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tion was collected which depicted hydrogeologic conditions prior to any reactor
operations at the Laboratory. Current investigations serve to determine natural
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Figure 15.—WATER-LEVEL CONTOURS ON THE SURFACE OF THE
PERCHED GROUND WATER IN THE BASALT AT THE TRA, MAY

Figure 16.—CONCENTRATION OF TRITIUM IN THE PERCHED
GROUND WATER IN THE BASALT AT THE TRA, OCTOBER 1981

Figure 17.—CONCENTRATION OF CHROMIUM-51 IN THE PERCHED
GROUND WATER IN THE BASALT AT THE TRA, OCTOBER

Figure 18.—CONCENTRATION OF COBALT-60 IN THE PERCHED
GROUND WATER IN THE BASALT AT THE TRA, OCTOBER 1981

Figure 19.—CONCENTRATION OF STRONTIUM-90 IN THE
PERCHED GROUND WATER IN THE BASALT AT THE TRA,

Figure 20.—SPECIFIC CONDUCTANCE OF PERCHED GROUND
WATER IN THE BASALT AT THE TRA, OCTOBER 1981

changes in the hydrology and also to determine changes resulting from :% % i 1978. (From Barraclough, Lewis, and Jensen, 1981) 1981 OCTOBER 1981
activities at the Laboratory. = ;
This atlas presents an analysis of the water-level and water-quality data
collected by the U.S.Geological Survey during the calendar years 1979 through A
1981. The atlas therefore covers a period following that covered by a previous e e 112°?7'3u" 112°!|57'30" 1120?7'30" ”20?7'30"
report by Barraclough, Lewis and Jensen (1981), which summarized the
influences of waste disposal from 1974 to 1978. Reports on previous . RETAECSTTGR A
Geological Survey investigations describing geologic and hydrologic studies i & _ _AREA i _}._L“.J__
of the area and related reports by the DOE staff are listed in the references 50 | a . - i f - L} i
and may be obtained from the INEL library or from the office of the Geological ! ; ﬁ
Survey at Central Facilities Area (CFA) (fig. 2). _**—,/ o @""“‘
S n  wm % e 1980 Waoe e s 4 ‘&/ %00, na\rv e
. PR d d Figure 9.—DISCHARGE OF THE BIG LOST RIVER BELOW THE N ” - - = -
T S MACKAY RESERVOIR. (From Lewis and Goldstein, 1982)
0 8 MILES 0 0
bl G o ot 7 g+ i i s - gh
Lake
o 0 5 10 KILOMETERS N s
oo - E
L b . . / . \\ — OﬁTeneton Terreton
. . 3 33 =0
Mud Lake 1 /
Q «l // / 0278
0@7 4 L — / Continuous flow of the Big Lost River was recorded at the INEL diver-
Terreton T River R N sion gaging station for at least three years prior to 1977 (Barraclough, Lewis,
Sinks and Jensen, 1981). However, since 1977, very little or no water has flowed
o past the diversion, reflecting the dry period that began in 1977. The above-
Sinks average flow of the Big Lost River below Mackay Reservoir for 1980 (fig.
9) was diverted for irrigation in the Big Lost River valley (see fig. 1) and only EXPLANATION EXPLANATION EXPLANATION EXPLANATION EXPLANATION EXPLANATION
a small amount reached the diversion area (Lewis and Goldstein, 1982). % Obssrvation well (regional squifier) Q Observation well (regional aquifier) Q Observation well (regional aquifier) ® Observation well (regional aquifier) N} Observation well (regional aquifier) Q Observation well (regional aquifier)
L} Observation well (perched aquifier) L Observation well (perched aquifier) L} Observation well (perched aquifier) L} Observation well (perched aquifier) . Observation well (perched aquifier) L 3 Observation well (perched aquifier)
) Production well ® Production well ) Production well ® Production well ® Production well ® Production well
TREAT GROUND WATER e g ;
o Disposal well o Disposal well o Disposal well o Disposal well o Disposal well o Disposal well
..fBF GCRE Water infiltrates from the Big Lost River during periods of flow and per- —20— Line of equal sodium concentration, —0.7— Line of equal total chromium con- —30— Line of equal chloride concentra- —500— Line of equal sulfate concentra- —10— Line of equal nitrate concentration, —0.3— Line of equal phosphate concen-
" - * % East EXPLANATION . 5 i o ’ in milligrams per liter, October centration, in parts per million, tion, in milligrams per liter, Oct- tion, in milligrams per liter, Dec- in milligrams per liter, December tration in milligrams per liter,
- A Ax‘-ZEP%RI:I AF;I; OMRE °*ARA Butte, INEL boundary colates to the Snal‘(e River Plain aquifer. Significant amounts of this recharge 1981; interval: varies October 1981; interval: varies ober 1981; interval: varies ember 1981; interval: varies 1981; interval: 5 December 1981; interval: varies
[ 2‘[‘;‘;’3“’“""[; ; @ml:lel; «  Facilities 1 ?5;;79 caused a relgfllonal rise of ﬂ"ll‘i ground—;nateir level over ml‘ilsc}l-ll of the INEL ——— Approximate edge of perched ——— Approximate edge of perched ——— Approximate edge of perched — —— Approximate edge of perched ———Approximate edge of perched el Appro;::;nate edge OfI perched
C D ns | © Towns ollowing several flow events. The water levels in some we ave risen as ground water in basalt ground water in basalt ground water in basalt ground water in basalt ground water in basalt ground water in basalt
Oéit:;mi.c i 8 much as 6 feet in a few months following high flows in the river (Barraclough, | | | | | |
for wells in this area Lewis, and Jensen, 1981). Water-level changes in four regional aquifer wells 0 500 1000 1500 2000 FEET 0 500 1000 1500 2000 FEET 0 500 1000 1500 2000 FEET 0 500 1000 1500 2000 FEET 0 500 1000 1500 2000 FEET 0 500 1000 1500 2000 FEET
TABULATION OF FACILITIES AT THE IDAHO NATIONAL ENGINEERING LABORATORY (fig. 10) in the southwestern part of the INEL illustrate the influence of recharge e L e A i ]
Advanced Test .:‘::w Mmm \daho Chemical p'::':s‘ A~ . from the Big Lost River. In wells 17, 23, and 12 (see fig. 3 for well locations), 0 200 400 600 METERS 0 200 400 600 METERS 0 200 400 600 METERS 0 200 40 600 METERS 0 200 400 600 METERS 0 200 400 600 METERS
Argonne Fast Source React AFSR Initial Engineering T ?':':ym :Er" _——
rgonne Fas eactor ngineering Test Facil == g £
Army Reactor Area ARA Loss of Flid Test Facilty LOFT the lowest water levels on record occurred in 1964 following four years of Figure 21.—CONCENTRATION OF SODIUM IN THE PERCHED Figure 22.—TOTAL CONCENTRATION OF CHROMIUM IN THE Figure 23.—CONCENTRATION OF CHLORIDE IN THE PERCHED Figure 24.—CONCENTRATION OF SULFATE IN THE PERCHED Figure 25.—CONCENTRATION OF NITRATE IN THE PERCHED Figure 26.— CONCENTRATION OF PHOSPHATE IN THE PERCHED
Boiling Water Reactor BORAX Materials Testing Reactor MTR below average discharge in the river. The highest water levels occurred in .
Cental Facitis Ares CFA Naval Reactrs Faciy ol g g . e} GROUND WATER IN THE BASALT AT THE TRA, OCTOBER 1981 PERCHED GROUND WATER IN THE BASALT AT THE TRA, GROUND WATER IN THE BASALT AT THE TRA, OCTOBER 1981 GROUND WATER IN THE BASALT AT THE TRA, DECEMBER GROUND WATER IN THE BASALT AT THE TRA, DECEMBER GROUND WATER IN THE BASALT AT THE TRA, DECEMBER
Engineering Test Reactor ETR Organic Moderated Reactor Experiment  OMRE 1972 following the wet period from 1965 to 1971.
Experimental Berylium Oxide Reactor  EBOR Special Power Excursion Reactor Test  PBF : < " . < OCTOBER 1981 1981 : 1981 1981
Experimental Breeder Reactor No. 1 EBR | Test Area North TAN The water level in well 12, which taps the Snake River Plain aquifer,
Experimental Breeder Reactor No. 2 EBR I Test Reactor Area TRA s
Experimental Organic Cooled Reactor  EQCR Transient Reactor Test Facilty TREAT — rose 21.5 feet in 8 years from 1964 to 1972. This is the largest measured
Fid Enginering Test Facity R Zero Pomwes Bevct Mo 3 PR N fluctuation of water level in any INEL well. The water level in well 23 rose
' L - 950 1085 1055 1055 1030 abOliLIS}fleet Suring this same period, which is the second largest water-level WASTE DISPOSAL SITES 1981). Its average concentration in the cooling-tower blowdown was about CONSTITUENTS IN PERCHED GROUND entire year, is 20 pCi/mL (U.S. Environmental Protection Agency, 1976). average concentration of strontium-90 discharged to the TRA radioactive waste TRA is derived principally from the radioactive-waste ponds. Figure 22 shows
rise that has been measured.

Figure 2. —LOCATION OF THE INEL FACILITIES. (From Barraclough,
Lewis, and Jensen, 1981)
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Liquid low-level radioactive and dilute chemical wastes have been
discharged to the subsurface at the Test Reactor Area (TRA) since 1952
through a deep disposal well and through ponds; at the Idaho Chemical

2.2 mg/L. This process was replaced by a polyphosphate treatment
beginning in October 1972.

Figure 12 shows the monthly discharge to the waste-disposal well from
1964 through 1981 except for a brief period in 1970 and 1971. The discharge

WATER BENEATH TEST REACTOR AREA

Five perched-water zones have formed in the subsurface rocks at the TRA
because of seepage from disposal ponds. A large zone of perched water has

This standard was determined by the Environmental Protection Agency (EPA)
in assuming an ingestion rate of 2.0 liters per day of water which would result
in a whole body dose of 4.0 millirem of radioactivity per year. It should be
noted that the perched ground water is not used for drinking water, or any

ponds from 1979 through 1981 was about 1,300 pCi/L.

The distribution of strontium-90 outward from the ponds in the perched
ground-water zone in the basalt in October 1981 is shown in figure 19. The
figure was constructed from the data from five shallow wells. Strontium-90

the distribution of the total chromium concentration in October 1981 at the
TRA and shows that higher values occur in a northerly direction from the
ponds. This directional pattern is a reversal from that noted by Barraclough,
Lewis, and Jensen (1981) for April 1975. The latest concentration pattern

ACKNOWLEDGMENTS o!18 Big \ ig Processing Plant (ICPP) since 1953 through a deep disposal well; and at the increased to a maximum of 457 million gallons in 1976, and decreased to fc?rmed in the alluvhixm beneath and to .the west of the radioactive waste- other purpose and that the possibility of its use in the future is extremely remote. was not detected in water samples from the other wells. Strontium-90 can may indicate that the percolating waste water from the radioactive-waste pond
Southern . Southern Naval Reactors Facility (NRF) since 1953 through seepage ponds and a waste 242 million gallons in 1981. disposal ponds (see fig. 11 for pond locations). A zone of perc!’led water has The tritium concentration in the perched ground water in the basalt for be detected about 1,000 feet outward from the edges of the ponds. Sorption is diluting the total chromium concentration in the perched water body and
These studies have been sponsored and funded by the U.S. Department Butte \ Butte N\ ditch (Robertson, Schoen, and Barraclough, 1974). also formed in the alluvium beneath the chemical waste-disposal pond. October 1981 is shown in figure 16. The concentrations are highest beneath plays an important role in removing the strontium-90 from the perched ground- not thereby, supplying the perched zone with recharge containing high con-
of Energy. The U.S. Geological Survey project at the INEL is coordinated ~ ™~ w2 IDAHO CHEMICAL PROCESSING PLANT Another much larger zone of perched water, covering an 0.2 mi® area, has the radioactive-waste ponds and decrease outward. Changes in concentra- water zone (Robertson, Schoen, and Barraclough, 1974, p. 108). That part centrations of chromium, as may have been the case in previous years.
through the following personnel of the DOE-Idaho Operations Office (IDO): o148 ks . TEST REACTOR AREA . R i formed in the basalt beneath the perched zone in the surficial alluvium (fig. tion in wastes discharged to the ponds produce changes in concentrations of the perched ground water in which significant amounts of strontium-90
J. P. Hamric, Director, Nuclear Fuel Cycle and Waste Management Division; EXPLANATION EXPLANATION - " ; : : 'I:he e Clj‘"enﬂy discharges lovy-level r‘adloacftlve waste and .dllute- 14). This saturated zone in the basalt is perched by a sediment bed approx- in the perched water within months, especially nearer the ponds. The lateral can be detected is similar to that of April 1975 (Barraclough, Lewis, and Chloride
J. B. Whitsett, Chief, Radioactive Waste Programs Branch; and M. M. 5 . 4601~ The TRA utilized four disposal systems (fig. 11) to dispose of nearly 354 chemical waste directly to the Snake River Plain aquifer through a disposal imately 150 feet below land surface. shape of the perched water body has changed significantly from that depicted Jensen, 1981), and concentrations within this limited area have decreased
Williamson, Director, Radiological and Environmental Sciences Laboratory. INEL boundary INEL boundary =R Well 17 million gallons of waste water annually for the period 1979 through 1981. well 600 feet deep. The natural water level is about 450 feet below the land The water that seeps from the radioactive waste ponds percolates through for April 1978 by Barraclough, Lews, and Jensen (1981). As noted, the since that time. Strontium-90 has a half-life of 28.6 years, and concentra- Concentrations of chloride are generally higher in the northwest and
Considerable assistance has also been obtained from the following DOE-IDO 0 2 4 6 8 MILES oS Wells and number 0 2 4 6 8 MILES @ Wells E agl This is a much reduced disposal rate from the nearly 470 million gallons surface. The average yearly discharge to the well has been about 326 million the surface alluvium and is perched on fine-grained sediment at the base of average concentration of ritium in most well water has increased greatly over ions may continue to be relatively constant in the years to come. Strontium-90 southwest parts of the basalt perched aquifer (fig. 23), proximal to the chemical-
personnel: the staff of the Analytical Chemistry Branch, L. Z. Bodnar, Chief, = sy S Frequency of water-sample collections AR . I ——4—— Contour line showing net water-level o 320 annually recorded in previous years (Barraclough, Lewis, and Jensen, 1981). gallons since disposal began in 1953 and represents an average monthly the alluvial deposit and at the top of the basalt surface, about 50 feet below the past three years. Tritium from the TRA ponds is detectable in water in has not been detected in water from the Snake River Plain aquifer near the waste disposal pond, af‘d decrease to the southeast because recharge from
who provided most of the chemical and radiometric analyses of ground-water : . T KomERERS Q—Quarterly o ’ 10KR0METERS decline, in feet, from July 1972 to < 386 Low-level radioactive wastes are discharged to three seepage ponds. A part dischinege of sbout 27 milion galions. Pigire 13 shows the monthly and yearly the land surface. The extent of the perched ground water in the alluvium is the Snake River Plain aquifer. Migration of tritium from the TRA ponds to TRA ponds. The potential for migration of strontium-90 from the TRA ponds the radiodetive-wasie disposal ponds dilutes the underlying perched ground
samples; and E. W. Chew, Chief, Environmental Sciences Branch. S —Semi-annually July 1981; interval: 2 feet = [ i ]l of the waste percolates to the Snake River Plain aquifer, 450 feet below the v.anatlons in waste water discharged to the ICPP disposal well. The highest about twice the pond area. the regional aquifer has been modeled and described by Robertson (1977); to the regional aquifer was modeled and described in a report by Robertson water. The Chl?ﬂde concentrations of perched aqu'nfer samples: rar'uged from
= 285 1 land surface. Chemical wastes are discharged to another seepage pond. Two discharge year of modem record was 1981 and represents a monthly disposal The shallow perched water percolates through the fine-grained sediment the study indicates that tritium will continue to enter the Snake River Plain (1977) who concluded that strontium-90 may reach the Snake River Plain 1 to 140 mg/L in October 1981 (fig. 23). Concentrations of chloride in samples
REGIONAL HYDROLOGY = 300 N seepage ponds are used to dispose of sanitary wastes. Cooling-tower rate of more than 44 million gallons, much above the overall average. More and into the basalt and moves downward until it reaches another layer of aquifer as long as it is disposed to the radioactive-waste ponds. aquifer in the future if preferential vertical flow paths exist in the unsaturated taken from the perched aquifer have remained about the same or increased
Thie:ensberss Seuelis Ries Pl i ursesieio e sk ghoandswaleE s E 04 _ blowdown wastes are discharged to the aquifer through a deep disposal well. ttritium, in terms or radioactivity, has been discharged than any other waste fine-grained sediment that is interbedded with the basalt. This deeper ) zone beneath the perched aquifer, if the strontium-90 distribution coefficients slightly from those sho.wn by Barraclough, Le.wis, and Jensen (1981) for {\pril
" ; : 2 Sl . = 308 5 isotope. sediment layer, which averages about 50 feet in thickness and is about 150 Chromium-51 ; ; ; ; 1977. Waste water discharged to the chemical-waste ponds has contained
voir known as the Snake River Plain aquifer, which may contain more than & 8F Radioactive-Waste Ponds During the past eight years, 1974 through 1981, the average curie . y i iee ; ; ; - of the sediment (et B Bl fowe: than exaind, o & b sedmeniey negligible concentrations of chloride over the period 1979 to 1981 and the
1 bilion acre-feet of water (Barraclough, Lews, and Jensen, 1981). The flow 2 a0 ] . Qt : lr; . g : Stl th’ ey g b é g vy feet below land ﬁurface, also perches the percola‘tmg water. As figi're 14 shows, A total c?f 2,298 (.31 of chromium-51 was discharged to the radioactive layers are much thinner than expected. This conclusion is also based on the A Sti g i g P = SR
of ground water in the aquifer is principally to the south-southwest (fig. 1) : l : I o 8 Wel 12 7 The average annual discharge to the TRA radioactive-waste ponds has R rla e f e OP::S ho ed 3V9V€ ‘:1’1-as e the extent of this deeper perched-water zone in the basalt bene. th the TRA waste ponds in the period 1979 to 1981. An average of 403 Ci per year was premise that strontium-90 discharge to the waste ponds remains constant at v s, ket R g e el g
at relatively high velocities of 5-20 feet per day. The transmissivity of the Figure 5.—LOCATIONS AND FREQUENCY OF WATER-SAMPLE COLLECTIONS AT THE INEL AND VICINITY Figure 8.— GENERALIZED NET DECLINE OF THE WATER TABLE, SNAKE RIVER PLAIN AQUIFER, INEL AND VICINITY, FROM gL E been about 180 million gallons for the past twelve years. Figure 12 shows :,”‘;fii;‘;“Qigioﬁjgiiw‘iinajﬁﬁh:”ﬁfn e sidainel i 5 S s Han. e OF i e PG RS BEE e il s cewite wakmy \which o ad 0 aveage coRBIBIGED o 178 the rate relevant at the time of the study. In fact, the discharge rate has s i e
aquifer generally ranges from 1 million to 100 million gallons per day per JULY 1972 TO JULY 1981 & 316~ . a graph of the discharge from 1959 through 1981. Monthly discharge peaks (6Ci/mL) iﬁ s gt oo e d.P s d‘P hupep perched. water is derlve(.:\ frorf'n seepage from all of the TRA Pcznd's and by pCl/ mL of Chtf)mlum-5l. Nmety‘percent gf the total.radloactlwty co'ntc-fmed decreased since that time, as noted earlier.
foot or 134,000 to 13,400,000 feet squared per day (Robertson, Schoen, S g0} . and several yearly discharge totals are depicted on the graph. The discharge 1'1: 1 Sk e arge wal er.. by e a':?iun Odfa loal ity disc .arge - o percolation from lawn irrigation a't the TRA a.nd from precipitation. The by the waste discharged at TRA in 1979 was chromium-51, and this figure 3 Sulfate
and Barraclough, 1974). ; h 3241 7 to the ponds was 73 million gallons in 1979, 59 million gallons in 1980, and e wel it gl = i s B e = e b e b extent of the perched-water zone in the basalt is an area about 2,800 feet decreased drastically to 6 percent in 1981. Chromium-51 has a half-life of Gl 37 The sulfate concentration is highest beneath the chemical waste pond
The basaltic ’volcanic s el kel salater: comphedis s b 55 million gallons in 1981 (fig. 12). The discharge was much below average example, 223 Ci was dnsclzlarged in 1979 and 112 Ciin 1980, below. tt'le overall by 1,700 feet. The highest water-level contour in figure 14 is 4,850 feet above 27.8 days. Figure 17 shows the chromium-51 concentration in perched ground Approximately 135 Ci of cesium-137 was discharged to the disposal probably because of the high concentration of sulfate in the waste wat e;
” 1 5 ; P I R B e T I T for these three years and averaged a little more than 5 million gallons per discharge average, but increased to an above average 362 Ci in 1981. the geodetic datum, which is about 62 feet below the land surface. The water for October 1981. Because chromium-51 has a relatively short half- nds at the TRA over the period of 1952 through 1981, an average of 4.5 : ; i g
aquifer are all included in the Snake River Group of Quaternary age. The 50 55 60 65 70 75 80 v Nearly 99 percent of the total activity was from tritium (fig. 13), approximately Pg e 9 ) g being discharged to the pond. Figure 24 shows the distribution of sulfate in

basement rocks are probably composed of older volcanic and sedimentary
rocks in addition to any underlying crystalline rocks. The basalt is the prin-
cipal aquifer. Water-bearing openings in the basalt are distributed throughout

WATER-QUALITY DATA

Figure 10.—HYDROGRAPHS OF FOUR WELLS IN THE SOUTH-
WESTERN PART OF THE INEL. (From Lewis and Goldstein,

month.
Barraclough, Lewis, and Jensen (1981) showed that water discharged
to the radioactive waste ponds during 1974 to 1978 contained an average

221, 109, and 359 Ci for 1979, 1980, and 1981, respectively. An average
of 0.32 Ci from strontium-90 per year was discharged to the well during 1979

extent and thickness of this large perched water zone has decreased significantly
in the past three or four years. A similar depiction of the basalt perched zone
for May 1978 (fig. 15) was shown by Barraclough, Lewis, and Jensen (1981).

life, its presence in the perched ground water indicates rapid movement of
waste water to the perched zone. Concentrations are highest in well water
contiguous to the disposal ponds but decrease by several orders of magnitude

Ci per year. The discharge of cesium-137 totaled 6.0 Ci from 1979 through
1981 for an average of 2.0 Ci per year. Cesium-137 has a similar half life
(30.2 years) to strontium-90; because of this and other similarities, such as

the perched ground water at TRA in December 1981. The concentrations
of sulfate in water from the perched aquifer ranged from 12 to 2,700 mg/L
(fig. 24). Here again, the dilution effect of recharge to the perched aquifer

1982 ' s £ et : through 1981, but figure 13 again shows the discharge range of this isotope i i i d d ithi i K t5%-1 S e ; B A
the rock system in the form of intercrystalline and intergranular porespace, The study of the chemical and radiometric character of ground water ) of about 2,400 Ci (curies) of activation and fission products per year. During g e st sl \S:;el] o the enfis knowngrecorg o remain;er A comparison of figures 14 and 15 Beadnly ShOWS(jtl:lat the Perche h'wlfter b‘:] y within a very s.mall lateral distance. T‘he chro'rmum 51 concentration in t‘he quantities disposed, the distribution of cesium-137 in the perched ground water from the radioactive-waste disposal ponds is readily apparent by the decrease
- aiied st § . ; ) . 1977 and 1978 this average was reduced to about 1,300 Ci per year due kgl s ki . decreased laterally by more than 50 percent and its maximum thickness has perched water is greatly reduced, both in magnitude and areally, from a similar could be expected to be similar to the distribution of strontium-90. However, in sulf i i
fractures, cavities, interstitial voids, interflow zones, and lava tubes. The variety in the INEL area was based on analysis of water samples collected in a com- of the discharged activity was from small quantities of various other : ori. adi ilow " : . in sulfate concentration to the south. The sulfate concentration pattern for
; . g oairs - 2 L to the reduction of the yearly volume of discharged waste water. By 1980, L g 4 thinned by about 10 feet. These reductions indicate that outflow is greater depiction for April 1977 made by Barraclough, Lewis, and Jensen (1981), cesium-137 has never been detected in a water sample from the perched 1981 i ks sleaitlfie § :
and degree of interconnection of these openings complicates the direction prehensive sampling program. The type, frequency, and depth of sampling ; ; redicisoiones : . Sssas s . ; December 1981 is closely similar in appearance to a corresponding part of
} ; s . il o the average curie discharge was reduced to about 210 Ci, again due to the pes. than inflow in the perched-water system. The sharp reduction in the amount due mainly to a greatly reduced disposal rate over the past three years of ground water in the basalt. This is due to the fact that cesium-137 is strongly 97 d d
of ground-water movement locally throughout the aquifer. generally depended upon the information needed in a specific area. The . P ; § ; ; f ’ the October 1975 perched water body (Barraclough, Lewis, and Jensen,
¥ N T 3 R ) 43 reduction of the yearly volume of discharged waste water. In recent years, of water discharged to the radioactive-waste ponds from 1976 to 1981 (fig. record. Chromium-51 has not been detected in the Snake River Plain aquifer sorbed to the minerals of the alluvial sediments and sediments within the basalt
Ground-water recharge to the aquifer is primarily by underflow from the rogram included analyses for tritium, strontium-90, cobalt-60, chromium-51 FACTORS FOR CONVERTING INCH-POUND UNITS TO NAVAL REACTORS FACILITY A , ; : : A y ; - ¢ : 1981).
northeastern part of the plain and also from adjacent drainages on the west pdgr 199 costsm-137. vhitos ‘238 Rt d 239 2;}0 Sy METRIC (SI) UNITS the average amount of tritium discharged to the ponds has also decreased 12) plus the already mentioned water-discharge reductions associated with and is not likely to migrate to the aquifer because of its short half-life. and is removed before reaching wells in the perched-water body (Robertson,
: iodine-129, cesium-137, p -u_tomum- , plutonium -240, americium- from about 212 Ci per year to 144 Ci per year (fig. 12) but now represents The NRF utili ditch to di ¢ waate: wiier. Nsady 195 wilh the chemical-waste pond have caused this hydrologic imbalance. Schoen, and Barraclough, 1974). Nitrate
and north. Most of the ground water underlying the INEL enters the ground 241, total chromium, specific conductance, sulfate, chloride, nitrate, and ) ) ) ] The: veaber levsaliin well 20 focs fig. 4 o well Jocation) soss sl albout . sadhicit A e utilizes a ditch to dispose of waste water. Nearly million S ebhsnetive aredl nomadicslive: wasle- meodils §t e pedhod gsand Cobalt-60
in the uplands to the north, northeast, and northwest of the site, moves chemical analysis of 28 of the more common chemical constituents or The following factors can be used to convert inch-pound units published g. y a greater percentage of the total discharged radioactivity. On the average, gallons of waste water were disposed of annually for the 1979 through 1981 . P P - About 424 Ci of cobalt-60 have been discharged to the TRA radioactive- Specific Conductance Nitrate concentration in the basalt perched aquifer is highest in the
Y - : herein to the International System of units (SI). 6 feet from 1964 to 1972 and had declined by nearly 8 feet to a record low about 70 percent of these products have a short half-life (less than several : iod. A f the di d g water at the TRA have been studied extensively and are discussed here in P : : | s .
southward or southwestward through the aquifer, and discharges at springs i o : . : time period. A part of the discharged waste percolates to the Snake River e h t ds since 1952 f about 12 Ci H perched zone’s northern part contiguous with the chemical- and sanitary-waste
along the valley of the Snake River near Hagerman (fig. 1). Lesser amounts prop;, g las Have b llected th h he Lab d Multiply inch-pound units By To obtain SI units by the end of 1980 (fig. 10). The more stable position of this water level may weeks) and probably move only a short distance during their half-lives. Plain aquifer, about 400 feet below land surface. The major chemical detail. Tritium, chromium-51, cobalt-60, and strontium-90 have been detected :as e pgn £ Sm;eﬁ, 19?7r9a: aver:gleggla ?ut lof tl)per7y ?r: £ o;:/ c?vzrd The chemical-waste pond water has a high specific conductance because ds (fig. 25). Figure 25 also shows that the nitrat entrations (calculated
= e ater samples have been collected throughout the oratory site an i indi i i i : : ; el : ; i uring the period from throu , a total of about i of cobalt- : : % s pon g. . e 0 S e concen ns
of the water are derived from local precipitation on the plain. Part of the S sl . o Al il chonieid hg gy > g inches (in) 2.54 centimeters (cm) indicate that well 20 & not as greatly influenced by recharge from the Big = constituents in this waste water have been sodium, chloride, and sulfate for in the perched ground water. Other radioactive nuclides are either sorbed d.g % " At tond " fonlv 2.4 Ci T of the large amount of dissolved chemicals discharged to it. Figure 20 shows as NO,) are nearly uniform in the perched zone except for samples taken from
ipitati b fil h d surf; d | R N s L feet (ft) 0.3048 meters (m) River and represents the changes in water level for the Snake River Plain Chemical-Waste Ponds the past three years and have average annual discharge amounts of about on the earth materials, have a very short half-life, or are not discharged in e s 25 e G Lt S B e e o the specific conductance of samples taken from the perched ground water S : 2o
precipitation evaporates, but part'in trates the ground surface an perco ates entering and leaving the INEL. Near areas of detailed study, such as the Test ; : . . el on & seons raghsnsl basts (Lowls and Goklsiein, 1988). The waker evel - : ’ ! p y g . ge ¢ sufficient quantities to be detectable. concentration of cobalt-60 in the discharged waste water was 10 pCi/mL. . : e the wells nearest the radioactive-waste disposal ponds. The diluting effect of
I 1.609 kil (km) 168,000, 217,000, and 366,000 Ib ly. These disch d in the basalt in October 1981. The specific conductance of water from the h
through the subsurface to the regional water table. Significant recharge is also Reactor Area (TRA) and the Idaho Chemical Processing Plant (ICPP), miles (mi) . llometers (km remained nearly constant at this record low level during the 1981 water year A pond has been utilized at the TRA since 1962 to dispose of chemical sUSBE, B37 yPRNSs an , ’ respectively. These discharge rates an Figure 18 shows the cobalt-60 concentration in the perched ground water n asa - f 701. SP? C e . recharge from the radioactive-waste water is again apparent and indicates that
derived from occasional flow in the Big Lost River. 1 ken in ord blish th ination level square feet (ft’) 0.0929 square meters (m?) S 3 P (nonradioactive) wastes from ion-exchange system regeneration. The average amounts yield discharge concentrations of about 0.001, 0.002, and 0.003 Tritium in October 1981. The half-life of cobalt-60 is 5.3 years. The lateral extent well nearest the chemical waste pond was 3,700 pmho/cm at 25° C (fig. little or no nitrate is contained in the radioactive-waste disposal water.
numerous samples were taken in order to establish the contamination levels and may indicate that the aquifer has reached a discharge-recharge balance 3 : ctober e half-lite oba ve te e : : e P
. tarafing i acres 0.4047 hectares (ha) ; . disposal from 1979 to 1981 was 13.1 million gallons per year; a rate much Ib per gallon (about 120, 240, and 360 mg/L) for sodium, chloride, and o : 20). At a greater distance from the pond, the perched water had a specific|
and to define the pattern of waste migration in both the perched and the <828 g & : on a regional basis. P g PEx yeat, X 4 - About 10.000 Ci of tritium have been estimated to have been discharged of cobalt-60 in the perched ground water in the basalt has decreased from 0 BEA At
WATER-TABLE DATA regional ground-water bodies. square miles (mi%) 2.590 square kilometers (km?) The Snake Ri ) g . lower than the preceding 16-year average of 39.2 million gallons per year. sulfate, reSp.ect_l\.lely. It should be noted that discharge to the waste ditch has ’ Y that shown by Barraclough, Lewis, and Jensen (1981) for April 1977, and conductance as low as 120 mho/cm at * C. s t e waste waters moves Phosphate
allons (gal) 3.785 liters (L) he Snake River Plain aquifer is the only source of water utilized at the ; ; ; i decreased significantly over the latest three-year period. For example, about at TRA from 1952 through 1981, an average of 330 Ci per year. The average outward from the pond to the southwest, it becomes diluted by waste water
The water-table observation well program was designed to determine the The locations of wells and the frequency of sampling on or near the g g : : EL £ ; ; : Sulfate and sodium are the major chemical constituents in the waste water S 4 P : ple, . n : . the concentration of cobalt-60 in the perched ground water has also : i I S o : The phosphate concentration in the basalt hed aquifer is generall
allons (gal) 3.785 x 10-3 cubic meters (md) INEL. Twenty-five of the 28 production wells are generally in use. The com : . 180 sillon anilons of washs: wker wes dhsosed of o 1979. and decratsed discharge of tritium from 1979 to 1981 was 144 Ci per year. Figure 12 shows of low specific conductance from the large radioactive ponds phosp perched aquifer is ge y
changes in gradient that influence the rate and direction of ground water and INEL are shown in figures 5 and 6. Water samples for tritium analyses were 9_ : g . : bi : e and are disposed of in annual amounts of about 824,000 Ibs and 95,000 g ooy P , 3 i : ; decreased in comparison with the same figure. Evidently the relatively slow ¥ higher in the eastern half of the zone (fig. 26) and appears to be influenced
6 3 ined pumpage of these wells has been about 2.4 billion gallons of water per s 3 9 : + aed : that from 1962 to 1981 the highest tritium discharge was in 1969 and the g g pp e
di I identif 7 il h £ d llected fr 1l ICPP and TRA avbiiel sl dasii ol st million gallons (108 gal or Mgal) 3,785 cubic meters (m°) lbs, respectively. For 1979 through 1981, these discharge amounts yielded to about 69 million gallons in 1981; sodium discharge decreased from about d s b e s Bdka b Mt datechabl tities of cobalt-60 i g ;
radionuclide movement, to identify sources of recharge to the aquifer, an collected from wells near an on a quarterly and semi-annual basis. EXPLANATION 37-M\ g ey errosuid e year for the past three years. This averages about 6.6 million gallons per day ) : %y 211,000 Ibs in 1979 to 127 000 Ibs in 1981: chloride discharge decreased lowest was in 1979. Tritium concentrations in perched ground water over ecay rate of the radionuclide has kept detectable quantities ot coba in Sodiitm by recharge from the sanitary-waste pond and, perhaps, the radioactive-waste
to measure the areal extent of the effects of recharge. Water levels were Water samples for the determination of tritium concentrations and specific . ’ 38A - : » : 04538 kil N or 7,370 acre-feet per year. These volumetric rates are slightly lower than sulfate and sodium discharge concentrations of a‘bout 0.06 and 0.01 Ibs per ¢ ; 1v 369 000 Ibs i 1’979 e i ’134 000 Ibs i 1%81' d th the latest period of record have increased significantly due in part to an the basalt perched zone while the amount of cobalt-60 discharged to the waste ponds. Recharge from the radioactive-waste ponds apparently does not dilute
measured in both the regional aquifer and perched aquifers. Eleven continuous conductances were obtained from three wells which intercept ground-water ® Heﬁz:\'al rs‘;(;o::rdn ;;:ter, x . EXPLANATION /7S ?“““ s (Ib) i 0.1894 ilograms { I?)I fiose ieported by Bamaclough, Lewis, and Jensen (1981) for the previous gallon (about 7,200 and 1,200 mg/L), respectively. c;_om "Ta‘;y e 5 "; . to ]esssigagoo Ibs; 19759'“ o ’236‘7 308 increase in pond discharge from 1979 to 1981 but primarily due to the per- ponds has decreased for the period 1979 through 1981. This decay rate may The sodium concentration in perched ground water in the basalt at TRA this waste constituent as was the case in the previously discussed situations.
water-level recorders were operated from 1979 to 1981; water levels were underflow near areas of recharge at the north end of the INEL. Nearby surface- M o . Regional ground water, 85 WLy il (a0 ' m:r:fmfer tometer four-year period. lbn:;::slagglsuD?l:n e:ie;‘se earor;;\ earr:m s tl;nr h t?cal w stituents colation of tritiated discharge water to a significantly smaller perched water also be the reason that minor concentrations of cobalt-60 are detectable in ranged from 6 to 222 mg/L in October 1981 (fig. 21). Highest values were The reasons and causes for the relationship are at present undetermined
measured monthly in 56 wells, and annually in 53, in order to study the water samples were also collected at about the same time. An average of 1,249 . Pex;fdag?::‘r’“ ;V:rte" w20M well, and number 208 ies (Ci 3.70 x 1010 b I Bq) Not all the water pumped out of the aquifer is actually consumed. Some Deep-Disposal Well 4 th' g d 3; t ’ n:) dit :ur}ﬂ (: se ARSI cdon e d body. The half-life of tritium is about 12.3 years and indicates that even with the Snake River Plain aquifer water near the TRA ponds, which will be measured in the northern part of the area where wells tapf perched ground because no known phosphate is discharged to the radioactive-waste ponds.
jonal water table. To stud rched water bodies, two wells were chemical and radiometric analyses were made on 310 water samples collected s o curies (Ci b PEGRIES. ; ; ; i ; ; ; R A I A RS NS Deen SDE. 1D ) s : discussed later, because ample time is available for transport from the water near the chemical waste disposal ponds. Concentrations decreased to h el Vo
region ater table. To study perc er bodies, two Y. P Frequency of water-level measurements ‘a, Perched ground water, wicrabas el 1.00 wicrosiomons. 18} of the waste water is discharged directly back into the Snake River Plain aquifer A disposal well (1,275-feet deep) has been used at the TRA since 1964 at the NRF for sewage disposal. no further disposal to the ponds, detectable amounts of tritium will be ) ; . h e b Sl Phosphate chemistry is extremely complex and the concentration in the
equipped with continuous water-level recorders; and water levels in 24 wells yearly from 1979 through 1981. A total of 145 samples were collected from R—Continuous (equipped with recorder) L el P well, and number ' . . e temperature, degrees Celsius (°C) =0.556 (F-32) through deep disposal wells. Other aqueous wastes (radioactive, chemical, to dispose of about 251 million gallons per year of nonradioactive waste water present in the perched zone for many years hence. perched water body to the regional aquifer. th.e south and southeast because recharge receive = om t : ra 'lo]actlve-waste perched ground water may be influenced by geochemical factors such as the
were measured monthly, 60 were measured quarterly, and 97 were measured production wells, 741 from observation wells, and 38 from streams on or near "Q":(")"l:‘r;:'r\l’ H_g_,u_‘i F“Z;“‘ec';cy t‘: Iw“e"sample celocticns ’ ' and sewage) are discharged into ponds. Both methods of waste disposal con- (fig. 12). The well discharges directly into the Snake River Plain aquifer. The DISTRIBUTION OF WASTE The average monthly tritium concentrations of pond water have ranged et disposal .ponds dilute the perched waste water. tl;er ; R A pH of the recharge and perched aquifer water, organic chemical reactions,
annually. A total of 3,400 water-level measurements were made from 1979 the INEL. From these 924 samples, 3,746 analyses were made for chemical A—Arrusally o L & Secni-erauiiy 0 60 1200 METERS tribute recharge to the aquifer. Nearly 60 percent of the water pumped is water level is generally about 450 feet below the land surface. Most of the from a maximum of 1,600 pCi/mL to a minimum of less than 30 pCi/mL. iramtum- such as ";}" exc:a;ge, al?" fiec"e:?e Wi Smisant of sodlsin as & moves in sorptive interactions with the perching fine-grained sediment layer, and other
to 1981, for an average of 1,133 measurements per year. or radiometric determinations. Surface-water samples were collected from the disposed to the surface or subsurface (Barraclough, Lewis, and Jensen, 1981). injected water is from cooling-tower blowdown; it contains a yearly average About 87 percent of the total waste discharged at the INEL since 1952 The average yearly concentrations of tritium in the pond water has ranged About 84 Ci of strontium-90 has been discharged to the TRA radio- solution through the geologic media. unknown factors. Noticeable in figure 26 is that the sampled phosphate con-
p g ! ge yearly g

Figures 3 and 4 show the locations of water-level observation wells and
the frequency of water-level measurements. Data are on file in the office of
the U.S. Geological Survey at the INEL.

following stations: Big Lost River near Moore, Idaho; Birch Creek near Blue
Dome, Idaho; Little Lost River near Howe, Idaho; and Mud Lake near
Terreton, Idaho.

- Figure 4.—LOCATIONS OF WELLS AND THE FREQUENCY OF
WATER-LEVEL MEASUREMENTS IN THE TRA-ICPP AREA

Figure 6.—LOCATIONS AND FREQUENCY OF WATER-SAMPLE
COLLECTIONS IN THE TRA-ICPP AREA

Pumping has little or no effect on annual water-level changes in the aquifer
in the vicinity of the INEL because the amount pumped is a very small part
of the total ground-water storage and recharge.

of about 518,000 Ibs of sulfate and 55,000 Ibs of various other chemicals.
For several years, hexavalent chromium, used as a corrosion inhibitor in the
cooling tower, was discharged to the well (Barraclough, Lewis, and Jensen,

has been disposed at the TRA, ICPP, and NRF facilities. The effects of this
disposal have been intensively studied and are discussed in detail in the
following sections.

from a high of 816 pCi/mL in 1966 to a low of 181 pCi/mL in 1973. For
comparative purposes, the maximum allowable concentration limit of tritium
in public drinking water, used as the only source of drinking water for the

active waste ponds from 1952 to 1981. This is an average of about 3 Ci per
year. The total discharge of strontium-90 from 1979 through 1981 was 3.8
Ci, for an average much lower than that for the total period of record. The

Total Chromium

Chromium in the perched ground-water zone in the basalt beneath the

centrations are very low, mostly less than 1 mg/L. Analytical uncertainties
associated with the measurement of an ion in such low concentrations may
also contribute to the complexity of determining the actual situation.
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