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ABSTRACT

The Central Platte River often experiences high water temperatures during sunny, hot summer days. A 128-km reach &fiviee tRdaitestream
of two hydropower dams (Kingsley Dam and North Platte/Keystone Diversion Dam) was studied to determine the relationshipvieetsueen
mer water temperatures and river flow-rate, and the impacts of in-stream flow requirements upon peak water temperataels.SEm®s as a
habitat for eight federally listed or endangered species, as well as over 300 species of migratory birds, including S00ll0ffasas and 7-9 mil-
lion ducks and geese. Hourly water temperatures were simulated using a dynamic numerical model (MNSTREM) with and witaouflimast
requirements. It was found that a clear relationship exists between river water temperatures and river flow-rate. lit agitimond that the
occurrence of high water temperatures can be attributed to low river flow-rate and can be reduced, but not eliminatedyurithmstream flow
requirements.

RESUME

Le cours médian de la Platte River présente souvent des températures d’eau élevées durant les jours d'été ensolelés2BHkibied I'aval de
deux barrages hydroélectriques (le Kingsley Dam et le North Platte/Keystone Diversion Dam) a été étudié pour déternatienierdrela tem-
pérature estivale de I'eau et le débit de la riviere, et I'impact des conditions sur les débits injectés en cas de pyBraectele I'eau. Ce bief
sert d’habitat a huit espéces protégeées par les lois fédérales ou exposées a des dangers, ainsi qu'a plus de 300 aspéuiggatiss compre-
nant 500000 grues littorales et de 7 a 9 millions de canards et d'oies. Les températures horaires de I'eau ont été 'aidrildes anlodele
numérique dynamique (MNSTREM) avec et sans conditions de débit entrant. On en a conclu qu’une relation claire existengéiratlact de
I'eau et le débit de la riviere. En plus, il a été montré que le fait de températures élevées de I'eau pouvait étrexatigintsd diétiage, et que ce
probléme pouvait étre atténué mais non supprimé par des conditions minimes sur les débits d’entrée.

| Introduction of certain endangered bird species. High temperatures can gen-

The Central Nebraska Public Power and Irrigation District anderally result in increased metabolic activity of aquatic organ-
Nebraska Public Power District were seeking license renewalsms, including fish, as well as decreased solubility of dissolved
from the Federal Energy Regulatory Commission (FERC) foroxygen and increased biochemical reaction rates. If the temper-
two hydropower dams on the Platte River in western Nebraskaatures are high enough, the results can be lethal to aquatic life.
The dams are the Kingsley Dam and North Platte/Keystondn fact, fish kills have been observed in five out of the six sum-
Diversion Dam (Figure 1), more than 150 km upstream of themers between 1985 and 1990 (Dinan, 1992). Decreased flow
study reach. In 1992, FERC issued a draft environmental impaddas the potential to increase daily temperature peaks in the cen-
statement (EIS) for the license renewals and later submitted &al Platte due to the lower corresponding depth of flow. The
revised EIS in March 1994. The U.S. Environmental Protectionsolar radiation, for example, is applied over less depth in a shal-
Agency (EPA) had some issues with the EIS. The issues of conower stream, causing a larger temperature increase during the
tention were related to the 240-km reach of the central Plattelaylight period.

River downstream of the dams, which serves as a habitat for

eight federally listed threatened or endangered species, as we : T l
as over 300 species of migratory birds, including 500,000 sand //,//‘Lk\%% 1
hill cranes and 7-9 million ducks and geese. The EPA believe: oy oo L Pameme, A
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that dam operations may have caused severe degradation of t
internationally significant habitat. In particular, it is believed that
the proposed operating alternative for the dams will cause per U PLATE R o\
sistent exceedances of the federally-approved state water quali ( i,
temperature standard of 32°C in the central Platte River. Accord ¢ iy ssres,
ing to the EPA, temperature exceedances (above the standar =
are increasingly likely as river flow declines.

The importance of maintaining temperature standards is linkec

to the biclogical |n.tegr|ty Of the Platte Rlver, including the prp- Fig. 1. Sketch of the central Platte River, location of relevant data
tection of forage fish species that are important to the survival stations, and description of stream segments.
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This paper summarizes the results of a computational model studypday. Beginning with the impoundment of the upstream reser-
to determine the impact of various in-stream flow criteria upon thevoirs, the island, channels, and sandbars have slowly been colo-
number of days that water temperature in the central Platte exceedized by trees and other woody vegetation. The reach between
1) the State standard of 32°C, and 2) 35°C (Sinokrot et al. 1996)Vood River and Grand Island is probably the most similar to the
The 35°C level is presumed to be a temperature at which thelassic braided river that existed before the dams and diversions.
aquatic biota is more severely stressed than at 32°C. The 35°Che upstream sections of the reach are more heavily forested with
level was also justified by Dinan (1992) as a temperature that idittle roosting habitat. These general environmental characteristics
close to the “Critical Thermal Maximum” for many fish species are also identified in Figure 1. Topography of the Platte valley is
found in the river basin. The study involved the application of arelatively flat with a slope of 1.4 102 (Currier et al. 1985).
computational water temperature prediction model, MNSTREM, In-stream flows to protect the resources of the central Platte River
to the central Platte River. MNSTREM has been shown to accuhave recently taken on a greater importance. In 1992 the Central
rately predict stream water temperature on an hourly time scal®latte Natural Resources District received approval for an in-
under highly unsteady conditions (Gulliver, 1977; Stefan et al.,stream flow appropriation that was exclusive of releases from the
1980; Sinokrot and Stefan, 1993), and has been adapted to incorpidingsley and Keystone Dams. In other words, once the flow is
rate all of the important aspects of natural rivers (Sinokrot and Stesupplied to the river by these two dams, the in-stream flow appro-
fan, 1992, 1993, and 1994). Calibration of a shading coefficientpriation is in effect. The current in-stream flow appropriation,
and a roughness coefficient, and verification took place through théowever, cannot place requirements upon releases from the
comparison with four years of water temperature record at four stadams. It is not surprising that federal and state resource agencies
tions on the Platte River. The model was then used with the sam&ould seek to intervene in the relicensing process for these two
four-year weather record to predict the water temperatures thalams, to secure an in-stream flow appropriation that will provide
would have occurred with various minimum in-stream flow criteria some additional protection for the aquatic and terrestrial habitat
applied to the reach. The impact of these in-stream flow criteria orin and near the central Platte River.

water temperature was then predicted for the four-year period

through comparison of computer simulations. Il Modeled period and historical record
Water temperature measured by the U.S. Fish and Wildlife
Service, river discharge measured by the U.S. Geological Sur-
The study reach was a 128 km section of the central Platte Riverey, and weather data measured by the High Plains Climatic
(Big Bend Reach) from Overton to Phillips, Nebraska. A map Center exist for different periods and at different locations on
of the river with locations of discharge and weather stations isghe study reach. Hourly measured water temperature data exist
shown in Figure 1. at five stations along the study reach: Overton, Odessa, Shelton,
Currently, discharge in the central Platte River is highly man-Mormon Island, and Phillips. Figure 1 shows the location of
aged. Central Nebraska Public Power and Irrigation District'sthese stations. Daily measured flow rates exist at four stations
massive Tri-County Project, of which Kingsley Dam and the on the study reach: Overton, Odessa, Kearney, and Grand
associated Lake McConaughy are the keystones, was designedigland. These stations are also shown on Figure 1.

capture fall, winter and spring flows of the North Platte River for The data required for accurate modeling was recorded for most
summer irrigation and for hydropower generation. Immediately of the period extending from 1991 to 1994. This study focused
below Lake McConaughy a significant portion of the river’s dis- on the summer period from June through August, since this
charge is routed through the Keystone Diversion to cool the Gerperiod is believed to be most critical when considering maxi-
ald Gentlemen thermal power station, to supply hydropower formum river water temperatures.

the city of North Platte, and to serve farmland in six irrigation The variation in weather and river discharge over a three-month
districts. The remaining water is returned to the river near Northsummer period are significant, and summers can generally be
Platte, Nebraska only to be diverted again by the Tri-Countyclassified as warm, cool or normal; and as wet, dry, or normal.
Diversion Dam below the confluence of the North and SouthWater temperature, however, has more of a daily response to
Platte rivers. From this diversion, water is fed down canals toweather and discharge, rather than a seasonal response, an
water cropland south of the Platte River, to power three hydrotherefore these seasonal classifications lose their relevance
power plants and cool the Canaday thermal power station. On awhen water temperature is concerned.

average annual basis, about half of what was diverted belowWwhe question still remains, however, as to how the simulated
North Platte is returned to the Platte River at the Johnson-2 (J-Zpur-year period compares to the historical record. Four years of
return, which is immediately upstream from the Overton gaugingsummer data may not be sufficient to establish the expected
station. The majority of the water is returned to the Platte in themean values of river discharge and weather parameters. Gul-
October through April period. On average, the daily percentliver (1991), for example, found that thirty years of record were
return in May through September is approximately 40 percent ofequired to establish a mean discharge for two rivers within 10
that in October through April (Williams, 1978). percent. Thus, the probability of obtaining a daily mean dis-
The environmental characteristics of the reach change graduallgharge or weather parameter (i.e., air temperature) will be esti-
over the 128 km length, and are in a period of slow transitionmated for both the study period and the fifty years of summer

Il Background on study reach and discharge
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records from 1945-1994. The probability distributions for the the respective periods. Thus, the low flows were more frequent
two periods can then be compared to establish how four-yeain the 50-year period than in the study period.

modeled period represents the historical record. On the other hand, high discharges were also more frequent
during the 50-year period than during the study period. For
example, the 2 percent exceedance discharges were approxi-
mately 4000 cfs and 10,000 cfs for the study period and 50-year
A cumulative probability distribution histogram of discharge period, and the 5 percent exceedance discharges were 3000 cfs
(flow duration curve) is given for both the study period and theand 6200 cfs, respectively. In the end, the higher discharges and
June-August months of 1945-1994 in Figure 2. The histogramower discharges of the 50-year period balance out, and the
gives the probability of exceedance for various discharges on angnean discharge of the 50-year period, 1150 cfs, was close to
given day during the period of interest. Put differently, the histo-that of the 4-year study period, 1200 cfs.

gram identifies the percentage of time that a given river dischargét is difficult to determine what portion of these differences are
can be expected to be exceeded. It is believed that a comparis@tcounted for by the change in operation of the river discharge,
of this data for the 1991-94 and 1945-94 periods will indicateand what portion is indicative of a different runoff regime. As
whether the simulation period is representative of the longementioned previously, the Platte River has a highly managed
period and may indicate any major changes in river dischargdlow regime. Any change in the operating rules for release of

Discharge

operation that may have occurred over the longer period. water from the upstream reservoirs would alter the flow duration
curve. It is also true that to have four years of discharge in a river
12000 7 precisely represent fifty years of record is difficult. Nevertheless,

Figure 2 indicates that the historical record had less runoff during
the low flow periods than the period that will be modeled, 1991-
1994, although the median discharges are similar.

- 1945-1394 In addition, the effect of altered flow regime on the geomorphic
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cross-section shapes that include an increase in the width-depth
ratio, loss of vegetation (shade) and shallowing of pools may

occur as a result of altered flow regimes due to operating rules
of the dams.
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T Y ey Air Temperature
A cumulative probability distribution histogram of air tempera-
ture is given for both the study period and the June-August
months of the 50-year period from 1945 through 1994, in Fig-
ure 3. The purpose was to compare the weather, as it relates to
19911994 water temperature, of the study period to the 50-year record.
Miller (1992) and Zander (1996) found that daily peak water
temperature is most strongly correlated with air temperature.
The likely reason for this correlation is the cross-correlation of
air temperature with solar radiation and longwave radiation. On
sunny summer days, the air temperature tends to be high, and
longwave radiation is also high. Thus, the apparent impact of
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T T m % 4 % e 1w  ® % 00 air temperature is actually the impact of solar radiation, long-
Excoadance Probability (Percent) wave radiation, and air temperature.

Fig. 2. Cumulative probability histograms of June, July and August”A comparison of these curves in Figure 3 indicates that the

for the four-year study period and the fifty-year period. study period is representative of the 50-year period, although

the modeled period is slightly colder than the normal year in the

Some differences are, in fact, observed in Figure 2. During theésg-year period. During the 1945-94 summers an air temperature
study period, the low discharges occurred less frequently. FOpf 23.4°C was exceeded or equaled with a 50% probability (the
example, a discharge of 100 cfs was exceeded 90 percent of thﬁedian), while a median air temperature of 22.2°C was
time during the study period, but only 77 percent of the timegpserved during 1991-94 summers. The difference between the
during the 50-year period. In addition, zero discharge occurredyo curves was greater at lower exceedance probability levels,
10 percent of the time in the 50-year period, but did not occur inthe |argest being 2°C at a 20% exceedance probability.

the study period. The median discharge of the 50-year periodrhe weather of the four-summer study period appears to be
was 456 cfs, while during the study period it was 651 cfs; andsomewhat cooler than the 50-year period. We believe that this
the 75 percent exceedance discharges were 310 and 126 cfs f@gipuld tend to reduce the number of days that water temperature
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would exceed the 32 and 35C levels in the study period The MNSTREM model requires three categories of data for the

analysis as opposed to the 50-year period from 1945-1994.  solution of Equation 1. These categories are: location, weather

data, and stream data.
Grand lsland, 1945-1995 1. The location data are latitude and altitude.

2. The weather data are air temperature, relative humidity, solar
radiation, wind velocity, cloud cover, and air pressure.

3. The stream data are total length of river reach, cross-sec-
tional area and surface width as a function of discharge,
upstream water temperature as a boundary condition,
observed water temperature for calibration, stream flow rate,
groundwater inflow/outflow, and initial streambed data
(temperature profile in the sediment).

Daily mean air temperature { C)

In the model simulations, daily values@fare specified and the
associated cross-sectional ar@d and stream width\W)) are
calculated from empirical power functions as commonly used
in water quality modeling (Thomann and Mueller, 1987). It is
also necessary to have hourly water temperature data to cali-
brate and validate the water temperature model.

Fig. 3. Cumulative probalility histograms of air-temperature at Grand The groundwater inflow/outflow between stations is calculated
Island, Nebraska, for fifty summers (June through August) of ffom a water balance. The temperature of shallow groundwater
record, 1945-1994, and for the 1991-1994 study period. is set equal to the annual average air temperature.

A uniform streambed temperature profile in the sediment is

used as an initial condition. The model calculates dynamic pro-

files based on the hourly stream water temperatures and then

The model used in this study is a modified version of thecalculates the hourly streambed heat flux (Sinokrot and Stefan,

dynamic stream water temperature simulation model1993).

MNSTREM (Gulliver, 1977; Stefan et al., 1980). MNSTREM | ongitudinal dispersion is normally not a significant transport

is a finite difference, |mp|IC|t numerical model developed for mechanism for stream waters temperature mode“ng unless

the simulation of hourly water temperatures using the one-here are large spatial gradients in water temperature. For this
dimensional heat advection-dispersion equation and includegpplication, the longitudinal gradients are not sufficiently large,
the heat exchange with the atmosphere. Sinokrot and Stefagnd the longitudinal dispersion coefficient is simply determined

(1994) extended MNSTREM to include streambed heat flux infrom stream dimensions, roughness and flow (Fischer et al.,

the heat budget, side stream inflow, and groundwater inflow.  1979; McQuivey and Keefer, 1974).

If stream cross-sectional ared, surface width\W, and flow

rate,Q, are variable along theaxis, the one-dimensional heat

transport equation takes the form

Exceedence probability {(percent}

IV Computational model for water temperature prediction

V Model calibration and verification

A Available Data

Data input required by the model was obtained from a variety of
sources. Stream location (latitude and altitude) was obtained
from U.S. Geological Survey maps. Hourly weather data
(except for cloud cover) from four weather stations (North

Platte, Lexington, Gibbon, and Shelton) were purchased from

0T, 0(QT) _ 0.0,p 0T, WS
AST o = ot taxd" pe, @

whereT is water temperaturg,is streamwise distances time,

D, is a dispersion coefficient in the direction of flowdirec-
tion), Sis a source or sink term which includes heat transfer k : ) ) ) )
with the surrounding environmenmt;s the density of water, and the High Plains Climate Center, Umversny of Nebraska, _L'n'
C, is the specific heat of water. The short time step (one hourfIN- The cloud cover data were obtained from the National
used in MNSTREM allows the use of more physically-basedocean'c and Atmospheric Administration (local climatological
relationships that do not require the degree of empiricism that &at@ for Grand Island, Nebraska). Hourly water temperature

daily time step would. Solar reflectance of the water surface, fofneasurements for five stations (Overton, Odessa, Shelton, Mor-

example, varies throughout the day. This variation was incorpoM0n Island, and Phillips) on the Platte River were obtained

rated into the simulations. from the Grand Island, Nebraska Office of the Fish and Wildlife

Equation 1 can be used to predict water temperatures in streanpeVice, U.S. Department of the Interior. Manning coefficients
that have a relatively steady discharge and have no significarf®) for different segments along the Platte River were obtained
transverse temperature gradients. Stream cross-sectional ar@@M the Mills, Wyoming Office of the Bureau of Reclamation,

and width are a function of stream discharge, which can varyH-S- Départment of the Interior. They were determined by
widely throughout the year. measuring water surface slope, cross-sectional area, and wetted
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perimeter at various river discharges and back-calculating ManB Calibration

ning’s n from Manning’s Equation (Equation 4). River and . .
diversion flow rates data were obtained from the U.S. Geologi-The model was calibrated using the measured water tempera

cal Survey, State of Nebraska Department of Water Resourceéure data for June and July of 1994 and an average of weather

and U.S. Bureau of Reclamation, through the U.S. Fish anodata obtained at two statlons,_Lexmgton_and Shelton._ Sun-shad-
- . . . . Ing by the stream banks and its vegetation are considered most
Wildlife Service. As mentioned earlier, the model requires a

functional relation between cross-sectional akeaurfaceW, important when modeling stream water temperatures. Brown
© ] (1969), Rishel et al. (1982), Meisner (1990), and Sinokrot and
and flow rateQ. Leopold and Maddock (1953), Richards ) : .
: Stefan (1993) previously illustrated the effect of sun shading on
(1982), and Jarvis and Woldenberg (1984) suggested the fol- . .
lowing forms of these relationships: stream water temperature. Optimal values of sun-shading coef-
' ficient were established for each segment of the Platte River
reach in concern by minimizing the standard er&t) petween
A= aQ 2 measured T,) and computed T¢) water temperatures. Sun
shading ranged from 12 percent (between Wood River and Phil-
lips) to 13 percent (between Kearney and Wood River) to 16
percent (between Overton and Kearney). This corresponds to an
W = cd 3 observed increase in the number of tree-lined channels and a
reduction in the width of each. In addition to the sun shading

fcalibration, the model was also calibrated for Manning’s coeffi-
wherea, b, ¢, andd are constants that depend on the shape of". . .
cient. The U.S. Bureau of Reclamation has supplied a range of

the stream’s cross-section and can be determined from data fqot _ . . . .
cross-sectional area, surface width, and stream flow rate Th?\/lannmg coefficients, which generally varied as a function of
stream surface width, constan idci) for different segment.s ?Jischarge, for different segments along the Platte River. The

. . . model was calibrated for a given Manning’s coefficient for each
of the Platte River were derived from morphology data supplied

by the U.S. Fish and Wildlife Service, Grand Island, Nebraska,segment that did not change with discharge. The Manning’s

and were consistent with their values. The stream cross—secqoemC'ems used were in the range specified by the U.S. Bureau

. . of Reclamation, as shown in Table 1.
tional area constants were calculated for each segment using
Manning’s equation for fully rough, fully-developed boundary Table 1. Manning's coefficients, and surface width and cross-sec-

layer flow: tional area parameters used in model simulations. Manning’s
coefficients are the range of Manning’s coefficients deter-
1 0/3 2 mined from Bureau of Reclamation (BOR) measurements at
Q= ﬁR A (4) a variety of stream discharges.
Manning’s Coefficient Surface Width T Cross Section Area
Segment Reach Kilometers | MNSTREM BOR Constant Exponent Constant Exponent
Overton Gage 0-126 0.030 71.96 03178 4.965 0.7272
Elm Creek A 12.6-18.5 0.030 0.023 - 0.041 68.84 0.2417 5.219 0.6967
Elm Creek B 18.5-23.4 0.030 6.025 - 0.040 82.17 0.2245 4.770 0.6898
A Odessa 234-4490 0.028 0.038 - 0.039 71.96 03178 4.856 0.7271
R = — (5) Kearney 44.0-62.6 0.026 0.026 - 0.041 9436 0.3052 5.151 0.7221
P Gibbon 62.6 - 66.0 0.030 0.030 - 0.047 101.3 0.2254 4.668 0.6902
Shelton A 66.0-73.3 0.025 0.023 - 0.049 117.4 0.1610 5.618 0.6644
Shelton B 73.3-77.0 0.030 0.027-0.045 110.4 0.2236 5.474 0.6894
Wood River 77.0-111.7 0.030 0.027 - 0.098 1155 0.1872 6.226 0.6749
. . . . . Grant Tsland 111.7-119.1 0.030 —— 96.07 0.2953 5.963 0.71_8\
whereSis the stream slop® is the hydraulic radius, arfelis Phillps fon-1287 | 003 257 | ouns T | o652

the wetted perimeter. For wide open channels such as the Platte
River, the wetted perimeter can be approximated by the surface: vserification
width from Eq. 3. Then,
The model calibration was verified by comparing the standard
_1gA#? o2 errors of the calibrated period (June and July 1994) and the
Q= ﬁ%d] A (6 remaining of the study period (August 1994; July and August
1993; June, July and August 1992 and 1991). The standard errors
Substituting Equation 6 into Equation 2 results in the relation-for both of the calibrated period and the verification periods com-

ships: pared well. The standard errors of prediction ranged frofitC0.8
at the Morman Island station in August of 1994 to 438t the
B B;Z/%D% Odessa station in June through August of 1991. It was difficult to
a=g gval 7 reduce the standard error below’@8&or a 128 km stream reach,

especially considering the variations in the weather parameters
and and stream morphology that can occur along the reach. The pre-
dictions were accurate to roughly 10 percent of the diurnal water
temperature variation, which can be as high 4€ 18the central
Platte River. An example of model simulations for the verifica-
tion period is shown in Figure 4.

b = %d+]%3/5 @©
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The sensitivity coefficients represent the change of the depend-
; : o ent variable that results from a unit change of a model parame-
Eatte River @ Phillips, NE' ter while holding all other parameters constant. Mathematically,
sensitivity coefficients are the partial derivatives of the depend-
ent variable with respect to each of the parameters (Willis and
Yeh, 1987). The influence-coefficient method was used here to
calculate the sensitivity coefficients as in Sinokrot and Stefan
(1994). The influence-coefficient method evaluates the sensitiv-
ity coefficients by perturbing each of the model parameters, one
at a time. They indicate the change in water temperature at a
given station that can be anticipated by a unit change in the

weather parameter of interest.
ST sl Geamer  oramor  smer  uer Finally, an indication of the sensitivity of the Platte River water
temperature to the variability in each of the four weather param-
eters is given by factoring the sensitivity coefficients and the
Fig. 4. Simulated and measured water temperatures for the 2-11 Julgtandard deviations of each weather parameter. This results in a
1991 period at the Phillips station. “sensitivity” of water temperature predictions.

o The modeled water temperature for the central Platte River was
Table 2 represents another form of model verification. The tablemost sensitive to the variability in the measurements of solar

compares the number of days with measured maximum watef, jiation and air temperature, as shown in Table 3. It is unusual
temperature that exceed 32 and@3o the number of days ¢, \yater temperature to be this sensitive to the variations in

WiEh simulated maximum water temperature that exceed 32 andor radiation (Sinokrot and Stefan, 1994). The probable cause
35°C at four stations on the Platte River. The number of daysof this high sensitivity is the shallow depth of the central Platte
compared are below the total 368 days of the four-year, summegy, e during low flow periods. There is also significant sensi-

periods because both weather station malfunctions and watfy;iv, o the variability in the measurements of wind speed and

temperature station malfunctions caused “drop-outs” of meas;q|ative humidity.

ured data. Since the number of days that the water temperature
exceeds 3ZL and 33C are the focus of the simulations, this rap|e 3. sensitivity of water temperature to various weather parame-

~
(=]

(]
(=]

N
o

Water Temperature (degree C)

= Simulated — Measured I

comparison of measured and predicted number of days is ters.
judged to be the best verification for the simulations. Table 2 — _ Weather Purameter —
. . __ _ ir envlpcramre Reln!lvc:Hum:d:ty ‘Wind Speed Selar Radiation
also lists the standard errors between measured and simulate|* S Cofiient ©o ©m o T
maximum water temperature, which range from 1.4 t6CL.9 Mermen I 01 i o1 e
. . . . Phillips 0.89 0.079 1.05 0.020°
This is considered good, especially when measured water ten [z swdaavevion © o Ty )
! L. ) . . 66.2°
peratures showed diurnal variations as high 4€18 C. Senstivicy” ° © © ©
Sheton 1 050 ok 5
Mormon Istand 120 050 087 131
Table 2. Comparison of the total number of days that water temperaj—¢ 2——- L% = = 12
ture exceeds 32 and 35 degrees C. Simulations and measur| ‘sessiisity = (Mean Sensitivity Coefficient(Standard Deviation of the weather parameter over the four weather sations)
ments are compared over the same time period: 1991-1994.

Rumber of Number of days > 32°C Number of days > 35°C Standard Error of
Station Days Compared | Mecasured Simulated Measurcd | Simulated | Maximums (C)

Dot 756 o 5 : : 1,4 The sensitivities can be used to identify the variability in

oo B |27 o 23 % % 7 weather parameters along the central Platte River as an impor-

Phillips 180 46 53 1 1 19 . . . . .
tant factor in the standard errors of prediction seen in this
study. It would be difficult to get a prediction of less thd@ 1

D Model Sensitivity to Weather Parameters standard error with these sensitivities to the existing variations

o _ in air temperature, solar radiation, wind speed, and relative
One of the challenges in simulating water temperature over &ymidity.

128 km-long river reach is that the weather conditions vary overa jjjystration of the predicted water temperature response for
the reach, and the observations are at fixed locations. Thene central Platte River to input data from various weather sta-
weather stations along the central Platte River were not chosefiyns is given in Figure 5. The measured water temperatures for
with this modeling effort in mind but can be used to estimatey 10-day period are compared to that predicted using each of
the variability in each weather parameter along the reach. the four weather stations individually. For the most part, the
The actual variation in weather that occurs along the river reacky ter temperature predictions are within a fairly narr6@ to

can be estimated by determining the standard deviation of eackec pand. with the measured water temperatures in this band
weather parameter as measured at four stations along the rivefs well. Periodically, however, the weather variation over the
This will result in a standard deviation of each weather parame¢gntral Platte River is much larger, such that the prediction

ter (air temperature, solar radiation, wind velocity, and relativeygd can reach 5 to 90 as can be seen on 2 July 1994 in
humidity) that varies over time. Figure 5.
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time, making past operation simulations obsolete. This study,
therefore, will model what we consider to be the two extremes
T — of system operation response to a minimum discharge con-
o [ e straint. The first is herein labeled thenimum discharge oper-
ating scenario The second extreme is herein labeled the
constant discharge operating scenario

50

Fiatte River @ Mormon Island, N'El

Water Temperature (Degrees C)

20

A Minimum Discharge Operation Scenario

Under the minimum discharge operating scenario, a given dis-
dumsr OTumes  Gian Ganer  oramm s rome e charge release is added to the stream discharge of the four-year
o modeled period to meet the specified minimum stream flow
Fig. 5. Measured water temperatures at Mormon Island comparedonstraint at Grand Island. This system operation response
with those simulated using the weather input of the four 55qmes that sufficient lake storage exists at Kingsley Dam to
weather stations on the central Platte River. . .
transfer released water from a wet season (spring) into a dry
season (summer). Otherwise the stream discharge is identical
VI In-stream flow impact on water temperatures to the historical operation in the summer months of 1991—

The purpose of the calibration and verification of the dynamic1994. This scenario would likely to be closer to the actual
water temperature computation model is to predict the impacPPeration at the lower constraints, such as 200 cfs, than at the
of in-stream flow operation scenarios upon the occurrence of!igher constraints, such as 1200 cfs. The implications of this
high water temperatures. This impact of in-stream flow on hightYPe of operation are indicated on the flow duration curve
water temperatures will be demonstrated by a determination of!Ven in Figure 6.

the number of days that the water temperature exceéds 32
and 35C. Although the increase in flow will be from reservoirs
(potentially cool water), it is likely that the river would reach
quasi-steady state temperatures by the time it reaches the fir
modeling station. The measured upstream temperatures for tt
study period were used as an upstream boundary condition i
the in-stream flow operation scenarios.

There are a variety of in-stream flow constraints that have bee!
suggested for the summer period in the Platte River. The Office =~ **
of Environmental Affairs and the Fish and Wildlife Service of

the Department of the Interior suggest a minimum discharge ir

the central Platte River of 1200 cfs during the wettest 75% of . ‘ ) ‘ e

the years (wet and normal years) and 800 cfs in the driest 259 o B Em::mPrj:n“m:im voo®w
of the years (dry years). Habitat was the primary criteria in set-

ting these recommendations, although water temperature wa

12000

10000

_19456-1994
-
6000

Discharge (cfs)

2000 +
1000 cfs
400 cfs

also considered. The Platte River Trust suggested a minimur 12 [ 1200 cfs
discharge of 1000 cfs, and the U.S. Environmental Protectior «\ 1000 cfe
Agency, based solely on water temperature considerations, su¢ ™ \
gested a minimum discharge of 900 cfs. All of these flows were g, | 800 cfs

for the central Platte River, which will be assumed herein to ‘ \

indicate the discharge at the Grand Island station of the U.S § ** oot

Geological Survey. The Nebraska Public Power District, on the & 1945-1994 - \ 400 cfs

other hand, suggests a minimum discharge of 200 cfs at Ovel

ton when the storage behind Kingsley Dam is less than 1.4}

million acre-ft, and 400 cfs at Overton when the storage is | ‘ L

greater than 1.45 million acre-ft. This storage level occurs o W B X Em::.mw::ubwzum) ©oon e

roughly half of the time, in recent years.

The impact of these minimum stream flows constraints on theFig. 6. Cumulative probability distribution curves for 50-years period

river discharge over the three-month period is difficult to pre- and the adjustment to this curve that would be caused by the
. . ) ) . minimum discharge operating scenarios. June, July and

dict. The discharges in the Platte River are highly managed, August discharges at Grand Island, Nebraska.

with flooding, irrigation, hydroelectric energy production, and

environmental requirements all taken into consideration simul-A typical example of the impact of minimum discharge operat-

taneously. In addition, these considerations may change at anyg scenario on peak daily water temperatures is given in Fig-

Discharge {cfs)

200cts
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ure 7, which shows the resulting days that the simulated watefFable 4. Number of days that simulated water temperature exceeds 32

temperature exceeded°8and 35C at Shelton. Exceedances degrees C and 35 degrees C for the minimum discharge oper-

above 39C tends to decrease at close to a constant rate ating scenario. Total number of days simulated = 290, during
June, July and August 1991-1994.

throughout the range from 0 to 1200 cfs, reaching 35 out of

290 days at 1200 cfs. This is still 12% of the June, July, ancbese |5+ 5 529" | | l
. T>35C 2 2 2 | [] 0
August days. The 3& exceedances show a slope reduction ‘ihl - | L
versus discharge at 600 cfs, and drop to zero exceedances | . | ek | 0o | G0k | S00ck | 0ck | 1000ch | 1200
'r>3§C 7 V6 2 1 1 0 [ 0
900 cfs. \
Mormon Base ini ini [ Mini ini [ Mini Minimum | Minimum ‘
o !rsl::u:L - ! Zl)gﬁcfs 402:‘1’5 ;‘ 60201:& 802;1’1 “ 9027cfs 100(33:[5 120602cfs ‘
H r She|t0n NE] T>35C 28 [ 24 i8 | 11 8 | % 7 5 |
Platte Rlve @ ; Phillips Base Minimum Minimom Minimum inis ini; ini: int
200 efs 400 cfs 600 cfs 800 cfs 960 cfs 1000 cfs 1200 ofs
70 T>32C ) El 80 7B e % & 55
O‘ >35C 19 17 4 9 [ 7 6 5 4
N Basc: Simulations arc based on historical river low rate.
@ 60 Minimum zgg ci;s: mimmum river fﬂ]uw rate at gmng ﬁzmg is igg cfs
A Minimum 400 cfs: Minimum river flow rate at Grand Isiand is cfs
- .\\ inimum cfs: Mintmum river flow rate at Grand Island is 600 cfs
- —a
% Minim 1000 s Mo et vt e Crand tond’s 1000 €5
@ 50 | Minimum 1200 cfs: Minimum river flow rate at Grand Island is 1200 fs
I
=
% 20| The effect of minimum flow operating scenarios on water tem-
2 erature can be further visualized by placing the sequence of dis-
]
= 30 ‘ . charge and simulated daily maximum water temperature onto one
0 200 400 600 800 1000 1200 1400 chart. As an example, in the summer of 1991, the Platte River

Minimum Platte River Flow Rate at Grand Island (cfs) experienced very low July and August discharges with the corre-
sponding high water temperatures. Figure 8 shows the filling in
the low flow periods with the minimum discharge reduced both
ﬁatte River @ Shelton, NE the frequency and magnitude of high water temperatures.

“ Platte River - Mormon Island, NE

Summer 1991

4

3

.
.

- e ———— - _1200¢fs
T "I“II — [ l __._ewmds
. LT — M.

Daity River Flow Rate (cfs)
Thousands

3130 3040

M= Base

Days Simulated W.T.> 35 C

34—

0 200 400 600 800 1000 1200 1400
Minimum Platte River Flow Rate at Grand Island (cfs)

T

Daity Maximem Water Temperanure (Degrees C)

Fig. 7. Number of days that simulated water temperature exceede: ) || ||| "ll'l IIIL" I
32°C (above) and 35°C (below) in the Platte River at Shelton * | e . l I ,|| B
for the minimum discharge operating scenario; 290 days «—— e
simulated from 1991 through 1994. ﬂmmum Fiow = 600 s

x

n

The results of the minimum discharge simulations are summa
rized in Table 4 and can be compared readily in this table. the
exceedances of 32 approach zero only at Odessa. However, | I | L Il
the exceedances of 35 are reduced to zero at Odessa (800 cfs) * .| I lll N I“II“ L..I |_|l,w 1
and Shelton (900 cfs) and are reduced significantly with ) B S
increasing discharge at Mormon Island and Phillips. For this
operation scenario, increasing the in-stream flow standard tc
1200 cfs would only decrease the total exceedances of the fol
stations to 60% of the base flow value. The total exceedances ¢
35°C, however, are reduced to 88% (200 cfs), 64% (400 cfs),
39% (600 cfs) 29% (800 cfs), 25% (900 cfs), 21% (1000 cfs),
and 16% (1200 cfs) of the base flow value at the respective disEid- 8- Daily maximum water temperature for three simulated
: . . N discharge operation scenarios and river discharge at Mormon
charges. At the higher in-stream flows, this is a significant Island versus days of the year for the summer of 1991. Zero
reduction in the exceedance of@5 river flow rate periods signify gaps in the data.

36—

Daily Maximum Watee Temperature (Degrees C)

3~ Minimum Flow = 1200 cfs

Daily Maximum Water Temperature (Degrees €

Y I T
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B Constant Discharge Operation Scenario

Instead of increasing the low discharges at Grand Island up to.
the minimum streamflow constraint, the river discharge at all
four U.S. Geological Survey gauging stations is held at the min-
imum streamflow throughout the summer period of the years
1991-1994. In addition, there is no discharge into the Kearney
diversion. All other diversions are uncontrolled and would con—e
tinue to be governed by the stage-discharge relations of the Platg:
River. This assumes that all other discharges that occurred in the
Platte River were stored to fill in the lower flow periods and to
increase reservoir storage. Only the minimum streamflow was
released. This is a fairly extreme alteration in the operation of thef
river during the summer months of 1991-1994, but may be repre-
sentative of future reservoir releases during “dry” years, if a rela-
tively high (1200 cfs) minimum streamflow is adopted. A
constant discharge release would probably not be implemente
for reservoir/irrigation canal operation if the lower minimum
streamflow constraints are adopted for the Platte River.

The MNSTREM model was again run for the summer months
of 1991-1994, except that the minimum streamflow criteria
with the constant discharge operating scenario was instituted.
Figure 9 shows the simulated water temperature exceedances at

The results of the simulations for the constant flow operating
scenarios and the seven in-stream flow standards are summa-
rized in Table 5. Significant reductions in the number of days
exceeding 3ZC are only possible at Odessa, using this operat-
ing scenario. The number of days that exceé@ 3Bowever, is
significantly reduced with an increase in discharge at all sta-
tions. The constant flow scenario at 1200 cfs reduces th@ 35
xceedances at all four stations to 25 percent of those at the
ase flow condition. At a constant flow scenario of 900 cfs, the
exceedances are reduced to 48 percent of their base flow value.
As in the minimum flow operating scenario, the effect of the
constant flow operating scenarios on water temperature can be
urther visualized by placing the sequence of discharge and
simulated daily maximum water temperature onto one chart.
Figure 10 shows the predicted maximum water temperatures for
g1e summer of 1991 at the Mormon Island location. Three oper-
ating scenarios, base flow, 600 cfs constant discharge, and 1200
cfs constant discharge are shown on the figure.

Table 5. Number of days that simulated water temperature exceeds 32

degrees C and 35 degrees C. Total number of days simulated
=290. 1991-1994.

Shelton. For the 3Z exceedances, a slight “knee” is shown at |-

Base

Constant
200 efs

Constant
400 efs

Constant
600 cfs

Constant
800 cfs

[ Constant
900 cfs

Constant
1000 efs

Constant
1200 ofs

T>32C

94

48

22

7

]
| 5
I

7

I

1

T>35C

600 cfs. The 3% exceedances are reduced to zero at 900 cfs

10

0

|

0

0

0

0

0

Shelton

The lower constant discharge exceedances (less than 600 cf

Constant
200 cfs

Constant
400 cfs

Constant
600 cfs

Constant
800 cfs

Constant
900 efs

Canstant
1000 cfs

Constant
1200 cfs

T=>32C

119

84

62

52

46

42

36

T=35C

are higher than the minimum discharge exceedances at bot

34

10

3

1

1

0

T

Odessa and Shelton, while the high discharge exceedanct

Mormon
Island

Base

Constant
200 ofs

Constant
400 cfs

Constant
600 efs

Constant
800 cfs

Constant
900 cfs

|

Constant
1000 cfs

Constant
1200 cfs

T>32C

(above 800 cfs) are similar for the two scenarios.

87

197

|

148

125

113

102

|

95

78

T>35C

28

110

|

59

36

23

15

10

8

Phillips

Base

Constant
200 cfs

Constant
400 cfs

Constant
600 cfs

Constant
800 cfs

Constant
900 efs

Constant
1000 cfs

Constant
1200 cfs

T>32¢

84

147

126

113

98

EE

85

74

P!atteﬁﬁivef@ gheition,ﬁN EJ

T>35C

19

56

38

29

16

01

10

6

140
Constant 200 cfs;
Constant 400 cfs:
Constant 600 cfs:
Constant 800 cfs:
Constant 900 cfs

120 |
100
80
60 |-
40
20

Days Simulated W.T.>32C

800 900 1000 1200

600
Constant Platte River Flow Rate at Grand Island (cfs)

Base 200 400

Base: Simulations arc based on historical river flow rate

: Constant river flow rate at Grand Island is 200 cfs.
: Constant river {low rate at Grand Island is 400 cfs.
: Constant river [Tow rate at Grand Island is 600 cfs.
: Constant river flow rate at Grand Island is 800 cfs.
: Constant river flow rate at Grand Island is9200 cfs.

Constant 1000 cfs: Constant river flow rate at Grand Island is 1000 cfs.
Constant 1200 ¢fs: Constant river flow rate at Graod Island is 1200 cfs.

The number of 3ZC exceedances is larger for the 600 cfs con-
stant discharge than for the base flow, while th&C3&xceed-
ances are lower. Figure 10 demonstrates the cause of this
apparent anomaly. The high discharges in June contributed to

the base flow having only one exceedance 6C32vhile the

Platte River @ Shelton, NE]

40

30

20 |-

Days Simulated W.T. > 35 C

Base 200 400 600 800 900 1000 1200
Constant Platte River Flow Rate at Grand Island (cfs)

Fig. 9. Number of days that simulated water temperature exceeded
32°C (above) and 35°C (below) in the Platte River at Shelton

for the constant river discharge operating scenario; 290 days
simulated from 1991 through 1994.
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600 cfs scenario had severf@2xceedances (in June). In July,
however, the low base flow discharges contributed to the occur-
rence of a number of 32 and 38C exceedances. The 1200 cfs
scenario indicates a reduction in both of these exceedances, pri-
marily due to the large supplement in river discharge during
July and August.

347



be difficult to maintain water temperatures below the°@2
. , . B state standard in the central Platte River, but the magnitude of
. pte R Homen sna e the water temperature peaks above’GZan be reduced with
d an increase in stream discharge.
i These and other observations on the simulations have led us to
. make two uncommon conclusions with regard to water temper-
, III""""IIIIIIIHI e e i ature in the central Platte River: first, stream discharge does

Flow Rate (cf)

Thousands

Ri

3

[

__600cls.

. have a significant influence on peak water temperatures during

w0

o low flow periods in the summer months; and second, the occur-
rence of these high water temperatures can be reduced with an
increased in-stream flow.

The results of this study are related to a larger in-stream flow

W issue--the protection of the aquatic habitat in the central Platte
» ] I l I JI River. This paper does not address the impact of these high tem-

Daily Maxirmem Water Temperature (Degrees C)

S peratures on the aquatic biota, nor did it address the impact of
v e various in-stream flow requirements on irrigation demands and
] hydroelectric power production in the Platte River watershed.
The paper also did not address other aquatic habitat issues
related to in-stream flows, such as roosting and nesting habitat

I I III h" "IIII | I"IJI L for cranes, terns, and plovers. It, therefore, represented one
L b iR "“,,U, R —— piece in a large puzzle — the relationship of stream discharge to

river water temperature as it relates to the protection of the
aquatic habitat in the central Platte River.

Daily Maxitmum Water Temperature (Degrees C)

» 1200 cfs
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