USE OF SNOW SURVEYS TO FORECAST INFLOW TN SNAKE RIVER
BETWEEN MILNER ARD KING HILL, IDAHD 1/
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Snow surveys are widely used te forecast Tlows in streams to which the snowmelt is
directly tributary, and to sstimate the magnitude and duration of water supplies fad by
such streams, This paper pressents a proposed mathod for using snow survey data to fore-
cast inflow te a rather unique reach of the Snake River (fig, 1) to which the snowmelt is
not dirsctly tributary, and within which ths largest part of tne inflow comes from large
springs which drain the Snake Plain aquifer,

The flow of the Snake River at Milner is vary small during many vesrs becauss of
storage and diversion for irrigation upstrsam, The flow of the Snake River at King Hill
about 34 miles downstream however, averages about 7,500 cfs (cubic fset per second) more
than the Tlow 2t Milner, The inflow bstwsen these two stations is made up of about 6,000
cfs from large springs along the north side of the river; an estimated 100 ofs of surface
waste water from irrigation on the north side of the river, and about 1,400 cfs of return
flow from the south side of the river, principally from irrigaticn, As with flow from the
north side, the south side return flow is made up of both underground and surface Flow,

The increase in flow of the river as it progresses downstreanm from Milner to King
Hill is illustrated on figurs 7. The widih of th2 shading zlong the river reprasents the
cumuiative inflow to that point, The abrupt increases of Tlow ocour at points of antry of
spring flow or surface wasteways along the river, Major springsy, each of which flow sev-
gral hundreds of cubic feet per sscond, Iinclude Blue Lakes, Crystal, Niagarsz, Clear Lakes,
3ox Canyony Thousand Springs, and Malad 3Sprimgs, Principal scuth side wastesways include
Rock (Creeik, ledar Draw, Dsep Lreek, and Salmon Falls Creek, Only Big sivod River and Clover
Creek carry water from ths adiacent hills directly to Snake River, Big lWiooo River flow
above Malad Springs is not included in the computations of inflow as used here, and flow
in Clover (rask is negligible,.

The locatisn, magnitude, and uniformity of thes inflow combine to make it a rescurce
of great econsmic value both for hydrosleciric powsr and for irrigation, Consequently, the
ability to forecast the magnitude and major variations in this Flow would be of consider-
able value, The factors that control the characteristics of the inflows howsver, can only
be understood by censidsring them in relaticn te the reglonal hydrologic conditions,

The approximately 1,400 cfs of inflow from south of the river is derived from irrie
ation water diverted from the Snake River and tributaries to the south below American
alls Reservoir, Nearly all the 6,000 cfs of inflow from north of the river comes from
ground water in the Snake Plain aguifer, This aguifer receives its greatest recharge sup-
oly from infiltration of irrigation water diverted from the Snake Rivsr including Henrys
fariey, and from percolation of snowmelt runoff from Smakes River and Trom twe groups of
streams north and sbuth of the Snake River Plain., The first of these is the Wood River
sroup, which includes the Big Wood and Little Wood Rivers, and 3ilver [reek, Gooss Cresk,
flock Creesk, and Salmon Falls Creek. The second groug is the Lost River group, which in=
cludes Big Lost and Littls Lost Rivers, Birch Crsek, and smailer crseks eastward to Henrys
Fork, All the watsr diverted from the Snake River upstream of Milner and applied for irri-
gation north of the river is either consumptively used or is returned to the river by
surface wastsways or by percolation to the Sneke Plain aguifer and subsequently rsturns
through springs. Water divertec and epplied to lands bstwsen Shelley and American Falls
raservciry howsvsr, is considered herein Lo return to ths Amevrican Falls Reservoir raach
of the river and not te contribute inflow to the reach betwesn WMilner and King Hill,
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Thuss there is a relationship betwsen the inflow te the Milner - King Hill reach
and the combinsd rechargs slements made up of diversions from the Spake River for irriga-
tion, and snowmelt runoff in the two river groups. For purposes of the remainder of this
discussion, all the rechargs elements just discussad ars combined and are hereafter
referred to collectively as diversions anto ths Snake River Plain, IFf thass diversions
can be forecast by use of snow survey data, then the inflow to the rsach can likewise be
forecast by its relationship to the diversions,

Figure 3 is a graph showing mean annual diversions onto the Snake River Plain and
the mean annual total inflow to the reach., In figure 4, diversions are plotted against
inflow and this pleot shows that, in general, inflow increases with diversions but at a
lesser rate, Before being used on figure 4, the diversions were adjusted somewhat arbitra-
rily because there is a lag in time between a recognizable diversion event and a corre-
sponding inflow event, Alsc, it is believed that a shorter lag period exists raslated to
diversions below American Falls Ressrvoir than for diversions elsewhere onto the Plain,
Consequently, the figures used for diversion above Shelley, including the Lost River group,
Falls River, Henrys Fork, Teton River, and the Snake River from Heise to Shelley, are the
averages of the diversions of the current year and those of the previous year, The figures
used for diversions bslow American Falls Reservoir for the year, including the Wood River
Group, Salmon Falls Creek, and the Snake River below Neeley, ars the averages of diver-
sions for the 12 months from July of the previocus year until June of the current year,

All points on figure 4 are within about 8 percent of the average regression line
for the period 1920 to 1966, The standard error is less than 5 percent, Plotting positions
on the figure appear to group by years. For instance, the points for the perisd 1920-41
are all within 3 percent of a regression line drawn through those points, Similarly,
puoints for 3 other perisds are all within 3 percaent of their respective regression lines,

Changes in regimen in the Snake Plain aquifer appear to explain these groupings,
During the period 1920-41, the aguifer was filling as a result of diversions onto the
plain, During the same peried, consumptive use on newly irrigated lands was reducing re-
charge from the tributaries bordering the Snake River plain, During the periocd 1942-53,
the aguifer was full, diversions were large; and effects of pumping ground water from the
agquifer were minor. Pumping from the aguifer during the perieds 1954-59 and 1960-66,
During the period 1960-66, pumping apparently reduced the inflow in the study rceach 600
to 700 cfs from the rate reached during 1942-53, The plotting positions for 1965 and
1966 indicate that a new curve to the right of that shown for 1960-66 may now be applica-
ble, From ths figure, it can be readily seen that if the diversions can be forecast, then
inflow can also be forscast by use of the appropriate curve,

The relations between variocus segments of the diversions and corresponding data
based on snow surveys are shown in figures 5 through 8, In these figures, the April 1 snow
survey forecast of runoff from various drainages or river segments, in millions of acre
feet, is plotted against the measured mean annual diversion onto the Snake River Plain
from related drainages., Accumulated storage on April 1 in principal reservoirs above Lake
Walcott is included with the forecasts of the flows of Snake River near Heise and Henrys
Fork near Rexburg. Reservoir storage on April 1 is a significant part of the water out-
look for thse coming season. Thess plots provide correlations which show how sesveral seg-
ments of the diversions compare with flews which are now being reqularly forecast by the
U, 5. Seil Conservation Servica, Figures 5 and 6 show soms scatter when supplies are ampls,
and indicate that diversions increase only slightly when the supply is above about 7
million acre-~feet, Diversions evidently decline at a faster rate when the supply is less
than about 6.5 million acre-feet,

Thus, by use of the curves of figures 5 through 8 a total mean annual guantity of
diversion can be forecast from the April 1 snow survey runoff forecast, Entering figure 4
with this diversion quantity, the mean annual inflow tc the Milner i{s King Hill reach of
the Snake River may be cbtained, which permits forscasting a highly important water supply
by means of standard snow survey data from watersheds not apparently directly related to
the supply.

As an sxample of the utility of this procedure, the inflow for 1966 was forecast to
be 7,650 cfs before 1966 records were available, Streamflow records recently completed
showed the inflow to be 7,480 cfs, which is a close check, April 1,1967 snow forecasts
suggest that 1967 inflow will be about 7,750 cfs,
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DIVERSIONS ABOVE SHELLEY PLUS DIVERSIONS BELOW AMERICAN
FALLS RESERVOIR, IN HUNDREDS OF CUBIC FEET PER SECOND
Figure 4. Correlation of diversioas onto Smeke River Plain with inflow to Snake River
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between Milner and King Hill.



The shape of the annual cycle of variation eof inflow shown on the hydrograph
(fig. 9) provides an excellent basis for predicting mean flow for any of the 12 months
following the April 1 forecast. The amplitude of the annual cycle for an average year,
1963 for example, departs from other years by only a few percent, By plotting the annual
mgan inflow on the hydrograph, the manthly discharges can be estimated with considerable

assurance,

As demands for use of this large water supply increase, forecasts will become more
important, Methods such as the one outlined should prove to be of value to many of the
users along the Snake River, and should assist in the wise management of the resource,
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ANNUAL MEAN DIVERSIONS FROM SNAKE
RIVER AND TRIBUTARIES ABOVE SHELLEY,
iN THOQUSANDS OF CUBIC FEET PER SECOND

ANNUAL MEAN DIVERSIONS FROM SNAKE
RIVER BELOW AMERICAN FALLS RESERVOIR,
N THOUSANDS CF CUBIC FEEY PER SECOND

iN HUNDREDS OF CUBIC FEET PER SECOND

ANNUAL MEAN FLOW IN THE LOST RIVER GROUP,
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APRIL | FORECAST FOR RUNOFF FROM B!G LOST
RIVER NEAR MACKAY, iN MILLIONS OF ACRE-FEET

Figure 7. Correlation of annual mezn flow In the Lest River
group with the April I forecast for runoff from Big Lost
River near Mackay.
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APRIL | OBSERVED RESERVOIR STORAGE PLUS FORECAST OF SNAKE. RIVER
NEAR HEISE AND HENRYS FORK NEAR REXBURG, IN MILLIONS OF ACRE-FEET
Figure 5. Correlation of anpual mean diversions from Snake River above
Shelley with the April 1 observed reservoir storage plus forecast
flow of Spske River near Heise and Henrys Fork near Rexburg.
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APRIL | OBSERVED RESERVOIR STORAGE PLUS FORECAST OF SNAKE RIVER
NEAR HEISE "AND HENRYS FORK NEAR REXBURG, IN MILLIONS OF ACRE-FEET

Figure 6. Corrglation of annual mean diversions from Snake River below
American Falls Reservoir with the April 1 observed reservoir storage
plus forecast flow of Snake River pear Helse and Henrys Foxk near

Rexburg.

Figure 8.
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ARRIL | FORECAST FOR RUNOFF FROM BIG WOOD
RIVER AND SALMON FALLS CREEK NEAR SAN
JACINTO, IN MILLIONS OF ACRE-FEET

Correlation of annual mean flow onto Snake River
Plain from the Wood River group with the April 1 fore~
cast for runoff from Big Wood River and Salmon Falls
Creek near San Jacinto.
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INFLOW, MILNER TO KING HILL, IN
THOUSANDS OF CUBIC FEET PER SECOND
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Figure 9.

Hydrograph of inflow to Snake River between Milner and King Will.
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