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Eval uating the Col unbi a R ver Punp Exchange Proj ect
Usi ng the Stream Network Tenperature Model

Summary

The purpose of this study is to evaluate the potential of the Colunbia River
Punp Exchange Project (Project) to alter Yakima R ver water tenperatures. The
Proj ect proposes to nove the diversion points of the Kennew ck and Col unbi a
irrigation districts fromthe |lower Yakima River to a punping plant on the

mai nst em Col unbi a River. Myving points of diversion would increase instream
flows in the | ower Yakima River, while flows in the Col unbia River would renain
unaf f ect ed.

The Stream Network Tenperature Mddel (SNTEMP) was applied to a 47-mile |ong
reach of the Yakima River from Prosser Diversion Damto the city of West

Ri chl and, WA. SNTEMP was applied in two phases: a previously devel oped nodel -
Yaki ma Ri ver Water Tenperature Model: Prosser Diversion to Chandl er Powerhouse
(1998 Suppl enent) (TRPA and Monk 1999), and a new nodel described in this
report. Both nodels were calibrated utilizing hydrol ogi cal and mnet eor ol ogi ca
data from 1997 and 2000, with one nodel additionally utilizing data from 1995.
The nodels were applied to sinulate daily average (nmean) and daily maxi num wat er
tenperatures, under current conditions and with the Project in place. Two
wat er -year types were chosen to evaluate alternatives: 1992, sinmulating drought
year conditions, and 2000, sinulating average water-year conditions.

The results of the nodeling indicated that the Project could influence nean and
maxi mum dai ly water tenperatures under certain conditions in the Prosser Reach
of the Yakima River, fromProsser Damto the Chandl er Power house. The influence
of the Project on water tenperatures in this reach was nost pronounced under
drought year conditions. During drought years the Project could reduce nean

daily water tenperatures on average by 0.35°C, with a nmaxi mum si ngl e day

decrease of as much as 1.82°C. Maximumdaily water tenperatures were decreased
in the Chandl er bypass reach under drought year conditions on the average by

1.13°C, with an extrene cooling day of 2.83°C

In this same reach in an average water-year, the predicted average cooling

i nfl uence of the Project on nean daily tenperatures was 0.20°C with a | argest,
singl e day decrease of 0.94°C. In an average water-year Project could reduce
maxi mum dai ly water tenperatures on average by 0.68°C, with the nost extrene,
singl e day cooling of 1.61°C

Flow alterations due to the Project did not significantly influence sinulated
wat er tenperatures in the Yaki ma R ver downstream from Chandl er Power house to
West Richland. The large volunme of return flow water fromthe Chandl er

Power house appeared to be the primary influence on water tenperatures in this

reach. At West Richland the maxi numdaily tenperature was decreased by 0.49°C
and 0.31°C in drought and normal years respectively, while the daily nean
tenperature was only decreased by 0.2°C and 0. 12°C.



I nt roducti on

The Kennewi ck Irrigation District and the Colunbia Irrigation District have
proposed devel opment of the Col unbia R ver Project (Project). The Project would
renove two large irrigation diversions fromthe | ower Yakima R ver, Washi ngton
replacing themwith a single irrigation water punping station that would draw
water fromthe Colunbia River near Kennew ck, WAshington. Existing irrigation
systens woul d require extensive nodifications to acconmodate the punping plant;
reports describing the project estimate the cost will be approxi mately $50
mllion. Objectives of the Project include inproved irrigation water nanagenent
and the enhancenent of sal non and steel head popul ations in the Yakima R ver
Basi n through increased i nstream fl ows.

This study addresses the effects the Project could have on water tenperatures of
the I ower Yakinma River. The process-oriented tenperature nodel SNTEMP ( Theurer
et al., 1984) was used to predict water tenperatures in this reach under various
simul ated fl ow regi nes. Measurenents of streamtenperature, flow, geonetry, and
| ocal i zed neteorol ogy were utilized in the construction and calibration of the
tenperature nodel. Alternative river flow rel eases bel ow Prosser Diversion Dam
wer e nodel ed under various flow and water-year scenarios to evaluate the effect
of increased river flows on resulting water tenperatures.

Exi sting Conditions

The Kennewick Irrigation District (KID) and the Colunbia Irrigation District
(CID) both obtain water from diversion dans | ocated on the | ower Yakim River.
KID s diversion is at Prosser Dam (river mle 47.1); CID diverts water fromthe
right bank of the river at \Wanawi sh Dam (river mle 18) (Figure 1). Lower
Yaki ma Ri ver flow consists of unregulated runoff fromthe Cascade nountai ns,

wat er rel eased from Bureau of Reclamation-Yakinma Irrigation Project storage
reservoirs in the upper Yakima River watershed, and irrigation return water.

During the irrigation season (April to Cctober), water is diverted by the Bureau
of Reclamation (BOR) at Prosser Damin to the Chandl er Power Canal. The water
is conveyed 11 mles to the Chandl er Power and Punping Plant to: (1) neet the
irrigation demands of KID, (2) operate two hydraulic turbines which punp water
across the Yakima River into the Kennewi ck Canal, and (3) generate hydroelectric
power whi ch BOR makes avail able to Bonneville Power Adm nistration. [Irrigation
wat er punped across the Yakima River at Chandler is conveyed by KIDto irrigate
20, 200 acres of agricultural, urban, and suburban land near the Tri-Cities area
of Washi ngt on.

The Chandl er Canal has a capacity of 1500 cfs. During peak irrigation demand
KID must divert 740 cfs of water. However, less than half of this water (330
cfs) is actually diverted into the Kennewi ck Canal to be used for irrigation
The additional 410 cfs of water that KID diverts at Prosser Damis used to power
hydraulic turbine punps. The punps lift the irrigation water to the Kennew ck
Canal, which is across the Yakima R ver from Chandl er and at a hi gher elevation
The punping water is returned to the Yakima River at Chandl er along with any

wat er diverted for hydroelectric generation. During the non-irrigation season
the canal may divert up to 1500 cfs for hydroel ectric generation

The Colunbia Irrigation District (CID) diverts approximtely 200 cfs from
Wanawi sh Dam (river-mle 18) on the |ower Yakima River. The Project
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Figure 1. Project areafor the Columbia River pump exchange (not to scale). Prosser Reach isfrom Prosser Diversion
Dam to just downstream of Chandler Power and Pumping Plant; Columbia Reach is from downstream of Chandler
Power & Pumping Plant to West Richland. Red and blue arrows indicate | ocations where water temperature data was
collected; red arrows indicate |ocations where water temperatures were not only collected, but also simulated to
compare conditions with and without the pump exchange project.




Table 1. Yakima River target flows specified by Congress in Section 1205
(a)(1l), Title Xil, P.L. 103-434.
Water Supply Estimate for Period (mllion acre- Target Fl ow From Date of
feet): Estimate Thru Cct ober
Downst ream of (cubic
feet per second):
April thru May thru June thru July thru
Sept enmber Sept enmber Sept enmber Sept enmber
Sunnysi de Pr osser
Di version Di version
Dam Dam
3.2 2.9 2. 1. 600 600
2.9 2.65 2. 1. 500 500
2.65 2.4 2. 1. 400 400
Less than line 3 water supply 300 300
proposal would allow CID to obtain irrigation water fromthe sane Col unbia River

punpi ng station as KID, elimnating the need for the CID diversion at Wanaw sh.
This water would remain as instreamflows to the nouth of the Yakima River.

In 1994 the United State Congress set target flows in the Yakim River
After the spring run-off,
range from 300-600 cfs,

Pr osser
wat er supply

In summary,

the irrigation season
over current conditions by about 700 cfs in the reach from Prosser
by about 300 cfs fromthe Chandl er

Chandl er

Power house,

Di version Dam (Table 1).
the irrigation season (July-Cctober)

avai |l abl e.

bel ow

flows during nost of
dependi ng upon the

the Project would increase flows in the |ower Yakima River during
Fl ows during the base flow period would be increased

Damto the
Power house to Wanaw sh

Dam and by about 500 cfs from Wanawi sh Damto the confl uence of the Yaki ma and

Col unbia rivers.

fl ows bel ow Prosser

Ef fects of the Col unbia River

Water tenperature is an inportant fish habitat
growt h, behavi or,

and survi val

eval uate in the context of the Project
associ ated with high juvenile salnonid nortality in the | ower Yakim River
(Sandford and Ruehl e 1996).

in the | ower

sal non survi val
to the Col unbia River

Ri ver
(McM chael et

water tenperatures is critical

Yaki ma Ri ver

al . 1999).

There have been suggestions that
coul d decrease water
| mproving juvenile mgrant survival
may i nprove adult

par anet er

t enper at ur es,

The mnimumtarget flows specified by Congress
in Table 1 could consequently increase by 700 cfs,
from 1, 000-1, 300 cfs.

Punp Exchange Proj ect

benefiti

provi ding a range of m ni mum

because it affects fish
Tenperature is particularly inportant to
because warm wat er tenperatures have been

i ncreasing fl ows
ng juvenile
t hrough the | ower Yakina
returns to the Yakima Basin
Determ ning the inpacts the Project could have on

for the assessnent of project benefits.




Exi sting studies do not conpletely agree on the inportance of streamflow as a
factor affecting streamtenperature in the I ower Yakima. Lilga (1998) was
unabl e to develop a relationship between flow and tenperature for the | ower
Yaki ma Ri ver during the height of the irrigation season, instead finding water
tenperature was nost responsive to air tenperature. In contrast, MM chael et
al . (1999) described a significant, inverse rel ationship between di scharge and
water tenperature, with increasing flows coinciding with decreasing water
tenperatures. Vaccaro (1986) undertook an extensive effort to devel op a nodel
of factors influencing Yaki ma River water tenperatures. Vaccaro found air
tenperature was the domi nant factor influencing water tenperature, although in
certain circunstances reservoir releases were able to affect water tenperatures
inthe lower river. TRPA and Monk (1999) devel oped a nodel which simulated a
slight decrease in nean daily water tenperatures when flows bel ow Prosser Dam
wer e increased.

In order to resolve uncertainties regarding the inportant of streamflow, the
specific flow alterations associated with the Project were evaluated in the
anal yses descri bed bel ow.

Model Devel opnent and Refi nenent

Stream Networ k Tenper ature Mdel

| mpl enenting the Project would alter the streamflow patterns that have existed
in the |lower Yakima River for over 40 years. The evaluation of water
tenperature effects of the Project was acconplished using the conmputer-based
nodel SNTEMP. This nodel has the benefits of being peer-reviewed, published,
and wi dely applied. SNTEWP incorporates (1) a conplete solar nodel that

i ncl udes both topographic and riparian vegetati on shade; (2) a meteorol ogica
correction nodel to account for the change in air tenmperature, relative

hum dity, and atnmospheric pressure as a function of elevation; (3) a conplete
set of heat flux conponents to account for all significant heat sources; (4) a
heat transport nodel to determ ne |ongitudi nal water tenperature changes; (5)
regression nodels to snmooth or conplete known water tenperature data sets; (6) a
flow m xi ng nodel at tributary junctions; and (7) calibration equations to help
elimnate bias and reduce errors at calibration nodes (Theurer et al, 1984).

New Mbdel i ng

For purposes of nodeling, calibration, and gam ng, the study area was divided
into two Yakima River reaches. Prior to this analysis, an existing SNTEMP nodel
(noted hereafter as the Prosser Reach nodel) had been devel oped for the 12.5
mle Prosser Reach of the Yakima River extending fromthe Prosser Diversion to a
point 1 mle downstream of the Chandl er Power house return (TRPA 1996; TRPA &
Monk 1999). (This downstream | ocation was chosen because it was assuned that
the Chandl er Canal return flows woul d have adequately mxed with river flows.)
Thi s nodel was calibrated and verified using data gathered during 1995 and 1997.
Addi ti onal data for 2000 was collected and i ncorporated into the existing nodel
to test its calibration and further enhance its predictive capability.

The second nodel ed river reach (called the Col unbia Reach nodel) began where the
Prosser nodel ended and conti nued downstreamto river mle 6, near the city of
West Richland, WA. Data for 1997 and 2000 was col |l ected and used in the
construction and calibration of this nodel.



Model ed within the Prosser reach are the Chandl er Canal and two existing

di versions, the Prosser Diversion on the river at Prosser, and the Kennew ck
Irrigation District diversion out of the term nus of the Chandl er Canal. The
Col unbi a Reach includes the Colunmbia Irrigation District diversion on the Yakim
Ri ver at Wanawi sh Dam

SNTEMP Data Requirenments for 1995, 1997, 2000

The SNTEMP nodel requires calibration data for three nmajor categories:

hydr ol ogy, mneteorol ogy, and stream geonetry. Additionally, a pren se when

devel oping a tenperature nodel for a river such as the Yakima, is to first
calibrate the nodel utilizing as nuch real, nmeasured data as is avail able.

Hogan et al. (1973) found that analysis of data for a period of two years |eads
to the sane general distribution of equilibriumwater tenperatures as does a
ten-year period. Thus a nodel calibrated with two to three years of data shoul d
performas well as one calibrated with nunerous years of data.

The devel opnent of the existing Prosser Reach tenperature nodel (TRPA and Monk
1999) was based solely upon 1995 and 1997 data. Subsequently, a conplete data
set was collected in 2000 and this new data was added to the existing nodel.

For the Col unbia Reach nodel, a conplete water tenperature data set existed for
1997. A conmplete data set was collected in 2000 for use in the synthesis of
t hi s nodel .

The stream geonetry data for the Prosser nodel did not change fromthat
originally derived for the 1995/1997 nodel. Stream geonetry data and shade data
for the Kennew ck nodel were obtained from existing sources such as USGS quad
maps, or collected as part of a habitat mapping study (TRPA 1995).

Hydr ol ogy

The hydrol ogy data for 2000 was acquired fromthe same sources as those relied
on in 1995 and 1997. BOR stream gagi ng records were again used to determ ne
| evel s of discharge in the river and into the canals in the various reaches.

Site-specific water tenperatures in the two study reaches were obtained through
t he placenent of 32K Optic Stowaway tenperature |oggers (Onset Computer

Cor poration, Pocasset, MA). |In addition to those locations within the Prosser
Reach as noted in the 1996 TRPA report, loggers were also 0.7 nmiles upstream of
t he V\anawi sh Dam and at river-mle 6 near the city of Wst R chland. Each
tenperature | ogger was checked for accuracy through a range of tenperatures
prior to installation. The |loggers were in place and collected data fromearly
June through md October each year, for a m nimum of 128 days.

Met eor ol ogy

For the Prosser Reach nodel, clinmate data near the Prosser Diversion Dam was
collected. Onset data |oggers were |ocated near the Prosser Diversion Dam
recording air tenperature and relative humdity.

Mean daily wi nd speed and sol ar radi ati on val ues were obtai ned fromthe

nmet eor ol ogi cal station of Washington State University Public Agricultura

Weat her System \Weather data fromthroughout the Colunbia Plateau is stored at
the Irrigated Agriculture Research and Extension Center (WSU |IAREC) at Prosser



Washi ngton. Sol ar Radi ati on val ues were again converted to percent possible sun
val ues as noted in the 1996 report (TRPA 1996).

Daily mean air tenperature, relative hunmidity, wind speed, and converted percent
possi bl e sun val ues recorded at WSU Pasco were averaged with those recorded at
Prosser, and used in the Col unbia Reach nodel analysis. The md point of this
reach is approximately half way between Prosser and Pasco. Averaging the two
nmet eor ol ogi cal val ues was done to nore accurately reflected | ocal weat her

condi tions.

Model Cali bration

Calibration of the tenperature nodel is the process by which certain paraneters
are adjusted to allow the nodel to nore accurately predict observed water
tenperatures. Adjustnments are often needed to correct for differences in

physi cal conditions between the water surface where tenperature change occurs
and the sites of data collection. For instance, the Prosser station air
tenperature | ogger, although near the river, was in a tree above a gravel road
and recorded air tenperatures may have been influenced by heat reflected or
retained by the gravel. Any differences in conditions could affect the ability
of the nodel to reproduce observed water tenperatures and warrant calibration
adjustnents. These calibrations should be within reasonable limts, as defined
in the docunmentation for the nodels (Barthol ow 1989).

Prosser Reach Model Calibration

The original Prosser 1995 nodel had been calibrated utilizing adjustnent of two
of the climate paraneters, air tenperature and sol ar radiation. The input data
to these paraneters are nodified globally (the entire input data set of the
specified paraneter) by the application of a constant and coefficient nodifier
to each daily input value. The global calibration factors were used in the
conputer programto nodify the meteorol ogical paraneters according to the
general form of:

Y = QotaLy

wher e:
Y is the nodified neteorol ogi cal paraneter
y is the original input neteorol ogical paraneter
ao is the calibration constant factor
a; is the calibration coefficient factor

The objective of calibration is to achieve a nean bias error of 0°C and

simul taneously attenpt to nmaxinize the standard deviation (R’) of the regression
bet ween observed data and predicted val ues and nminimze the nean error
(Barthol ow 1989). Further criteria include:

1 - No nore than 10% of the sinmulated tenperatures greater than 1°C from
neasur ed tenperatures.

2 - No single sinmulated tenperature greater than 1.5°C from neasured

t enper at ur es.

3 - The nmean of the absolute values of the observed mnus the predicted is
| ess than 0.5°C (probable error).

4 - No trend in spatial, tenporal, or “tenperature” error



Testing of numerous conbinations of constants and coefficients air tenperature
and solar radiation resulted in the follow ng calibration choices for the 1995:

Const ant Coef fici ent
Air tenperature ao=1. 30, a;=0. 92
Sol ar radi ation ao=10, a;=0. 97,

The gl obal calibrations for the 1995 Prosser nodel for air tenperature and sol ar
radi ation tend to increase | ow nunbers whil e decreasing high nunbers, thus
reduci ng the overall range of air tenperature.

These gl obal calibration factors in the 1995 Prosser nodel resulted in the
following quality control results at the river validation nodes, which were
consi dered accept abl e:

St ream Reach Correl ation Mean Pr obabl e Maxi mum Bi as
Val i dati on Coef fici ent Error Error Error (+ -
Node (R (°O (+-°0 (°O °0)
0.6 km 0. 9931 -0.01 0. 40 1.63 0. 03
upstream

Chandl er Powhs

1.6 km 0. 9943 0.03 0.31 1.65 0.02
dwnst r eam
Chandl er Powhs

Testing Prosser 1997 Data Wth 1995 Calibration

The 1995 Prosser nodel’s global calibration paraneters were applied to the 1997
Prosser data set of hydrol ogical and neteorol ogical conditions to test the
statistics of predicted versus neasured water tenperatures for 1997. This type
of testing (i.e. validation) “splits” the data into separate parts to

i ndependent|ly evaluate the original calibration. Validation resulted in the
followi ng quality control results at the two river nodes:

St ream Reach Correl ation Mean Pr obabl e Maxi mum Bi as

Val i dati on Coef fici ent Error Error Error (+ -
Node (R) (°O (+-°0 (°O °0)

0.6 km 0. 9929 0.17 0.32 1.33 0. 03

upstream

Chandl er

Powhs

1.6 km 0. 9941 0. 20 0.28 1.52 0.02

dwnst r eam

Chandl er

Powhs

Al t hough these were acceptable results according to the standard criteria, the
mean error and bias were slightly higher than nornmally desirable, therefore,
the 1995 and 1997 data were nmerged and the conbi ned data set recali brated.
Recal i bration of the conbi ned nodel through iterative testing of different



conbi nati ons of constants and coefficients for the clinate variables resulted in
the follow ng choices for the 1995 cali bration:

Const ant Coef fici ent
Air tenperature ao=1. 50, a;=0. 88

Wth the revised calibration no further adjustnments to the solar radiation data
were required. Final calibration of the nodel was achi eved by applying these
factors to air tenperatures, then running the nodel. This resulted in the
followi ng quality control results at the two river nodes (1995 and 1997

conbi ned) :

St ream Reach Correl ation Mean Pr obabl e Maxi mum Bi as

Val i dati on Coef fici ent Error Error Error (+ -
Node (R (°O (+-°0 (°O °0)

0.6 km 0. 9919 -0.03 0. 30 -1.44 0.02

upstream

Chandl er

Powhs

1.6 km 0. 9923 0. 05 0. 29 1.55 0.02

dwnst r eam

Chandl er

Powhs

Testing the Calibration of the Prosser Mddel w th 2000 data

Once the nodel was calibrated with data from 1995 and 1997, it was tested by
conparing the observed data collected in 2000 to the water tenperatures

predicted by the nodel. This resulted in the following quality control results:

St ream Reach Correl ation Mean Pr obabl e Maxi mum  Bi as

Val i dati on Coef fici ent Error Error Error (+ -
Node (R) (°0) (+/-°0) (°0) °0)

0.6 km 0.9824 0.12 0.55 -3.41 0.05

upst ream

Chandl er

Powhs

1.6 km 0.9818 0. 07 0. 49 2.95 0.04

dwnst r eam

Chandl er

Powhs

For both river validation nodes the correl ation between observed and predicted
tenperatures was high, nmean errors approached zero, probable error was bel ow
0.50, and bias was |low. Al though maxi numerror was higher than the 1.5°C
speci fied above for a "good" calibration, all other criteria were well within
the standards. Maximumerrors occurred on days that aren’t well reflected by



average conditions, for exanple when stormfronts were arriving and very rapid
changes in air tenperatures were observed.

Figure 2 illustrates the neasured and predicted water tenperatures for the
Yaki ma Ri ver at validation sites both upstream and downstream of the Chandl er
Power house under 2000 weat her and flow conditions. In both years at both

| ocations, the predicted data closely track the observed data, with only m nor
variation on certain days.
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Figure 2. Water tenperatures predicted by the calibrated SNTEMP nodel of the
Prosser Reach are conpared to data observed for 2000.

11



Col unbi a Reach Mbdel

The Col unbi a Reach nodel
devel oped in a sim|ar manner

generated using data coll ected June through October
hydr ol ogy and net eorol ogy data coll ected at
station at

coll ected froma WBU weat her

Cali bration
from Ki ona down to the nouth of the Yaki ma R ver, was
as the Prosser Reach nodel. The nodel was
1997. In addition to the
Prosser, additional data was

Pasco, Washi ngton.

@ obal calibration adjustnents were nmade to the follow ng vari abl es:
Const ant Coeffi ci ent
Air tenmperature 1.50 0.88
W nd speed 0.90 0.18
% sunshi ne 0.35 0.55

Statistical

tenperatures for the Col unbi a Reach nodel

St ream Reach
Val i dati on
Node

1.0 km
upstream
Wanawi sh Dam

RM6 at city
of Richl and

The nodel appeared wel |
data for 2000 was applied to
predi cted by the nodel

calibrated to the 1997 dat a.

as conpared to those observed for 2000.

results of the observed versus predicted daily nean water

using only 1997 data are as foll ows:

Correl ation Mean Pr obabl e Maxi num Bi as
Coef fici ent Error Error Error (+ -
(R) (°0) (+-°0) (°0) °0)

0. 9954 0. 02 0.23 -0.99 0. 02

0. 9896 0. 02 0. 37 -1.55 0. 03

Met eor ol ogy and hydr ol ogy
Figure 3 shows the water tenperatures
Statisti cal

t he nodel .

results of this sinmulation are as foll ows:

St ream Reach
Val i dati on
Node

1.0 km
upstream
Wanawi sh Dam

RM6 at city
of Ri chl and

Correl ation Mean Pr obabl e Maxi num Bi as
Coef fici ent Error Error Error (+ -
(R) (°0) (+-°0) (°0) °0)

0.9911 -0.15 0. 35 -1.54 0. 03

0. 9875 0.13 0. 43 -1.68 0. 04
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YAKIMA R TEMPERATURE MODEL - COLUMBIA REACH - TESTING CALIBRATION WITH 2000
DATA - 1 KM UPSTREAM HORN RAPIDS DAM
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Figure 3. Water tenperatures predicted by the calibrated SNTEMP nodel of the
Col unbi a Reach are conpared to data observed for 2000.
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Dai |y Maxi num Water Tenperature Calibration

The SNTEMP npdel was al so used to predict daily maxi mum water tenperatures under
current conditions as conpared to those with the Project in place. (Note-the
nodel does not have the capacity to predict daily mninumtenperatures). The
SNTEMP does not generally predict daily tenperature extrenmes as well as daily
averages (Barthol ow 1987). Daily tenperature maximuns are very sensitive to
water travel time, which was the paraneter adjusted to achieve nore accurate
tenperature predictions.

The Col unbi a Reach nodel predicted the observed (nmeasured) maxi num daily water
tenmperatures well (R-squared 0.99) for both 1997 and 2000 and was not calibrated
at all (Figures 4 & 5). The Col unbia Reach nodel was run with a Manning' s n

val ue of 0.030, which is roughly equivalent to a travel tinme of 1,625
seconds/km Daily maxi mum water tenperatures were generated for a site | ocated
about 1.0 km upstream of Wanawi sh Dam and for the Yakima R ver at West

Ri chl and.

SNTEMP did not predict daily maxi numwater tenperatures in the Prosser Reach as
accurately as in the Colunbia Reach, and calibration was required. A Manning's
n of 0.155 (travel time = 4,300 seconds/kn) was applied for the Prosser Reach
nodel . For this reach, the daily maxi mum nodel was calibrated using data for
1997 and 2000. Figure 6 shows the observed versus predicted data (R-squared
0.98 for 1997).
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YAKIMA R TEMPERATURE MODEL - COLUMBIA REACH - TESTING MAXIMUM DAILY
TEMPERATURE PREDICTION CALIBRATION - 1.0 KM UPSTREAM WANAWISH DAM
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YAKIMA R TEMPERATURE MODEL - COLUMBIA REACH - TESTING MAXIMUM DAILY
TEMPERATURE PREDICTION CALIBRATION - AT WEST RICHLAND
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Figure 5. (oserved and predicted daily maxi rum water tenperatures for the
Yaki ma Ri ver near West Richland during 1997 and 2000.
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Results

To assess the cooling effect of increased flows in the Yakim R ver, the nodel
was ganmed by altering the amobunt of flowin the river while |eaving all other
par amet ers unchanged under two scenarios: 1992 flow and weat her conditi ons,
representing a drought-year scenario, and under 2000 flow and weat her
conditions, representing average streanflow conditions (USBR, unpublished data).
Si mul ati ons were nade by nodeling flows, with and without the Project in place,
at three |locations on the mai nstem Yaki ma River: upstream of Chandl er

Power house, downstream of Chandl er Power house, and near Richland (Figure 1).
Under the proposed Project, streamflow bel ow Prosser were increased from
observed | ows of about 300 cfs to sinmulated | ow fl ows of about 900 cfs. Below
Chandl er Power house changes in flow are |l ess dramatic, due to the |arge anmpunt
of return flow fromthe Chandler Canal: |ow flows ranged around 600 cfs w t hout
the project, with the project flows rarely dropped bel ow 1000 cfs. Bel ow
Wanawi sh dam drought year flows were as |low as 600 cfs, while low flows with
the project were around 1100 cfs. Thus, inplenmenting the Project would nearly
double or triple instreamflows in the | ower Yakim R ver, dependi ng upon the

| ocation (see Appendix A for detail ed graphs of flow alterations and neteor ol ogy
dat a) .

Mean Daily Tenperatures. Mean daily water tenperatures were simulated at the
three | ocations descri bed above. O the 138 days nodel ed under drought
conditions (1992), nmean daily water tenperature was | owered on the average

0. 35°C upstream from Chandl er Return (Figure 7), and 0.20°C at West Richl and
(Figure 9). In the Prosser Reach, the maxi mumdifference of 1.78°C between
wi t h- and without-project water tenperatures occurred on June 23, 1992. 1In the
Col unbi a Reach at West Richland, the maxi mum difference between wth-and

wi t hout - project water tenperatures of 0.49° C occurred on May 24, 1992. Table 1
in Appendi x B provides daily nmean water tenperature differences, with and

wi thout the Project in place, under 1992 conditions.

No significant tenperature change was predicted downstream of the Chandl er
Power house return (Figure 8). The large volunme of water entering the Yakim
Ri ver fromthe Chandl er Powerhouse is the primary influence on water
tenperatures in this reach. However, it should be noted that under all flows
t hroughout the summer, river tenperatures exceed tenperatures suitable for
sal noni ds.

Under average water-year conditions the Project does not appear to influence

wat er tenperatures as significantly as under the drought year scenario. The
SNTEMP nodel sinulated | ess than 0.20° C on average of cooling under 2000 wat er -
year conditions in the Prosser Reach upstream from Chandl er Powerhouse (Figure
10) . On average the Project resulted in a 0.12°C difference with the project
flows in place at West Richland (Figure 12). Simlar to the drought year
scenari o, water tenperatures bel ow the Chandl er Powerhouse (Figure 11) were
nearly unaffected by the simulated punp exchange. The maxi mum difference
between with- and wi thout-project conditions in the Prosser Reach was 0.94° C on
July 7, 2000. The maximumdifference with the project in place at Wst Richl and

was 0.31° Con July 7, 2000. Table 2 in Appendix B provides daily nmean water
tenperature differences, with and without the Project in place, under 2000
condi tions.
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YAKIMA RIVER - PROSSER REACH 1.6 KM UPSTREAM OF CHANDLER POWERHOUSE -
PUMP EXCHANGE PROJECT - 1992
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Figure 7. Sinulated nean daily water tenperatures with (green) and w t hout
(magenta) Project in the Yakima R ver, Prosser Reach, just upstream of the
Chandl er Power house under 1992 conditions. Water tenperatures at Prosser Dam
(blue) were neasured in 1992.
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YAKIMA RIVER - PROSSER REACH BELOLOW CHANDLER POWERHOUSE RETURN- PUMP
EXCHANGE PROJECT - 1992

Degrees Celsius

16 \f 2

S

i \
14 \\

12 TTTT T T T T T T T T T T T T T T T T e T T T e T T T T T T T T T T e T e e T T e T T T e T T T e T T e T T T T T T T T T T T T T T e T T T T T T T T T T T T T TTirTT
N N N N N N N N N N N N N N N N N N N N N N
e 2 2 2 o 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 S O
[ee] [Te] - [e0] [Te] N (<] © ™ o N~ ™ o N~ < b ~ < i [e¢] w N
- N B B - N N = - N N 3 R — N ™ >3 R N N S —
~ = © © ~ = = N~ -~ ~ ~ [e¢] - - ~ ~ [e] - = = o -
[Te] [Te] © © © ~ N~ N~ [ee] [ce] [ee] [ee] [«)) [«)) [«)) — ‘C_>|
Date
------ Prosser Kiona no project Kionawproject‘

Figure 8. Sinulated nean daily water tenperatures with (green) and w t hout
(magenta) Project in the Yakim R ver, Prosser Reach, just downstream of the
Chandl er Power house under 1992 conditions. Water tenperatures at Prosser Dam
(blue) were neasured in 1992.
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Figure 9. Sinulated nean daily water tenperatures with (green) and w t hout
(magenta) Project in the Yakima R ver, Colunbia Reach, near West Richl and, under
1992 conditions. Water tenperatures at Prosser Dam (blue) were nmeasured in

1992.
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YAKIMA RIVER - PROSSER TO 1.6 KM UPSTREAM CHANDLER POWERHOUSE - PUMP
EXCHANGE PROJECT - 2000
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Figure 10. Sinulated nean daily water tenperatures with (green) and w t hout
(magenta) Project in the Yakima R ver, Prosser Reach, just upstream of the
Chandl er Power house under 2000 conditions. Water tenperatures at Prosser Dam
(blue) were neasured in 2000.
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YAKIMA RIVER - PROSSER REACH BELOW CHANDLER POWERHOUSE RETURN - PUMP

EXCHANGE PROJECT - 2000
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------ Prosser Kiona no project Kionawproject‘
Figure 11. Sinulated nean daily water tenperatures with (green) and w t hout
(magenta) Project in the Yakima River, Prosser Reach, just downstream of the
Chandl er Power house under 2000 conditions. Water tenperatures at Prosser Dam
(blue) were neasured in 2000.
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YAKIMA RIVER - PROSSER TO WEST RICHLAND - PUMP EXCHANGE PROJECT - 2000
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Figure 12. Simulated nean daily water tenperatures with (green) and w t hout
(magenta) Project in the Yakima River, Colunbia Reach, near Wst Richland under
2000 conditions. Water tenperatures at Prosser Dam (blue) were neasured in
2000.



Maxi mum dai ly water tenperatures. Under 1992 drought conditions, the SNTEMP
nodel simul ated an average 1.07°C decrease in maxi mumdaily water tenperatures
associated with the Project in the Prosser Reach above the Chandl er Power house
(Figure 13). The nost significant single day decrease at this | ocation was
predicted to be 2.83°C, occurring on June 23, 1992 (Table 4, Appendix B). Under
average water-year conditions experienced in 2000, tenperatures at this site

were on average 0.68°C cooler with the Project conditions in place (Figure 13).
The nost significant single day decrease in maxinumdaily tenperature in an

average water-year was predicted to be 1.61°C (Table 4, Appendi x B)

Simlar to the nean daily tenperature nodel, tenperatures in other reaches of

the river were not significantly influenced by the Project scenario (Figure 14).
At West Richland under drought conditions, the average difference between daily
maxi mum wat er tenperatures with- and w thout-project conditions was 0.49°C. The

maxi mum di f f erence was 0.88°C, occurring on July 17, 1992. Under average water-
year conditions the Project produced an average daily maxi mum tenperature

di fference of 0.31°C, while the maxi numtenperature difference of 0.56°C
occurred on July 28 and 29, 2000 at West Richland (Table 4, Appendi x B)

Di scussi on

Wat er tenperatures influence Pacific salnmon survival and distributionin a
variety of ways that are species and |ife-stage specific. During the irrigation
season, April through Cctober, adult and juvenile steel head trout, spring

chi nook, fall chinook, and coho salnon are found in the Project area. In

general these life stages prefer nean daily water tenperatures |ess than 18°C,

while nmean daily tenperatures in excess of 24°C are considered | ethal (Bjornn
and Reiser 1991).

During the summer nonths, water tenperatures in the [ower Yakina River
frequently exceed nmean daily tenperatures considered unsuitable for sal nonids,
usually fromlate June through August (Figures 7-12). 1In the |lowflow reach
from Prosser Damto the Chandl er Power house, the Project could inprove water
tenperature conditions for sal nonids by 1-2°C dependi ng upon the conditions.
This inprovenment may be beneficial to salnonids, particularly when conditions
are reduced below a threshold value such as a lethal limt. However, in the
context of the entire Project area (Figure 1), water tenperatures downstream of
the Prosser Reach will not be significantly influenced by Project conditions.

The SNTEMP nodel indicated water tenperatures in the |ower Yakim River are not
highly responsive to alterations of the flow regine of the lower river. This
suggests that water tenperatures generally reached equilibriumwth air
tenperatures by the tinme the water reaches the Prosser area, consistent with the
findings of both Lilga (1998) and Vaccaro (1986). MM chael et al. (1999)

correl ated decreases in water tenperature with increases in flowin the | ower
Yaki ma Ri ver, but these flow increases were due to spring runoff events or
reservoir releases, not to alterations of the diversion at Prosser. MM chael

et al. did not attenpt to exam ne other factors influencing water tenperatures
such as air tenperatures, thus their correlation did not establish a cause and
effect relationship. An extensive nodeling project, fromthe headwaters down to
Prosser, would be required to determne the influence of reservoir operations or
runof f events on the water tenperature of the |ower Yakinma River.

25



33

Degrees Celsius

13

31

Degrees Celsius

13

YAKIMA R TEMPERATURE MODEL - PROSSER REACH - MAXIMUM DAILY TEMPERATURE
PREDICTION - PUMP EXCHANGE PROJECT - 0.6 KM UPSTREAM CHANDLER POWERHOUSE-1992
CONDITIONS

g 8 5 8 ¢ &8 & R ¢ & &8 3 g g & 8 5 ¢ ¥ & 5 d
wn wn © © © ~ ~ ~ ee] ee] ee] ee] (=2} (=2} (=2} — 3
Date
------ maximum w project ——— maximum without project
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Figure 13. Muximumdaily water tenperatures in the Chandl er bypass reach of the
Yakima River, with (red) and wi thout (blue) Project conditions, during drought
(1992) and average (2000) water-year conditions.
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YAKIMA R TEMPERATURE MODEL - COLUMBIA REACH AT WEST RICHLAND - MAXIMUM DAILY
TEMPERATURE PREDICTION -1992 CONDITIONS
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YAKIMA R TEMPERATURE MODEL - COLUMBIA REACH AT WEST RICHLAND- MAXIMUM DAILY
TEMPERATURE PREDICTION -2000 CONDITIONS
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Prosser Reach Temperature Model Meteorological Data - 1992

Air Temperature

Percent & Meters/Second

35 ] T 4.5
——Wind Speed
Relative Humidity L4
30 A % Possible Sunshine
2
25 A S
g g
3 20 - @
820 g
3 b=
0 15+ 3
g =
[a} [
10 A g
o
5,
O T T T T T T T T T T T T T T T T T T T T T O
N N N N N N N N N N N N N N N N N N N N N N
2 2 2 2 2 2 2 92 2 2 @ 2 2 2 2 2 2 2 2 2 2
[ee] [Te] - (e8] [Te] N (<] © ™ o N~ ™ o N~ < b ~ < i [e¢] w N
4 8 5 6 @& § & f & & & 5 g g g 0 5 g & d& 5 d
[Te] [Te] © © © N~ N~ N~ [e¢] [e¢] [ee] [ee] [e] [e] [e] — S
Date
Columbia Reach Temperature Model Meteorological Data - 1992
air temp
35 —wind spd — 4.50
rel hum
% sunshine
+ 4.00
30 4
4 3.50
25 1
L 3.00
N WAVA' /N |
B 207 ‘ \ L 2.50
3 ‘
£ 15 { \ L 2.00
a
~ L 1.50
10 - (
L 1.00
5 \
4 0.50
B e e ¢
& 8§ &§ § &§ & & & & &§ &§ § § & & & & & & & & 8§
g ® o9 ® ®B» d& & ©® ® & K~ ® 8 K ¥ 9 & ¥ 9 @ v |
4 9 5 s ¢ & & & ¢ &€& & 5 I g g @ F g o o 3 d
wn wn © © © ~ ~ ~ 0 e} e} e} (=2} (=2} o - 8
Date
Figure 1. Meteorological data collected during 1992, representing drought year
condi ti ons.
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Figure 2. Project flows in the Yakinma River bel ow Prosser Dam (top), Chandl er
Power house (m ddl e) and Wanawi sh Dam with and w thout Project, 1992.
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Prosser Reach Temperature Model Meteorological Data - 2000
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Figure 3. Meteorological data collected during 2000, representing average
condi tions.
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Mbdel Results in Tabul ar Format
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Table 1. Differences between daily nmean water tenperatures, with and w t hout
the Col unbia River punp exchange in place, at three locations in the |ower
Yaki ma River. Water tenperatures water tenperatures sinulated under current
conditions were subtracted fromwater tenperatures sinulated under proposed
conditions to calculate the differences.

1992 YAKIMA RIVER WITH AND WITHOUT PUMP EXCHANGE

Location
0.6 KM upstream of Chandler 1.5 KM downstream of Chandler At West Richland
Without With Without With Without With
Date project project Difference project project Difference  project project Difference

5/18/92 20.64 20 0.64 20.11 20.09 0.02 22.42 22.09 0.33
5/19/92 20.46 19.82 0.64 19.93 19.9 0.03 21.94 21.63 0.31
5/20/92 19.07 18.94 0.13 18.96 18.95 0.01 20.07 19.9 0.17
5/21/92 18.82 18.52 0.3 18.56 18.55 0.01 19.62 19.45 0.17
5/22/92 18.52 17.87 0.65 18 17.96 0.04 20.02 19.69 0.33
5/23/92 20.87 19.97 0.9 20.22 20.15 0.07 22.84 22.39 0.45
5/24/92 22.32 21.31 1.01 21.61 21.51 0.1 24.41 23.92 0.49
5/25/92 22.65 21.86 0.79 22.12 22.03 0.09 24.89 24.42 0.47
5/26/92 21.98 21.72 0.26 21.8 21.78 0.02 234 23.16 0.24
5/27/92 21.3 20.93 0.37 21.02 20.99 0.03 22.44 22.21 0.23
5/28/92 21.62 21.21 0.41 21.29 21.26 0.03 22.95 22.66 0.29
5/29/92 22.28 21.41 0.87 21.55 21.51 0.04 23.53 23.16 0.37
5/30/92 23.27 22.54 0.73 22.62 22.61 0.01 24.35 24.01 0.34
5/31/92 23.73 22.64 1.09 22.74 22.75 -0.01 25.38 249 0.48

6/1/92 23.79 22,94 0.85 23.02 23.03 -0.01 25.32 2491 0.41

6/2/92 22.94 22.65 0.29 22.66 22.68 -0.02 23.91 23.66 0.25

6/3/92 21.69 21.49 0.2 215 21.51 -0.01 22.89 22.6 0.29

6/4/92 22.54 22.37 0.17 22.38 22.39 -0.01 23.86 23.57 0.29

6/5/92 22.35 21.46 0.89 21.6 21.56 0.04 23.85 23.39 0.46

6/6/92 23.85 23.13 0.72 23.26 23.22 0.04 25.11 24.75 0.36

6/7/92 23.77 22.61 1.16 22.75 22.73 0.02 25 24.55 0.45

6/8/92 23.83 23.07 0.76 23.14 23.13 0.01 24.76 24.43 0.33

6/9/92 224 221 0.3 22.13 22.12 0.01 23.85 23.51 0.34
6/10/92 23.57 23.07 0.5 23.11 23.11 0 24.36 2411 0.25
6/11/92 24.13 22.55 1.58 22.55 22.64 -0.09 25.05 24.59 0.46
6/12/92 19.31 20.44 -1.13 20.41 20.38 0.03 20.47 20.42 0.05
6/13/92 20.17 19.99 0.18 20.03 20.01 0.02 21.01 20.79 0.22
6/14/92 19.89 19.65 0.24 19.72 19.68 0.04 20.78 20.59 0.19
6/15/92 19.49 19.09 0.4 19.16 19.11 0.05 20.86 20.58 0.28
6/16/92 20.88 20.28 0.6 20.34 20.28 0.06 22.34 22.03 0.31
6/17/92 21.66 21.07 0.59 21.07 21.03 0.04 22.7 22.45 0.25
6/18/92 23.63 22.69 0.94 22.64 22.63 0.01 24.74 24.44 0.3
6/19/92 25.32 24.14 1.18 24.13 24.13 0 26.43 26.06 0.37
6/20/92 25.97 24.84 1.13 2491 24.92 -0.01 27.08 26.69 0.39
6/21/92 27.13 25.91 122 25.96 26.01 -0.05 28.48 28.04 0.44
6/22/92 28.08 26.83 1.25 26.81 26.92 -0.11 29.37 28.95 0.42
6/23/92 29.2 27.42 1.78 27.37 27.55 -0.18 30.11 29.68 0.43
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Table 1 Continued

6/24/92
6/25/92
6/26/92
6/27/92
6/28/92
6/29/92
6/30/92
7/1/92
7/2/92
7/3/92
7/4/92
7/5/92
7/6/92
7/7/92
7/8/92
7/9/92
7/10/92
7/11/92
7/12/92
7/13/92
7/14/92
7/15/92
7/16/92
7117192
7/18/92
7/19/92
7/20/92
7/21/92
7122192
7/23/92
7124192
7/25/92
7/26/92
7127192
7/28/92
7/29/92
7/30/92
7/31/92
8/1/92
8/2/92
8/3/92
8/4/92
8/5/92
8/6/92
8/7/92
8/8/92

28.43
28.18
27.66
28.07
26.87
24.67
24.48
24.61
24.71
24.85
23.22
22.96
22.94
23.18
23.47
24.32
23.01

23.2
24.57
24.67
24.11
24.54
25.89
27.06
27.48
27.98
25.59
25.74
22.51

21.7
23.12
23.74

25.2
25.25
25.56

26.1
26.54
27.21
27.33
25.78
25.48
25.29
23.73

22.6
22.68

22.1

27.38
27.38
27.09
27.19
26.68
24.75
24.35
24.31
24.28
24.24
23.23
22.71
22.68
22.73
22.95

23.5
22.99
22.68
23.78
24.08
23.79
24.13
25.02
25.98
26.49
26.81
25.82
25.53
23.26
21.86
22.69
23.29
24.53
24.77
25.12
25.53
25.97
26.42
26.65

25.8
25.42
25.15
23.82
22.81
22.48
21.78

1.05
0.8
0.57
0.88
0.19
-0.08
0.13
0.3
0.43
0.61
-0.01
0.25
0.26
0.45
0.52
0.82
0.02
0.52
0.79
0.59
0.32
0.41
0.87
1.08
0.99
1.17
-0.23
0.21
-0.75
-0.16
0.43
0.45
0.67
0.48
0.44
0.57
0.57
0.79
0.68
-0.02
0.06
0.14
-0.09
-0.21
0.2
0.32

27.37
27.34
27.08
27.18
26.68
24.75
24.38
24.39
24.35
24.36
23.23
22.79
22.75
22.79
22.94
23.56
23
22.73
23.91
24.16
23.84
24.16
25
25.94
26.48
26.78
25.83
25.53
23.21
21.84
22.78
23.38
24.61
24.84
25.17
25.59
26.01
26.44
26.66
25.8
25.43
25.17
23.82
22.78
22.5
21.81

27.46
27.45
27.16
27.29
26.69
24.75
24.37
24.36
24.33
24.33
23.23
22.76
22.72
22.76
22.94
23.56
23
22.73
23.87
24.13
23.83
24.18
25.09
26.07
26.58
26.92
25.81
25.55
23.19
21.85
22.74
23.33
24.58
24.82
25.16
25.6
26.03
26.5
26.72
25.8
25.43
25.17
23.82
22.79
22.5
21.82

-0.09
-0.11
-0.08
-0.11
-0.01

0.01
0.03
0.02
0.03

0.03
0.03
0.03

0.04
0.03
0.01
-0.02
-0.09
-0.13
-0.1
-0.14
0.02
-0.02
0.02
-0.01
0.04
0.05
0.03
0.02
0.01
-0.01
-0.02
-0.06
-0.06

-0.01

-0.01

29.85
29.42
28.54

29.3
28.22
25.16
25.11
25.18
25.45
25.79
24.37
23.75
23.79
24.08
24.12
25.14
23.94
24.25

259
25.87
24.97
25.34
26.69
28.28
28.86
29.08
26.44
26.79

22.9
21.93
24.07
24.85
26.32

26.2
26.57

27.1

27.7

28.4
28.22
26.44
26.26
25.74
24.27
23.25
23.55
22.71

29.41
29.06
28.25
28.92
27.91
25.04
24.95
25.03
25.24
25.49
24.16
23.56
23.59
23.84

23.9
24.84
23.74
23.94
25.51
25.55
24.75
25.11
26.37
27.85
28.43
28.69
26.28
26.51
22.92

219
23.83
24.62
26.04
25.95
26.31
26.82
27.39
28.05
27.92
26.28
26.08
25.63
24.17
23.15
23.33
22.51

0.44
0.36
0.29
0.38
0.31
0.12
0.16
0.15
0.21
0.3
0.21
0.19
0.2
0.24
0.22
0.3
0.2
0.31
0.39
0.32
0.22
0.23
0.32
0.43
0.43
0.39
0.16
0.28
-0.02
0.03
0.24
0.23
0.28
0.25
0.26
0.28
0.31
0.35
0.3
0.16
0.18
0.11
0.1
0.1
0.22
0.2
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Table 1 Continued

8/9/92
8/10/92
8/11/92
8/12/92
8/13/92
8/14/92
8/15/92
8/16/92
8/17/92
8/18/92
8/19/92
8/20/92
8/21/92
8/22/92
8/23/92
8/24/92
8/25/92
8/26/92
8/27/92
8/28/92
8/29/92
8/30/92
8/31/92

9/1/92

9/2/92

9/3/92

9/4/92

9/5/92

9/6/92

9/7/92

9/8/92

9/9/92
9/10/92
9/11/92
9/12/92
9/13/92
9/14/92
9/15/92
9/16/92
9/17/92
9/18/92
9/19/92
9/20/92
9/21/92
9/22/92
9/23/92

22.52
23.74
25.16
25
27.13
27.84
25.98
25.57
26.27
26.57
24.56
24.56
21.75
19.96
19.36
20.01
20.19
20.75
21.93
21.45
21.01
21.14
22.21
22.21
22.07
22.06
19.67
18.74
18.37
17.7
18.73
18.43
18.09
19.3
17.25
16.63
15.52
15.28
15.78
16.53
16.78
18.77
19.72
20.17
20.08
19.3

22.04
22.9
24.04
24.28
25.55
26.49
25.73
25.53
25.9
26.08
24.91
24.36
22.77
20.97
19.85
20
20.01
20.31
21.12
21.14
20.91
20.96
21.62
21.79
21.71
21.72
20.29
18.99
18.65
17.93
18.31
18.11
17.92
18.71
17.66
16.89
16.04
15.5
15.61
16.41
16.71
18.09
18.88
19.36
19.6
19.28

0.48
0.84
1.12
0.72
1.58
1.35
0.25
0.04
0.37
0.49
-0.35
0.2
-1.02
-1.01
-0.49
0.01
0.18
0.44
0.81
0.31
0.1
0.18
0.59
0.42
0.36
0.34
-0.62
-0.25
-0.28
-0.23
0.42
0.32
0.17
0.59
-0.41
-0.26
-0.52
-0.22
0.17
0.12
0.07
0.68
0.84
0.81
0.48
0.02

22.09
22.95
24.04
24.34
25.51
26.42

25.7
25.53
25.88
26.06
24.91
24.36
22.78
20.91
19.78
20.01
20.01
20.32
21.13
21.15
20.92
20.98

21.7
21.85
21.75
2177
20.19
18.96
18.62
17.91
18.34
18.12
17.93
18.75
17.65
16.87
16.02

15.5
15.62
16.41
16.71
18.04
18.82
19.31
19.57
19.27

22.08
22.94
24.08
24.34
25.67
26.58
25.75
25.54
25.93
26.12
24.88
24.39
22.69
20.87

19.8
20.01
20.01
20.32
21.14
21.15
20.92
20.98

21.7
21.84
21.74
21.77

20.2
18.97
18.63
17.92
18.34
18.12
17.93
18.74
17.65
16.88
16.03

15.5
15.61
16.41
16.71
18.06
18.86
19.35
19.59
19.28

0.01
0.01
-0.04

-0.16
-0.16
-0.05
-0.01
-0.05
-0.06

0.03
-0.03

0.09

0.04
-0.02

0.01
0.01

-0.01
-0.01
-0.01
-0.01

0.01

-0.01
-0.01

0.01

-0.02
-0.04
-0.04
-0.02
-0.01

23.27

24.5
26.16
26.36
28.45
28.78
26.96
26.68
27.31

27.4
25.62
25.21
22.87
20.24
19.44
20.06
20.48
21.46
22.94
22.34
21.53
21.84
23.19
22.98
22.66
22.77

20.1
18.83
18.41
17.95
19.76
18.97
18.66
20.09

17.6
16.54
15.41

15.3
15.99
16.86
17.02
19.11
20.21
20.57
20.46
19.99

23.04
24.22

25.8
25.99
27.99
28.39
26.71
26.43
27.03
27.15
25.44
25.04
22.79
20.33

19.5
20.04

20.4
21.27
22.65
22.13
21.42
21.69
22.93
22.78

22.5
22.59
20.11
18.85
18.45
17.94
19.53
18.83
18.54
19.87

17.6

16.6
15.52
15.33
15.93
16.81
16.98
18.97
20.04
20.42
20.35

19.9

0.23
0.28
0.36
0.37
0.46
0.39
0.25
0.25
0.28
0.25
0.18
0.17
0.08
-0.09
-0.06
0.02
0.08
0.19
0.29
0.21
0.11
0.15
0.26
0.2
0.16
0.18
-0.01
-0.02
-0.04
0.01
0.23
0.14
0.12
0.22

-0.06
-0.11
-0.03
0.06
0.05
0.04
0.14
0.17
0.15
0.11
0.09
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Table 1 Continued

9/24/92 16.29 17.02 -0.73 17.07 17 0.07 16.85 16.84 0.01
9/25/92 16.75 16.89 -0.14 16.88 16.88 0 16.77 16.79 -0.02
9/26/92 171 17 0.1 17.01 17.01 0 17.43 17.37 0.06
9/27/92 15.83 16.15 -0.32 16.16 16.15 0.01 15.81 15.86 -0.05
9/28/92 15.79 16 -0.21 16 16 0 15.85 15.87 -0.02
9/29/92 16.59 16.35 0.24 16.35 16.35 0 16.83 16.77 0.06
9/30/92 17.34 16.89 0.45 16.87 16.88 -0.01 17.94 17.81 0.13
10/1/92 18.24 17.86 0.38 17.82 17.82 0 18.87 18.72 0.15
10/2/92 17.65 17.23 0.42 17.19 17.19 0 18.27 18.11 0.16
10/3/92 16.19 16.12 0.07 16.12 16.12 0 16.45 16.42 0.03
10/4/92 14.93 15.02 -0.09 15.02 15.03 -0.01 15.09 15.09 0
10/5/92 14.25 14.33 -0.08 14.33 14.34 -0.01 14.38 14.39 -0.01
10/6/92 13.71 13.87 -0.16 13.87 13.88 -0.01 13.78 13.8 -0.02
10/7/92 13.17 13.53 -0.36 13.52 13.54 -0.02 13.01 131 -0.09
10/8/92 13.52 13.67 -0.15 13.67 13.68 -0.01 13.76 13.77 -0.01
10/9/92 13.75 13.71 0.04 13.71 13.72 -0.01 13.99 13.97 0.02
10/10/92 14.01 13.9 0.11 13.91 13.91 0 14.35 14.29 0.06
10/11/92 14.65 14.28 0.37 14.3 14.29 0.01 15.29 15.15 0.14
10/12/92 145 14.32 0.18 14.33 14.32 0.01 14.99 14.9 0.09
10/13/92 13.75 13.75 0 13.75 13.75 0 13.89 13.88 0.01
10/14/92 12.66 13.15 -0.49 13.14 13.16 -0.02 12.11 12.29 -0.18
10/15/92 12.07 12.79 -0.72 12.78 12.81 -0.03 10.98 11.28 -0.3
mean mean mean
cooling 0.345629 cooling -0.00563 cooling 0.20
max max max
cooling 1.78 cooling -0.18 cooling 0.49
date 6/23/92 date 33778 date 5/24/92
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Table 2. Differences between daily nmean water tenperatures, with and w t hout
the Col unbia River punp exchange in place, at three locations in the |ower
Yaki ma River. Water tenperatures simulated under current conditions were
subtracted fromwater tenperatures sinulated under proposed conditions to

cal cul ate the differences.

2000 YAKIMA RIVER WITH AND WITHOUT PUMP EXCHANGE

Location 0.6 KM upstream of Chandler 1.5 KM downstream of Chandler At West Richland
Without ~ With Without With Without With
Date project project Difference project project Difference project project Difference
06/10/00 14.82 14.78 0.04 14.82 1481 0.01 15.66 15.61 0.05
06/11/00 14.56 14.49 0.07 1453 14.52 0.01 1554 1547 0.07
06/12/00 14.64 14.53 0.11 1459 1457 0.02 16.14 16.02 0.12
06/13/00 16.33 16.19 0.14 16.28 16.25 0.03 17.99 17.85 0.14
06/14/00 17.89 17.83 0.06 17.9 17.89 0.01 19.24 19.17 0.07
06/15/00 17.77 17.74 0.03 17.78 17.78 0 1855 18.52 0.03
06/16/00 17.03 17 0.03 17.05 17.05 0 1796 17.92 0.04
06/17/00 17.13 17.09 0.04 17.16 17.15 0.01 18.16 18.11 0.05
06/18/00 17.83 17.79 0.04 17.84 17.83 0.01 18.76 18.71 0.05
06/19/00 18.29 18.24 0.05 18.29 18.28 0.01 19.24 19.18 0.06
06/20/00 18.74 18.66 0.08 18.72 187 0.02 19.87 19.79 0.08
06/21/00 19.69 19.55 0.14 19.63 19.6 0.03 21.06 20.94 0.12
06/22/00 20.59 20.42 0.17 20.47 20.44 0.03 21.65 21.53 0.12
06/23/00 21.13 20.91 0.22 20.93 20.91 0.02 22.01 21.88 0.13
06/24/00 21.27 21.09 0.18 21.11 21.09 0.02 2224 2212 0.12
06/25/00 20.97 20.7 0.27 20.72 20.69 0.03 22.02 21.87 0.15
06/26/00 22.05 21.66 0.39 21.69 21.64 0.05 23.03 22.85 0.18
06/27/00 22.79 224 0.39 2243 22.38 0.05 23.8 2361 0.19
06/28/00 23.95 23.44 0.51 23.53 23.46 0.07 25.01 24.78 0.23
06/29/00 24.37 23.99 0.38 24.21 24.09 0.12 254 2514 0.26
06/30/00 24.13 23.99 0.14 24.04 24.02 0.02 249 2475 0.15
07/01/00 23.52 23.42 0.1 2342 2342 0 24.09 23.97 0.12
07/02/00 22.53 22.46 0.07 2248 2247 0.01 23 22.89 0.11
07/03/00 20.73 20.91 -0.18 20.88 20.91 -0.03 2141 21.34 0.07
07/04/00 20.96 20.57 0.39 20.61 20.57 0.04 21.83 2161 0.22
07/05/00 21 20.63 0.37 20.66 20.62 0.04 21.83 21.64 0.19
07/06/00 21.2 20.7 0.5 20.71 20.67 0.04 22.61 22.33 0.28
07/07/00 22.89 21.95 0.94 21.93 21.88 0.05 23.83 23.52 0.31
07/08/00 23.06 22.54 0.52 2252 225 0.02 24.03 23.78 0.25
07/09/00 23.32 22.85 0.47 22.84 22.82 0.02 24.04 23.84 0.2
07/10/00 23.63 23.12 0.51 23.1 23.08 0.02 24.23 24.04 0.19
07/11/00 24.47 23.69 0.78 23.67 23.63 0.04 251 2485 0.25
07/12/00 24.75 23.89 0.86 23.91 23.89 0.02 25.38 25.11 0.27
07/13/00 23.92 23.75 0.17 23.77 23.76 0.01 24.83 24.63 0.2
07/14/00 23.76 23.59 0.17 23.6 23.59 0.01 243 24.16 0.14
07/15/00 22.88 22.73 0.15 22,74 2273 0.01 23.24 23.14 0.1
07/16/00 23.03 22.74 0.29 22,76 22.74 0.02 23.68 23.51 0.17
07/17/00 23.61 23.12 0.49 23.16 23.12 0.04 24.76 24.48 0.28
07/18/00 24.44 23.72 0.72 23.75 237 0.05 2548 25.17 0.31

07/19/00 24.5 23.96 0.54 23.97 23.95 0.02 25.16 24.94 0.22



Table 2 continued

07/20/00
07/21/00
07/22/00
07/23/00
07/24/00
07/25/00
07/26/00
07/27/00
07/28/00
07/29/00
07/30/00
07/31/00
08/01/00
08/02/00
08/03/00
08/04/00
08/05/00
08/06/00
08/07/00
08/08/00
08/09/00
08/10/00
08/11/00
08/12/00
08/13/00
08/14/00
08/15/00
08/16/00
08/17/00
08/18/00
08/19/00
08/20/00
08/21/00
08/22/00
08/23/00
08/24/00
08/25/00
08/26/00
08/27/00
08/28/00
08/29/00
08/30/00
08/31/00
09/01/00
09/02/00
09/03/00
09/04/00
09/05/00

25.76
25.59
24.77
24.38
24.81
24.04
24.15
24.64
25.53
26.01
26.42
26.97

25.8
25.29

25.7
25.36
25.96

25.7
25.37
25.64
25.71

23.3
22.82
22.38
21.98
21.93
22.14
22.11

22.1
20.72
19.95
20.33
20.91
21.32
22.87
23.29
22.27

215
20.38
20.24
20.61
21.22

19.6
18.15
17.711

17.7
18.38
18.19

25.03
25.16
24.73
24.12
24.45
23.96
23.77
24.11

24.7
25.14
25.71

26.3
25.65
25.25
25.32
25.15
25.56
25.41
25.13
25.33
25.05

23.2
22.61
22.15
21.82
21.82

219
21.88
21.72

20.6
19.96
20.15
20.61
21.14
22.48
22.72
22.07
21.41
20.54
20.24
20.55

20.9
19.56
18.31
17.67
17.67
18.13
18.13

0.73
0.43
0.04
0.26
0.36
0.08
0.38
0.53
0.83
0.87
0.71
0.67
0.15
0.04
0.38
0.21
0.4
0.29
0.24
0.31
0.66
0.1
0.21
0.23
0.16
0.11
0.24
0.23
0.38
0.12
-0.01
0.18
0.3
0.18
0.39
0.57
0.2
0.09
-0.16

0.06
0.32
0.04
-0.16
0.04
0.03
0.25
0.06

25.05
25.18
24.74
24.13
24.47
23.97
23.76

24.1

24.7
25.12
25.69
26.28
25.64
25.25
25.34
25.16
25.59
25.43
25.13
25.32
25.02

23.2
22.61
22.16
21.82
21.82
21.88
21.86
21.69
20.59
19.96
20.15

20.6
21.14
22.44
22.66
22.05
21.41
20.56
20.24
20.55
20.88
19.56
18.33
17.67
17.67
18.11
18.13

25.03
25.16
24.74
24.12
24.45
23.96
23.76
24.09
24.68

25.1
25.68
26.27
25.64
25.25
25.33
25.16
25.57
25.41
25.12
25.32
25.02

23.2

22.6
22.14
21.81
21.82
21.87
21.86
21.68
20.59
19.96
20.13
20.58
21.13
22.43
22.66
22.05
21.41
20.56
20.24
20.55
20.86
19.56
18.34
17.67
17.67
18.09
18.12

0.02
0.02

0.01
0.02
0.01

0.01
0.02
0.02
0.01
0.01

0.01

0.02
0.02
0.01

0.01
0.02
0.01

0.01

0.01

0.02

0.02

0.01
0.01

O O O © o o

0.02

-0.01

0.02
0.01

26.3
26.19
25.66
24.95
25.33
24.94
24.49

25.2
26.15
26.65
26.85
27.71
26.51
25.63
26.12
26.14
26.56
26.21
25.68
25.86
26.18
24.14
23.07
22.66
22.57
22.44

22.6
22.47

22.5
21.68
20.64
20.81
21.28
21.79
23.34
24.09
23.02
22.09
20.64
20.52
21.23
21.85
20.29
18.35
18.25
18.19
19.03
18.84

26.07
26
25.5
24.8
25.17
24.76
24.35
24.99
25.87
26.37
26.64
27.47
26.36
25.55
25.96
25.95
26.36
26.06
25.58
25.76
25.98
23.96
22.98
22.56
22.44
22.34
22.48
22.36
22.36
215
20.53
20.69
21.16
21.69
23.19
23.86
22.85
21.96
20.63
20.47
21.12
21.69
20.18
18.36
18.17
18.12
18.89
18.75

0.23
0.19
0.16
0.15
0.16
0.18
0.14
0.21
0.28
0.28
0.21
0.24
0.15
0.08
0.16
0.19
0.2
0.15
0.1
0.1
0.2
0.18
0.09
0.1
0.13
0.1
0.12
0.11
0.14
0.18
0.11
0.12
0.12
0.1
0.15
0.23
0.17
0.13
0.01
0.05
0.11
0.16
0.11
-0.01
0.08
0.07
0.14
0.09
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Table 2 continued

09/06/00
09/07/00
09/08/00
09/09/00
09/10/00
09/11/00
09/12/00
09/13/00
09/14/00
09/15/00
09/16/00
09/17/00
09/18/00
09/19/00
09/20/00
09/21/00
09/22/00
09/23/00
09/24/00
09/25/00
09/26/00
09/27/00
09/28/00
09/29/00
09/30/00
10/01/00
10/02/00
10/03/00
10/04/00
10/05/00
10/06/00
10/07/00
10/08/00
10/09/00
10/10/00
10/11/00
10/12/00
10/13/00
10/14/00
10/15/00

18.83
18.84
16.76
17.93
18.42
19.35
20.37
20.74
21.79
21.61
20.61
21.11
21.05
20.44
18.06
14.54
12.77
13.38
13.71
14.11
14.57
15.22
15.98
16.69
17.22
16.73
15.25
14.49
13.83

12.9
12.61
12.66
12.75
12.63
12.96
13.99
14.45
14.73
13.57
13.87

18.57
18.52
17.09

17.8
18.19
19.06
19.97
20.48
21.34
21.14
20.61
20.86
20.84
20.22
18.42
15.16
13.49
13.54
13.77
14.12
14.56
15.15
15.86
16.49
17.02
16.49
15.37
14.56
13.88
13.06

12.8
12.77
12.82

12.7
12.99
13.76
14.32
14.63
13.68
14.34

mean
cooling
max

cooling

date

0.26
0.32
-0.33
0.13
0.23
0.29
0.4
0.26
0.45
0.47

0.25
0.21
0.22
-0.36
-0.62
-0.72
-0.16
-0.06
-0.01
0.01
0.07
0.12
0.2
0.2
0.24
-0.12
-0.07
-0.05
-0.16
-0.19
-0.11
-0.07
-0.07
-0.03
0.23
0.13
0.1
-0.11
-0.47

0.196484

0.94

7/7/00

18.56
18.49
17.15
17.79
18.17
19.04
19.94
20.46
21.28
21.09
20.61
20.84
20.83
20.22
18.44
15.21
13.56
13.55
13.77
14.13
14.56
15.15
15.85
16.47

17
16.47
15.37
14.56
13.88
13.07
12.82
12.78
12.82
12.71
12.99
13.74
14.32
14.63
13.68
14.27

18.54
18.47
17.15
17.78
18.15
19.02
19.92
20.45
21.28
21.09
20.61
20.84
20.82
20.21
18.44
15.21
13.57
13.56
13.78
14.13
14.56
15.14
15.85
16.47

17
16.46
15.38
14.57
13.89
13.08
12.83
12.79
12.82
12.72
12.99
13.73
14.31
14.63
13.68
14.32

mean
cooling
max

cooling

date

0.02
0.02

0.01
0.02
0.02
0.02
0.01

0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01

-0.01

0.01

0.01

-0.05

0.01

0.12

6/29/00

19.55
19.43
17.81
18.17
19.04
20
21.01
21.23
22.37
22.28
20.94
21.54
21.71
20.51
18.07
15.07
13.08
13.34
13.69
14.22
14.74
15.37
16.26
17.42
18.19
17.32
15.24
14.41
13.78
12.69
12.5
12.6
12.89
12.93
13.56
14.34
14.67
15.14
13.7
13.3

19.4
19.29
17.72
18.11

18.9
19.86
20.87
21.13
22.22
22.11

20.9
21.44
21.59
20.47
18.13

15.1
13.17
13.38
13.71
14.22
14.72
15.34
16.21

17.3
18.04
17.21
15.27
14.44
13.81
12.75
12.56
12.64
12.89
12.91
13.49
14.26
14.62
15.08
13.71
13.48

mean
cooling
max

cooling

date

0.15
0.14
0.09
0.06
0.14
0.14
0.14
0.1
0.15
0.17
0.04
0.1
0.12
0.04
-0.06
-0.03
-0.09
-0.04
-0.02

0.02
0.03
0.05
0.12
0.15
0.11
-0.03
-0.03
-0.03
-0.06
-0.06
-0.04

0.02
0.07
0.08
0.05
0.06
-0.01
-0.18

0.12

0.31
7/7/00
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Table 3. Differences between daily maxi nrumwater tenperatures, with and without
the Col unbia River punp exchange in place, at two |locations in the | ower Yakima
Ri ver for 1992 conditions. Water tenperatures sinulated under current
conditions were subtracted fromwater tenperatures sinulated under proposed
conditions to calculate the differences.

1992 Yakima River Daily Maximum With and Without Pump Exchange

0.6 KM upstream of Chandler At West Richland
Date without project with project difference without project with project difference

5/18/92 22.18 21.09 1.09 24.14 23.61 0.53
5/19/92 22.13 20.99 1.14 23.75 23.22 0.53
5/20/92 20.92 20.22 0.7 22.01 216 0.41
5/21/92 20.7 19.84 0.86 21.55 21.14 0.41
5/22/92 20.35 19.14 1.21 21.93 21.37 0.56
5/23/92 22.87 21.37 15 24.88 24.17 0.71
5/24/92 24.29 22.7 1.59 26.39 25.67 0.72
5/25/92 24.29 23.04 1.25 26.75 26.06 0.69
5/26/92 23.62 22.92 0.7 25.22 24.77 0.45
5/27/92 23.02 22.15 0.87 24.28 23.82 0.46
5/28/92 23.21 22.31 0.9 24.72 24.2 0.52
5/29/92 24.25 22.7 1.55 25.46 24.81 0.65
5/30/92 25.55 23.96 1.59 26.48 25.81 0.67
5/31/92 26.07 2412 1.95 27.58 26.75 0.83

6/1/92 25.79 24.18 1.61 27.29 26.57 0.72

6/2/92 25.59 24.15 1.44 26.2 25.55 0.65

6/3/92 24.26 22.94 1.32 25.19 24.48 0.71

6/4/92 24.82 23.76 1.06 26.08 254 0.68

6/5/92 245 22.85 1.65 26.01 25.2 0.81

6/6/92 25.99 2452 1.47 27.16 26.49 0.67

6/7/92 26.02 24.01 2.01 27.06 26.28 0.78

6/8/92 26.1 24.48 1.62 26.87 26.19 0.68

6/9/92 24.47 2341 1.06 25.94 25.26 0.68
6/10/92 25.7 24.37 1.33 26.32 25.76 0.56
6/11/92 26.46 23.9 2.56 27.05 26.24 0.81
6/12/92 20.41 21 -0.59 21.93 216 0.33
6/13/92 21.65 20.94 0.71 22.87 22.33 0.54
6/14/92 21.05 20.52 0.53 22.28 219 0.38
6/15/92 20.67 19.98 0.69 22.33 219 0.43
6/16/92 22.42 21.47 0.95 23.95 23.48 0.47
6/17/92 23.38 22.34 1.04 24.36 23.95 0.41
6/18/92 25.59 24.06 1.53 26.5 26 0.5
6/19/92 275 25.59 1.91 28.31 27.71 0.6
6/20/92 28.26 26.28 1.98 29.1 28.41 0.69
6/21/92 29.45 27.33 2.12 30.56 29.78 0.78
6/22/92 30.57 28.3 2.27 31.48 30.7 0.78
6/23/92 31.78 28.95 2.83 32.22 31.43 0.79



Table 3
continued

6/24/92
6/25/92
6/26/92
6/27/92
6/28/92
6/29/92
6/30/92
7/1/92
7/2/92
7/3/92
7/4/92
7/5/92
7/6/92
7/7/92
7/8/92
7/9/92
7/10/92
7/11/92
7/12/92
7/13/92
7/14/92
7/15/92
7/16/92
7117192
7/18/92
7/19/92
7/20/92
7/21/92
7122192
7/23/92
7124192
7/25/92
7/26/92
7127192
7/28/92
7/29/92
7/30/92
7/31/92
8/1/92
8/2/92
8/3/92
8/4/92
8/5/92
8/6/92
8/7/92

30.92
30.63
30.01
30.58
28.92
26.73
26.09
26.23
26.52
26.83
24.41
24.52
24.51
24.81
25.54

26.5
24.59
24.73
26.52
26.53
26.11
26.91

28.6
29.78
29.88
30.55
27.58
28.18
23.84

22.8
24.73
25.27
27.05
27.23
27.61
28.23
28.87
29.59
29.71
28.39
27.59
27.18

25.5
24.06
24.65

28.83
28.75
28.32
28.56
21.77
26
25.46
25.49
25.49
25.56
24.07
23.83
23.8
23.86
24.29
24.9
23.91
23.61
25.1
25.37
25.11
25.55
26.52
27.48
27.84
28.27
26.84
26.85
23.98
22.54
23.87
24.45
25.82
26.1
26.45
26.88
27.37
27.81
28
27.22
26.75
26.39
24.91
23.67
23.62

2.09
1.88
1.69
2.02
1.15
0.73
0.63
0.74
1.03
1.27
0.34
0.69
0.71
0.95
1.25

1.6
0.68
1.12
1.42
1.16

1.36
2.08
2.3
2.04
2.28
0.74
1.33
-0.14
0.26
0.86
0.82
1.23
1.13
1.16
1.35
15
1.78
1.71
1.17
0.84
0.79
0.59
0.39
1.03

32.02
315
30.65
31.56
30.22
27.31
27.08
26.89
27.34
27.86
26.07
25.56
25.62
25.84
26.02
27.21
25.72
26.1
27.97
27.81
27.03
27.54
29
30.64
31.07
31.34
28.44
29.12
24.56
23.53
25.9
26.52
28.14
28.2
28.62
29.19
29.9
30.6
30.45
28.84
28.52
27.71
26.19
24.99
25.65

31.21
30.77
29.95
30.73
29.52

26.8

26.6
26.51
26.86
27.23

25.6
25.11
25.15
25.36
25.53
26.59

25.2
25.45
27.25
27.21
26.48
26.92
28.24
29.76
30.21
30.52
27.86
28.36
24.23

23.2
25.41
26.11
27.63
27.66
28.04
28.57

29.2
29.85
29.72

28.2
27.93
27.28
25.76
24.57
25.04

45

0.81
0.73

0.7
0.83

0.7
0.51
0.48
0.38
0.48
0.63
0.47
0.45
0.47
0.48
0.49
0.62
0.52
0.65
0.72

0.6
0.55
0.62
0.76
0.88
0.86
0.82
0.58
0.76
0.33
0.33
0.49
0.41
0.51
0.54
0.58
0.62

0.7
0.75
0.73
0.64
0.59
0.43
0.43
0.42
0.61



Table 3
Continued

8/8/92

8/9/92
8/10/92
8/11/92
8/12/92
8/13/92
8/14/92
8/15/92
8/16/92
8/17/92
8/18/92
8/19/92
8/20/92
8/21/92
8/22/92
8/23/92
8/24/92
8/25/92
8/26/92
8/27/92
8/28/92
8/29/92
8/30/92
8/31/92

9/1/92

9/2/92

9/3/92

9/4/92

9/5/92

9/6/92

9/7/92

9/8/92

9/9/92
9/10/92
9/11/92
9/12/92
9/13/92
9/14/92
9/15/92
9/16/92
9/17/92
9/18/92
9/19/92
9/20/92
9/21/92

24.44
24.63
25.88
27.35
26.65
29.55
30.45
28.73
28.47
29.05
29.17
26.76
27.22
23.36
21.65
21.22
21.88
22.22
22.87
24.09
23.62
23.05
22.75
24.22
24.11
24.07
24.18
21.15
20.67
20.29
19.45
20.49
20.51
19.58
20.87
19.09
18.57
16.57
16.16
17.03
18.03
18.55
20.72
21.62
22.16

23.17
23.39
24.29
25.42
25.29
26.99
27.94
27.1
26.97
27.33
27.46
26.05
25.76
23.56
21.87
21
21.24
21.31
21.64
22.47
22.48
22.2
21.95
22.87
23.01
22.97
23
21.17
20.18
19.84
18.99
19.44
19.38
18.81
19.69
18.81
18.08
16.68
16.05
16.45
17.48
17.84
19.28
20.03
20.56

1.27
1.24
1.59
1.93
1.36
2.56
251
1.63
15
1.72
1.71
0.71
1.46
-0.2
-0.22
0.22
0.64
0.91
1.23
1.62
1.14
0.85
0.8
1.35
11
11
1.18
-0.02
0.49
0.45
0.46
1.05
1.13
0.77
1.18
0.28
0.49
-0.11
0.11
0.58
0.55
0.71
1.44
1.59
1.6

25.05
25.45
26.56
28.24
28.21
30.58
30.98
29.25
29.06
29.66
29.68
27.74
27.52
24.68
22.09
21.56
22.01
22.39

23.4
24.91

24.4
23.53
23.59
25.15
24.89
24.56
24.79
21.85
20.78
20.29
19.72
21.57
20.85
20.24
21.71
19.33
18.33

16.7
16.46
17.33
18.32
18.55
20.71

21.8
22.22

24.41
24.85
25.96
27.55
27.54
29.75
30.18
28.54
28.32

28.9
28.97
27.14
26.88
24.23

21.8
21.23
21.69
22.03
22.93
24.33
23.87
23.11
23.16
24.57

24.4
24.12
24.28
21.55
20.48
20.03
19.44
21.08
20.44
19.88
21.26
19.09
18.13
16.62
16.34
17.12
18.12
18.33
20.38
21.43
21.85
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0.64
0.6
0.6

0.69

0.67

0.83
0.8

0.71

0.74

0.76

0.71
0.6

0.64

0.45

0.29

0.33

0.32

0.36

0.47

0.58

0.53

0.42

0.43

0.58

0.49

0.44

0.51
0.3
0.3

0.26

0.28

0.49

0.41

0.36

0.45

0.24
0.2

0.08

0.12

0.21
0.2

0.22

0.33

0.37

0.37



Table 3
continued

9/22/92
9/23/92
9/24/92
9/25/92
9/26/92
9/27/92
9/28/92
9/29/92
9/30/92
10/1/92
10/2/92
10/3/92
10/4/92
10/5/92
10/6/92
10/7/92
10/8/92
10/9/92
10/10/92
10/11/92
10/12/92
10/13/92
10/14/92
10/15/92

21.86
20.8
17.61
18.49
18.57
17.59
17.65
18.36
18.92
19.64
18.81
17.06
16.41
15.76
15.28
14.3
14.41
15.11
15.21
16
15.57
14.93
13.81
13.09

20.69
20.16
17.75
17.96
17.98
17.23
17.09
17.43

17.9
18.82
18.01
16.67
15.95
15.27
14.86
14.26
14.25
14.61

14.7
15.19
15.03
14.54
13.92
13.49

Mean cooling
Max cooling
Date

1.17 22
0.64 21.42
-0.14 18.19
0.53 18.44
0.59 18.88
0.36 17.37
0.56 17.46
0.93 18.43
1.02 19.4
0.82 20.31
0.8 19.59
0.39 17.45
0.46 16.22
0.49 15.61
0.42 15.07
0.04 14.09
0.16 14.69
0.5 15.24
0.51 15.56
0.81 16.62
0.54 16.18
0.39 15.18
-0.11 13.41
-0.4 12.17
1.058874
2.83
6/23/92

21.69
21.14
17.99
18.21
18.65
17.22
17.26
18.15
19.09
19.97
19.25
17.29
16.11
15.48
14.95
14.05
14.59
15.08
15.36
16.31
15.93
15
13.4
12.3

Mean cooling
Max cooling
Date

0.31
0.28
0.2
0.23
0.23
0.15
0.2
0.28
0.31
0.34
0.34
0.16
0.11
0.13
0.12
0.04
0.1
0.16
0.2
0.31
0.25
0.18
0.01
-0.13

0.490993

0.88

7/17/92
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Tabl e 4.

t he Col unbi a River
Ri ver for year 2000 conditions.

Di fferences between daily maxi mum wat er tenperatures,
punp exchange in pl ace,

at two

| ocati ons
Wat er tenperatures sinulated under current

wi th and wi t hout

in the | ower Yaki ma

conditions were subtracted fromwater tenperatures sinulated under proposed

conditions to calculate the differences.

2000 Yakima River Daily Maximum With and Without Pump Exchange

Date

6/10/00
6/11/00
6/12/00
6/13/00
6/14/00
6/15/00
6/16/00
6/17/00
6/18/00
6/19/00
6/20/00
6/21/00
6/22/00
6/23/00
6/24/00
6/25/00
6/26/00
6/27/00
6/28/00
6/29/00
6/30/00

7/1/00

7/2/00

7/3/00

7/4/00

7/5/00

7/6/00

7/7/00

7/8/00

7/9/00
7/10/00
7/11/00
7/12/00
7/13/00
7/14/00
7/15/00
7/16/00
7/17/00
7/18/00

without
project

0.6 KM upstream of Chandler

15.96
15.69
16.03
18.02
19.31
18.89
18.24
18.38
18.99
19.57
20.12
21.21
22.01
22.49
22.67
22.45
23.46
24.23
25.47

26.1
25.76
25.09
24.14
22.36
22.51
22.32
22.76
24.14
24.49
24.75
24.98
25.71
26.07
25.74
25.32
24.35
24.52
25.23

259

with project

15.92
15.65
15.96
17.93
19.26
18.87
18.22
18.34
18.96
19.52
20.06
21.13
21.92
22.4
22.57
22.34
23.32
24.08
25.28
25.86
25.61
24.96
24
22.27
22.33
22.17
22.57
23.92
24.32
24.58
24.81
25.51
25.86
25.55
25.17
24.21
24.36
25.03
25.67

difference

0.04
0.04
0.07
0.09
0.05
0.02
0.02
0.04
0.03
0.05
0.06
0.08
0.09
0.09

0.1
0.11
0.14
0.15
0.19
0.24
0.15
0.13
0.14
0.09
0.18
0.15
0.19
0.22
0.17
0.17
0.17

0.2
0.21
0.19
0.15
0.14
0.16

0.2
0.23

At West Richland

without
project

16.57
16.41
17.06
19.17

20.2
19.45
18.88
19.06
19.63
20.26
20.93

22.2

22.9
23.36
23.55
23.45

24.5
25.29
26.62
27.15
26.67
25.95
24.96
23.11
23.62

23.3
24.14
25.56

25.7
25.82
26.03
26.92
27.34
26.82
26.19

25.1
25.45
26.49
27.22

with project

16.48
16.29
16.9
18.98
20.09
19.39
18.82
18.99
19.55
20.15
20.81
22.03
22.69
23.13
23.33
23.19
24.2
24.97
26.22
26.69
26.29
25.57
24.56
22.79
23.18
22.95
23.7
25.06
25.25
25.4
25.61
26.44
26.8
26.32
25.78
24.74
25.05
26
26.7

difference

0.09
0.12
0.16
0.19
0.11
0.06
0.06
0.07
0.08
0.11
0.12
0.17
0.21
0.23
0.22
0.26

0.3
0.32

0.4
0.46
0.38
0.38

0.4
0.32
0.44
0.35
0.44

0.5
0.45
0.42
0.42
0.48
0.54

0.5
0.41
0.36

0.4
0.49
0.52
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Table 4
continued

7/19/00
7/20/00
7/21/00
7/22/00
7/23/00
7/24/00
7/25/00
7/26/00
7/27/00
7/28/00
7/29/00
7/30/00
7/31/00

8/1/00

8/2/00

8/3/00

8/4/00

8/5/00

8/6/00

8/7/00

8/8/00

8/9/00
8/10/00
8/11/00
8/12/00
8/13/00
8/14/00
8/15/00
8/16/00
8/17/00
8/18/00
8/19/00
8/20/00
8/21/00
8/22/00
8/23/00
8/24/00
8/25/00
8/26/00
8/27/00
8/28/00
8/29/00
8/30/00
8/31/00

9/1/00

9/2/00

9/3/00

9/4/00

25.97
27.08
27
26.51
25.94
26.27
25.83
25.57
26.11
26.83
27.3
27.58
28.34
27.46
26.89
27.23
27.16
27.55
27.26
26.85
27.01
27.03
25.07
24.32
23.85
23.63
23.53
23.62
23.59
23.51
22.5
21.59
21.86
22.28
22.78
24.2
24.74
23.94
23.2
22.07
21.81
22.17
22.66
21.2
19.43
18.99
19.09
19.7

25.78
26.88
26.83
26.36
25.77

26.1
25.66
25.41

259
26.61
27.07

27.4
28.15

27.3
26.75
27.04
26.96
27.34
27.08
26.69
26.86
26.83
24.89
24.16
23.69
23.47
23.39
23.48
23.44
23.35
22.33
21.46

21.7
22.13
22.65
24.05
24.55
23.77
23.03
21.95
21.68
22.04

22.5
21.07
19.37
18.89
18.99
19.57

0.19

0.2
0.17
0.15
0.17
0.17
0.17
0.16
0.21
0.22
0.23
0.18
0.19
0.16
0.14
0.19

0.2
0.21
0.18
0.16
0.15

0.2
0.18
0.16
0.16
0.16
0.14
0.14
0.15
0.16
0.17
0.13
0.16
0.15
0.13
0.15
0.19
0.17
0.17
0.12
0.13
0.13
0.16
0.13
0.06

0.1

0.1
0.13

27.08
28.23
27.99
27.45
26.87
27.18
26.8
26.46
27.18
28.06
28.56
28.63
29.5
28.38
27.6
28.17
28.18
28.55
28.15
27.6
27.75
28.08
26.01
25.05
24.58
24.45
24.26
24.4
24.34
24.34
23.47
22.32
22.59
23
23.47
25.02
25.84
24.84
23.98
22.55
22.36
22.86
23.49
21.89
19.7
19.55
19.64
20.45

26.59
27.72
27.54
27.04
26.43
26.76
26.36
26.02
26.66
27.5
28
28.16
29.02
27.95
27.2
27.66
27.65
28.03
27.69
27.21
27.36
27.59
25.54
24.64
24.18
24.05
23.91
24.03
23.96
23.94
23.04
21.98
22.23
22.66
23.15
24.65
25.37
24.4
23.55
22.23
22.04
22.53
23.12
21.58
19.53
19.3
19.4
20.16

0.49
0.51
0.45
0.41
0.44
0.42
0.44
0.44
0.52
0.56
0.56
0.47
0.48
0.43

0.4
0.51
0.53
0.52
0.46
0.39
0.39
0.49
0.47
0.41

0.4

0.4
0.35
0.37
0.38

0.4
0.43
0.34
0.36
0.34
0.32
0.37
0.47
0.44
0.43
0.32
0.32
0.33
0.37
0.31
0.17
0.25
0.24
0.29
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Table 4
continued

9/5/00
9/6/00
9/7/00
9/8/00
9/9/00
9/10/00
9/11/00
9/12/00
9/13/00
9/14/00
9/15/00
9/16/00
9/17/00
9/18/00
9/19/00
9/20/00
9/21/00
9/22/00
9/23/00
9/24/00
9/25/00
9/26/00
9/27/00
9/28/00
9/29/00
9/30/00
10/1/00
10/2/00
10/3/00
10/4/00
10/5/00
10/6/00
10/7/00
10/8/00
10/9/00
10/10/00
10/11/00
10/12/00
10/13/00
10/14/00
10/15/00

19.62
20.22

20.2

18.6
19.28
19.53
20.64
21.59
21.99
23.04
22.88
22.01
22.44
22.41
21.58
19.41
16.09
14.61

14.6
14.86
15.29
15.75
16.37
17.11
17.92
18.32
17.95
16.29
15.41
14.78
13.92
13.73
13.77
13.91
13.61
13.92
14.83
15.36
15.85
14.64
14.72

19.52
20.09
20.05

18.5
19.16
19.41
20.52
21.47
21.88
22.91
22.75
21.91
22.32
22.29
21.48
19.35
16.04
14.57
14.56
14.81
15.23
15.69

16.3
17.04
17.82
18.23
17.85
16.26
15.39
14.75
13.89

13.7
13.73
13.85
13.57
13.86
14.76
15.29
15.78
14.59
14.76

Mean cooling
Max cooling
Date

0.1
0.13
0.15

0.1
0.12
0.12
0.12
0.12
0.11
0.13
0.13

0.1
0.12
0.12

0.1
0.06
0.05
0.04
0.04
0.05
0.06
0.06
0.07
0.07

0.1
0.09

0.1
0.03
0.02
0.03
0.03
0.03
0.04
0.06
0.04
0.06
0.07
0.07
0.07
0.05

-0.04

0.123359
0.24
6/29/00

20.25
21
20.97
19.21
19.78
20.22
21.39
22.4
22.64
23.87
23.78
22.46
23.08
23.12
21.98
19.45
16.21
14.59
14.67
14.99
15.52
16.03
16.68
17.51
18.62
19.11
18.59
16.36
15.44
14.85
13.84
13.71
13.83
14.11
13.85
14.34
15.29
15.68
16.27
14.78
14.3

20
20.7
20.65
18.93
19.5
19.93
21.11
22.12
22.38
23.55
23.42
22.21
22.79
22.82
21.75
19.32
16.09
14.48
14.57
14.88
15.38
15.88
16.51
17.33
18.35
18.85
18.34
16.28
15.38
14.78
13.79
13.64
13.73
13.96
13.73
14.18
15.1
15.52
16.08
14.66
14.36

Mean cooling
Max cooling
Date

0.25
0.3
0.32
0.28
0.28
0.29
0.28
0.28
0.26
0.32
0.36
0.25
0.29
0.3
0.23
0.13
0.12
0.11
0.1
0.11
0.14
0.15
0.17
0.18
0.27
0.26
0.25
0.08
0.06
0.07
0.05
0.07
0.1
0.15
0.12
0.16
0.19
0.16
0.19
0.12
-0.06

0.306797
0.56
7/28/00
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