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1. INTRODUCTION  

1.1 Background 

The Whipple Creek basin has been adversely impacted by changes in stormwater, a result of 

development that mainly occurred over the last three decades, in some areas with limited, or 

no stormwater controls. Consequently, Whipple CreekΩs designated beneficial use of salmon 

habitat is seriously degraded. 

The Washington State Department of Ecology issued a 2013-2018 Phase I Municipal 

Stormwater Permit (Permit) that requires Clark County (County) to select a watershed and 

perform watershed-scale stormwater planning as outlined in section S5.C.5.c. This section 

ǎǘŀǘŜǎ ǘƘŀǘ άǘƘŜ ƻōƧŜŎǘƛǾŜ ƻŦ ǿŀǘŜǊǎƘŜŘ-scale stormwater planning is to identify a stormwater 

management strategy or strategies that would result in hydrologic and water quality conditions 

ǘƘŀǘ Ŧǳƭƭȅ ǎǳǇǇƻǊǘ ΩŜȄƛǎǘƛƴƎ ǳǎŜǎΨ ŀƴŘ ΨŘŜǎƛƎƴŀǘŜŘ ǳǎŜǎΩΣ ŀǎ ǘƘƻǎŜ ǘŜǊƳǎ ŀǊŜ ŘŜŦƛƴŜŘ ƛƴ ²!/ мто-

201A-020, throughout ǘƘŜ ǎǘǊŜŀƳ ǎȅǎǘŜƳΦέ 

Whipple Creek is not specifically listed in WAC 173-201A-602. The designated uses for streams 

not specifically listed are:  

¶ Salmonid spawning, rearing, and migration;  

¶ Primary contact recreation;  

¶ Domestic, industrial, and agricultural water supply; 

¶ Stock watering;  

¶ Wildlife habitat;  

¶ Shellfish harvesting;  

¶ Commerce and navigation;  

¶ Boating; and  

¶ Aesthetic values.  

Among these, the salmonid uses are the most challenging to maintain and restore, typically 

requiring habitat conditions equivalent to those found in a predominantly forested watershed. 

The 2010 Clark County Stream Health Report rated Whipple Creek as poor for flow, water 

quality, and biological health (Department of Environmental Services, 2010). The Washington 

State Department of Ecology (Ecology) includes Whipple Creek in its 303(d) Category 5 list 

(polluted waters requiring a TMDL) for fecal coliform bacteria, temperature and bio-assessment 

(B-IBI) and Category 2 list (waters of concern) for dissolved oxygen (Ecology, 2015).  

http://www.ecy.wa.gov/programs/wq/swqs/pt6Desiguses.html
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1.2 Study area 

Whipple Creek watershed is located in southwest Clark County, draining west from low hills to 

the Columbia River flood plain. The watershed was once dominated by rural and agricultural 

land uses. It is currently moderately developed with a mix of rural, urban, and urbanizing areas 

at the northern edge of the Vancouver Urban Growth Area (UGA). Approximately 4.4 square 

miles of the 12.1 square mile basin is inside the UGA. Historic clearing and development 

impacts have degraded stream habitat and caused areas of severe channel instability and 

erosion. Impacts from these changes to land cover are consistent with those documented 

elsewhere around Washington State for channel stability, water quality, and overall ecological 

function. General land use in Whipple Creek includes developed urban areas, low density rural 

residential, and some agriculture.  

 
Figure 1. Map of Whipple Creek Basin 
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Figure 2.  General Land Use in the Whipple Creek Watershed 

 

Table 1. Current Land Use of Whipple Creek Study Area, 2014  

Land Use Acres Percent of Total Area 

Impervious 731.34 9.5% 

Forest 2397.14 31.0% 

Pasture 2640.19 34.2% 

Lawn 1761.78 22.8% 

Water 191.62 2.5% 

Total 7722.07 100.0% 

1.3 Objectives  

The objective of the water quality model is to simulate four water quality constituents (water 

temperature, dissolved copper, dissolved zinc, and fecal coliform) in Whipple Creek and 

develop a calibrated HSPF model for the watershed.  
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Clark County Clean Water Division conducted the Long-term Index Site Project (LISP) to monitor 

stream water quality beginning in 2002. The project collected information about stream health 

status and trends at 10 stations along 10 streams including Whipple Creek. The LISP station in 

the Whipple Creek watershed, named WPL050, is located in the main stem near NW 179th 

Street. WPL050, along with either other monitoring stations used at various times to collect 

data, is shown in Figure 3.   

 

Figure 3: WPL050 and Other Monitoring Station Locations 

Physiochemical and bacteria samples and measurements were collected monthly. Temperature 

data loggers were typically deployed during late spring and summer months from May through 

September. As part of Whipple Creek watershed planning, Clean Water Program staff also 

collected water quality data (water temperature, dissolved copper, dissolved zinc, and fecal 

coliform) from May 2014 to 2015.  

The HSPF model water quality calibration used the same period of record as the hydrology 

calibration (water years 2004 through 2008).   
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1.4 Washington State Water Quality Standards 

1.4.1 Temperature 

Stream temperature is one of the most important environmental influences on salmon biology. 

Under the state water quality stream standards, temperature is measured as the 7-day average 

of the daily maximum temperatures (7DADMax). The highest 7DADMax temperature allowed to 

ƳŜŜǘ ǎǘŀƴŘŀǊŘǎ ŦƻǊ ²ƘƛǇǇƭŜ /ǊŜŜƪΩǎ ōŜƴŜŦƛŎƛŀƭ ǳǎŜǎ is 63.5°F (17.5°C). 

1.4.2 Metals (copper and zinc) 

²ŀǎƘƛƴƎǘƻƴ {ǘŀǘŜΩǎ ŘƛǎǎƻƭǾŜŘ ƳŜǘŀƭǎΩ ŀŎute and chronic water quality criteria are targeted 

toward high frequency sampling applying 1-hour and 4-day average concentrations, 

respectively, that are not to be exceeded more than once every three years on the average. The 

concentration thresholds are determined by an equation as a function of water hardness. 

1.4.3 Fecal Coliform 

The Washington State standards utilize two criteria for bacteria: 1) not exceeding a geometric 

mean value of 100 colonies / 100 mL and 2) not more than 10 percent of all samples (or any 

single sample when less than ten sample points exist) exceeding 200 colonies / 100 mL.  

1.4.3 Summary 

Table 2.Whipple Creek watershed state designated uses and water quality standards criteria 

Parameter Applicable Designated Use State WQ Standard Criteria 

Temperature Aquatic Life: salmonid spawning, 

rearing, and migration 

7-Day Average Daily Maximum 

(7-DADMax) of 17.5°C 

Dissolved Copper Aquatic Life ς most sensitive 

biota: Toxic substances 

Acute and chronic criteria math formulas 

incorporating water hardness 

Dissolved Zinc Aquatic Life ς most sensitive 

biota: Toxic substances 

Acute and chronic criteria math formulas 

incorporating water hardness 

Fecal Coliform Primary contact recreation < geometric mean of 100 colonies / 100 

mL and <10% of samples: 200 colonies / 

100 mL 
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2. METHODOLOGY 

2.1 Water Quality Model Development  

In HSPF, a watershed is represented by a group of hydrologically similar areas referred to as 

hydrologic response units (HRUs) that drain to a stream segment, lake, or reservoir referred to 

as a RCHRES (composed of open or closed channels). HRUs reflect areas in a sub-watershed of 

similar land covers, surficial geology, and other factors deemed important to produce a similar 

hydrologic response to rainfall and potential evapotranspiration. HRUs are categorized as either 

pervious or impervious land segments, termed PERLND (PERvious LaND) or IMPLND 

(IMPervious LaND), respectively.  

A PERLND is represented conceptually within HSPF by three interconnected water storage 

zonesτan upper zone, a lower zone, and a groundwater zone.  

An IMPLND is represented by surface storage, evaporation, and runoff processes. The 

hydraulics of stream reaches is simulated using storage routing (Donigian, Imhoff, & Ambrose 

1995). 

The HSPF model of the Whipple Creek watershed was developed by 1) compiling and 

processing required input data, 2) configuring the model to represent the watershed, and 3) 

calibrating the model to improve simulation accuracy.  

The Whipple Creek water quality model was developed based on a previously calibrated HSPF 

hydrology model (see Appendix F for details). The HSPF hydrology model was expanded by 

adding several water quality blocks or modules to all pervious (PERLND) and impervious 

(IMPLND) lands within the watershed. The water quality modules include several parameters to 

represent production, removal, and transport of sediment and pollutants. The HSPF model uses 

several built-in equations to calculate soil detachment and soil washoff.  

The Whipple Creek hydrologic model is divided into 27 sub-basins and 28 stream reaches. Land 

covers within each sub-basin are: forest, pasture, lawn, wetlands (only 1%) and impervious 

areas (rooftops, sidewalks and roadways).  See Table 3 and Figure 4.  
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Table 3. Five Land Covers and Acres within Each Sub-basin of Whipple Creek  

Sub-basin Impervious Forest Pasture Lawn Water Total 

GL 21.51 140.74 271.28 32.27 184.85 650.65 

WC1 28.62 146.62 234.87 95.33 1.78 507.22 

WC1A 21.71 145.38 190.22 82.40 0.00 439.71 

WC2 23.50 127.58 253.21 92.49 0.00 496.78 

WC3 5.11 63.38 82.42 17.81 0.44 169.16 

WC3A 10.96 43.70 140.85 35.14 0.00 230.65 

WC4 8.84 167.20 77.35 29.33 0.00 282.72 

WC4A 16.04 258.89 168.15 79.22 0.00 522.30 

WC5 19.77 77.47 35.97 44.48 0.00 177.69 

WC5A 116.27 83.06 60.81 298.77 2.53 561.44 

WC6 37.08 49.31 6.91 42.24 0.00 135.54 

WC6A 32.75 35.80 80.82 52.69 0.50 202.56 

WC6B 38.52 19.15 21.28 40.51 0.00 119.46 

WC7 10.13 52.61 50.90 25.97 0.22 139.83 

WC7A 7.84 24.42 14.93 16.91 0.00 64.10 

WC7B 17.23 12.17 18.93 18.53 0.00 66.86 

WC7C 29.93 28.13 9.19 74.21 0.00 141.46 

WC7D 35.86 23.44 3.09 90.50 1.30 154.19 

WC75 32.26 14.31 35.22 57.27 0.00 139.06 

WC8 67.30 179.85 68.29 144.39 0.00 459.83 

WC9 35.20 99.05 107.10 77.69 0.00 319.04 

WC9A 55.87 44.34 47.41 76.89 0.00 224.51 

PC1 8.93 109.20 84.36 17.27 0.00 219.76 

PC1A 6.87 74.26 92.84 35.88 0.00 209.85 

PC1B 6.98 63.73 79.12 27.53 0.00 177.36 

PC2 21.28 196.59 212.73 87.46 0.00 518.06 

PC2A 14.98 116.76 191.94 68.60 0.00 392.28 

Total 731.34 2397.14 2640.19 1761.78 191.62 7722.07 
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Figure 4. Whipple Creek Sub-basins 

2.2 Water Quality Model Input 

Input data for the HSPF model includes spatial data (land cover, topography, geology, and soils), 

hydraulic characteristics of stream segments (RCHRESs), meteorological data, streamflow, and 

water quality data. Spatial data were used to develop model HRUs (PERLNDs, IMPLNDs) and 

RCHRESs. Hydraulic characteristics for each stream segment were estimated from a HEC-RAS 

model of the Whipple Creek watershed developed by West Consultants in 2008.  

Other meteorological data required for the Whipple Creek model simulations comprise air 

temperature, dew point temperature, wind speed, solar radiation, cloud cover, and 

evaporation. These data (except evaporation) were obtained from data used to support the 
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Whipple Creek water quality model on 6/23/2015 and 3/3/2016 from atmospheric data gages 

maintained by MesoWest at the University of Utah. Using GEMPAK (General Environmental 

Meteorological Package) parameters, raw data was obtained from the KVOU (Vancouver, WA), 

KPDX (Portland, OR), and POBO (Portland, OR) gages from 2002-2015.  

Continuous streamflow and discrete temperature and water-quality data were used to calibrate 

model parameters pertaining to constituent simulations. Streamflow and water quality data 

were collected at the stream monitoring stations shown above in Figure 3Error! Reference 

source not found..  

2.3 Model Configuration  

In addition to hydrologic model input data, several modules of water quality data were added 

to the Whipple Creek HSPF model to simulate water quality constituents. The following is a list 

of input blocks used in the water quality model:  

¶ PERLND: ATEMP, SED, PSTEMP, PWTGAS, PQUAL 

¶ IMPLND: ATEMP, SLD, IWTGAS, IQUAL 

¶ RCHRES: HTRCH, SEDTRN, GQUAL 

Copper, zinc, and fecal coliform each had their own PQUAL, IQUAL, GQUAL blocks in the HSPF 

input file. 

3. DEVELOPMENT OF INPUT DATA 

3.1. Water Quality Time Series Data Sources 

HSPF requires time series input data which include weather data and soil temperature data.  

HSPF Weather Data Requirements: 

¶ PRECIPITATION - Surface runoff is directly dependent on precipitation. 

¶ POTENTIAL EVAPOTTRANSPIRATION - Evaporation directly from soil layers and 

vegetative surface and transpiration through plants. 

¶ AIR TEMPERATURE - Function of elevation ς conductive-convective heat transport. 

¶ WIND SPEED - Heat exchange rate ς heat balance in water bodies. 

¶ SOLAR RADIATION - Heat balance in water bodies ς snow melt ς plankton growth rate. 

¶ DEWPOINT TEMP - Determines when precipitation is considered as snow. 

¶ CLOUD COVER - Cloud cover affects long-wave radiation balance. 


































