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INTRODUCTION 

The Oregon Department of Fish and Wildlife (ODFW) regards fish entrainment at Spring Hill 
Pumping Plant (SHPP) on the Tualatin River as a potential source of mortality for fish. Impacts 
to anadromous salmonid species are of particular interest due to their importance to Willamette 
Basin fisheries. Specific species of concern include coho salmon (Oncorhynchus kisutch), spring 
Chinook salmon (O. tshawytscha), and winter steelhead trout (Oncorhynchus mykiss).  

The Tualatin River has a small population of winter steelhead and one of the largest runs of coho 
salmon migrating over Willamette Falls. Many of these fish spawn in the upper Tualatin River in 
Gales Creek and Scoggins Creek (Fulton 1970; Friesen and Ward 1996; Leader 2002), upstream 
of SHPP. Indeed, juvenile coho salmon and winter steelhead have been found within the SHPP 
intake channel (Leader & Ward 2000; Courter et al. (2011), and a recent evaluation also 
documented seasonal presence of juvenile Chinook salmon in the intake channel (MHE 2018).  

Mount Hood Environmental (MHE) was contracted to assist the Joint Water Commission (JWC) 
with extrapolation of recently quantified SHPP coho salmon entrainment rates (MHE 2018) to 
salmonid populations in the Tualatin River. JWC intends to use results from this analysis to 
determine the amount of mitigation necessary to offset potential entrainment impacts. A 
spreadsheet model was developed to estimate the number of returning adult anadromous 
salmonids, number of fry (juvenile fish <50 mm in length) produced by each species upstream of 
SHPP, proportion of fry diverted into the intake channel, and number of fry that could potentially 
be entrained at SHPP. The focus of the assessment was on fry because fish larger than 50 mm are 
not vulnerable to entrainment (MHE 2018). Model development required use of empirical data 
and expert opinion to approximate fish abundance and timing of presence of fry proximate to 
SHPP. Data sources and assumptions made during modeling were vetted through ODFW. 

Here we describe the data and calculations that comprise the SHPP fry entrainment model. 
Annual estimates of the number of entrained anadromous salmonid fry predicted between 2000-
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2019 are provided for three SHPP pumping rate scenarios. The first scenario includes the actual 
or ‘observed’ JWC pumping rates from January 2000 through May 19, 2019. For May 20, 
through August 31, 2019, for which pumping data was not yet available at the time of analysis, 
the ‘observed’ pumping rate was assumed to be equal to the actual pumping on the same date in 
2018. The second scenario evaluates the ‘maximum’ permit pumping rates that would occur if 
water was pumped at SHPP at a rate of 105 cfs from October 1 through May 31, and 30 cfs from 
June 1 through September 30, which are the maximum authorized rates of diversion allowed 
under Permits S-54737 and S-55219, and the permit requested by Application S-88506. (Permit 
S-55219 authorizes the use of up to 30 cfs. Permit S-54737 and the permit requested by 
Application S-88506 would allow diversion of up to 75 cfs from October 1 through May 31.) 
The third scenario evaluates the ‘capacity’ pumping rate of 143 cfs year-round which is JWC’s 
entire pumping capacity at SHPP. A copy of the spreadsheet model 
(SHPP_Salmonid_Fry_Entrainment.xlsx) can be obtained by contacting MHE. 
 
 
METHODS 
 
To approximate anadromous salmonid entrainment impacts at SHPP, we estimated 
 

1. the number of female spawners returning annually to the Tualatin River, 
2. the number of fry produced upstream of SHPP by each species,  
3. the daily proportion of Tualatin River flow diverted into the SHPP intake channel,  
4. the daily number of fry vulnerable to diversion into the intake channel, and 
5. the number of fry entrained (Figure 1).  

 
The annual number of female spawners in the Tualatin River was calculated by dividing Tualatin 
River escapement by 2 (Equation 1), which assumes a 1:1 sex ratio in Tualatin River coho, 
spring Chinook, and winter steelhead populations. For coho, spring Chinook, and winter 
steelhead escapement, we used telemetry data collected in the Willamette River by Jepson et al. 
(2011, 2012, 2015). These data reported a percentage of coho and winter steelhead tagged at 
Willamette Falls that were last observed and assumed to have spawned in the Tualatin River 
from 2011 to 2014 (Table 1). During this study no spring Chinook adults were observed in the 
Tualatin River. However, juvenile Chinook salmon have been found seasonally in the SHPP 
intake channel (MHE 2018), indicating the possibility of spawning adults in the Tualatin River. 
As a surrogate data set, we used percentages of  spring Chinook adult returns reported for the 
Molalla River (Jepson et al. 2011, 2012, 2015), which has a similar discharge, fish stocking 
history, and is proximate to the Tualatin River. For all available years of Willamette Falls fish 
passage data, we made a simplifying assumption that the same percentage of coho, spring 
Chinook, and winter steelhead spawn in the Tualatin River each year. 
 
Equation 1. Estimated count of adult female spawners in the Tualatin River. 
 

𝐹𝑒𝑚𝑎𝑙𝑒 𝑆𝑝𝑎𝑤𝑛𝑒𝑟𝑠𝑖𝑗 =  
𝐸𝑠𝑐𝑎𝑝𝑒𝑚𝑒𝑛𝑡𝑖𝑗

2
 

 
where, 
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i = ith species (coho, steelhead, chinook) 
 

j = jth year 
 

Escapement = Annual Willamette Falls fish passage counts from January 1999 to July 
2019 (ODFW 2018) multiplied by average percentage of tagged fish last observed in the 
Tualatin River (Jepson et al. 2011, 2012, 2015) 

 
Next, we estimated fry production in the Tualatin River as half of the product of female 
spawners (Equation 1) multiplied by fecundity and egg-to-fry survival rates (see Table 1). 
Fecundity of winter steelhead was referenced from a study conducted at the Forks Creek 
Hatchery in Washington (Quinn et al. 2011). Fecundity of coho and spring Chinook as well as 
egg-to-fry survival rates for winter steelhead, coho, and spring Chinook were extracted from 
multiple studies summarized by Quinn (2005). It is likely that no more than 50% of the salmon 
and steelhead adults in the Tualatin River are spawning above SHPP (Tom Murtaugh, ODFW, 
personal communication) and therefore, the number of fry produced by each species in the 
Tualatin was divided by two (Equation 2), representing the estimated number of fry above SHPP 
that would be vulnerable to entrainment.  
 
Equation 2. Estimation of annual number of fry produced in the Tualatin River above SHPP that 
are vulnerable to entrainment. 
 

𝐹𝑟𝑦 𝐶𝑜𝑢𝑛𝑡𝑖𝑗 =  
𝐹𝑒𝑚𝑎𝑙𝑒 𝑆𝑝𝑎𝑤𝑛𝑒𝑟𝑠𝑖𝑗 × 𝐹𝑒𝑐𝑢𝑛𝑑𝑖𝑡𝑦𝑖 × 𝐸𝑔𝑔 𝑆𝑢𝑟𝑣𝑖𝑣𝑎𝑙𝑖

2
 

 
where, 
 
i = ith species (coho, steelhead, chinook) 
 

j = jth year 
 

Female Spawners = estimated annual number of female spawners in the Tualatin 
 

Fecundity = average number of eggs laid by a single female 
 

Egg Survival = average survival rate of eggs to the fry stage of development 
  

  
 
To determine the annual proportion of fry produced upstream of SHPP that is diverted into the 
intake channel, a relationship between the number of fry diverted and the amount of water 
diverted into the SHPP intake channel was required. The daily proportion of water diverted into 
the SHPP intake channel was calculated as a ratio between the daily JWC pumping rates (Kristel 
Griffith, City of Hillsboro, personal communication) and the daily combined Tualatin River 
discharge at the Dilley gage and Gales Creek discharge (cfs; OWRD 2019; USGS 2019; 
Equation 3). Additional inflows from Dilley Creek, Carpenter Creek, and other unnamed sources 
are present below the Dilley gage but are not monitored or accounted for here. In this calculation, 
we assume that JWC pumping rates represent the only diversion from the Tualatin River.  
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Additionally, Gales Creek discharge data were only available after October 1, 2005 and JWC 
pumping rates occasionally exceeded the Tualatin River discharge alone. To account for this, we 
identified the day with the lowest ratio of Gales Creek flow to Tualatin River flow (as measured 
at Dilley gage) for each month from January 1, 2009 through December 31, 2018. The lowest 
ratio for each month was used as the daily ratio in the respective month from January 1, 2000 
through September 30, 2005. For example, the lowest ratio for any day in January from 2009-
2018 was used as the ratio for all days in January from January 1, 2000-September 30, 2005. 
Additionally, the discharge data from Gales Creek available for October 1, 2005 through 
December 31, 2007, and October 1 2015 through July 31, 2019, as well as Tualatin River data 
from May 7, 2019 through July 31, 2019 have received no or minimal review by the Oregon 
Water Resources Department (OWRD) and United States Geologic Survey, respectively, for 
quality and accuracy. This provisional data is being used because it is likely more accurate than 
estimating stream flows using the previously described method. In the few instances where 
provisional data is absent between October 1, 2005 and December 31, 2007, values were 
estimated using the lowest monthly proportion described above.  
 
In addition to using observed pumping rates from January 2000 through May 2019 to calculate 
fry entrainment, both the maximum pumping rate allowed according to the JWC’s above-
described water use permits and the maximum pumping capacity of JWC were similarly 
evaluated to capture the range of potential impacts at variable pumping rates. The maximum 
permit pumping rate scenario was 105 cfs from October 1 through May 31 and 30 cfs from June 
1 through September 30. The capacity pumping rate scenario was 143 cfs year-round. In a few 
instances, the proportion of flow diverted into the intake channel was greater than 1, indicating 
that more than 100% of flow was diverted. When this occurred, the proportions of diverted flow 
were capped at 1. 
 
Equation 3. Calculation of the proportion of daily water diverted into the SHPP intake channel. 
 

𝑃𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛 𝑜𝑓 𝑊𝑎𝑡𝑒𝑟 𝐷𝑖𝑣𝑒𝑟𝑡𝑒𝑑𝑗𝑘 =  
𝑃𝑢𝑚𝑝𝑖𝑛𝑔 𝑅𝑎𝑡𝑒𝑗𝑘

𝑇𝑜𝑡𝑎𝑙 𝐷𝑖𝑠𝑐ℎ𝑎𝑟𝑔𝑒𝑗
 

 
where, 
 
j = jth year 
 

k = kth pumping scenario (observed, maximum, or capacity) 
 

Pumping Rate = daily amount of water pumped by JWC at SHPP (cfs) 
 

Total Discharge = the sum of discharge from the Tualatin River and Gales Creek above 
SHPP (cfs) 
 

 
To estimate the number of fry vulnerable to entrainment, we divided the annual fry abundance 
above SHPP from Equation 2 by the number of days in each species’ vulnerability period, 
defined as the number of days fry are susceptible to entrainment (Equation 4). It is necessary to 
account for vulnerability because fry are not susceptible to entrainment year-round. Specifically, 
coho fry greater than 50 mm total length were not found to be vulnerable to entrainment (MHE 
2018) and this growth happens within a short period. Accordingly, vulnerability periods in this 
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calculation represent the time (days) from fry emergence to reaching a total length of 50 mm, 
and, assumes that fry presence is constant and equivalent throughout that period. Additionally, 
we assumed that coho emerged from mid-February to mid-June, spring Chinook from January 
through March, and winter steelhead from March through July (LCFRB 2010; Tom Murtaugh, 
ODFW, personal communication).  
 
Equation 4. Estimation of number of fry present daily above SHPP vulnerable to diversion into 
the intake channel. 
 

𝐷𝑎𝑖𝑙𝑦 𝐹𝑟𝑦 𝐶𝑜𝑢𝑛𝑡𝑖𝑗 =  
𝐹𝑟𝑦 𝐶𝑜𝑢𝑛𝑡𝑖𝑗

𝐷𝑎𝑦𝑠 𝑉𝑢𝑙𝑛𝑒𝑟𝑎𝑏𝑙𝑒𝑖
 

where, 
 
i = ith species (coho, steelhead, or Chinook) 
 

j = jth year 
 

Fry Count = number of fry produced annually in Tualatin River above SHPP 
 

Days Vulnerability = number of days in period during which fry are vulnerable to 
entrainment (<50 mm) 

 
 
Finally, a total annual abundance of fry entrained in the intake channel was estimated by 
summing the product of daily water diversion (Equation 3) and daily fry abundance above SHPP 
(Equation 4) for each year and multiplying by the rate of entrainment (Equation 5) established by 
MHE (2018). This calculation of fry entrainment assumes that fry are randomly distributed in the 
mainstem of the Tualatin River and therefore, the number of fry entering the SHPP intake 
channel is proportional to the pumping rate. Lastly, entrainment is calculated for the year the fry 
emerge, though we use the prior adult run year data to estimate the fry count parameter.  
 
Equation 5. Calculation of the annual number of fry entrained at SHPP.  
 

𝐹𝑟𝑦 𝐸𝑛𝑡𝑟𝑎𝑖𝑛𝑒𝑑𝑖𝑗𝑘 =  𝐸𝑛𝑡𝑟𝑎𝑖𝑛𝑚𝑒𝑛𝑡 𝑅𝑎𝑡𝑒 × ∑
𝐷𝑎𝑖𝑙𝑦 𝑊𝑎𝑡𝑒𝑟 

𝐷𝑖𝑣𝑒𝑟𝑠𝑖𝑜𝑛𝑗
 ×

𝑖𝑗𝑘
 
𝐷𝑎𝑖𝑙𝑦 𝐹𝑟𝑦 

𝐶𝑜𝑢𝑛𝑡𝑖𝑗
  

 
 where,  
 
 i = ith species (coho, steelhead, or Chinook) 

 

 j = jth year 
 

 k = kth pumping scenario (observed, maximum, or capacity) 
 

 Entrainment Rate = 0.015 = The proportion of fry <50 mm present in the intake channel 
 that will be entrained in the facility  
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Figure 1. Conceptual map of data inputs to calculated estimates. Inputs are indicated in grey. 

 
 
Table 1. Life-history parameters and estimated Tualatin River spawner escapement data. Brackets indicate 
data collection years. 

Constant 
Species 

Coho Spring Chinook Winter Steelhead 
Fecundity (# of eggs/female) 1 2500 5401 5135 2 

Egg-to-Fry Survival (proportion) 1 0.253 0.38 0.293 
Tualatin Spawners (percent) 3 18.7 [2014] 1.6 [2011,12,14] 3.8 [2012-14] 

Source: 1 Quinn 2005, 2 Quinn et al. 2011, 3 Jepson et al. 2011, 2012, 2015 
 
 
RESULTS 
 
The calculated number of female coho salmon spawning in the Tualatin River above SHPP from 
January 2000 to July 2019 ranged from 59 to 2359 annually with an average of 649 individuals 
(Table 2, 3). Under the observed pumping rate scenario, the 20-year average of coho fry 
entrained at SHPP was 387 with a range of 52 to 1476 (Table 4, 5). The number of female spring 
Chinook salmon spawning in the Tualatin River above SHPP ranged from 40 to 313 with an 
average of 107. The 20-year average of spring Chinook fry entrained at SHPP was 158 with a 
range of 23 to 941. The number of winter steelhead females spawning in the Tualatin River 
above SHPP ranged from 16 to 279 with an average of 114. The 20-year average of winter 
steelhead fry entrained at SHPP was 284 with a range of 27 to 782. 
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Under the maximum permit pumping rate scenario, the 20-year average of coho fry entrained at 
SHPP increases to 731 with a range of 117 to 2680 (Table 4, 5). The 20-year average of spring 
Chinook fry entrained was 376 and ranged from 61 to 2266. The 20-year average of winter 
steelhead fry entrained was 359 with a range of 24 to 1341. Under the capacity pumping rate 
scenario, the 20-year average of coho fry entrained at SHPP increases again to 1164 with a range 
of 170 to 4163. The 20-year average of spring Chinook fry entrained was 499 and ranged from 
83 to 3018. The 20-year average of winter steelhead fry entrained was 743 with a range of 66 to 
2378.  
 
Table 2. Estimated annual abundance of female anadromous salmonid spawners in the Tualatin River from 
2000 to 2019. Fry year refers to the year in which fry are produced. 

Fry Year Coho Spring Chinook Winter Steelhead 
2000 59 313 82 
2001 265 229 222 
2002 162 194 279 
2003 219 172 169 
2004 739 180 212 
2005 265 148 89 
2006 124 54 95 
2007 578 76 97 
2008 622 62 82 
2009 375 43 51 
2010 2359 58 138 
2011 1866 111 139 
2012 310 106 140 
2013 613 68 91 
2014 1725 57 101 
2015 1688 52 85 
2016 247 72 105 
2017 239 53 16 
2018 283 48 35 
2019 239 40 61 

 
 
Table 3. Summary values of the 20-year minimum, maximum, and mean annual abundance of female 
anadromous salmonid spawners in the Tualatin River 

  Coho Spring Chinook Winter Steelhead 
Min 59 40 16 
Max 2359 313 279 
Mean 649 107 114 
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Table 4. Estimated annual entrainment of anadromous salmonid fry in SHPP from 2000 to 2019. The number 
of fry entrained under the JWC actual pumping rates are ‘Observed’. The number of fry which could 
potentially be entrained under the maximum permit pumping rate scenario are ‘Max’. The number of fry 
which could potentially be entrained under the full capacity pumping rate scenario are ‘Capacity’. 

Year Coho Spring Chinook Winter Steelhead 
Observed Max Capacity Observed Max Capacity Observed Max Capacity 

2000 52 117 170 236 736 1003 216 328 609 
2001 342 817 1144 941 2266 3018 706 1341 2378 
2002 140 270 418 157 410 558 702 964 1943 
2003 186 278 452 178 391 533 480 462 1039 
2004 953 1427 2139 253 542 738 782 846 1616 
2005 382 611 857 698 1339 1627 333 371 703 
2006 99 155 254 43 92 125 243 247 549 
2007 434 789 1254 83 191 261 231 287 614 
2008 297 588 1016 46 105 142 144 171 409 
2009 243 435 740 54 133 182 111 120 287 
2010 672 1774 2635 40 105 143 182 236 554 
2011 451 1103 1920 63 180 245 169 203 561 
2012 115 230 407 46 148 201 220 252 678 
2013 394 864 1392 67 202 274 188 267 576 
2014 781 1313 2370 62 176 239 188 189 492 
2015 1476 2680 4163 51 138 188 226 272 534 
2016 203 346 548 32 85 116 273 320 675 
2017 94 153 292 23 61 83 27 24 66 
2018 202 329 553 32 102 139 84 82 187 
2019 214 345 552 51 123 168 182 187 397 

 
 
Table 5. Summary values of 20-year minimum, maximum, and mean annual entrainment of anadromous 
salmonid fry in SHPP under three pumping rate scenarios. The number of fry entrained under the JWC actual 
pumping rates are ‘Observed’. The number of fry which could potentially be entrained under the maximum 
permit pumping rate scenario are ‘Max’. The number of fry which could potentially be entrained under the 
full capacity pumping rate scenario are ‘Capacity’. 

  Coho Spring Chinook Winter Steelhead 
  Observed Max Capacity Observed Max Capacity Observed Max Capacity 
Min 52 117 170 23 61 83 27 24 66 
Max 1476 2680 4163 941 2266 3018 782 1341 2378 
Mean 387 731 1164 158 376 499 284 359 743 
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DISCUSSION 
 
The model predicted low salmonid fry entrainment over the last 20 years under all three pumping 
scenarios. Even in years with the highest impact, the number of fry entrained typically amounted 
to a fraction of the eggs laid by female spawners. Low entrainment rates can be attributed to 
limited numbers of spawning adult fish of each species in the Tualatin River, low risk of fry 
diversion into the intake channel, and low probability of entrainment for those fry that do enter 
the intake channel. Not surprisingly, the maximum permit pumping rate scenario, and even more 
so the capacity pumping rate scenario, was predicted to have larger impacts on fry entrainment 
when compared to the observed pumping rate scenario. This was most notable for coho salmon, 
which on average experienced the highest level of entrainment and have the largest number of 
spawners in the Tualatin River compared with other anadromous salmonid species. 
 
Entrainment impacts predicted by the model are likely biased high as a result of several reasons. 
First, the model calculations always assumed maximum presence and vulnerability of fry to 
entrainment. For example, after emergence, most salmonid fry continue rearing proximate to 
natal incubation areas, but we assumed all fry would potentially disperse downstream past SHPP. 
This approach was chosen to avoid underestimating risks of SHPP to salmonids in the basin. 
 
Estimated fry entrainment was further biased due to lack of available discharge data in Gales 
Creek from 2000 to 2005. As a result, we conservatively estimated discharge which resulted in 
overestimating the predicted number of fry diverted into the SHPP intake channel during that 
period. The unmonitored inflow from Carpenter Creek and Dilley Creek below the USGS 
discharge gage near Dilley was another source of bias. Accordingly, the model underestimates 
the total Tualatin River discharge, overestimates proportions of flow diverted, and overstates 
salmonid fry entrainment.   It is also worth noting that although the OWRD can regulate water 
rights during periods of low flow, regulation is not expected to significantly reduce the 
maximum permit pumping rate because the permits authorize use of stored water, and natural 
flow during the non-peak season. Lastly, hatchery and natural-origin spring Chinook fish counts 
at Willamette Falls were not distinguished in 1999 and the total count includes both, which 
inflated our 1999 escapement estimate of natural-origin spring Chinook spawners in the Tualatin 
River. 
 
Predictions of fish entrainment at SHPP were made using available in-basin and out-of-basin 
data. Combining Willamette Falls fish passage data with telemetry and entrainment study 
findings provided a useful method of approximating SHPP anadromous salmonid fry 
entrainment. At a minimum, we surmise that the SHPP Fry Entrainment Model is useful for 
determining the relative magnitude of mitigation effort needed to address fry entrainment at 
SHPP.   
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