<l guidance documents are from: 

• King County, Washington 
http://dnr.metrokc.gov/wlr/dss/manual.htm 
• City of Portland Bureau of Environmental Services 
http://www.portlandonlinc.com/bes/index.cfm?c=43271 & 
• Clean Water Services 
http://www.cleanwaterservices.org/content/documents/Permit/Dcsign%20and%2 
0Construction%20Standards%202007 .pdf 
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It is recommend that the City adopt a local water quality design storm for sizing the various 
stormwater facilities described in the guidance documents. The recommended water quality design 
storm is based upon the City of Portland water quality design storm, scaled up based on the ratio of 
the average annual rainfall in Warrenton (Astoria) relative to Portland (!'DX). 

Average Annual rainfall in Warrenton (Astoria AP) = 67.13 
Average Annual rainfall in Portland (PDX) = 37.07 
Ratio = 1.81 

Flow•-1:atc Based Facilities ........ for example: swales or filters 
Portland Water Quality design storm = 0.'I 9 inches per hour (intensity) 
Recommended design storm for Warrenton = 0.34 inches per hour (intensity) 

Volume Base Facilities ...... for example:_ wet.ponds 
Port.land Water Quality design storm = 0.83 inches for a 24-hr dcsi6m storm 
Recommended design storm for Warrenton = 1.50 inches for a 24-hr design storm 

It is recommended tlrnt reference to other design guidelines be considered an interim step. 
Ultimately, it is recommended that the City would collaborate with other coastal communities to 
pool the resources necessary to develop a stormwater design manual specific to conditions on the 
coast. 

It is tccommended that a drainage design report or memorandum become part of the standard 
development review submittal as a means to document design calculations and conditions at tl1e 
time of development. It is recommended that the report includes a downstream analysis describing 
conditions downstream of the site for one-quarter of a mile. Both Clean Water Services and King 
County dcsig11 standards could be referenced as examples for a downstream analysis. The 
downstream analysis would also discuss any potential impacts to natural resources, water quality and 
any potential changes in downstream flow conditions. 

Examples of development code from the following jurisdictions: Cresham, Seaside, Troutdale and 
Ilwaco arc included in Appendix A for reference. 
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5.1 Introduction 

Section 5- Existing Facility Maintenance and 
Capital Improvement Projects 

A key piece to the City's Stormwater Management Plan is the recommended Existing Facility 
Maintenance and Capital Improvement Projects (Cll'). The CIP's were selected based on their 
ability to meet the City's stormwatcr goals. Factors included in the decision were the City's 
stormwatcr needs, modeling results, capacity calculations, inputs from City staff, inputs from the 
general public, observations during site visits conducted by HLB-Otak staff, and project costs. 
Table 5.1 summarizes the 12 CIP's chosen for detailed study. Figure 2 shows the approximate 
location of each CIP. 

5.2 Existing Facility Maintenance 

J\s discussed in Chapter 2, there arc two key components to the City's stormwatcr system: the 
levees and tidegates which protect the City from high tides in the Columbia and Skipanon River, 
and the conveyance system consisting of culverts, drainage ditches, storm pipes and other facilities 
which drain the City and directs stormwater runoff to the tidcgatcs. The tidegatcs and levees arc 
under a constant barrage of destructive forces, including corrosion from the salt water, erosion 
caused by the tidal cycle and waves, runoff flowing through tl1e tidcgates, water and wind erosion 
dming storm events, and the erosive effects of vegetation and bmrowing creatures. The City's 
stonnwater conveyance is also constantly having its effectiveness and efficiency reduced through a 
myriad of factors. The flatness of the City's system is a perfect recipe for sedimentation in ditches, 
storm pipes, inlets and manholes. The wet, nutrient rich environment encourages rapid and dense 
vegetation growth in channels and ditches. Individuals, not fully understanding the impacts, place 
debris, such as dirt and grass clippings, into drainage ditches, blocking the flow path. '!'he City must 
continue to aggressively maintain its levees, tidegates and conveyance system. 

The USACOE inspects the levee system once a year. Inspection reports for the period 1995 
through 2006 show Warrenton has received an "A" or "B" grade. Typically, one 01· two 
discrepancies arc discovered per inspection and the City's Public Works staff quickly goes out to 
make the needed repairs. The repairs have included: removing vegetation, replacing tidegates, and 
repairing slumps and slides. The last ten years of inspection reports arc included in the Appendix F. 
The City should continue the diligence it has shown in maintaining its levees and tidegatcs. 
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A comprehensive, look at the City's complete inventory of levees and tidegatcs should be 
completed to evaluate condition and develop an implementation plan for replacement and repair of 
tidegatcs, culverts, and hcadworks. Many of the tidegatcs arc leaking and most of the tidcgate 
headwalls are eroded or in need of repair. A majority of the City's tidegate culverts arc constructed 
of wood stave pipe and arc nearing the end of their service life. A plan to replace them should be 
developed. Replacement should be based on current condition and the associated flood protection 
value of areas serviced by a particular tidegate. It also should consider factors such as upstream 
natural resources to determine fish passage requirements and/ nr mitigation opportunities. Two of 
the City's tidcgates, the 8th Street Darn and the Adams (Vera) Slough have already undergone 
modification to allow for better fish passage, as well as improved water quality due to increased 
flushing. While these changes have positive effects, there can also be potcndally negative results, 
such as higher water levels upstream of the tidcgatc, especially during high tide. Understanding the 
impacts of changes to t.idcgate construction and operation is critical to maintaining the City's 
cun:cnt level of flood protection. A tidegate repair and replacement plan for the City of Warrenton 
is recommended as a CJP. It has been given a high priority ranking. 

The City's stormwatcr conveyance system is in need of maintenance, especially its drainage ditches, 
many of which have reduced capacity due to vegetation and sediments. This results in decreased 
conveyance and storage capacity of the system, as well as decreased water quality at the outfall due 
to stagnant water and lack of flushing between tidal cycles. Not all of these drainage ditches arc on 
City owned property. 'T'hc City should consider confirming existing right-of-ways and/ or casements 
for critical drainage ditches such as the Braillcr-Entcrprisc ditch and others that arc on private land 
to ensure they arc properly maintained. There arc concerns about whether permits arc required to 
conduct maintenance witfon the existing drainage ditches, primarily due to the high density of 
wetlands within the City boundaries. This issue must be resolved before a ditch maintenance plan 
can be1,cin in earnest. If and where permits would ultimately be required for the maintenance of 
some or all of such facilities, a programmatic maintenance permit is recommended as a (JP. This 
would allow the City to perform routine maintenance of all drainage ditches where conditions 
dictated in the permit are met. A programmatic maintenance permit, or Nationwide Permit, can be 
approved for a five or ten year period. Conversations with the OSACOE and NOAA revealed that 
the approving regulatory agencies are extremely open to the idea. The CIP has been given a high 
priority. Once a permit is in place, the City should set aside an annual budget to maintain all of the 
drainage ditches, culverts and related drainage facilities, first focusing its effort on those drainage 
ditches which impact the City's stonnwater system the most. Many of these key drainage ditches arc 
identified in the drainage system improvement CIP's for the downtown, Braillcr--Enterprisc Ditch, 
and Hammond area. 
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CIP 
# 

1 
2 
3 
4 

5 
6 

7 

8 

9 

10 

11 
12 

in a parallel street, if a street improvement project is planned for that particular street. A good 
example of this would be 8th Avenue in Hammond. A key drainage ditch that connects the East 
Hammond sub-basin to the Brailler-Enterpt:isc Ditch sub--basin runs along the north side of 3th 

Avenue. A CIP recommends this ditch to be maintained through cleaning out sediment. It would be 
conceivable to place a storm pipe or ditch on 7th Avenue instead if this street was scheduled to be 
improved. 

For several of the main dtainage ditches, especially in the .Hammond/Brailler-Enterprise Ditch area, 
the City needs to confirm its rights--of--way associated with these facilities. It is recommended that 
formal easements are acquired for these facilities. 'l'his will ensure the City continued access for 
maintenance and upkeep. 

Table 5.1: CIP Summary 
Priority Description Estimated Cost 

( 2007 dollars) 
High R~[lair/Refurbish West Hammond Marina Tideaate $344,190 
High Repair/Refurbish East Hammond Marina Tideoate $349,033 
Hioh Tideoate Repair & Replacement Plan $115,050 
High Evaluate and upgrade existing pump station adjacent to $721,762 

SE 3rd/4th St. 
....... - .. - ···-···--High Refurbish existing pump station adjacent to NE 1st St. $721,762 

Low Upsize storm system in west portion of Hammond $135,879 
Marina sub-basin 

High Relieve stormwater drainage issue in the East $581,194 -Sys 
Hammond/Brailler-Enterprise Ditch area. $1,994,854 - PS 

High Obtain programmatic permit to allow O&M routine $52,000 
maintenance of City drainage ditches, is such a permit is 

necessary 
Low Create and implement Monitoring Plan for City of $87,029 

Warrenton 
Low Upgrade downtown conveyance system and create $861,794 

definitive connection between north and south 
downtown pump stations 

High Sanitary sewer Inflow/Infiltration Studv $96,466 
High Stormwater Rate Study $15,000 -

$20,000 
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5.3 CIP Modeling Effort 

When appropriate, the CIP's were modeled using XP·-SWMM. Three detailed models were created: 
one for West Hammond sub-basins, one for the East f-Iammond/Brailler-1:.'.nterprise Ditch sub
basins and a final one for the two downtown sub-basins. Only key pipes, culverts, and drainage 
ditches were included in the model. Elevations, lengths, and sizes were collected from Phase I 
survey data, GIS data, construction drawings, and conversations with Warrenton Public Works 
personnel. The input parameters for each of the three models and a schematic from XP-•SWMM 
can be found in the Appendix C. These models cover a majority of the City's continuous storm 
system. While other sections of the City have pipes, culverts, and drainage ditches, these arc 
typically localized and not part of a larger system. Hydrologic inputs (i.e., runoff) were used from 
the city-wide XP-SWMM model and incorporate the affects of rainfall intensity, tidal fluctuations, 
tidegates and interbasin stonnwater routing. Tailwater affects of the Columbia and Skipanon Rivers 
were modeled similady to the city-wide model as desctibed in Chapter 3. For the purpose of CIP 
evaluation, the future conditions hydrology representing full-build out conditfons was used. The 25 .. 
year design storm was chosen for comparisons because it ensured that most of the City's 
stormwatcr system was fully inundated under existing conditions. This allowed changes due to 
proposed improvements to be readily apparent. 

For each of the three models, an existing conditions model was first created to establish a baseline 
for comparisons. Key locations in the model were chosen for water surface and peak flow rate 
comparisons. Undersized pipes, culverts, and drainage ditches were identified. Several iterations of 
pipe and drainage ditch upgrades were analyzed. For the Brniller-Enterprise Ditch and Downtown 
sub-basins, several sizes of pumps were modeled. Appendix C includes brief summa1y output tables 
for each model, as well as comparison values and averages. 

5.4 CIP Fact Sheets 

5.4.1 West Hammond Tidegate (CIP 1] 

The tidcgate on the western side of the Hammond Marina drains approximately 320 acres, which 
includes the Hammond area and parts of Fort Stevens State Park. 'l'he current tidegatc is corrugated 
metal and 3(J.-inches in diameter. Its inlet is west of Lake Drive just north of Second Avenue and 
has a length of 650 feet. The tidegatc is missing. The last 15 feet of the culvert is severely corroded, 
with large holes in the bottom and top of the culvert. The corrosion and lack of tidcgate allows bi-
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directional flow at this location. At elevation 6.78, the invert of this tidegate is one of the highest in 
the City, and therefore inflow only occurs during the highest tides. 

The proposed CIP would improve this portion of the City's drainage system in several ways. The 
installation of a new tidegate wiJl eliminate unwanted 
bi-directional flow due to high tides. Several ' 
configurations are possible, such as side-hinged' , 
tidegates, which could allow for more flushing ' 1. .\ i ' 
during low-flow months and improving wate · l· 
quality. Upsizing the culvert from 30-inches to 36- o ', · ~i~ 
even 48-inches will improve drainage and reduc · 
backwater effects upstream. Re-routing the culver 
underneath the cross street north of Iredale Drive 
will shorten the culvert distance and place it in the 
public right-of-way for easier access. The possibiliJ 1 

of lowering the invert elevation could also b 
considered. The added elevation drop in the 
upstream conveyance system would also improve drainage and increase storage. 

Model results show that replacing the tidegate and increasing the culvert size to 36-inch reduces 
flood levels upstream by approximately 0.5 feet for the 25-year storm. This drop increases to 1.8 
feet for a 48-inch culvert. Shortening the culvert by re-routing it and lowering the invert elevation 
by one foot reduces flooding by 0.8 feet and 2.3 feet for the 36-inch and 48-inch culvert option 
respectively. Figure 11 shows the most likely location for a re-route of this tidegate culvert. 
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Cost Estimate for CIP 1 • Replacement of West Hammond Tide iate and Culvert 
Item Description Qtv Unit Unit Cost Total Cost 
Site Preparation 

Mobilization (10%) 1 LS $22,206 $22,206 
Erosion Control (5%) 1 LS $11,103 $11,103 

Demolitfon and Rcmovi'll of Existing Strncturcs 1 LS $410 $410 

Drainage 

48-inch Storm Pipe 614 LF $155 $95,170 
Manhole, 72-inch 1 EA $7,000 $7,000 
Concrete Inlets 1 EJ\ $1,200 $1,200 
'I'idcgate Stnicturc. 1 EJ\ $4,000 $4,000 

Earthwork 

Ditch Clearing 0.2 Acre $11,000 $2,200 
Ditch Excavation 417 CY $15 $6,255 

Surface Restoration 

Pavement Reston,tion (.Asphalt Concrete) 74 Tons $280 $20,720 
Landscape Restoration (Scedini~) 0.11 Acre $5,000 $550 

Sub-total $170,814 

Comtrnction Contingency (30%) $51,244 

Construction Total $222,058 

Engineering (25%) $55,514 

Constrnct-ion Management (20%) $44,412 

Permitting (10 %) $22,206 

TOTAL $344,190 

NOTE: Assumes fish l)assae:c is not required as oart of rcDlaccmcnt. 
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5.4.2 East Hammond Tidegate [CIP 2) 

The tidegate on the eastern side of the Hammond Marina drains approximately 147 acres that 
includes a portion of Hammond and some non-developed areas west of Ridge Road. The current 
tidegate is corrugated metal and 30-inches in diameter. Its inlet is at the intersection of Pacific Drive 
and Iredale Drive. The tidegate is in fair condition. Until the summer of 2007, the culvert was 
heavily corroded, allowing bi-directional flow. Warrenton Public Works temporarily repaired the 
culvert by removing the failed section of pipe and re-hanging the tidegate closer to where the 
culvert daylights from the banks of the shore. The culvert is over 1,000 feet in length and includes 
at least one bend. The condition of the culvert underneath the Hammond area is unknown. 
Surveyors were unable to fin<l the exact location of the culvert inlet during the Phase 1 data 
collection due to sedimentation and vegetation in the ditch upstream of the inlet. 

The proposed CIP would repair and refurbish 
the tidegate on a more permanent basis, 
including replacing the culvert if necessary. 
Unwanted bi-directional flows during high 
tide will be minimized. Design should include 
an alternative analysis that considers different 
tidegate options to identify one that allows for 
the most flushing while meeting flood control 
nee<ls. An upsize<l culvert would allow greater 
capacity in the system. The upsize might not 
be necessary because this area could drain east , / 
to the Brailler-Enterprise Ditch if some ~, 
conveyance connections were constructed and 
benefits from recommended maintenance 
were realized in that sub-basin. 
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Cost st,ma e or E . t f CIP 2 • Replacement of East Hammond T1de~ate and C ulvert 
Item Description Qtv Unit Unit Cost Total Cost 

Site Preparation 

Mobilization (10%) 1 LS $22,518 $22,518 

Erosion Control (5%) 1 LS $11,259 $11,259 

Demolition and Removal of Existirnr Structures I LS $17,850 $17,850 

Drainage 

36-inch Storm Pipe 1050 Li' $95 $99,750 

:Manhole, 60-inch 2 Ei\ $4,000 $8,000 

Concrete Inlets 1 Ei\ $1,200 $1,200 

Tidcgatc Slructure 1 Ei\ $4,000 $4,000 

Outlet Protection 1 LS $2,500 $2,500 

Surface Restoration 

P:wcmcnt Restoration (Asphalt Concrete) 13 Tons $280 $3,640 

Landscaoe Restoration (Seeding) 0.5 Aue $5,000 $2,500 

Sub-total $173,217 

Constrnction ContingeJlcy (30%) $51,965 

Construction Total $225,183 

Engineering (25%) $56,296 

Construction j\fanagcmcnt (20%) $45,037 

Permitting (10 %) $22,518 

TOTAL $349,033 

NOTE: 1\ssumcs fish passage is not required a;,; pan of rcpbccmcnt. 
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5.4.3 Tidegate Maintenance, Repair and Replacement Plan [CIP 3] 

The levees around Warrenton prntcct the City from tidal fluctuations of the Columbia River. 
Several culverts regulated by tidegates allow stoi:mwatcr rnnoff generated within the City to pass 
through the levees and into the Columbia or Skipanon Rivers. The levees arc inspected annually by 
the USACOE and arc reported by the USACOE to be in very good condition, with only minor 
repairs reguired after each inspection, which arc 1ypically completed by the City soon after receiving 
the report. In addition, the Portland District is in the process of surveying all of their levees and 
beginning a dsk assessment. Wanenton levees have been surveyed, but arc reportedly not among 
the first to be evaluated for risk. 

The culverts and tidcgatcs arc integral to the City's dtainage system and a potential week point in 
the levees. The age and condition of several of the existing culverts is questionable. It is 
recommended that the City initiate a condition assessment of the culverts, tidegat:cs, and headwalls 
to determine a priority for maintenance, repair, or replacement. This effort should be coordinated 
with the Corps of Engineers. 

,\ tidegate maintenance, repair and replacement plan would idcnLify Lidegates and culverts with 
structural discrepancies for maintenance, repair, or replacen1cnt> and, if necessary, clarify the 
permitting process required to take action. A preliminary inventory of the tidegates was 
accomplished during the Phase 1 portion of the project but did not prioritize the actions to be 
taken. Localized structural failures of the levees associated with leaking tidcgates can be minimized. 
Maintenance or repair would diminish unwanted bi-directional flow and reduce flooding in areas 
behind the tidcgates. 

NOAA Fisheries is the primary agency regulating tidegates. The agency has been contacted and has 
specific guidelines related to tidcgate management, maintenance, and replacement. NOAA Fisheries 
recommends that some of Warren ton's tidegates, which require replacement, be replaced with "fish
friendly" structures to protect and enhance habitat for ESA listed species. However, NOAA also 
recog11ius that not all of the City's tidegates will warrant this level of structure dul'ing replacement. 
Each tidegatc is different and should be st1.1died individually as part of the design. The dcsig11 
process should investigate the possible impacts to properties and be designed in a way that it: can be 
monitored post-constrnction and operation can be "adaptively managed". ln order to determine 
tbe appropriate plan, it is recommended that Warrenton conduct an inventory of the tidegates and 
their upstream and downstream associated resources. This effort will identify which tidcgates may 
require replacement, repair or 1naintcnancc. 

The scope of this CIP could include: 'IV Inspection of culverts, condition assessment of headwalls 
and pipes, natural resources inventory, cost est.in1atcs and in1ple1ncntation priority, and 
programmatic biological assessment for replacement plan. 
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Cost Estimate for CIP 3 - Tidegate Repair and Replacement Plan 

Item Description Qty Unit Unit Cost Total Cost 
Proiect 1fanarcmcnt (10%) I LS $11,505 $11,505 
Prnjcct i\.fcct.in(!:s I LS $5,000 $5,000 

Data CoHection 1 LS $2,500 $2,500 

Upstre.,im Natura! Resource Invcntorv I LS $8,000 $8,000 
Progrn.mmntic Biological Assessment I LS $15,000 $15,000 

TV Inspection 3,100 LF $5 $15,500 

Structurnl Condition Assessment I LS $20,000 $20,000 

1\nencv Coordination I LS $10,000 $10,000 

ReDort 1 LS $1\000 $15,000 

Pcrmittinu Su1mort 1 LS $2,500 $2,500 

Sub-total $88,500 

Contingency (30%) $26,550 

TOTAL $115,050 

5.4.4 3rd/4th Street Pump Station [CIP 4] 

The pump station west of Main Stl'eet between SE 3nl Street and SE 4th Street was installed in 1975. 
l t drains an estimated area of at least 186 acres, including most of downtown south of SW 2"" 
Street, plus some inter-basin flow from surrounding sub-basins. The current: pump has a 40 
horsepower, single-speed motor. Information about the performance of the pump was unavailable 
for this analysis. Pump performance was estimated at 9,000 gpm (20 cfs) based on information 
available. The pump is powered through the City's electrical gt:id and there is not: a back--up 
generator currently on-site. The pump must be taken offlinc for periodic and emergency 
maintenance. There is always the chance of power outage during a storm event:. Because the NE 1" 
Street: pump station is currently inoperable, this facility is the City's only metl1od of draining 
stormwatcr out of the downtown area during tides high enough to close the tidegates. 
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1\n upgrade of the pump station is recommended to improve reliability of the stormwater 
management system in the downtown area. Pump technology has advanced dramatically since the 
1970's. Multi•spced motors, high .. efficicncy pumps, and back-up power would increase the 
performance and reliability of this pump station. Several smaller pumps that cycle on as needed 
would increase energy efficiency and reduce wear on the system as a whole. An upgraded pump 
station would increase outflow of stormwater from the downtown area duting high tide conditions 
and reduce backwater effects and localiied flooding. N cw technologies would add redundancy to 
the system and ensure the required pump capacity is always available as needed. XP-SWMM was 
used to model this CIP and compare results with an existing conditions model. The pump station 
was consc,vativcly sized to handle a peak flowrate of 50 cfs (36,000 gpm) at 25 feet: of head. 
Preliminary modeling of the downtown area shows the potential to reduce flooding by an average 
of 1.2 feet in the southern downtown drainage system. 
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Cost Estimate for GIP 4 • 3''/4th Street Pumo Station 
Item Description Qty Unit Unit Cost Total Cost 
Site Preparation 

J\fobilization (8%) 1 LS $42,771 $42,771 

Erosion Control (3°1q 1 LS $16,039 $16,039 

Pump Station 

Submersible Stormwatcr Puml)s 2 Ei\ $95,000 $190,000 

Discharge ;\sscmblv 2 LF $14,000 $28,000 

Stainless Steel Guide Rails 2 LF $575 $1,150 

Control Panel 1 bl $70,000 $70,000 

Facility 

Excavation an<l Backfill I LS $8,000 $8,000 

36,.inch Storm PiDc - Inlet 20 LF $115 $2,300 

Wet Vnult l EA $30,000 $30,000 

30-inch Ductile Iron Pipe - Ontlct 150 LF $120 $18,000 

Outfall Protection I LS $5,000 $5,000 

Sub-total $411,260 

Constn1cdon Comingency (30%) $123,378 

Construction Total $534,638 

Eng:inccring (20%) $106,928 

Construction i\fanagcmcnt (10%) $53,464 

Permitting (5 %) $26,732 

TOTAL $721,762 

NOTE: This pump station is 11 concept design intended to handle the 2.5-ycnr design ston11 1 resulting in a consc1vative 

cost estimate. An alternative nnalysis will need to be pei:formcd during design to optimize lhe pump station design, 'l'hb 

would likch1 result in a lower cost alternative. 
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5.4.5 NE 1st Street Pump Station [CIP 5] 

The pump station at the internection of NE 1st Street and NE Skipanon Drive setves the noi:thern 
portion of the downtown atca and was installed in 1975. '!'he pump station and its tidegatc drains 
approximately 94 acres, including most of downtown north of SW 2nd Street, plus some inter-basin 
flow from surrounding sub-basins. It is believed that overflow from the Alder Creek basin can 
potentially drain to this pump station during high flows. The pump station itself is currently 
inoperable because the motor was moved to the SW 3rd/ 4th pump station in the mic\.-1990's. 
Runoff continues to drain through the 42-inch tidegatc when possible and backs-up the upstream 
system when the tidcgate is closed because of high tide. Public wotks staff has stated that much of 
the upstream system is typically full of water during most of the year, including the manholes and 
pipes associated with the NW 1st Stteet and llighway 104 crossings. 

An upgrade of the pump station is recommended to improve reliability of the stormwater 
management system in the downtown area. Pump technology has advanced dramatically since the 
1970's. Multi-speed motors, high-efficiency pumps, and back-up power would increase the 
performance and reliability of this pump station. Several smaller pumps that cycle on as needed 
would increase energy efficiency and reduce wear on the system as a whole. An upgraded pump 
station would increase outflow of stonnwater from the downtown area during high tide conditions 
and reduce backwater effects and localized flooding. New technologies would add redundancy to 
the system and ensure the required pump capacity is always available as needed. XP-S\VMM was 
used to model this CIP and compare results with an existing conditions model. The pump station 
was consetvatively sized to handle a peak flowrate of 50 cfs (36,000 gpm) at 25 feet of head. 
Preliminaty modeling of the downtown area shows the potential to reduce flooding by an average 
of 0. 7 feet in the noi:thern downtown drainage system. 
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Cost Estimate for CIP 5. NE 1st Street PumD Station 
Item Descrintion Qtv Unit Unit Cost Total Cost 
Site Preparation 

i\fobili:;,ation (8%) 1 LS $42,771 $42,771 
E1m:ion Control /3%\ I LS $16,039 $16,039 

Pump Station 

Submersible Stormwate.r Pumns 2 EA $95,000 $190,000 
Discharoc J\sscmblv 2 LF $14,000 $28,000 
Stainless Steel Guide Rails 2 LF $575 $1,150 
Control Panel 1 Eil $70,000 $70,000 

Facility 

Excavation and lhckfill I LS $8,000 $8,000 
36-inch Storm Pipe - Inlet 20 LF $115 $2,300 
Wet Vault I Eil $30,000 $30,000 
30-inch Ductile hon Pioc - OutJct 150 LF• $120 $18,000 
Outfall Protection I LS $5,000 $5,000 

Sub-total Hll,260 

Cons1ruction (:ontingency (30°/o) $123,378 

Construction Total $534,638 

Engineering (20%) $106,928 

Constrnction Management (10%) $53,464 

Permitting (5 %) $26,732 

TOTAL $721,762 

NOTE: This pump station is a concept design intended to handle the 25-ycar design slorm, resulting in a conservative 

cost estinrntc, .An alternative analysis will need to be pcrforrn.cd during desig11 to opti111ize the pump station dc~ign. 

This would likdv res1.1lt in a lower cost alternative. 
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5.4.6 West Hammond Storm Conveyance [CIP 61 

The West Hammond sub--basin consists of approximately 316 acres of urbanized and rural land. 
'l'his area of Warrenton is at: a slightly higher elevation than areas to the cast and a smaller 
percentage of wetlands exist here. As a result, the impacts of full build-out are greater here. For 
example, the 25-year peak flow rate increases from 35 cfs for current conditions to 88 cfs for full 
build-out, an 150 percent increase. The current system wraps around the neighborhood to the west 
of Lake Drive. The street crossings arc made using 30-inch pipes and the remainder of the systcrn is 
open ditch. The drainage ditch between 2nd and 3,·d Avenue is of adequate size and is in good 
condition. The drainage ditch south of 3'·d Avenue and the channel between 2nd Avenue and the 
tidcgatc culvert arc both undersized and choked with vegetation. The entire conveyance system is 
almost flat and some of the culverts arc reverse grade, sloping slightly upstream. The current system 
is near capacity due to lack of regular maintenance and therefore unable to handle such an increase 
in flows. Localized flooding, primarily around the drainage ditches and north of 2nd .Avenue occurs 
during large storm events, especially during high tides when Columbia River water is able to flow up 
into the system thrnugh the missing tidegate. 

Upsizing the culverts in the system and cleaning out the drainage ditches will improve drainage 
conditions during storm even ts, especially if the tidcga te is repaired. An XP-SWMM model was 
used to simulate the proposed imprnvements and compare with the existing conditions. Future 
development conditions were used to predict future runoff rates and volumes. The 25-year storm 
event was used for the model comparisons. The t:idcgate was assumed to be operational, upsizcd, 
and lowered one foot in elevation (as proposed in Cll' 1 ). Rccommenda1ions include upsizing 
culverts, cleaning the drainage ditches, and upsizing the drainage ditch north of 2nd Avenue and tl1e 
drainage ditch south of 3•" Avenue as shown in Figure 11. Model results show that upstream 
flooding would be reduced by an average of 1. 7 feet. This is predicted to eliminate localized 
flooding in the area for events up to the 25-year storm event. 

74 



Cost Estimate for CIP 6 • West Hammond Storm Convevance lmorovements 
Item Oescrintion Qtv Unit Unit Cost Total Cost 
Site Preparation 

i\-fobilizadon (10%) 1 LS $8,766 $8,766 
Erosion Control7511/~ l LS $4,383 $4,383 

I )crnoli1ion and Removal of Existinrr Structures 1 LS $5,495 $5,495 

Drainage 

36-inch Storm Pinc 250 LF $100 $25,000 
48-incb Stonn Pinc 30 LF $155 $4,650 
Concrete Inlets 4 EA $1,200 $4,800 

Earthwork 

Ditch Clcariiw 0.2 J\ci:c $11,000 $2,2.00 
Ditch Excavation 539 CY $15 $8,085 

Surface Restoration 

Pavement Restoration (Asnhalt Concrete) 9.3 'fems $280 $2,604 
Landscaoe RcBLoration (Secdirnr) 0.29 Acre $5,000 $1,450 

Sub••total $67,434 

Construction Contingency (30%) $20,230 

Construction Total $87,664 

Engineering (25%) $21,916 

Construction l\hnagemcnt (20%) $17,533 

Permitting (10 %) $8,766 

TOTAL $135,879 
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5.4.7 East Hammond/Brailler-Enterprise Ditch Storm Conveyance & Pump Station [CIP 7] 

The East Hammond (150 acres) and Brnillcr-li:nteqJrisc Ditch (450 acres) sub-basins arc located in 
the Hammond area of Warrenton. They arc linked through a series of drainage ditches that run just 
south of, and parallel to Pacific Drive. This main line of ditches drain to the east Hammond Marina 
and Enterprise Ditch tidegatcs. The .Hammond Marina tidegatc has experienced corrosion problems 
that have allowed bi,.directional flow at this location. The Enterprise Ditch tidegatc has a history of 
sedimentation prnblcms that: require periodic maintenance. The tidegatc has at times been stuck 
open and allowed bi-directional flow or stuck dosed. Many of the drainage ditches that drain to 
these tidt~gates arc choked with vegetation and sedirncnts that ptcvcnt certain atcas fron1 draining 
properly. Local observations and modeling shows the existing drainage system is incapable of 
handling large storm events. Localized flooding occurs in several parts of the Hammond area, 
including along Pacific Drive between King Salmon St and Iredale Drive, near the intersection of 71" 

J\venue and Hectca ;\venue, and along Pacific Drive in the vicinity of Chinook Street. 

The two sub-basins cover a large area and a large conveyance system already connects them 
together. i\ single pump station could be constrnctcd to benefit both sub-basins. Conveyance 
improvements would mostly involve clearing existing ditches. Placing the pump station in the 
vicinity of the Enterprise tidegate would allow the stormwater pumps to augment the outflow 
through the tidegatc, especially during high tides when the gate is closed. llpsized culverts and 
ditches are recommended in several places to enhance the flow of runoff to the tidcgatc and pump 
station. Maintenance of the Brailler-Enterprise Ditch would also restore capacity to this area's storm 
drainage system. See Figure 13 for a detailed map of the area and the recommended upgrades. XP
SWMM was used to model this CIP with and without the pump station. Results were compared 
with the existing conditions model. The pump station was conservatively sized to handle a peak 
flowrate of 80 cfs (36,000 gpm). Proposed improvements without the addition of a pump station 
lowered water surface levels for the 25-ycar design storm by 0.5 feet in the cast Hammond sub
basin, but did not improve the flooding situation in the F•'.ntctprise sub-basin. The addition of a 
pump station reduces water surface elevations by 0.6 feet in the cast: Hammond sub•·basin and 1.4 
feet in the Enterprise sub-basin. Improvements of over 2.0 feet were seen in areas in the close 
vicinity of the Enterprise tidegate. The addition of road side ditches along Pacific Drive (Hwy 104) 
that connect to the lintcrprise Ditch will allow the majority of the Highway 104 corridor in 
Hammond to drain, regardless of tidal conditions or storm intensity. 
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Cost Estimate for CIP 7 • East Hammond/Brailler-Enterprise Ditch Storm Conveyance Improvements 

Item Description Qtv Unit Unit Cost Total Cost 
Site Preparation 

Mobilisation (10%) 1 LS $37,496 $37,496 
Ernsion Control (5%) 1 LS $18,748 $18,748 
Removal of Existing Sttuctu1·cs 1 LS $9,960 $9,960 

Drainage 

18-inch Storn1 Pipe 77 LF $75 $5,775 
24-inch Storm Pipe 384 LF $95 $36,480 
36-inch Storm Pipe 62 LF $100 $6,200 
Manholes, 48-inch 3 E/\ $4,000 $12,000 
ConC1'ct.c Inlets 7 EA $1,200 $8,400 
RcDair 'J'idcgatc Structure 1 LS $10,000 $10,000 

Earthwork 

Ditch Clearing 3.15 Acre $11,000 $34,650 
Ditch Grading 1,393 CY $18 $25,074 
Ditch Excavation 66 CY $15 $990 

Surface Restoration 

Pavement Restoration (A:mhalt Concrete) 57 Tons $280 $15,960 
Landscape Restoration (Seeding) 1.74 J\crc $5,000 $8,700 
Ripati0.n/\Y./ctfand Restorn.tlon 1.45 Acre $40,000 $58,000 

Sub-torn! $288,434 

Construction Contingency (30%) $86,530 

Construction Total $374,964 

Engineering (25%) $93,741 

Construction j\,fanagcment (20%) $74,993 

Permitting (10 %) $37,496 

TOTAL $581,194 

NOTE: ,\ssumcs fish passage is not rc9i1ircd part of any culvert replacement. 
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CIP 7 Cost Estimate. Enternrise Pumn Station 
Item Desci'intion Qtv Unit Unit Cost Total Cost 
Site Preparntion 

?v1obilizadon (10%) 1 LS $99,668 $99,668 
Erosion Control (5°/~ 1 LS $49,834 $49,834 
Pump Station 

Submcu;iblc Stonnwatcr Pumns 3 Iii\ $114,200 $342,600 
Discharee J\sscmblv 3 LF $15,450 $46,350 
Stainless Steel Guide Rails 3 LF $575 $1,725 
Control Panel 1 Ei\ $90,000 $90,000 

Facility 

Excavation and Backfill 1 LS $10,000 $10,000 
48-inch Swi:m PiDc - Inlet 300 LF $155 $46,500 
Wet Vault 1 Ei\ $40,000 $40,000 
:36-inch Ductile fron Pioc - Oudct 200 LF $150 $30,000 
Outfall Protection 1 LS $10,000 $Hl,OOO 

Sub-total $766,677 

Constrnction Contingency (30%) $230,003 

Construction Total $996,680 

Engineering (25%) $249,170 

Construction Management (20%) $19'),336 

Permitting (10 %) $99,668 

Land Acouisition (0.25 ,.\ere\ 1 l.S $400,000 $400,000 

TOTAL $1,944,854 

NOTE: This pump Stillion is a concept design intended to handle the 25-ycar design storm, resulting in a conservative 

cost: estimate. An alternative analysis will need to be perforrncd during design to optimi'.I.C the pump station design. 

This would likdv result in a lower cost alternative. 
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5.4.8 Ditch Maintenance [CIP 8] 

The City of Warrenton needs to be able to operate and maintain drainage ditches for conveying 
stormwater through the City and into receiving waters including the Skipanon and Columbia Rivers. 
The City has not been able to perform routine maintenance on many of their drainage ditches. 
Many ditches have reduced capacity due to vegetation and/ or accumulated sediments and are in 
need of cleaning. In some cases, the water within these ditches in not able to drain properly leading 
to degraded water quality. 

Developing a ditch O&M plan will enable the City to properly upkeep their stormwatcr conveyance 
system. However, at this time, no analysis has been completed to determine if a permit must be 
obtained to complete such maintenance. 

The O&M plan can be submitted to the regulatory agencies to obtain a single pennit; thereby, 
avoiding the need for a new permit through USACOE/DSL each time the same activity is required 
to maintain the ditches. This approach will provide for a long-term (5-year) permitting cycle. NOAA 
Fisheries and the Portland District of the USA COE arc the agencies regulating ditch O&M. Both of 
these agencies have been contacted and they uniformly recommend adapting relevant portions of tl1e 
ODOT Routine Road Maintenance Guidelines. These guidelines provide for specific O&M practices 
related to ditch maintenance including, water quality and stream habitat BMPs. The guidelines were 
developed in consultation with ODOT, NOAA Fisheries, USACOE, and ODFW. All have 
approved their use in Oregon. 

Ditch Maintenance Permit: On the occasion a pennit is ultimately required of the City to maintain its 
existing drainage ditches, the guideline for ditch shaping and cleaning (Activity 120) may be 
appropriate for the City to use in pursuing either a Nationwide or Programmatic permit through the 
USACOE and NOAA Fisheries. Both of these permits are valid for a 5-year cycle and would cover 
all ditch maintenance activit-ies under one permit for the duration of that permit. 

Assuming it was determined tl1at pcnnitting would be necessary for the City's continued 
maintenance of its existing ditch system, the goal of this approach is to have a long-term pennit to 
maintain ditches which will allow for efficient storrnwater passage, storage, and infiltration, while 
minimizing the impacts to receiving waterways and fish habitat. The work covered under .Activity 
120 includes use of equipment for cleaning and reshaping of ditches such as loading, hauling, and 
disposing of excess materials. The material that is removed must: be taken to an approved location 
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for disposal or storage. Vegetation removed in the ditch is also included during deaning. '!'he cost 
estimate includes the submittal of all permitting documentation associated with the ditch O&M 
plan. 

Cost Estimate for CIP 8 -Ditch Maintenance Permit 
Item Descriotion Qtv Unit Unit Cost Total Cost 
Project Management (10°/o) 1 LS $5,200 $5,200 
l)ata Collection 1 LS $5,000 $5,000 
Project j\,fcet.ings 1 LS $5,000 $5,000 
Agencv Coordination 1 LS $10,000 $10,000 
Draft P{\nnit Preparation ] LS $15,000 $15,000 
Final Penn.it PreJ)arntion 1 Lo $5,000 $5,000 

Sub~total $40,000 

Contingency (30%) $12,000 

TOTAL $52,000 

5.4.9 Local Monitoring Program [CIP 9] 

V cry little monitoring data is available to the City of Warrenton to describe hydrologic conditions 
such as stream flow, precipitation and 6n:oundwater. The cost associated with data collection in the 
past has not been justified. Howevc,·, data generated by a monitoring program would prove 
invaluable to the implementation of this Stormwatcr Management Plan and its associated C:IP's. 
Stonnwater models created for CIP design would have data available for model building and 
calibration, resulting in a higher accuracy. Data would be used to show the effectiveness of tidegates 
and stormwater facilities. Operation of these facilities could then be adjusted to improve 
management of the existing infrastructure and available resources. 
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Recommended monitoring facilities would include: 

• Rain gauge for downtown area and Hammond. A rain gauge already exists at the airport. 

• Streamflow gauges for key streams within the City including the Skipanon River, Alder Creek, 
and larger sloughs. 

• Groundwater monitoring wells in areas where rising 
or dropping water tables arc a concern. 

The cost: estimate includes the installation, monitoring, 
and n1aintcnancc of two rain gauges, ten strcan1 gauges 
and three groundwa t:er monitoring wells. 

• Recommended rain gauge locations: Hammond, 
Down town, and Airport. 

• Recommended stream gauge location,: two on Alder 
Creek, two on Skipanon River, one on 1--lolbrook Slough, 
two on Adams (Vera) Slough, one on Skipanon Slough, 
one on Tansy Creek, one on Brailler-Enterprise Ditch. 

" 

• Recommended groundwater locations: Hammond, Downtown, Costco/Fred Meyer area . 
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Cost Estimate or CIP 9 • Local Monitorina Program 
Itetn Description Qty Unit Unit Cost Total Cost 
Site Preparation 

(Trnund \X/ater Well) Parts/Installation 2 E1\ $1,000 $2,000 

Surface \'1/nter Stilling \X'ell, Parts/1 nstallation 10 EA $1,000 $10,000 

Rain Cmigc Platform, Parts and Installation 2 E1\ $1,500 $3,000 

Initial S,uvcy, Placement of Benchmarks 1 LS $15,000 $15,000 

Monitoring Equipment 

lhin Gauge, Tipping Bucket 2 EA $500 $1,000 

Multi-channel Data Logger 2 Eil $1,000 $2,000 

Data Lo<Yffcr Case and 12\l Baucrv 2 Ell $200 $'100 

Downlond Packal!c for Data lom,er 2 l:c1\ $600 $1,200 

\'{Inter Level l ,oggci: 13 E1\ $800 $10,400 

Dh,rital \Xi\1tcr V clocitv Meter I EA $1,500 $1,500 

Labor 

Instrument Installation •· \'<later Level Ginin.;c 13 EA $200 $2,600 

lnstrnmcnt J.nst:1.llation - Rain Gaw•c 2 EJ\ $800 $1,600 

Open Channel Flow lvk:asurcmcnts - 3 vc.irs 240 HR $55 $13,200 

Data Download / Processine - 3 years 288 ]JR $55 $15,840 

Equipment J\-faintcnance - 3 vears 78 !IR $55 $4,290 

Sub--tol"al is4,030 

Contingency (10%,) $8,403 

Snb-•'l'otal $92,433 

Eng1nccring (25%) $23,108 

Permitting (10%) $9,24:l 

TOTAL $124,785 
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5.4.10 Downtown Storm Conveyance Improvements [CIP10J 

The downtown area currently drains to one of two tidegatcs, creating two distinct sub-basins. The 
norrhem sub-basin, which drains to the tidegatc on NE 1st Street, is approximately 67 acres. The 
sourhern sub-basin drains to the tidegate and pump station between SW 3,<1 Avenue and SW 4th 

Avenue and is approximately 124 acres. Both basins arc developed, particularly the soutl1ern portion 
of rl1e downtown area. The existing conveyance system in tl1e downtown area consists of a series of 
storm pipes, ditches, and culvert crossings. The system was constructed in pieces over time as 
development occurred. As a result, the system docs not function very efficiently. Pipes and ditches 
arc undersized and clogged with vegetation and debris. Some pipes arc sloped opposite to the 
direction of flow. Key manholes and pipes arc inundated with water during the wet months of fall, 
winter and spring because they are unable to drain. Improvements to the system would help the 
downtown area drain propei'ly, especially in conjunction with upgrades to the pump stations. 

Most conveyance improvements arc proposed to occur along SW 4th Street and SW Alder Avenue. 
The downtown area's main drainage conduits run down these streets on their way to the pump 
station located between SW 3"'1 and SW 4th Streets. Upsizing and re-positioning these pipes will 
enhance the flow of stormwater out of the downtown area. Cleaning drainage ditches and upsizing 
the ditches that arc a part of these key flow paths will reduce localized flooding and increase the 
flow of stonmvater to the Skipanon River. The larger stormwater system will also provide more 
capacity and usable stonwwatcr storage in downtown Warrenton. 

This CIP also ptoposes improved connectivity between the two pump stations that serve the 
downtown area. The downtown area is very flat and the conveyance system allows for bidirectional 
flow depending on hydrologic conditions. Improving the conveyance connection between the two 
sub-basins will create redundancy which will allow stormwater to flow to either pump station during 
periods of high flow. J f a tidcgatc is clogged or a pump station goes offline in one half of the 
downtown area, stonmvater will be able to flow to the outlet on the other half until the repairs have 
been made. 'J'hc best place for this connection is into the U·•shaped swalc at the intersection of SW 
;\Ider ;\venue and NW 1" Street:. 'I'he connection could be made with only one piece of pipe 
approximately 100 feet in length. This CIP would not be beneficial until the downtown pump 
stations arc upgraded. 

Modeling of the proposed CJP in combination with the pump station upgrades, using XP•-SWMM, 
result in an average water level reduction of 0.87 feet for the northern pot:t:ion of downtown area 
and 2.00 feet for tl1c southern portion as compared with existing conditions. 
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ost s ,mate or C E f f CIP 10 • Downtown s torm C onve t ance mprovemen s 
Item Description Qtv Unit Unit Cost Total Cost 
Site Preparation 

Mobilization (10%) 1 LS $55,600 $55,600 
Erosion Control (3%) 1 LS $16,680 $16,680 
Removal of Structures and Obstrnctions 1 LS $5,440 $5,440 
Drainage 

18-inch Stonn Pipe 837 LJI $65 $54,405 

24-inch Stonn Pipe 1533 Ll' $70 $107,310 

30--inch Storm. Pipe 490 LI' $90 $44,100 

36-inch Storm Pipe 342 LF $115 $39,330 

:tvfanholes, 48--inch 6 EA $4,000 $24,000 

fvlanholes, 60-inch 3 Ei\ $5,500 $16,500 

Concrete J nlcts 8 Ei\ $1,200 $9,600 

Earthwork 

Ditch Clearing 0.87 Acre $11,000 $9,570 

DiLch Excavation 891 CY $15 $13,365 

Surface Restoration 

Pavement Restoration (Asphalt Concrete) 98 Tom; $280 $27,440 

Ditch/l,nndscapc Restoration (Sce<linrr) 0.87 Acre $5,000 $4,350 

Sub-total $427,690 

Constn1ction Contingcncv (30%) $128,307 

Construction Total $555,996 

r~11ginccrin12 (25%) $138,999 

Constrnction tvfanagcmcnt (20%) $111,199 

Pennitting (10 %) $55,600 

TOTAL $861,794 

5.4.11 Sanitary Sewer Inflow/Infiltration (1/1) Study [CIP 11 ] 

The City of Warrenton constructed a new wastewater treatment: plant in 2006. Public woi-ks staff 
have indicated that most of the City's system is old and suffers from the typical problems associated 
with an aging system. Inflow and infiltration of stormwater and groundwater into the sanitary sewer 
system creates additional and unnecessary treatment costs for the City. ln addition, sewer lines have 
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the potential to exceed capacity during storm events due to the presence of stormwater runoff. 
Reducing inflow and infiltration throughout the City will lower annual wastewater treatment costs 
and allow the City's sanitary sewer system to function as designed. 

There are several methods to determine sources of inflow and infiltration. These include: smoke 
testing, dye testing, TV inspection, and flow monitoring. In addition, rainfall monitoring is helpful 
in correlating higher inflow and infiltration ·with rain events. Smoke testing pumps smoke into the 
sanitary sewer system to check for broken pipes, manhole or catch basin. It can also show where 
roofs and foundations are connected to the sewer system. Dye testing involves using a flourizine 
dye to discover inappropriate connections in the sewer system. Dye can be introduced to potential 
sources, such as catch basins and roof drains. Sanitary sewer lines downstream of these locations 
can be checked for evidence of the dye. TV inspections involve first cleaning the sanitary sewer 
connection and the area to be inspected, 
then using a closed circuit TV camera to 
film the sewer line. 'lhese inspections 
can reveal breaks, root intrusion, leaking 
water, and deteriorating conditions. 
Flow monitoring involves inserting flow 
meters directly into the sewer lines, 
typically at manholes, and measuring tl1e 
flow through the line. This can be 
helpful in determining where in the City 
the excess flow is coming from, as well 
as determining when the peak flow 
occurs and what the conditions arc 
when it occurs, i.e., rain storm or high 
tide. Warrenton is already in the process 
of installing some flow meters in the 
City system to investigate the inflow and 
infiltration problem. 

@~~~---•- ~ .. U¥~• 
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C E f t f CIP 11 S . ost s 1ma e or . anitarv s ewer Ill S d tu IV 
Item Description Qtv Unit Unit Cost Total Cost 
Preparation 

i\fobilization (10%) 1 LS $9,126.15 $9,126 
Prcpamtory Cleaning for '1'V Jnspection 10,000 LF $1.25 $12,5011 

Sanitary Sewer Inspection 

Smoke Testing 84,SOO LF $0.35 $29,575 
'IV Inspection 10,000 LF $1.45 $14,500 

Flow MonitorinR 10 E1\ $250.00 $2,500 
Dye Testing and L•'.v:1.h1ation 10 EA $200.00 $2,000 

Sub-total $70,201 

Contingency (30%) $21,060 

Inspection Total $91,261 

Engineering (25%) $22,815 

Pcrmining (5°/o) $4,563 

TOTAL $118,640 

5.4.12 Stormwater Rate Study [CIP 12] 

The City of Wanenton currently collects a stormwater fee as part of every sewer bill. The rate 
averages to about $3.76 per household each month to fund operation and maintenance of the City's 
stottnwatcr systctn. 

To adec1uately fond theii: stormwater management system, the City should re-evaluate the cost to 
operate and maintain their stormwater system including implementation of the recommended 
ClP's. 

The scope of the funding analysis could include: 

• An estimate of total and annual Stonnwatcr Management costs, developed by combining the 
capital project costs and program costs annualized over a 10 or 20-year planning period. 

An evaluation of financial alternatives in a n1atrix fonnat (i.e. - developer itnpact fees, loans, 
grants, revenue bonds, and incrcrncntal tax financing). 
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• A comparison of stormwater financial plans from one or more neighboring jurisdictions . 

• Revenue needs, cost of service (i.e., financial plan), and rate analyses to support changes to the 
existing stormwater fee. This would include policies for discounts, credits, and waivers for senior 
citizens, disabled, handicapped, schools, city roads, state highways, businesses with approved 
stormwater management and water quality treatment facilities on-site and properly maintained on an 
annual basis, and other special user groups. 

• Review of the City's cutrent stormwater rate 1:ecovcring philosophy and rate structure with 
rcco1n1ncndcd revisions. 

• I)i-aft revisions to stonnwater rate ordinance, and a developer i1npact fee ordinance l:i,c. systc111 
development charges (SDC's)], as needed to support conclusions of the funding analysis. 

• Project Management and Public lnvolvcmcnt 

Estimated Cost: $15,000 • $25,000 

5.5 CIP Implementation Recommendations 

The implementation schedule will be driven by the availability of funds and priority of Stormwatet 
Management relative to other City infrastructure needs. 'I'hcrcforc, implementation 
recommendations arc grouped by level of priority, relative to other (]P's. 

Several ClP's should be implemented as quickly as possible. There is very little difference in urgency 
between CJP LEVELS 1 and 2. The City has funds available to begin implementation of the 
Stormwatcr Management Plan and it is recommended that Cll' LEVEL 1 as identified in Table 5.2 
is funded first. 
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Table 5.2: Recommended LEVEL 1 Capital Improvement Projects 

CIP 3 Tidegate Repair & Replacement Plan 

The City relics upon the levee system along the Columbia River for protection from tidal fluctuations and 
flooding. A failure in the levee system could be costly in terms of damage to property and repair of the levee 
failure. Army Corps of Engineers is undertaking inventory and risk assessment oflcvecs in the Portland 
District. However, the full scope and timcline for risk assessment of the Warrenton levees is unclear. The 
tidegates and culverts arc the most likely location for a failure due to the ability for water to penetrate into 
the levee through an eroded head wall ot a corroded pipe. lt is in the City's interest to complete an 
evaluation of the condition of the tidcgates and associated culverts. The cost and priority for repair or 
replacement can be determined as a nart of the studv. 
CIP 4 - 3«1 / 4th Su·eet Pump Station 

Downtown Warrenton relics upon this pump stat.ion to remove stormwatcr from the downtown area during 
high tides. This pump station should be upgraded first. ln addition, the existing motor can be re-installed on 
the NE 1st Street pump station until funding becomes available to replace the NE 1" Street pump station. 
CIP 8 - Ditch Maintenance Permit 

Much of the City's conveyance system is comprised of di:ainage ditches, many of which ate regulated by the 
Army Corps of l<:ngineers. '!'his CIP would address the process involved in performing ditch maintenance 
by first identifying whether a permit is necessary, and if so, to obtain the regulatory compliance necessary to 
maintain the Citv owned drainaffe ditches. 
CIP 12 - Stormwater Rate Study 

The City needs to identify sufficient funding sources to implement the recommended Capital Improvement 
Plan~ continue on-going tnaintenance, and 1naintain/ repair the levee systc111. 
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The CIP LEVEL 2 as identified in Table 5.3 should also be considered a high priority. However, 
there arc interim measures identified for each one that can be implemented ahead of the complete 
Cl P while the funding source is being determined. 

Table 5.3: Recommended LEVEL 2 Capital Improvement Projects 

CIP 1- West Hammond Marina Tidcgatc 

Jf the decision is made to hold off on implementing tfos ClP, the City should attempt to consttuct interim 
repairs to this tidegatc similar to those completed during summer 2007 on the East Hammond tidcgatc. This 
will improve operations of the existing system until CIP 3 can assess the structural condition and 
recommend a priority for replacement. The study may find that the interim fix will be sufficient for an 
extended period of time. 
CIP 2 - East Hammond Marina Tidegatc 

The City public works removed some length of deteriorated pipe and reinstalled the tidegatc on a section of 
pipe that was closer to the banks. This will improve operations of this tidcgate for as long as the existing 
pipe holds together. CIP 3 will assess the structural condition of the pipe and may recommend expediting 
this CTP, or may find that the interim fix will last for an extended period of time. 
CIP 5 - NE 1st Street Pump Station 

Tmplcment:ation of CIP 4 should include moving the existing pump motor back to the N.F\ 1st Street Pump 
Station so that it can be partially operational, until such time as funds arc identified to replace and upgrade 
this pump station. 

Stormwater system improvements arc typically implemented starting at the downsu:eam end, and 
working upstream through the system. C!P LEVEL 3 as identified in 'fable 5.4 arc important to 
reducing localized flooding and improving system capacity for future growth of the City, but arc less 
effective if the portions of t:he downstream system have not been improved. Therefore, it is 
recommended that Cll' LEVEL 3 be implemented as resources become available. CJP LEVEL 3, 
offers the most: opportunity for cost savings because they include elements that can be implemented 
by City staff without having to go through a dcsig11-bid-build prnccss. 
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Table 5.4: Recommended LEVEL 3 Capital Improvement Projects 
CIP 11 - Sanitary Sewer Inflow /Infiltration Study 

Results of this study may identify high priority stonnwater projects that would reduce inflow of surface 
water to the sanitary sewer svstctn. 

CIP 6 -West Hammond Storm Conveyance 

This CIP can be implemented in pieces as resources become available. lt's impoftancc will increase as 
further urbanization occurs in the West lfammond sub•-basin. 

CIP 7 -East Hammond/Enterprise Storm Conveyance and Pump Station 

This CJP is the most expensive and likely to require the most effort to implement. It includes land 
acquisition and potentially challenging permitting. However, this CJP can be implemented in pieces as 
resources become available. Partial upgrades to the conveyance system can reduce localized flooding in 
some areas by connecting low points to the main conveyance routes. 

CIP 9 - Local Monitoring Program 

This CJP can be implemented in pieces. Citizen •t student participation may result in significant cost 
savings and public education. 

CIP 10 - Downtown Storm Conveyance Improvements 

It is recommended that this CJP be implemented as part of street improvement projects throughout the 
downtown area. 

The City hosted an Open House for the Stonnwater Management Plan project on October 30, 
2007. According to the sign-in sheet, the event was attended by 12 residents of the Warrenton 
Community. A copy of the sign.in sheet is provided in Appendix l. r,:ach of the twelve capital 
improvement projects recommended in the Draft Stonmvatcr Management Plan was displayed on 
easels around t11e room. Staff from Otak was available to answer questions and explain the projects. 
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Attendees were each given a red, yellow, and blue sticker to place on the display board for the 
capital projects that were most important to them. Green stickers were provided to mark areas for 
which residents wanted to prnvide a written comment and then they were asked to fill-out a 
comment form to cla borate on their comment. 

Table 5.5 summarizes the feedback received from the residents at tl1e open house on the 
recommended Capital Improvement projects. An overall score was calculated by assig11ing three 
points for every 1st priority vote, two points for every 2"" priority vote, and one point for every Y" 
priority vote. 'J'his is not an exact science, but generally captures the relative importance that 
attendees placed on the projects. 

Table 5.5: Summary of Capital Project Ranking by Attendees at Open House 
PRIORITY 

CIP TITLE 1" 2nd 3,, 
7 East Hammond/Enterprise Sub-basin Drainage Improvements 3 5 

8 Ditch Maintenance Permit 4 1 1 
3 Tidegate Repair and Replacement Plan 1 4 

4 Refurbish SE 3rd Pump Station 3 l 

1 Refurbish West: Hammond Tidegatc 2 

2 Refurbish East !Jammond Tidegate 1 

5 Refurbish NE 1st Pump Station 1 

10 Downtown Conveyance System Improvements 1 

9 Monitoring l'rngram 1 

6 West Hammond Storm Conveyance 

11 Sanitary Sewer lnflow/fofilt:ration (l/l) Study 

12 St:ormwat:er Rates Study 

Score 
19 

15 

7 

7 

4 

3 

3 

3 

1 

0 

0 

0 
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a significant element of the East f.Iammond/Brnillcr--Entcrprise Ditch Drainage Improvements 
[CII' 71 project involves cleaning of ditches to improve conveyance. Based upon this, ditch 
maintenance seems to be the biggest concern of residents attending the open house, and 
implementation of CIP 8 is recommended as the highest priorities to implement. 

There were seven written comment forms received. The comments arc summarized in Table 5.6. 
Copies of the original comment forms arc provided in Appendix l. 

Table 5.6: Summary of Comments Received 
··-

• No c1J·aina,it otf 200 block of Main Court between SW 2nd & SW 4'" · SW 3«1 St. @ Main Court 
1s un crw -er< unng stonn events. 

. Drainage problems SW Birch 1\ ve. & SW 2nd St. during storm events . 

• SW 2nd Ave. & SW Elm Ave. high water during storm events . 

Thank you for this significant effort to understand and manage our stotrnwatcr systcrn. I want to confirm that the 
Sldpannon \XTatcrshcd Council is interested in partnerships to improve salmon passage and connections to sloughs and 
wetlands. The Council has funding and follows the state "Orep·on Plan fot Salrnon and \Xiall:':rt:.hcds". 
I also am interested in opportunities for landscaping ditches near the Warrenton Waterfront. trail system 
such as the north side of NE 1" Street. Possible bioswalc and xcriscaping with native wet.land plants for 
some biofiltration of pollutants !)t'ior to discharo·e into the rivers. 

I am concerned about the natural filling of all the ditches and t:.loughs of Warrenton, creating a higher general water 
table most of the yc~ir. This creates soggy soil and fallen large spruce trees, roots and all during our annu:al ,-i..1inter 
storrns. Also, the highct general water table is detrimental to septic tank systems of which there still are m;:iny in the 
city. \'Vb.en septic systems don't function properly, results in poor general water c.iuality. 

I-Iigh tides, days of rain -- cause flooding yards, houses, etc. Inac.kc.1uatc drainage & fish friendly tidcgatcs can also 
contribute to ovctall higher water table. Tlrnnk you for informing us on the sl'ormwatcr dtainagc plans. 

As property owners, we have major issues concerning Cll'S Ditch Maintenance Permit and CJP3 'l'idegate 
Repair and Replacement Plan. 
Concern about the area between SW 3n1 and SW 9'" along Main Street that floods "every time" it rains 
substantially. This should be an area of primary concern. 
The second area of concern is in Hammond west of Lake Road and towards the river from Pacific Drive 
that also {(floods" "evc.rv tin1c,, it rains substantiallv. 
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Section 7.160 Stormwater (See Stormwater Master Plan for more 
detailed information) - The City of Warrenton contracted with HLB
OTAI(, Inc. in 2007 for Phase 2 of their Stormwater Master Plan to study 
their stormwater management system and develop a stormwater 
management plan with Capital Improvement projects for the City to 
implement in anticipation of continued growth. 

The City previously undertook Phase 1 of the effort, working with CH2M 
Hill and HLB, Inc. to perform a large data collection effort that included 
an inventory of the tidegates and topographic survey data on many of the 
stormwater conveyances in Warrenton. 

The scope of work for Phase 2 included Meetings, Public Involvement, 
Characterization of the City's watersheds, development of a stormwater 
management strategy, and preparation of a Stormwater Master Plan that 
includes recommendations for existing facility maintenance and a Capital 
Improvement Plan. The stormwater management strategy was primarily 
focused on conveyance and flooding issues. 

Section 7 .161 Basin Boundaries, Location and Areas - The Study 
Area was divided into four major basins based on drainage to Alder 
Creek, Skipanon River, Lewis and Clark River and directly to the 
Columbia River. Only a small portion of the City drains to the Lewis and 
Clark, the remainder is divided among the other three basins. 

Each basin was divided into subbasins based on topography and 
locations of levees, roads and existing conveyance features such as pipes 
and ditches. Information from conversations with City employees and an 
April 2007 site visit was also factored into the determination of basin 
boundaries. A total of 38 sub basins were delineated, 30 of which are 
completely within the Study Area and 8 that are partially within the 
Study Area but still contribute stormwater runoff. The total contributing 
area, excluding subbasins that empty to the Columbia or Skipanon River 
without first passing through a tidegate is approximately 5727 acres. 
Figure 4 shows the major basin and subbasin boundaries for the Study 
Area. 
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The topography of the Study Area, especially within the developed area is 
fairly flat. As such, the subbasins interact with each other in both 
directions, not just upstream to downstream. Stormwater flows in and 
out of the subbasins depending on the tidal conditions and storm 
magnitude. These interactions create complex drainage patterns which 
are heavily influenced by factors such as antecedent soil moisture 
conditions and groundwater. In some eases a defined control, such as a 
culvert, exists and limits subbasin interactions. In other eases the 
subbasin interaction covers a broad area. Each subbasin eventually 
drains to a particular tidegate in the City levee system, with a chain of 
subbasins contributing to some outfalls and only a single subbasin 
contributing to others. 

Section 7.162 Surface Water Features and Drainage System - The 
Skipanon River, Alder Creek and other streams in the watershed are 
derived mostly from groundwater. Changes in the groundwater 
hydrology will most likely have greater effects on surface water features 
than changes in land use in the upper elevations of the watershed which 
represents proportionally less area. 

Except during the winter months, fresh water flow in the Skipanon River 
is low, averaging approximately 50 cubic feet per second (cfs). Columbia 
River water and ocean water are the main water masses observed below 
the 8th street dam. The Skipanon River is also fed by the outflow from 
Cullaby Lake. There is no continuous discharge data available for the 
Skipanon River or for Alder Creek. 

The land between the Skipanon River and the airport is characterized by 
four large sloughs, named Skipanon, Holbrook, Vera, and Adams. A 
slough is a shallow, secondary channel off of the main waterway. They 
typically have stagnant or slow moving water and are flushed regularly 
by the tide. If healthy, sloughs can be quality habitat for a variety of 
aquatic species. Warrenton's sloughs drain a large portion of the land 
cast of the Skipanon River. Flow into and out of these sloughs is 
regulated by a t:idegatc through the levee system. Skipanon Slough 
empties into the Skipanon River, and the Holbrook, Vera, and Adams 
Sloughs drain to the Columbia River. The tidegate at the entrances to 
each of these water bodies has been categorized as a potential fish 
barrier. The Columbia River Estuary Study Taskforce (CREST) has 
recently been conducting tests on a new, "fish friendly" tidegate on 
Adams Slough. The City has expressed concerns; however, that these 
fish passage tidegates will create flooding issues in the developed area 
surrounding the sloughs. Water surface elevations should be monitored 
on Adams Slough by the City to substantiate or disprove these concerns 
prior to further installation of additional tidegates. 
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Drainage facilities consist primarily of roadside ditches with culverts for 
street crossings. Storm sewer pipe systems are also used in and around 
the Hammond and Downtown areas. The slope of most of these 
conveyances are basically flat, leading to sedimentation issues in many 
of the ditches and pipes in the city, which further reduces capacity. The 
levee system along the Columbia, Skipanon and Lewis and Clark Rivers 
prevents high tides from inundating the City. A series of culverts with 
tidegates connect the City's drainage system to the natural waterways. 
During high tide, the majority of these tidegates close and do not allow 
stormwater to drain out of the City. The trapped stormwater is routed to 
two pumping stations on the west bank of the Skipanon River just north 
and south of the downtown area. These two stations pump stormwater 
over the levee system and into the Skipanon River, continuing to drain 
the City until the tide lowers enough to allow stormwater through the 
tidegates. Currently only the southern pump station is operational. A 
1999 survey of the tidegates by the Skipanon River Council showed that 
6 of the 23 tidegates were in need of repair. Many of the current 
tidegates are old iron doors that no longer work properly or are missing 
entirely. City maintenance personnel stated these disabled tidegates 
may allow Columbia River water into the City during high tide, 
potentially reducing available flood storage. This is especially true of the 
two tidegates in the Hammond Marina. 

Section 7.163 Water Quality and Sediment Sources - In general, 
water quality is typically managed to protect the most sensitive beneficial 
use. In Warrenton, managerial responsibility varies depending on the 
location. The City of Warrenton, the Port of Astoria, Clatsop County, the 
State of Oregon and federal agencies all manage different parts of the 
watershed and its array of wetlands, sloughs and stream channels. In 
the case of the Skipanon River watershed, the most sensitive beneficial 
use is likely salmonid fish spawning. It is assumed that if the water 
quality is sufficient. to support the most sensitive use, then all other less 
sensitive uses will also be supported. For the Study Area, temperature 
and dissolved oxygen are considered to be the areas of greatest concern 
in regards to water quality. (Skipanon River Watershed Assessment, 
2000) The levee tidegate structures along the Skipanon and Columbia 
Rivers significantly reduce the "flushing effect" of the tidal fluctuations. 
As a result, waterways behind the levees become stagnant and subject to 
contamination. Water bodies can become dissolved oxygen deficient or 
anoxic under certain conditions. Lack of shoreline shade in the majority 
of the Study Area further exacerbates this problem by increasing water 
temperatures, especially in the summer months. Water's ability to 
absorb dissolved oxygen decreases as temperature increases. Salinity 
intrusion occurs whenever salinity is present in the adjacent Columbia 
River waters. Despite the low fresh water flow, strong vertical differences 
in salinity occur during the fall, and bottom waters may also become 
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stagnant. Dissolved oxygen levels well below state and federal standards 
have been observed (Boley, 1975). Water quality and dissolved mwgen 
has been a major concern in the City's many sloughs, particularly during 
the drier summer months. 

In the Skipanon River watershed, slope instability, road instability, and 
rural road runoff were determined to be the most significant sediment 
sources based on the location of the watersheds (Oregon Coast Range) 
and the local land use. (Skipanon River Watershed Assessment, 2000) 
Streamside landslides and slumps can be major contributors of sediment 
to streams, and shallow landslides frequently initiate debris flows. Rural 
roads are a common feature of this watershed. Washouts from rural 
roads contribute sediment to streams, and sometimes initiate debris 
flows. The density of rural roads in the upper watershed, especially 
unpaved gravel and dirt roads, indicates a high potential for sediment 
contribution to the stream net.work, which could impact water quality 
downstream within the study area. 

Section 7.164 Soils - Knowledge of local soil conditions and their 
response to precipitation is essential for evaluating a drainage system. 
Many disposal paths are possible for precipitation. Precipitation may 
evaporate, collect in depressions, be intercepted and used by plants or 
infiltrate into the soil. Stormwater runoff occurs when precipitation 
exceeds the capacity of these paths. The existing degree of soil 
saturation and the slope of the drainage basin also affect runoff rates. 
Runoff potential is based on the soil's capacity to absorb precipitation. 
Sandy soils have higher infiltration capacity and lower potential than 
soils with a high percentage of clay. 

A portion of the Study Area is made up of the Clatsop Plains, which are 
comprised of sand dunes, tidal flats and floodplain alluvium. The 
Clatsop Dunes are a series of sand ridges formed by wind. The source of 
these dunes is sediment from the Columbia River deposited since 
Pleistocene time that is constantly reworked by wind, waves and rain. In 
some parts of the dunes the sand is over 150 feet deep. Floodplain 
alluvium occurs along the Columbia River and Skipanon River at the 
Northern End of the Clatsop Plains (Hansen and Harris, 1974). 

The primary soils of the Study Area are the Coquille-Clatsop (C-G), 
Grindbrook-Walluski-Hebo(G-W-H), and Waldport-Gearhart-Brailler (W
G-B). The C-C soils are very deep, very poorly drained silt loam and 
muck and are located on tidally influenced floodplains. The G-W-H soils 
are deep to very deep soils, moderately well drained or poorly drained silt 
loam and silty clay loam found on terraces. The W-G-B soils are very 
deep, and are either: excessively drained, somewhat excessively drained, 
or poorly drained fine sand, fine sandy loam, or mucky peat found in 
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dunes and swales (Smith and Shipman, 1988). 

The Natural Resource Conservation Service (NRCS) rate soils into four 
categories based on their infiltration capaeity, water transmission rate 
and runoff potential. Hydrologic Soil Group (HSG) D produces the 
greatest amount of runoff and HSG A produces the least amount. Within 
the study area, approximately 53.6 percent is HSG D, 7.5 percent is HSG 
C, less than 1 percent is HSG Band 34.5 percent is HSG A. The 
remainder is water. Figure 8 is a map of the soil types for the study 
area. 
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Section 7.165 Tidal Influence, Levees, Tide Gates and Pump Stations 
- Tailwater conditions are an important factor in the performance of any 
drainage system. A high tailwater can greatly reduce the ability of 
stormwater runoff to pass through a culvert or storm pipe. Backwater 
effects due to a high tailwater can significantly lower the capacity of 
existing drainage ditches and culverts. The City's low elevation and its 
close proximity to the tidally influenced Columbia River make tailwater 
conditions a key component of the stormwater puzzle. As Warrenton lies 
approximately between river miles 5 and 9 of the Columbia River, water 
elevations in the Columbia River and the Skipanon River are heavily 
influenced by Pacific Ocean tides. Water elevation can fluctuate 7 feet 
diurnally, with a mean high water of elevation 8.15 and a mean low 
water of elevation 1.38 and can differ as much as 15 feet annually, 
ranging from elevation -2 to elevation 13. Table 3.7 gives some statistics 
from the Astoria tide station. All reported elevations were converted to 
NAVD-88. All information was gather from the NOAA website. 

TABLE 3.7 ASTORIA TIDE INFORMATION 

Statistic Elevation /ft) 
Mean Tidal Level 6.74 
Mean Hi<'h Water 8.82 
Mean Low Water 8.15 
Mean Hi<'hcr-HiP-h Water 1.38 
Mean Lower-Low Water 0.21 
Maximum Station Water Level 12.58 (1983) 
Minimum Station Water Level -3.64 fl979l 

In lieu of using a constant tailwater condition, a time series was created 
that varied the tailwater elevation at the outfall over a period of several 
days. This allowed the stormwater model to reflect the varied tidal 
effects. Tide data was collected from the published NoAA database for 
the tide station in Astoria, Oregon (Station ID#9439040). The water 
surface elevation difference between Astoria and Warrenton is typically 
only + /- 0.1 feet, so no correction was made in the data for this tudy. 
Approximately 15 years of data was reviewed for use in the model. 
Statements made during the April 2007 Citizen Advisory Committee 
meeting about periods of significant flooding in town allowed particular 
periods to be isolated. November 11-17, 2001 was chosen as the primary 
time series to use. Three other events were also tested in the model. The 
November 2001 storm represents a period of high low tides on the 
Columbia and a 2-year storm event in Warrenton. Table 3.8 gives 
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summary statistics of several tidal events. The City experiences most of 
its flooding problems when the low tide in a tidal cycle is unusually high. 
The invert elevations of most of the City's tidcgates are below elevation 4. 
When the low tide does not drop below this elevation, a large portion of 
the City is unable to drain effectively through the gravity fed tidegatcs for 
days at a time. Flooding within the City occurs if this high tide cycle 
coincides with a large rain event in the City. Adjusting the tide time 
series and the precipitation intensity allowed the model to test a wide 
variety of scenarios. 

TABLE 3.8 TIDE EVENTS 

Name Start End Date Max El Min El Diff Avg. El %of 
Date (NAVD- (NAVD- (ft) (NAVD- time 

88) 88) 88) Over 
El=4 

Tide 11/11/01 11/17/01 11.2 -0.97 12.17 5.2 61% 
1 
Tide 2/17/96 2/24/96 11.95 1.16 10.79 6.7 77% 
2 
Tide 12/10/99 12/17/99 10.68 l.76 8.92 6.4 84% 
3 

-- ···-·--
Tide 12/11/02 12/18/02 11.2 0.25 10.95 6.1 79% 
4 

The city's levees range in height from elevation 15 to elevation 17 (NAVD-
88). The levees were modeled in conjunction with the City's tidgates. 
The Columbia and Skipanon Rivers were separated in the model from the 
City by links representing the tidegates. The levees are effectively 
modeled by only allowing runoff to drain to the river through the 
tidegates. The overtopping elevation of the boundary nodes were set at 
the levee crest elevations. No storm events or tidal conditions were 
modeled that overtop the levees. LIDAR data was used to estimate 
available stormwater storage behind the levee in each subbasin at 
elevation 1 through elevation 11 in 1 foot increments. This allows runoff 
to fill the available storage area behind the levee and then release to the 
river as tidegate capacity and tailwater conditions allow. The maximum 
elevation of the runoff in each storage area for each scenario provides 
insight into potential flood areas. 

The tidegates are critical to the City's stormwater system as the vast 
majority of the City's stormwater runoff passes through them. The 
tidegates regulate flow between the City and the rivers, which is dictated 
by the tidegate culvert's size, material and invert elevation. The majority 
of Warren ton's tidegate are made of cast iron and hinged at the top. The 
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tidegate itself is attached to a culvert, either wood stave or corrugated 
metal that runs through the levee. Tidegates on Alder Creek and Adams 
Slough are rectangular concrete boxes. "As-built" construction drawings 
of the levees and tidegates provided by the USA COE were used to 
populate the model with required tidegate dimensional information. 
Manning's "n" were estimated based on the construction material and 
the tidegate photos from the Phase 1 site visits. Typically the older 
tidegates are constructed of wood stave pipe and the newer tidegates are 
concrete box culverts or corrugated metal pipes. Entrance and exit loss 
coefficients were applied when applicable. Exit losses were typically 
increased to simulate the losses due to the large restorative force 
associated with cast-iron, top-hinged tidegates. By design, tidegates, 
when functioning properly, only allow flow in one direction. During high 
tailwater conditions water pressure and lack of head differential between 
the inland and riverside of the tidegate closes the tide gate flap. XP
SWMM only has a "tidegate" modeling option for the outfall. The 
software does however have an option to permit "downhill" flow only in 
conduits. The option allows the model to simulate any number of 
tidegates without having to create a large number of outfalls. Altering 
this option enables the model to simulate a combination of tidgates in 
the City that are either operational or non-operational. It also makes 
simulating the tidal effects uniformly throughout the model possible. A 
table found in Appendix D of the facilities plan, lists the City's t:idegates 
and give some summary information about material, size and condition. 
A photographic summary is also found in the Appendix D of the facilities 
plan. 

Recognizing the flooding hazard during high tide periods, the City 
installed two pump stations in the l 970's in the downtown area. The 
pump stations consist of a grated ditch inlet connected to a wet well. 
The vertical shaft-driven pump siphons stormwater out of the wet well 
and pumps the runoff over the levee through ductile iron pipes and into 
the Skipanon River. Each pump is equipped with a 40 horsepower motor 
that turns on and shuts off automatically at pre-set water elevations in 
the wet well. By the mod-1990's the southern pump station's pump 
motor was no longer operable. The City moved the motor from the 
northern pump station to the southern pump station, fixing the problem, 
but leaving the northern pump station out of commission. The southern 
pump station continues to function as the City's lone stormwater pump, 
but is susceptible to power outages and periodic mechanical conditions 
resulting in pro-longer downtime. There is no defined hydraulic 
connection between the two pump station's subbasins, though several 
overland routes and small drainage pipes provide an indirect connection 
during high flows. While these pump stations have the potential of being 
an integral part of a successful stormwater system, their current 
condition limits their capabilities and their reliability to function as 

adopted August 25, 2009 
144 



designed. Figure 3.2 is a schematic of how the current pump stations 
are configured. 
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The pump stations are modeled in XP-SWMM using the software's pump 
station feature at their appropriate locations in the stormwater system. 
They are modeled as "static head pumps" with specific elevations at 
which the pump turns on and off. The "pump-on" and "pump-off' 
elevations were taken from as-builts and converted to NAVD-88. Very 
little information is known about the performance curve of the pump 
itself, so assumptions were made based on the motor's identification plat. 
The pump was estimated to have a 50% efficiency rating. The head 
differential was estimated at 7 feet based on as-built drawings showing 
water elevations. From this information, the pump's output was 
calculated to be approximately 20 cfs or 8,750 gpm. The lack of pump 
performance curve information necessitated the assumption of a 
constant output flow rate regardless of inlet water elevations (i.e., static 
head). Upgraded pump stations simulated during the CIP analysis were 
modeled in XP-SWMM using performance curves provided by a local 
pump supplies. 

Section 7.166 Existing Storm System Evaluation - Warren.ton's 
existing conveyance system was evaluated. It is extremely flat in most 
places, allowing bi-directional flow depending on tailwater conditions. 
Only two parts of the city, the downtown area and the Hammond/Brailler 
Ditch-Enterprise area, have a continuous system of significant pipes and 
engineered drainage ditches. The rest of the City's system is localized 
and sporadic. It consists primarily of roadside ditches and drainage 
canals the capacity of which, are typically reduced by vegetation and 
debris. Most of these drainage facilities have not been maintained in 
many years. Many of the piped systems in the outlining areas consist of 
catch basins and pipes with diameters of 8-inches or less. They are 
primarily used to drain parking lots and other impervious areas and 
empty to the nearest ditch or channel. Survey revealed that many of the 
catch basins and pipes have suffered from sedimentation. Two aspects 
of the City's system lend themselves to evaluation through stormwater 
modeling. 

The first of these is the City-wide system of levees and tidegates. As 
stated earlier in this chapter, the modeling effort focused on the 
tidegates, tidal effects, pump stations and available stormwater storage 
behind the levees. The peak flow rate passing through each tidegate was 
compared to the peak flow rate entering each subbasin through rainfall 
and inter-basin transfer of runoff. Stormwater accumulations in the 
storage areas were also analyzed. Limitations were identified and 
addressed in the recommended Capital Improvement Projects (CIP). The 
area affected behind the tidegate played a large role in determining which 
tidegates should be upgraded. For instance, much of the land east side 
of the Skipanon River is either wetland or forest. These areas had a 
lower priority than tidegates that served a heavily developed area. Table 

adopted August 25, 2009 
146 



3. 9 shows the performance of tidegates for the 25-year design storm 
under existing conditions. 

Tidegate # 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

TABLE 3.9 - TIDEGATE PERFORMANCE 
(Results from 25-year Design Storm) 

Conduit Model Max Computed Max Compute 
Name Flow(cfs) Velocitv /ft/ sl 
1.30 in CMP 14.S'k 3.1 
2.30 in CMP 9.8* 2.4 
EntCon 33.9* 3.6 
Dl-A3+24 1083.0 8.7 
Dl-14+12 99.7 6.2 
42 in CMP 58.2* 6.1 
D2--2+16 12.2* 7.1 
G3+40 0.9 2.0 
3rd St. TG 92.4 5.8 
D2-41+90 0.9 1.2 
8th Street Dam 413.4* 2.5 
64+85 11.0* 6.5 
R2+21.2 34.1 7.4 
111 +00 10.5'' 6.3 
37+81 38.3 5.2 
Galena TG 4.4-k 8.0 
22+00 131.1 6.0 
177+00 64.2 6.5 
125+00 102.5 5.5 
95+28 250.0 5.9 
59+88 26.3 5.4 
26+45 117.8* 9.3 
Link 4 47.6'k 4.7 

* Indicates max computed flow exceeds design flow- Possible because of 
head build-up on the upstream end of the culvert. 

Two portions of the City's existing system were modeled in detail using 
XP-SWMM. The downtown subbasins and the Hammond/Brailler Ditch
Enterprise area both have a system of continuous pipes and ditches that 
drain to specific tidegates. These two areas are shown in detail in 
Figures 10a and 10b. All major existing drainage/conveyance 
components were included in the evaluation. Three separate XP-SWMM 
stormwater models were created as part of the CIP evaluation for these 
two areas. One covered the West Hammond subbasin and tidegate. The 
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second modeled the East Hammond and Brailler Ditch-Enterprise 
subbasins. The final model covered the two downtown subbasins. See 
the CIP's in Chapter 5 of the facilities plan for a discussion of the existing 
system and recommended improvements. 

This section of the Stormwater Management Plan (SWMP) outlines 
strategics and provides recommendations that will update the City of 
Warrenton's water quality and natural resource management and 
regulations guidelines. This information is specifically designed to 
address the management of stormwatcr quality in the context of the 
City's location within the 100-year floodplain of the Columbia River. 
Accordingly, the need to control the potentially deleterious effects of 
stormwater runoff as it relates to maintenance and operation of storm 
and surface water conveyances (ditches, culverts, and tidegates) and the 
protection of natural resources is discussed. 

Section 7.167 Existing Facility Maintenance - A key piece to the 
City's Stormwater Management Plan is the recommended Existing 
Facility Maintenance and Capital Improvement Projects (CIP). The CIP's 
were selected based on their ability to meet the City's stormwater goals. 
Factors included in the decision were the City's stormwater needs, 
modeling results, capacity calculations, input from City staff, inputs from 
the general public, observations during site visits conducted by HLB
OTAK staff, and project costs. Table 5.1 summarizes the 12 C!Ps chosen 
for detailed study. Figure 2 shows the approximate location of each CIP. 
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The levees and tidegates which protect the City from high tides in the 
Columbia and Skipanon River, and the conveyance system, consisting of 
culverts, drainage ditches, storm pipes and other facilities which drain 
the City and directs stormwater runoff to the tidegates. The tidegates 
and levees are under a constant barrage of destructive forces, including 
corrosion from the saltwater, erosion caused by the tidal cycle and 
waves, runoff flowing through the tidegates, water and wind erosion 
during storm events, and the erosive effects of vegetation and burrowing 
creatures. The City's stormwater conveyance is also constantly having 
its effectiveness and efficiency reduced through a myriad of factors. The 
flatness of the City's system is a perfect recipe for sedimentation in 
drainage ditches, storm pipes, inlets and manholes. The wet, nutrient 
rich environment encourages rapid and dense vegetation growth in 
drainage ditches. Individuals, not fully understanding the impacts, place 
debris, such as dirt and grass clippings, into drainage ditches, blocking 
the flow path. The City must continue to ,J.ggressively maintain its 
levees, tidegates and conveyance system. Recent interpretations of 
environmental laws have resulted in regulation of more waterways, 
including many ditches. This change in regulation requires additional 
permitting hassles and has discouraged the City from regular 
maintenance of many ditches. 

The USACOE inspects the levee system once a year. Inspection reports 
for the period 1995-2006 show Warrenton has received an "A" or "B" 
grade. Typically one or two discrepancies are discovered per inspection 
and the City's Public Works staff quickly goes out to make the needed 
repairs. The repairs have included: removing vegetation, replacing 
tidegates, and repairing slumps and slides. 

Many of the tidegates arc leaking and most of the tidegate headwalls are 
eroded or in need of repair. A majority of the City's tidegate culverts are 
constructed of wood stave pipe and are nearing the end of their service 
life. Replacement should be based on current condition and the 
associated flood protection value of areas serviced by a particular 
tidegate. It also should consider factors such as upstream natural 
resources to determine fish passage requirements and/or mitigation 
opportunities. Two of the City's tidegates, the 8th Street Dam and the 
Adams (Vera) Slough, have already undergone modification to allow for 
better fish passage, as well as improved water quality due to increased 
flushing. While these changes have positive effects, there can also be 
potentially negative results, such as higher water levels upstream of the 
tidegate, especially during high tide. Understanding the impacts of 
changes to tidegate construction and operation is critical to maintaining 
the City's current level of flood protection. 
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The City's stormwater conveyance system is in need of maintenance, 
especially its drainage ditches, many of which have reduced capacity due 
to vegetation and sediments. This results in decreased conveyance and 
storage capacity of the system, as well as decreased water quality at the 
outfall due to stagnant water and lack of flushing between tidal cycles. 
Not all of these drainage ditches are on City owned property. The City 
should consider confirming existing right-of-ways and/or easements for 
critical drainage ditches such as the Brailler-Enterprise ditch and others 
that are on private land to ensure they are properly maintained. There 
are concerns about whether permits are required to conduct 
maintenance within the existing drainage ditches, primarily due to the 
high density of wetlands within the City boundaries. This issue must be 
resolved before a ditch maintenance plan can begin in earnest. If and 
where permits would ultimately be required for the maintenance of some 
or all of such facilities, a programmatic maintenance permit is 
recommended as a CIP. This would allow the City to perform routine 
maintenance of all drainage ditches where conditions dictated in the 
permit are met. A programmatic maintenance permit, or Nationwide 
Permit, can be approved for a five or ten year period. Conversations with 
the USACOE and NOAA revealed that the approving regulatory agencies 
are extremely open to the idea. The CIP has been given a high priority. 
Once a permit is in place, the City should set aside an annual budget to 
maintain all of the drainage ditches, culverts and related drainage 
facilities, first focusing its effort on those drainage ditches which impact 
the City's stormwater system the most. Many of these key drainage 
ditches are identified in the drainage system improvement CIP's for the 
downtown, Brailler-Enterprise Ditch, and Hammond area. 

Section 7.168 Capital Improvement Projects (CIP) - Table 5.1 lists 
the recommended CIP's, provides a priority, and estimated 
implementation costs. A City map with CIP locations is shown in Figure 
2. There are two basic categories of Capital Improvement Projects; those 
that deal with the regulatory and planning aspects of stormwater 
management, and those that involve the improvements of structures and 
facilities in the City's stormwater drainage system. It is recommended 
that the regulatory related CIP's be addressed and, where permitting is 
required, implemented before physical upgrades to the system are 
accomplished. This will allow the City to be in full compliance with 
regulatory requirements, and fully aware of what can and cannot be done 
within the City's tidegates, drainage ditches and wetlands. Implementing 
the O&M plans for the existing tidegates and drainage ditches will ensure 
the City's complete inventory has been studied and the most critical 
conveyance system components are maintained and/ or modified first. 
When considering system upgrades, it is recommended that downstream 
projects such as tidegate repair and pump station upgrades be 
implemented first. Increasing the capacity at the downstream end of the 
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drainage system will ensure that any later maintenance, modifications, 
or additions to the upstream drainage ditches and pipes will result in 
real changes to the water surface elevations in town during flood events. 
If pipes and drainage ditches are maintained or, in some cases, modified 
through enlargement before the downstream outlets are improved, 
backwater effects from a broken tidegate or for example neutralize any 
intended flood reduction. 

All of the CIP's that recommend maintenance or upgrade improvements 
to the drainage system can be done in phases, as time and finances 
allow. For this study, the cost estimates were determined for complete 
maintenance or upgrade improvements of each drainage system. It is 
entirely feasible to split these subbasin wide projects into pieces and 
maintain or upgrade specific drainage ditches and pipes as needed. Unit 
costs were based on bid tabulations from recent projects on the north 
Oregon coast from ODOT Region 2 data. These prices reflect the cost for 
a contractor to be hired to do the work. Significant cost savings could be 
realized for any portion of a CIP, which could be constructed in-house by 
Public Works staff. Many of these recommended maintenance and 
improvement tasks are within City Streets, especially in the downtown 
area. 

The CIP implementation of recommended improvements could occur in 
conjunction with street improvements, such as resurfacing or upgrades 
to other utilities like water and sewer. Such combined projects would 
reduce engineering and construction fees for the stormwater piece of the 
improvements. It is also feasible to place new storm pipes and drainage 
ditches in a parallel street, if a street improvement project is planned for 
that particular street. A good example of this would be 8th Avenue in 
Hammond. A key drainage ditch that connects the East Hammond 
subbasin to the Brailler-Enterprise Ditch subbasin runs along the north 
side of 8th Avenue. A CIP recommends this ditch to be maintained 
through cleaning out sediment. It would be conceivable to place a storm 
pipe or ditch on 7th Avenue instead if this street was scheduled to be 
improved. 

For several of the main drainage ditches, especially in the 
Hammond/Brailler-Enterprise Ditch area, the City needs to confirm its 
rights-of-way associated with these facilities. It is recommended that 
formal easements are acquired for these facilities. This will ensure the 
City continued access for maintenance and upkeep. 
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TABLE 5.1: CIP SUMMARY 
................ ___ 

CIP Priority Description Estimated Cost 
# j2007 Dollars) 
l High Repair/Refurbish West Hammond $344,190 

Marina Tidegate 
2 High Repair/Refurbish East Hammond $349,033 

Marina Tidegate 
3 High Tidegate Reoair & Reolacement Plan $115,050 
4 High Evaluate and upgrade existing pump $721,762 

station adjacent to SE 3rd/4th Streets 
5 High Refurbish existing pump station $721,762 

adjacent to NE 1st St. 
6 Low Upsize storm system in west portion of $135,879 

Hammond Marina subbasin 
7 High Relieve stormwater drainage issue in $494,086 - Sys 

the East Hammond/Brailler-Enterprise $1,944,854 - PS 
Ditch Area 

8 High Address whether need exist for $52,000 
programmatic permit to allow O&M 
routine maintenance of some or all of 
the City drainage ditches and obtain 
such permits if necessary 

9 Low Create and Implement Monitoring Plan $87,029 
for Citv of Warrenton 

10 Low Upgrade downtown conveyance system $861,794 
and create definitive connection 
between north and south downtown 
oumo stations 

11 HifYh Sanitarv Sewer Inflow /Infiltration Studv $96,466 
12 High Stormwater Rate Study $15,000 -

$20,000 
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Chapter 3.6 - Stormwater and Surface Water 
Management 
Sections: 
3.6.1 Natural drainage system maintained to extent feasible 
3.6.2 Developments must drain properly. 
3.6.3 Stormwater management 
3.6.4 Erosion control and sedimentation 
3.6.5 Stormwater system design 
3.6.6 Illegal discharge of materials into the stormwater system 

3.6.1 Natural drainage system maintained to extent feasible 

A. To the extent practicable, all development must conform to the natural 
contours of the land and natural and pre-existing man-made drainage ways 
must remain undisturbed. 

B. To the extent practicable, lot boundaries created by partition or 
subdivision must coincide with natural and pre-existing man-made drainage 
ways to avoid the creation of lots that can be built upon only by altering such 
drainage ways. 

3.6.2 Developments must drain properly 

A. All developments must provide an adequate drainage system to prevent 
the undue detention or retention of stormwater or surface water on the 
development site. Stormwater or surface water will not be regarded as unduly 
deta.ined or retained if: 

i. the detention or retention results from a technique, practice or 
device deliberately installed as part of an approved sedimentation or 
stormwater runoff control plan prepared by an engineer; or 

ii. the detention or retention is not substantially different in location 
or degree than that experienced by the development site in its predevelopment 
state, unless such detention or retention presents a danger to health or safety. 

B. No stormwater may be channeled and directed into a sewer line. 

C. Whenever practicable, the drainage system of a development must 
coordinate with and connect to the drainage systems or drainage ways on 
surrounding properties or streets. 
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D. All developments must be constructed and maintained so that adjacent 
properties are not unreasonably burdened with stormwater runoff as a result of 
the developments. 

3.6.3 Surface water management - All developments must be constn1cted and 
maintained so that impacts to natural and man-made drainage ways do not 
unreasonably burdened upstream or downstream properties with surface water 
flooding as a result of the developments. More specifically: 

A. No development may be constructed or maintained so that the 
development unreasonably impedes the natural flow of water from higher 
adjacent properties across the development, resulting in substantial damage to 
the higher adjacent properties; and 

B. No development may be constructed or maintained so that st.ormwater 
from the development is collected and channeled into natural or man-made 
drainage ways, such that the volume and/ or rate of flow is substantially 
greater than the pre-development volume and/or rate. 

C. No development may be constructed such that the flow of water through 
natural or existing man-made drainage ways is obstructed. Bridges and 
culverts constructed to allow the flow of water through a development must be 
designed to pass flow during a 100-year storm event. 

3.6.4 Erosion and sediment control 

A. For projects that disturb over one (1) acre, applicants must apply to 
Oregon Department of Environmental Quality (DEQ) for a National Pollutant 
Discharge Elimination Control System (NPDES) 1200(C) permit. 

B. Erosion and sediment control plans are required by the City as a 
component of the site plan for all plats and all projects which require site plan 
review. Erosion control plans must be designed to: 

C. Development of the land may not begin (and no building permits may be 
issued) until the city engineer approves the erosion control plan. 

D. For purposes of this section, "disturb" means any use of the land by any 
person in any development, and/or road construction and maintenance that 
results in a change in the natural cover or topography that may cause or 
contribute to sedimentation. Sedimentation occurs whenever solid particulate 
matter, mineral or organic, is transported by water, air, gravity or ice from the 
site of its origin. 
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3.6.5 Stormwater system design 

A. Storm sewers constructed within the street will be sized by the 
developer's engineer and will consider all potential runoff requirements within 
the site and upstream of the site. 

i. The storm sewer will be sized for a one hundred (100) year design 
recurrence criteria for storm drainage facilities. 

11. The minimum size of storm sewers is eight inches (8") in diameter. 

111. Spacing of catch basins along the street must conform to 
published engineering recommendations, which consider profile of the street 
and street width. 

B. On-site detention shall be required for new development where 
downstream deficiencies exist or are anticipated to exist. The square footage 
considers the total development of the property including the future potential 
impervious surface. Required design recurrence criteria for a commercial or 
residential storm drainage detention facility is a ten (10) year interval. 
Development that has less than five thousand (5000) square feet of impervious 
surface is exempt from detention requirements. 

C. Pervious pavement, and pavement and roofs that drain to an infiltration 
facility will not be counted when sizing a detention facility to handle the 
stormwater design. 

3.6.6 Illegal discharge of materials into the storm water system. - The 
discharge of any material other than stormwater into the stormwater system is 
prohibited. The placement of materials in a location where they are likely to be 
carried into the stormwater system by any means is also prohibited. 
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