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CONVERSION FACTORS

For readers who prefer to use metric (International System) units,

conversion factors for terms used in this report are listed below.

Multiply inch-pound units By To obtain metric unit
acre 0.4047 hectare

acre-foot (acre-ft) 1,233 cubic meter

acre-foot per month 1,233 cubic meter per month

(acre-ft/mo)
acre-foot per year 1,233 cubic meter per year

(acre-ft/yr)

cubic foot per second (ft3/s) 0.02817 cubic meter per second

cubic foot per second per mile 0.01760 cubic meter per second per
(ft3/s)/mi kilometer

foot (ft) 0.3048 meter

foot squared per day (ft?/d) 0.09290 meter squared per day

inch (in.) 25.4 millimeter

inch per year (in/yr) 25.4 millimeter per year

mile (mi) 1.609 kilometer

square mile (mi?) 2.590 square kilometer

Metric units used in this report that do not have commonly-used inch-pound
equivalents are mg/L (milligram per liter) and uS/cm (microsiemens per

centimeter at 25 degrees Celsius).

For temperature, degrees Celsius (°C) may be converted to degrees Fahrenheit

(°F) by using the formula °F = (1.8)(°C)+32.

Sea level: 1In this report "sea level" refers to the National Geodetic
Vertical Datum of 1929 (NGVD of 1929)--a geodetic datum derived from a
general adjustment of the first-order level nets of both the United States

and Canada, formerly called Sea Level Datum of 1929.



STREAMFLOW LOSSES AND GROUND-WATER LEVEL CHANGES
ALONG THE BIG LOST RIVER AT THE IDAHO NATIONAL
ENGINEERING LABORATORY, IDAHO

By

C.M. Bennett

ABSTRACT

The Big Lost River flows onto the eastern Snake River Plain near Arco,
Idaho, and across the INEL (Idaho National Engineering Laboratory). Most
streamflow infiltrates the bed of the Big Lost River channel, INEL spreading
areas A, B, C, and D, and playas located at the terminus of the river, to

recharge the Snake River Plain aquifer.

Average annual streamflow during 1965-87 for the Big Lost River
upstream from the INEL diversion dam was 104,400 acre-feet; 52,000 acre-feet
were diverted to the INEL spreading areas, 9,800 acre-feet infiltrated
between the INEL diversion dam and Lincoln Boulevard, and 42,600 acre-feet
infiltrated downstream from Lincoln Boulevard or flowed to playas. Stream-
flow losses to evapotranspiration were minor compared to infiltration

losses.

Losses were measured in selected reaches of the 44 miles of river from
Arco to playa 1 at discharges that ranged from 37 to 372 ft3/s (cubic feet
per second). Infiltration losses were from 1 to 2 (ft3/s)/mi (cubic feet
per second per mile) at discharges less than 100 ft3/s throughout most of
the reach between measurement site 1 (near Arco) and measurement site 13
(upstream from the Big Lost River Sinks). Loss from the river in the reach
between measurement site 6 (INEL diversion) and measurement site 7 ranged
from 1 to 4 (ft3/s)/mi. Loss in the reach between measurement site 13 and
measurement site 14 ranged from 7 to 12 (ft3/s)/mi. Discharge measurements
made May 6-8, 1985, when streamflow near Arco was 372 ft3/s, indicated that
channel infiltration is largest at high stages. A maximum loss of 28

(ft3/s)/mi was measured in the area of the Big Lost River Sinks. Water



levels in the area immediately southwest of the Radioactive Waste Management
Complex and the area between the Naval Reactors Facility and playas 1 and 2

were substantially affected by recharge from the Big Lost River.

INTRODUCTION

The Big Lost River is the principal stream in the 890-mi? area that
encompasses the INEL (Idaho National Engineering Laboratory) in southeastern
Idaho (fig. 1). The river drains about 1,500 mi? of Butte and Custer
Counties, including the northeastern flanks of the Pioneer Mountains and the
southwestern flanks of the Lost River Range. The Big Lost River flows onto
the eastern Snake River Plain near Arco and is a major source of recharge to

the Snake River Plain aquifer, part of which ¢nderlies the INEL.

The Snake River Plain aquifer, a ground-water reservoir that may
contain more than 1 billion acre-ft of water (Barraclough and others, 1981),
consists of a hydraulically connected sequence of basaltic lava flows
interbedded with sedimentary deposits. Grouﬁd water is transmitted through
fractures, cavities, and volcanic clinker zones between individual lava
flows, and through interstitial voids in sedimentary deposits. Transmiss-
ivity of the aquifer generally ranges from 134,000 to 13,400,000 ft2/d
(Robertson and others, 1974, p. 12).

The INEL is used for testing various types of nuclear reactors and
reactor fuel cells; the processing, consolidation, and temporary storage of
nuclear wastes; and various environmental research projects. As a conse-
quence of these operations, tritium, strontium-90, iodine-129, nitrate,
sodium, and chloride have been disposed to or have migrated downward to the

Snake River Plain aquifer. |

Water infiltrating from the Big Lost Riv%r dilutes the concentrations
of various radioactive and non-radioactive constituents and influences their
areal distribution and rates of migration. For detailed discussions on the
occurrence of the waste constituents, refer to reports by Mann and others

(1989) and Pittman and others (1988). Information about streamflow-
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Comparison of Monthly lLosses between Reaches

Average streamflow for the Big Lost River during 1965-87, measured
upstream from the INEL diversion dam (Railroad Bridge), was 104,400 acre-
ft/yr, of which: (1) 52,000 acre-ft/yr (49.8 percent) were diverted to the
INEL spreading areas; (2) 9,800 acre-ft/yr (9.4 percent) infiltrated from
the stream channel between the INEL diversion dam and Lincoln Boulevard; and
(3) 42,600 acre-ft/yr (40.8 percent) infiltrated from the stream channel
downstream from Lincoln Boulevard or flowed into playas 1, 2, and 3. The
large volume of flow diverted into the INEL spreading areas during 1965-87
was especially significant, considering that no water was diverted into the

spreading areas prior to 1964.

Net infiltration losses increase with increased discharge from Arco to
the INEL diversion and from the INEL diversion to Lincoln Boulevard (figs.
10 and 11). The slope of the linear regression equation for the reach
between the INEL diversion and Lincoln Boulevard is steeper than for the
reach between Arco and the INEL diversion--0.947 as compared with
0.907--indicating increased losses for the lower reach. The respective
coefficients of determination (R?) for the linear regression equations--

0.990 and 0.987--indicate excellent correlation.

The loss in streamflow predicted from the regression equation corre-
sponds well with the measured loss. The equation, Y = -553 + 0.947X, for
the reach near Arco to the INEL diversion dam predicts an average loss of
853 acre-ft/mo for 1972-78 and 1,721 acre-ft/mo for 1981-85., Standard error
of the Y estimate is 1,173 acre-ft. Actual loss for the two periods was 21
acre-ft/mo less (2.5 percent) and 161 acre-ft/mo greater (8.6 percent),

respectively, than the predicted values.

The linear regression equation, Y = -416 + 0.907X, for the reach below
the INEL diversion dam to Lincoln Boulevard predicts an average loss of 682
acre-ft/mo for the 1972-78 period and 952 acre-ft/mo for the 1981-85 period.
Standard error of the Y estimate is 722 acre-ft. Actual loss for the two
periods was 174 acre-ft/mo greater (20.3 percent) and 49 acre-ft/mo less

(5.4 percent), respectively, than the predicted values. The reasons for the

21
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differences are not well understood but may be related to streamflow measur-
ing error, error derived from data scatter, or prolonged periods of low
flow. Prolonged periods of low flow would increase the percentage of
streamflow lost to infiltration. A linear regression equation based on 1986
data indicates that, for average conditions, streamflow had to exceed about
18 ft3/s of streamflow at Arco and 12 ft3/s below the INEL diversion dam
before flow would continue as far as the INEL diversion dam and Lincoln
Boulevard, respectively. During periods of low flow, about 30 ft3/s would
infiltrate to the stream channel before any flow would pass Lincoln
Boulevard. This would result in a disproporti%nate increase in the loss of
flow above that predicted by the linear regression equation. The July 1972
to July 1978 period was broken by several occurrences of no flow; for the

July 1981 to July 1985 period, streamflow was practically continuous.

Infiltration-Loss Investigations

Measurements to determine infiltration losses were made at various
discharges that ranged from 37 to 372 ft3/s. The earliest measurements were
made in 1951 and the most recent in 1985. Losses in selected reaches of the
44 mi of river from near Arco to the playas are shown in figure 12.
Discharge measurements and chemical characteristics of streamflow at
measurement sites in 1985 are shown in table 11 (at end of this report).
Discharge measurements were made at a relatively constant river stage.
Measurement errors and small fluctuations in flow may have influenced loss

estimates.

Streamflow-infiltration losses from the Big Lost River were 1 to 2

(ft3/s)/mi at discharges of less than 100 ft3/s between Arco (measurement
site 1) and the Big Lost River Sinks (fig. 12). However, losses in the
reach between measurement site 6, 14.1 mi downstream from Arco, and
measurement site 7, 17.9 mi downstream from Arco, ranged from 1 to 4
(ft3/s)/mi. Although not conclusive, the discharge measurements indicated
that infiltration was somewhat higher in this section of the river. The
section with the greatest loss was in the:Big Lost River Sinks reach,

between measurement site 13, 38 mi downstream from Arco (upstream from the

24
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Big Lost River Sinks), and measurement site 14, 43 mi downstream from Arco
(upstream from playa 1). Infiltration loss in this reach ranged from 7 to
12 (ft3/s)/mi.

With the exception of the reach between Arco and the western boundary
of the INEL, infiltration losses were largest at a discharge of 372 ft3/s

(fig. 12). A maximum loss of 28 (ft3/s)/mi was measured in the area of the

The gradient of the Big Lost River chann%l between gaging stations near

Big Lost River Sinks.

Arco and playa 1 is shown in figure 13. The slope of the riverbed remains a
fairly constant 13 ft/mi with minor variations between measurement site 1
and measurement site 1l. Downstream from measurement site 11, there is an
appreciable flattening of the slope to about 3.2 ft/mi. Upstream, the
predominant bed-material sizes in the present stream channel are coarse
pebble to cobble gravel; the sediment downstream grades into sand and sandy
silt. The finer grained sediment in the stream channel is probably
responsible for the smaller infiltration losses noted in the 7.7-mi reach
between measurement site 10 and measurement site 12. The apparent infiltra-
tion loss in this reach was slightly larger, about 1 (ft3/s)/mi, at high

stages than at low stages.

Specific conductance, chloride concentrations, and alkalinity data
(table 11) collected May 6-8, 1985, at a fairly constant river stage, show
that the concentration of chemical constituents in streamflow remained
relatively constant from measurement site 1 to measurement site 13.
Specific conductance was approximately 320 uS|, the chloride concentration
was 5 mg/L, alkalinity ranged from 178 to 190 mg/L, and the pH ranged from
7.8 to 8.0 in throughout the reach. At measurement site 14, pH increased to

8.5 and alkalinity decreased to 154 mg/L.

26
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CHANGES IN GROUND-WATER LEVELS

In 1985, flow in the Snake River Plain aquifer at the INEL was to the
southwest and the gradient was about 4 ft/mi (Pittman and others, 1988, p.
30). The direction of flow locally is affected by recharge to and discharge
from the aquifer. Recharge at the INEL is provided primarily from underflow
from the northeastern part of the plain and from the Big Lost River. Infil-
tration from upland stream channels to the noxth and west also adds minor
amounts of recharge. Direct infiltration |of precipitation on the Snake
River Plain probably contributes a minor amount of recharge. Ground water
is discharged by pumping and by springs discharging to the Snake River at
the southern edge of the plain (Pittman and others, 1988, fig. 1).

Locally, ground-water levels and the direction of ground-water flow are
temporarily altered by recharge from the Big Lost River. 1In areas of
significant recharge, a mounding of ground water can result that will
locally change the direction of flow. 1In yeiis with no or small recharge

from the Big Lost River, local gradients reflect regional flow directions.

The altitude and configuration of water levels in the Snake River Plain
aquifer at the INEL vary in response to changes in volume and source of
recharge. Withdrawals by pumping at the INEL are a small part of the total
volume of the aquifer and should not affect water levels significantly. Net
water-level changes for two periods, July 1972 to July 1978 and July 1981 to
July 1985 are shown in figures 14 and 15. The first period was charac-
terized by a net decline in the water table; the second period was charac-
terized by a net increase. Two areas, one immediately southwest of the RWMC
(Radioactive Waste Management Complex) and the other north of the NRF (Naval
Reactors Facility), that had significant water-level changes as compared
with the regional water table, coincide with areas that seem to be
significantly affected by recharge from the Big Lost River.

. \

The net decline in the regional water ta#le from July 1972 to July 1978
generally reflected a period when rechargé to the aquifer was less than
discharge from the aquifer. Conversely, the net increase from July 1981 to

July 1985 reflected a period when recharge was greater than discharge.

28
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The net decline in the regional water table for the first period, July
1972 to July 1978, was preceded by a decade of above-normal precipitation
and high flow in the Big Lost River from 1965 to 1975 followed by dry years
in 1977 and 1978. During the 1972-78 period, net water levels declined as
much as 10 ft near the RWMC at the INEL spreading areas and north of NRF
(fig. 14). Localized fluctuations of the regional water table in the
eastern part of the INEL, where water levels for the period declined about 5
ft, probably are influenced least by recharge from the Big Lost River and
other surface-water sources. The smallest declines were in the northern
part of the INEL near TAN (Test Area North) where net declines generally

were less than 1 ft.

A net increase in the regional water table for the second period, July
1981 to July 1985, reflected a major change in volume of recharge from the
dry late 1970’'s to the comparatively wet early 1980’s (fig. 3). Pittman and
others (1988, p. 17) indicated the altitude of the water table rose as much
as 16 ft in response to recharge from surface water diverted to the
spreading areas near the RWMC and 10 to 12 ft near the NRF. Water levels at
TAN increased 3 to 4 ft, slightly less than the 5- to 6-ft increase in the
eastern part of the INEL. This increase contrasted sharply with the few
hundredths of a foot change noted for many wells in the TAN area during the

first period.

Response of ground-water levels at the INEL to changes in recharge is
reflected in hydrographs for two wells located near the spreading areas
(fig. 16) and two wells located several miles southwest of the Big Lost
River Sinks (fig. 17). Wells USGS 86 and USGS 88 (fig. 16) are located
within 2 to 3 mi of the spreading areas. Comparison of ground-water levels
for well USGS 86 with volumes of surface water received by the spreading
areas illustrates aquifer response to recharge from the Big Lost River (fig.
16 and table 5). Prominent peaks are shown in 1967, 1969, 1983, and 1984,
years during which large volumes of water were discharged to the spreading

areas.

Comparison of hydrographs for wells USGS 12 and USGS 23 (fig. 17) and

the cumulative departure curve for the Big Lost River (fig. 18) indicate a
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close correlation between recharge near the Big Lost River Sinks and water
levels in those wells. Streamflow in the Big Lost River during 1965-71
predominantly was above average for the period of record (fig. 18). Stream-
flow during 1972-81 was below average, particularly during 1977-81. The
trend was reversed during 1982-84, with above average streamflow. Stream-
flow during 1985-86 was average. During periods of increased streamflow in
the Big Lost River at Lincoln Boulevard (fig. 9), ground-water levels rose
rapidly. During periods of decreased streamflow, ground-water levels

declined.

SUMMARY

The Big Lost River is perennial from its headwaters to a point several
miles southeast of Arco. After entering the Snake River Plain (near Arco),
the river continually loses water by infiltration through the channel
bottom. The distance to where surface flow ceases depends on discharge and
infiltration conditions. The river terminates in a series of four playas.
Streamflow in the basin is affected by: (1) storage of irrigation water 30
mi upstream from Arco in Mackay Reservoir, (2) irrigation of about 57,500
acres, (3) subirrigation of 10,200 acres, and (4) the INEL flood-control

diversion system.

Monthly streamflow-infiltration losses calculated from continuous-
record gaging stations for selected reaches of the Big Lost River for July
1972 to July 1978 and July 1981 to July 1985 are as follows: (1) Arco
(measurement site 1) to the INEL diversion (measurement site 6)--832 and
1,880 acre-ft/mo respectively, (2) spreading areas--4,800 and 16,995
acre/ft/mo respectively, (3) the INEL diversion (measurement site 9) to
Lincoln Boulevard (measurement site 9)--856 and 906 acre-ft/mo respectively,
and (4) Lincoln Boulevard (measurement site 9) to the playas (measurement
site 14)--2,004 and 5,119 acre-ft/mo respectively. Average streamflow for
the Big Lost River for 1965-87, measured upstream from the INEL diversion
dam was 104,400 acre-ft/yr; of which: (1) 52,000 acre-ft/yr (49.8 percent)
were diverted to the INEL spreading areas, (2) 9,800 acre-ft/yr (9.4
percent) infiltrated in the reach between the INEL diversion dam and Lincoln

Boulevard, and (3) 42,600 acre-ft/yr (40.8 percent) either infiltrated

35



downstream from Lincoln Boulevard or flowed into the playas.

Streamflow-infiltration losses in selected reaches of the 44 mi of
river between the Big Lost River stations near Arco and playa 1 were
measured at various discharges that ranged from 37 to 372 ft3/s. Infiltra-
tion losses from the channel were 1 to 2 (ft3/s)/mi at discharges less than
100 ft3/s throughout most of the reach between Arco and the Big Lost River
Sinks. However, loss from the river in the r%ach between measurement site 6
and measurement site 7 ranged from 1 to 4 (f¢3/s)/mi. Infiltration loss in
the reach between measurement site 13 and mea%urement site 14 ranged from 7
to 12 (ft3/s)/mi at lower stages. Discha#ge measurements made May 6-8,
1985, at a discharge of 372 ft3/s, indicated that the infiltration loss is
largest at high stages. A maximum loss of 28 [(ft3/s)/mi was measured in the
area of the Big Lost River Sinks. !
|

In July 1985, flow in the Snake RiveriPlain aquifer generally was to
the southwest and the average gradient of theiwater table was about 4 ft/mi.
The direction of flow locally is affected by recharge from the Big Lost

River, by aquifer withdrawals from pumping, and by underflow.

The configuration of the regional water table for the Snake River Plain
aquifer at the INEL varies in response to changes in volume and source of
recharge. Two areas, one immediately southwest of the RWMC and the other
north of the NRF, are significantly affected by recharge from the Big Lost
River. Net declines of about 10 ft were measured in wells near the RWMC and
NRF for the July 1972 to July 1978 period. Rises of 16 and 12 ft were
measured near the RWMC and NRF, respectively, for the July 1981 to July 1985

period.
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Table 11.--Summary of selected physical and chemical characteristics and
discharge measurements for Big lLost River stations between Arco and

playas 1 and 2, May 6-8 and November 6-7, 1985

[Measurement site No.: see figure 2 for location of measurement sites. °C --
degrees Celsius. uS/cm -- microsiemen per centimeter at 25 degrees Celsius.
mg/L -- milligrams per liter. ft3/s -- cubic feet per second.]
Specif-
Measure- Water Air ic Alka-
ment- temper- temper- conduc- Chlo- linity Dis-
site ature ature pH tance ride as HCO; charge
No. Date (°C (°C) (units) (uS/cm) (mg /L) (mg/L) (ft3/s)
1 May 6 10 25 7.8 323 5 188 372
Nov.6 -- -- -- -- -- -- 62.0
2 May 6 12 31 7.9 323 5 185 366
Nov.6 -- -- -- -- -- -- 46.7
4 May 6 -- -- -- -- -- -- 25.7
Nov.6 -- -- -- -- -- -- dry
6 May 6 12 18 7.9 322 5 183 307
Nov.6 -- -- -- -- -- -- 39.8
8 May 7 13 21 8.0 323 5 181 310
Nov.6 -- -- -- -- -- -- 31.0
9 May 7 15 26 7.9 320 5 188 276
Nov.6 -- -- -- -- -- -- 25.0
11 May 7 16 20 7.8 318 5 190 265
Nov.6 -- -- -- -- -- -- 21.7
12 May 7 16 21 7.9 319 5 178 257
13 May 8 12 24 7.8 323 5 -- 240
Nov.6 -- -- -- -- -- -- 20.8
14 May 8 18 21 8.5 314 5 154 50
Nov 7 -- -- -- -- -- -- .58
15 May 8 19 26 8.3 -- -- 183 35
Nov 7 -- -- -- -- -- -- 6.21
16 May 8 -- -- -- -- -- -- 0
Nov 7 -- -- -- -- -- -- 0
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