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PRELIMINARY ASSESSMENT
THE HYDROGEOLOGY AT THE

F
Aﬁ TIVE WASTE MANAGEMENT COMPLEX,

ATIONAL ENGINEERING LABORATORY

INTRODUCTION

This document is a preliminary assessment of the hydrogeoliogy of the
Radioactive Waste Management Complex (RWMC) at the Idaho National
Engineering Laboratory (INEL). Its purpose is to summarize and evaluate
hydraulic data associated with the Snake River Plain aquifer in the vicinity
of the RWMC in order to estimate the level of effort needed to characterize
the aquifer. As such, it is an interim report that may be included in
subsequent documents characterizing the aquifer near the RWMC. It does not
evaluate the distribution of contaminants in the aquifer. The
recommendations made in this report for additional wells and tests will
provide an estimate of the level of activity needed for the characterizat
program. This document will allow adequate time for planning and wr1t1ng

contracts in preparation for the characterization program activities in the

summer of 1990.

It is anticipated that subsequent documents on the groundwater
hydrology of the RWMC will be written containing detaiis and background on
the facility relevant to potential contamination of the Snake River Plain
aquifer. Since this document is an interim report written to satisfy
planning needs for the 1990 drilling season, much of the detailed
discussions which would typically be inciuded in a ground water report have
not been included herein. Numerous documents by the United States
Geological Survey (USGS) discuss in general terms the movement of
groundwater in the Snake River Plain aquifer and provide excellent

background information for a detailed study such as this one. USGS papers

1
]

- P R ~
¢lough et

1976.

oy

include Nace et al., 1959, Mundorff et al., 1964, Barra

2




GEoLOGY

The RWMC is located on a thin layer of eolian, lacustrine and alluvial
sediments deposited by the Big Lost River. These sediments are composed of
silt, sand, clay and gravel, and range in thickness from 2 to 24 ft
(Anderson and lewis, 1989). Below the surface sediments is a complex
sequence of interlayered basalt flows and occasional sedimentary interbeds.

Basalt flows at the INEL characteristically occur as layers of pahoehoe
Java a few feet to tens of feet in thickness. Based on the work by Anderson
and Lewis (1989) the average flow thickness for 22 flows is about 30 to 40
ft, and ranges from 10 to 120 ft. The basalt flows are interlayered with
unconsolidated sediments, cinders, and breccia. Considerable variation in
texture occurs within individual basalt flows. In general, the bases of
basalt flows are glassy to fine grained and minutely vesicular. The mid
portions of the basalt flows are typically coarser grained with fewer
vesicles than the top or bottom of the flow. The upper portions of flows
are fine-grained, highly fractured with many vesicles. This pattern is the
result of rapid cooling of the upper and lower surfaces, with slower cooling
of the interior of the basalt flow. The massive interiors of basalt flows
are sometimes jointed, with vertical joints in a hexagonal pattern formed
during cooling.

During quiescent periods, between volcanic eruptions, sediments were
laid down on the surface of the basalt flows. These sedimentary deposits
display a wide range of grain size distributions depending on the mode of
deposition (eolian, lacustrine, or fluvial), the source rock, and length of
transport. Because of the irregular topography of the basalt flows,
sedimentary materials commonly accumulate in isolated depressions. A number
of extensive sedimentary interbeds have been identified in the stratigraphy
beneath the RWMC.




WELLS

The USGS operates a groundwater monitoring network at the INEL. The
purpose of the groundwater monitoring system is to record water levels and
to monitor for contaminant migration. Seven welis d
monitor the Snake River Plain aquifer in the immediate area of the RWMC.
These wells include; USGS 87, 88, 89, 90, 117, 119
the aquifer wells and the spreading areas near the RWMC are gis

Figure 1. Two production wells, the RWMC production well and EBR-

1, are in
the area of the RWMC. Several wells outside the immediate vicinity of the
RWMC have been drilied to the aquifer, including USGS 8, 9, 86, 105 and 109

and Hwy 3. In addition, many wells have been drilled and cored in the
vadose zone near the RWMC and data from the shallow wells have been used for

Tithologic correlation {Anderson and lLewis, 1989); however, Lhese wells are

not shown in Figure 1 since they do not provide data on the aquifer. Well
Togs, water levels, and water chemistry data are available in files at the
INEL office of the USGS and much of these data have been published in USES

reports. Geological and geophysical logs from these wells and the RWMC
production well have been used to characterize the stratigraphy at the

RWMC .

Well construction data have been summarized in Table 1. The total
7 h m

b [ [P, Lonmue £AL Lnand +
11 v

s ranges from 620 reel 075 f

depth of the we o1
depth to water is about 580 feet. Well construction ha
years, with the earlier wells being open to the format
casing or open hole. More recently, we b

stainless steel screen.

In the eariy 1870's four we
the USGS groundwater monitoring network in the vi
wells include 87, 88, 89 and 90, which were dril

east of the RWMC, respectively. These wells were
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Table 1. Summary of well construction for wells in the RWMC area.

| ] ] i Casing Construction | Well Logs | }
i | | R R bbb bl [-reemmmm oo nans | bepth to]
| ! | i ] Screened | i | { water |
{ ] Year | Total { | Cased | andfor Open | Screen | Geologist | Geophysical | When i
| Well Name | brilied | Depth | Material | Interval | Interval(s) | Type | Log i Logs | brilled |
|===::=======::::::::::::::Z::::===::====1==——__-==:= = == EEZETFESESRTSESSESS=ESES ===
| EBR-1 | 1949 | 1075 | Steet | 0 - 750 | 600 - 750 | Perforated |  Yes | Yes | 596.00 |
} | | } | | 750 - 1075 | Open Hote | ] | |
|-eeeaeees oo e e e [-eeeneees |-omeeneeasenes |-ammoeneeees foreroeacees [-eeeeenasenes [+-ooeee |
| RUMC Production Well | 1974 | 683 | Steel 10~ 660 |59 - 610 | perforated | Yes | Yes | 571.00 |
| | i | i | 625 - 635 | Perforated | ] | i
|--cececacansnennes |--eeoees Rl B R [--nememeeeees [-oeeeaees [-eeeaeeees e |--ooeee |
| usGs-9 [ 1951 | 654 | steel | 0 - 652 |618- 652 | Slotted | Yes | Yes | 601.00 |
; I ! } ! | &52-654 | Open I i | I
foon oo |-meeee el Joooeees |- oo . |-oeeoeeees I e 1
| USGS-86 | 1966 | 691 | Steel | 0-48 | 48 - 691 | open | Yes | Yes | 643.70 |
| I f | ! l | | | 1 |
frrormrazanaessanane s oo R P oo |oxnaneesnenees jooeeeeeees e f-eeeaeeeees . !
| USGS-&7 | 1971 | &40 | Steel | 0 - 585 | 585 - é07 | Open Hole | Yes | Tes | 582.70 |
| ; ! | | | Caved to 607 | I | ! |
o [osrmremnananenn e |-oeeeeeee el B oo franoammeoens J-rmeeeenases |--eemeeees fororasareres J--aeneee l
| usGs-88 ] w7 | 635 | steel | 0 - 587 | 587 - 635 | Open Hole | Yes | Yes | 583.65 |
I | | | | | | I | ! I
[-coenenen s R froneeafereeeeaes f--eeeeeeee [-roomeanenses f-mneeees |-remeeees formeeonennes |-eeeees !
| usGs-89 | 1972 | 645 | Steel ] 0 -576 | 576 - 646 | Open Hole | Yes | Yes | 590.64 }
| i | | | | | | | | I
[¢-ormneanmnn s e el e [-omeesenes |--aeaemeeees |--meeeeees |--ereeeeees |-reeeeeeanas . |
} usGs-90 | 1972 | 626 | Steel | 0 - 580 |} 580 - 609 | Open Hole | Yes i Yes | 574.62 |§
| I | I I | caved to 609 | ! | { |
J-cecrazeonanenennanas |-eneeees e Rttt |-ceonmeees Jovesomeanneas I —— R [-emnemeeenes foeeseeses |
| UsGs-105 | 1980 | 800 | Steel | 0 - 400 | 400 - 80O | Open | Yes Yes | 668.83 |
! ! ! | I | I | ! | !
|--caceeane e [--eeeees e R | --eeeaoes oo J--eeresaes f-oemeeeees v froeaneees |
| uses-109 | 1580 | 800 | steel | 0 - 800 | €00 - 800 | Slotted | Yes |  Yes | 619.72]
| l | | i i ! I ! | |
SO RAE oo el B |--eeeeees R fomeeeees fooemeoees J-omeeenenes f-eennees |
| uses-117 [ 1987 | 655 | steelfss | @ --335 | 555 - 653 | Perforated { Yes | Yes { 581.30 |
I | I I ! o8 | | | | !
[rmmemee s |-eeeeee e B Joeeneeaee- [ormmeenoeeees f-meeeeees [-ereceenees frrmeezezeeass oo |
| usGs-119 | 1987 | 705 | Steel | 0 - 639 | 439 - 705 | Perforated | Yes | Yes | 600.80 |
! ! ! | | ; | I | | !
fooooamase s J--eeeee el et foeoreenes J-eeeacecaees frremneaenss [remrmasness T |-oeoeee |
| uscs-120 | 1987 | 705 | Steel/ss | O - 638 | 638 - 705 | Perforated | Yes | Yes | 611.45 |
! i | I | ! | I ! | |



subsurface stratigraphic sequence beneath the RWMC and to determine the
slope and direction of groundwater movement in the vicinity of the RWMC
(Barraclough et al., 1976). Wells 87, 88, 89 and 90 were drilled to
approximately 50 ft below the water tabie (total depth of 626 to 646) in
order to monitor the upper portion of the Snake River Plain aquifer for
contamination. The RWMC production well was drilled in 1974 to a depth of
683 ft.

USGS wells 117, 119 and 120 were installed in the summer of 1987 to
supplement the USGS groundwater monitoring network in the vicinity of the
RWMC. Wells 119 and 120 are deeper than the four previously drilled

L7.1T T1T 3
[

River Plain aquifer than 87, 88, 85 and S50. Weii 1l
about the same depth as wells 87 through 90.

Geophysical well logs for these we
for the RWMC.

A recent USGS report (Anderson and Lewis, 1989) correlates the
stratigraphy at the RWMC based on 40 wells, including 9 wells to the
aquifer, Utilizing geophysical well logs, well cuttings, cores, K-Ar

(potassium-argon) ages, and geomagnetic properties the USGS report shows

vtar\hu far fhn DHM(‘ FQI r

______ Lalhtme ~f Fhna adbunadam
LYl Gapry i ' .

cross sections, maps and tabies of the sira
cross sections from the USGS report by Anderson and Lewis (1989) have been
reproduced and are used in this report. Figures 2, 3, 4 and 5 show the
general stratigraphy of the RWMC. The cross sactions show t
stratigraphic units are relatively continuous in the vicinity of the RWMC
and folding and/or faulting are not apparent.

The stratigraphic units A through I are defined basad on flow group
nomenclature established by Kuntz et al., (1980). The nomonclature was
based on the study of 600 ft of core from well 77-1, near well 86, and 4

other shallow wells. Kuntz et al., (1980) defined flow groups as one or




EXPLANATION

B BASALT — Basalt-flow group composed : Location of Section
ol one or more telated flows. Letter, B,
indicates sequence of group from top ; ”"TW ua-lz'acr

to boltom of section. Locally includes
cinders and thin layers of sediment

i B'g‘\-\ 3_.5_9‘3‘5;2“ Doe B2 g
! R =gl TR TR :"“—“ ——
CLAY, SILT, SAND, AND GRAVEL —- P QG\ e
Major sedimentary interbed between ? —
1

e e

volcanic flow groups. Locally includes !

. cinders and basalt rubble . i 432945}
= | ? !
_— GEQLOGIC CONTACT — Queried where g
uncertain ’
@ WELL — Entry, 89, is local well identifier. |

Arrow indicates water level in aquifer
in June, 1988. Water level in well i
RWMC nol measured t

Figure 2. Geologic section A-A’ at the Radioactive Waste Management, from Anderson and Lewis, 1989.
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EXPLANATION

Location of Section

B BASALT — Basall-flow group composed
of one or more relaled flows. Letter, B, |
indicales sequence of group from top :
1o bottom of section. Locally includes i = ?"5“ = fw
cinders and thin layers of sediment
B

CLAY, SILT, SAND, AND GRAVEL — : 330 #\ ]
Major sedimenlary interbed belween \\ 7554 .
volcanic flow groups. Locally includes : D15 95 — |g
cinders and basalt rubble ' s o0

GEQLOGIC CONTACT — Queried where
un.certai_n

@ WELL — Entry, €9, is local well identifier.
Arrow indicates water level in aquifer :
1

in June, 1988

Figure 3. Geologic section B-B’ at the Radioactive Waste Management Complex, from Anderson and

Lewis, 1989.
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EXPLANATION
lLocalion of Section

BASALT — Basalt-flow group composed m C' yzao-
B of one or more related flows. Letter, B, '
indicates sequence of group from top
to boitom of section. Locally includes
cinders and thin layers of sediment

41 30—

CLAY, SILT, SAND, AND GRAVEL — Major
sedimentary interbed between volcanic
flow groups. Locally includes cinders
and basalt rubble

43 2945

-

~ —_— GEOLOGIC CONTACT — Queried where
uncertain

i

@ WELL — Entry, 88, is local well idenlilier. C

Arrow indicates water level in aguifer

in June, 1988 .
i
!

Figure 4. Geologic section C-C’ at the Radioactive Waste Management Complex, from Anderson and

Lewis, 1989.
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EXPLANATION

Localion of Seclion

BASALT - Basalt-low group composed : 1y1s n3230"
of one or more related flows. Letter, B, ! !
indicates sequence of group from top :

to boltom of section. Locally includes
cinders and thin layers of sediment

CLAY, SiLT, SAND, AND GRAVEL —
Maijor sedimentary interbed between
volcanic flow groups. Locally includes
cinders and basalt rubble

AY 29457 —

|

GEOLOGIC CONTACT -- Queried where /
uncertain o i

8]

W WELL — Entry, 88, is local well identilier.
Arrow indicates water level in aquiler
in June, 1988. Watar level in well
RWMGC not measured

Figure 5. Geologic section D-D’ at the Radioactive Waste Management Complex, from Andersoﬁ and
Lewis, 19839,
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more petrographically similar flows or flow units extruded from the same
vent or magma source from a single eruption or multiple eruptions during a
relatively short interval of time. Generally, successive flow groups are
separated by sedimentary interbeds. The interpretation by Kuntz et al.
(1980) and Anderson and Lewis {1989) suggests the flow groups represent
eruptions from the same source vent or flows erupted from several source

+
vents that t

apped the same magma source. This interpretation was based on
variations in natural gamma activity between groups but consistent for
flows within a group. Paleomagnetic and K-Ar age dating was also used to
establish this interpretation. Kuntz et al., (1980) considered the
eruptive events to be episodic with many thousands of years between
eruptive events, based largely on K-Ar ages and the presence of
sedimentary interbeds between flow groups. However, it was admitted that
the absence of sedimentary interbeds between flows only suggestis, but does
not prove, that the flows were implaced over short time intervals of
perhaps days, weeks, months, or possibly a few years. Sedimentary
interbeds are generally considered to represent quiescent periods between
volcanic episodes, when the top most lava flow was covered by
accumulations of eolian and alluvial sediments. An alternative
depositional history might have occurred when lava flows dammed local
drainages, and floods may have deposited alluvial and lacusierine

sediments during periods as short as a few months.

The cross sections (Figures 2 through 5) represent straight line
correlations hetween wells based on the identification of basalt flow
groups and sedimentary interbeds. In earlier work by Barraclough et al.,
(1976) 4 basalt series were identified based on natural gamma log
differences. Basalt flow groups identified by Kuntz et al., (1980) and
Anderson and Lewis (1989) are similar to the basalt series correlated by
Barraclough et ai., (1976). Groups A through I (Figures 2 through 5) may
he associated with single or multiple eruptive events of lava with similar
chemical and physical characteristics. Individual flows or flow units
within groups are more difficult to distinguish based on the geophysical
well logs. This is particularly true for the deeper flow groups where

less stratigraphic control is availabie. Furthermore, although the

15




lateral continuity of flow groups is relatively continuous based on the
geologic cross sections, the horizontal continuity of individual flows
within the flow groups may be limited, complicating the correlation of
individual flows from well to well.

Further examination of the cross sections in Figures 2, 3, 4 and 5
show that stratigraphic control exists for only about the upper 100 Tt of
the Snake River Plain aguifer in the vicinity of the RWMC. Previous
studies indicate that the active portion of the aquifer may be much
thicker than this, estimates range from 250 ft (Robertson et al., 1974) to
over 400 ft (Mann, 1986). To obtain stratigraphic control to the base of
the Snake River Plain aquifer near the RWMC requires well depths of

1000 ft or more.

16



HYDROGEOLOGY

mars T o a +han Com
FT1E5 Wl LIIE Ldo

The RWMC

Snake River Plain. The Snake River Plain
aquifer is defined as the series of
a

basalt flows and interlayered
s

pyroclastic and sedimentary materi 1s that underlie the Eastern Snake River
Plain east of Bliss. It extends from Bliss and the Hagerman Valley on the

west, to Ashton and the Big Bend Ridge on the northeast. Its lateral

boundaries are formed at the contacts of the aquifer with less permeable
Tain {Mundorff et al., 1964).

La mawatn

FUNp -
rocks at the margins o

Aquifer permeability is controlled by the distribution of highly

fractured basalt flow tops and interflow zones with some additional

alL »ViIuw Lups LR

permeability contributed by fractures, vesicles and intergranular pore
spaces. The variety and degree of interconnected water bearing zones
te direction of groundwater movement locally throughout the
aquifer (Barraclough et al., 1981). The permeability of the aquifer varies
considerably over short distances, but generally, a series of flows will
varal excellent water-bearing zones. If the sequence of lava

flows beneath the Snake River Plain is considered to constitute a single
aquifer, it is one of the world’s most productive (Mundorff et al., 1964).

Structural and textural characteristics of individual flows within flow
groups control, to a large degree, the movement of ground water through the
Snake River Plain aquifer. Vesicular, highly fractured flow tops and
fractured flow bases combine to form what is genera]Iy the most permeable
part of the aquifer (unless fractures near this interface are filled with
diment). The dense, massive central portion of a flow can have very low
permeability. The thickness and extent of these flow features is known to
vary widely over relatively short distances in the Snake River Plain basalts
and departure from the idealized case is common (Mundorff et al., 1964).

The difficulty of identifying and correlating individual flows 11mits the
development of a conceptual hydrogeological model at the RWMC because the
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distribution of the flows within flow groups effects the vertical and
horizontal aquifer properties. Sedimentary interbeds also have a
significant impact on aquifer properties. Clay rich interbeds impede the
movement of groundwater and coarse grained interbeds may be more permea
than some dense basalts. In general, sedimentary interbeds are thought to
have relatively less hydraulic conductivity than the surrounding basalts.

It appears there will always be some uncertainiy associated with the
correlation of permeable zones in the basalts, particularly when small areas
are examined in detail. However, taken as a whole, the inhomogenaities of
the basalts and sediments of the Snake River Plain aquifer tend to average
out and groundwater movement is predictable using standard methods when
large areas of the aquifer are examined (i.e. distances measured in

thousands of feet).

The altitude of the water table for the Snake River Plain aquifer and
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the general direction of groundwater movement in the vici
are depicted in Figure 6. The regional flow is to the south-southwest,

although, locally, the direction of groundwater flow is affected by recharge
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ﬂD
et
3
ot
>
@

from rivers, surface water spreading areas, and inhomogeneities
aquifer. Across the INEL, the average gradient of the water table is
approximately 4 ft/mile. Depth to water varies from about 200 ft in the

northeast corner of the INEL to 1000

Drilling information from a 10,365-ft deep geothermal test well,
INEL-1, driiied about 10 miies northeast a

Jeast 2000 ft of basalt underlying the INEL (Prestwich and Bowman, 1980).
v

However, not all of this thickness participates in the acti

ad AL N 3 3
of the RWMC, indicates there are at

Lo

Mann (1986) interpreted hydrologic data from IN i
offective base of the Snake River Plain aquifer is 840 to 1220 ft below Tand
surface at the INEL-1 site. The data that Mann based his interpretation on

include: the loss of drilling fluids in the upper 1511 ft; a thick sequence
of mostly sedimentary deposits between 840 and 1530 ft; a transition from a

calcium bicarbonate to sodium bicarbonate type of chemical composition
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between 595 ft and 1511 ft; carbon-14 age dating and an increase in
hydraulic head with depth. Depth to water near INEL-1 is about 400 ft;
this suggests that the active portion of the Snake River Plain aquifer is
between 440 and 820 ft thick. Mann’s interpretation is for the immediate
vicinity of INEL-1 and the same sedimentary units, which act as a lower
boundary for the active portion of the aquifer, may or may not be present
near the RWMC. However, he indicated that similar deposits have been
penetrated in other deep holes drilled at the INEL and may correlate to
this sequence. An earlier study estimated the thickness of the active
portion of the aquifer to be less than that estimated by Mann (1986).
Based on a mass balance of tritium disposal from INEL facilities,
Robertson et al., (1974) estimated the thickness of the active portion of
the aquifer to be about 250 ft. This thickness is based on ihe depth
which disposed tritium mixed with water in the aquifer and from the
geology. The thickness of the aquifer will vary with different areas and
there probably is not a distinct boundary. Based on the available
information it appears that the aquifer becomes less and less active with
depth because of decreasing hydraulic conductivity. The hydraulic

o e P ey Ear LY

d
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mineralization, infilling of fractures by sediment, and increasing
overburden pressure and compaction.

AQuIiFeErR TESTS

Pumping tests have been conducted on the Snake River Pi
determine its suitability as a water supply and for regional studies
conducted by the USGS (Mundorff et al., 1964). Many of these tests were
conducted by the USGS during the 1950s. In prolific aquifers such as the
Snake River Plain aguifer, it is essential to apply a large stress during
testing, otherwise negligible drawdown will occur. At most locations in
the Snake River Plain aquifer, a good pumping tesi would involve a pumping
rate of approximately 1000 gpm for 72 h. To provide the best estimate of
the aquifer parameters, a pumping rate of 1000 to 2000 gpm for 15 to

ain agui
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25 days would be required (Mann, oral communication, 1989). However,
adequate tests have been conducted in some of the monitoring wells near
the RWMC using relatively low capacity submersible sampling pumps

(Table 2). From the pumping test data it is apparent that even at the Tow
discharge rates used for the tests (2 to 20 gpm), sufficient stress was
applied to the aquifer in some wells to obtain reasonable estimates of the
aquifer properties. The fact that ines wore successful at Tow
pumping rates indicates that several of the wells near the RWMC have
relatively low transmissivity compared to regional transmissivity. This
is probably due to the short open interval in the wells rather than a
local decrease in transmissivity near the RWMC. The opposite situation
was observed in well USGS 120 where a pumping rate of 20 gpm only produced
drawdown of 0.01 ft. Tn d

ta show the variability in transmissivity
between wells, which are open to short intervals in the aquifer.

n

e 2 summarizes t ity values determined from a number of

t

tests. To convert the transmissivity values given in ftZ/day to
gallons/day/ft, multiply the former by 7.48. The range in transmissivity

3 1.6 ax100 gallons/day/ft).
Based on regional studies of the transmissivity at the INEL, the
transmissivity near the RWMC is estimated to be approximately 173,000
nz/day (1.3 x 106 gallons/day/ft) (Robertson et al., 1974).
Calculations using Robertson’s value of 173,000 ftz/day and an aquifer
thickness of 250 ft give a hydraulic conductivity of about 700 ft/day at
the RWMC. Estimates of the effective porosity of the aquifer range from 5

to 15%, with 10% being the most accepted value (Robertson et al., 1974).
This porosity estimate is a spat1a1 average over a large volume of the
i sed of massive basalt with an effective

-2 NnE 2 1u1n5 «F'I'zlriau !‘«m

is from 4.05 to 2.1x10 to

-h

aquifer

ose
porosity of only a few percent and fractures and cinder zones with very

since the aqui

high porosity.
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Table 2. Well parameters for wells in the RWMC area based on tests conducted by the USGS

} | | bischarge | Saturated | Maximum | Specific | | Hydraulic | j
i | | Rate | Thickness | Drawdoun | Capacity | Transmissivity | Conductivity | Analytical
| well | Dpate | gals/min | ft |t | aopwft | ttlyday | ftrday | Method |
| i | ( I I | | I !
i:::::::::==:==::::::::::'—‘:::.’.::::::::: _______ RO TERRRSESISSEE SO LT ERESSSSTSCSCICSESSZEEIITERESES == T ZEnAS=REER =
| Well &7+ | 7/14/87 | 2.20 | 24 (apprex} | 0.13 | 16.50 | 700 | 30 | Theis |
|- e raenmnn e fooeeeees oo |--ameeseees e |--eeeeeeee o |-raemesnmaaes J-cmemeeenene :
| Well 88* | 7/8/87 | 5.00 ] 5% (approx) | 28.70 | 017 | 23.40 | 0.46 | dacobs
{ | ! | I | | 3.1 | 0.061 | Theis 1
fooemnanenen e oo oo |-oemeeeees f--eoeeoees foeeeaeees [oommeemesees oo eon e foreenmeenees ;
| well 8o* | 7721/87 | 4.1 | 56 | 6.32 | o.70 | 52.90 | 0.95 | Jacobs i
i | 722787 | 4.39 | 56 | 6.69 1 0.66 | 55.30 | 0.99 | Jacobs |
|- rarmomnssaneneasas fooeoeeees [-eermeeene |--eeeeee e oo [rmeeeees |-eneeseeeeeens |-eemmeeees oo l
| Well %0 | 7/15/87 | 3.81 | 34 (approx} | 0.53 | 7.20 | 733 { 22 | est. Theim |

o

N fooeem s |- oo [orsnemmeenees [--eeoees |--eeeees foeeeeos s R oo |
| welt 117% | 12/17/87]  6.79 | T2 | 2035 | 0.3% | 15.7 | 0.22 | theis i
|--oreeaeece s oo [-eeeee e oo eremnaees e |--eeeeee |oerrrmeananass |-omeeesneoees oo 1
| well 119 | 12/16/87)  3.15 | 104 | 68.81 |  0.046 | 4,05 | 0.04 | Theis |
TR |- |-oeoeeeees |-aoeee e froemeoeees R [-ooeaeemeeeeas Joromneeneees foraseeeeees |
| Well 120 | 12715087 20,7 | 9% | 0.00 | 2070 | 211,000 | 3,200 | est. Theim |
|--sesmeeseenen s |--aeeee |--eme e [-ceoneennnes oo O Jeereesaneanens e |----oeeeee s |
| RWMC Preduction Well | O7/24/74f 4732.0 i 30 | 5.50 | 7 | 7.600 | 254 { est. Theim |
e e |-oeemeees |- |- AT oo oo |
| EBR-1 | 08ri2/49] B800.0 | 475 {7 | 47 | 4,800 | 10 | est. Theim |

* pumping test data evaluated by the U.S. Geological Survey.




The calculated transmissivities listed in Table 2 range over 5 orders
of magnitude reflecting the variable water bearing characteristics of the
Snake River Plain aquifer. Wells with the lowest transmissivity listed in
Table 2 are open to the aquifer over relatively short intervals. Wells
open over large intervals usually have high transmissivity in the Snake
River Plain aquifer. This phenomenon has been cbserved for many years,
and it is common knowledge among experienced drillers on the Eastern Snake
River Plain that with continued drilling most wells will eventually tap a
zone with enough permeability to produce water for domestic and other uses
(R. G. Jensen, oral communication, 1989). This is consistent with the
anticipated distribution of permeable fiow tops and dense flow interiors
with low perambutating.

WATER LEVELS IN WELLS

The USGS has collected water levels from a number of wells on the INEL
for over 40 years. Water level data for 16 wells in the southwast corner
of the INEL have been compiled from USGS field records. Table 3 shows the
wells and the years for which data were compiled and used in this report.
The compiled data files are given in Appendix A and B.

Hydrographs for the wells are given in Figures 7 through 10. The
hydrographs are broken out by location and year drilled. Figure 7 shows
USGS Wells 87, 88, 89 and 90, which were drilled in 1971 and 1972 and are
located near the RWMC. Figure 8 shows USGS Wells 117, 119 and 120, which
were drilled in 1987 and are in the vicinity of the RWMC. Figure 9 shows
the water Jevels in USGS-86, which is on the opposite side of the
spreading area from the RWMC. Figure 10 shows the water levels for USGS
well 9 from 1965 to 1989. USGS well 9 is on the southern side of the
spreading area.

Well hydrograph data are useful for defining the hydrologic
communication between wells, recharge areas, and the relationship between
recharge and water levels in wells. A later section in this report will
discuss the interpretations of the well hydrographs.
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Table 3. List of INEL wells used to measure water levels in the Snake
River Plain aquifer near the RWMC and the years for which data
were compiled for this report.

Years of Water Levels

Well Year Drilled Compiled for this Report
USGS-8 1950 1965 - 1989
USGS-9 1951 1965 - 1989
UsGS-84 1962 1980 - 1989
USGS-85 1962 1980 - 1989
USGS-86 1966 1976 - 1989
USGS-87 1971 1972 - 1989
USGS-88 1971 1972 - 1989
USGS-89 1972 1972 - 1989
USGS-30 1972 1972 - 1989
USGS-105 1980 1980 - 1989
USGS-106 1980 1980 - 1989
USGS-108 1980 1980 - 1989
USGS-109 1980 1980 - 1989
UsGs-117 1987 1987 - 1989
USGS-119 1987 1987 - 1989
USGS-120 1987 1987 - 1989

DISCHARGE TO SPREADING AREAS

The INEL diversion system was constructed in 1958 to provide fiood
protection for the facilities at the INEL. By diverting water from the main
channel of the Big Lost River, water is spread out or ponded on the Eastern
Snake River Plain where it either evaporates or infiltrates to the aquifer.
Most of the water infiltrates to the aquifer. The diversion area is
separated into 4 spreading areas, A, B, C, and D. Area A holds about 2300
acre-ft, and the other three areas hold about 5000 acre-ft each (Barraciough
et al., 1967).
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The capacity of the diversion area was jncreased in 1982 or 1983 by
raising the dikes and dam, the combined capacity of the system is about
38,000 ac-ft. The diversion system was not used until 1965 because of low
flow in the Big Lost River. In 1965 the diversion channel to the
spreading areas was equipped with a water Tevel recorder, which enabled
the monitoring of discharge to the spreading areas (R. G. Jensen, oral
communication, 1989). Monthly discharges to the spreading areas have been
compiled for this report and the hydrograph is shown in Figure 11. The
amount of water discharged to the spreading areas is dependent upon two
factors, the available runoff water flowing in the Big Luét River, and the
setting of the diversion gate. In the 1960’s the operating policy was to
divert as much water as possible down the channel of the Big Lost River in
order to enhance dilution and flushing of the aquifer (Barraclough, oral
_communication, 1989). In recent years, including the high water years of
the 1980’s, this operating procedure has apparently changed and more water
has been diverted to the spreading areas.

Figure 1 shows the Tocations of the spreading areas. Spreading Area A
£i11s first and must be about two-thirds full before water will flow from
it to Spreading Area B. Figure 11 shows the total discharge to the
spreading areas; the volumes of water flowing to the individual spreading
areas, A through D, are not known for most of the years on record.

Discharge to the spreading areas was highest during the mid to late
19607s and the mid-1980’s. Based on historic flow in the Big Lost River,
these periods were much higher than normal flow. Runoff measured at the
station below Mackay Reservoir during 1965 was the highest for the 43
years on record prior to 1965 (Barraclough et al., 1967). The amount of
water flowing in the Big Lost River in 1965 is reflected in the high flows
diverted to the spreading areas (see Figure 11). The volume of water
discharged to the spreading areas for 1967 and 1969 approached the flow of
1965, After 1969, the discharge to the spreading areas was much less,
until the mid 1980’s when again, a few years of high runoff were
recorded. Starting in 1982, discharge to the spreading areas increasad
for several years and peaked in 1984. The discharge to the spreading
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areas in 1984 was considerably higher than the previously high year of
1965. In summary, the diversion hydrograph shows two wet periods; the
mid-1960’s and the mid-1980’s and the intervening years have had moderate
to no flow.

ResponNsE oF WATER LEVELS TO RECHARGE

A comparison of Figures 7 through 10 to Figure 11 shows the clear
relationship between discharge to the spreading areas and the
corresponding rise in water levels in nearby wells. Figure 7 shows the
wells in the closest proximity to the RWMC with the longest record,
including Wells 87, 88, 89 and 90. During the 1970's the water levels in
wells 87, 88 and 90 tracked essentially the same path, all showing a
gradual decline in water levels, which was probably associated with a net
decline in the regional water table during the dry years of the 18707s.
Well 89 is the exception to this, showing fluctuations in water levels of
about 8 feet from 1972 to 1977 (see Figure 7). These fluctuations
correlate to relatively small discharges to the spreading areas during the
same time period. Starting in the latter part of 1982 and continuing to
1984, there was a tremendous rise in water levels recorded in wells as
shown in Figure 7, 9 and 10. The most spectacular rise was recorded in
well 88, with a rise of over 60 ft relative to nearby wells. The peak of
this activity occurred in 1984, corresponding to the highest discharge
year on record. After 1984, the wells show a net decline in water levels,
with the exception of 89, which showed a rise in water levels associated
with the small discharge to the spreading areas in 1987. Figure 8 shows
the water levels for the wells drilled in 1987, including 117, 119 and
120. Unfortunately, these wells were installed after the high water years
of the 1980’s and the net water table rise in the vicinity of the wells
cannot be determined. However, it is clear that the water Tevels in these
wells are declining at a similar rate and are at about the same elevation
as wells 87, 89 and 90. The scale is the same for both Figures 7 and 8
for comparison purposes and the water levels for Wells 117, 118 and 120
overlay the water levels for Wells 87, 89 and 90, showing the strong
correlation in water levels among these 6 wells.
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Figure 7 illustrates the complexities of the aquifer in the vicinity
of the RWMC. Four wells completed to similar depths with similar
construction may show marked variations in water Tevel fluctuations.

Wells 87 and 90 are apparently in good hydrauiic communication since the
water levels track almost identically through wet and dry cycles. Well 89
may be associated with this same system since its overall response to
recharge stress is simiiar to that of wells 87 and $0. However, Wel
is clearly more affected by recharge to Spreading Area A than Wells 87, 88
and 90 because it responds to moderate infilow to the spreading areas when
only Spreading Area A is filled whiie the other wells are not {see the
early 1970’s data). It is affected to a lesser extent by recharge to the
rest of the spreading areas. This is probably because it is closer to

t

a zone sod

Spreading Area A, or it may be situated along
hydraulic communication with Spreading Area A.

Y

Laps a

It appears that USGS Weil 88

)
communication with the rest of the weils. This interpretation is based on
two observations; 1) the apparent lag in response to recharge compared to
nearby wells and Z) the anomaious rise in waler levels compared to nearby
wells. Figure 7 shows that the rise in water levels in Well 88 lagged
behind the rise in Wells 87, 89 and 90 by several months. During the peak
year 1984, water leveis in Wwell 88 were about 60 feet higher than nearby
wells. This implies a steep water table gradient between wells and

therefore low transmissivity to maintain that gradient. The tremendous

L L

rise in water ieveis for thi 11 appear 5 tg he

-3

eal as hydrogeologic

s
assessment of the available data and testing of the well indicates that

the water levels measured in this well are representative of the interval
nd that the well is probably

wie

of the aquifer which the well is open to, a
not damaged or silted up. The lag time and the steep hydraulic gradient
suggest that communication between Well 88 and the other wells is

restricted, possibly by a zone wi

Several scenarios were evaluated to determine if Well 88 was damaged
in some manner so that the water level t valid. The first
scenario assumed the well was silted up as suggested by Jaacks et al.,

(1989). In order to evaluate the well, it was assumed that the well was
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slugged with water and that its declining water level was a simple
recovery, similar to a slug test. The hydrograph of Well 88 (Figure 7)
was treated as a slug test and evaluated by the Bouwer and Rice Method
(see Appendix B for-calculations). The calculated hydrauiic conductivity
for this case is 7.8 X 1077 ft/day (10'11 cm/sec). This value is near

the lower end of hydraulic conductivity values for natural materials,
roughly equivalent to unfractured metamorphic and igneous rock or shale of
the lowest hydraulic conductivity (Freeze and Cherry, 1979). It is
unlikely that silting up of the well would reduce the hydraulic
conductivity to this low value. Furthermore, a pumping test was conducted
in the well in July of 1987, after the highest water level, (see Table 2)
and the calculated transmissivity is on the order of 23.4 ft/day, 9 orders
of magnitude greater than that needed to maintain the head measured at the
peak in 1984. To confirm the previous pumping test of 1987, a pumping
test was conducted in October of 1989 during routine sampling of Well 88.
The results of the 1989 test confirm the previous test (see Appendix C for
calculations}.

The second case assumed the well was being recharged from a perched
groundwater zone, perhaps through a hole in the casing. Using a steady
state solution based on the Theim equation, a calculation was made to
determine how much inflow to the well would be required to maintain a
water elevation 50 ft above the water table. With a transmissivity of 23
ftz/day it would require a flow of 11 gpm. It is unlikely that USGS
personnel would not hear this volume of water cascading in the well during
monitoring operations. However, another possibility, which would be
difficult to assess, would be the downward movement of water near the well
through a fracture system.

It appears Well 88 is not damaged and that it must reflect natural
potentiometric conditions at its location, based on the calculations
presented and the regular nature of the water level data as shown in
Figure 7 (that is, no sudden change in trends which might imply
tampering). Well 88 probably does not tap the main portion of the Snake
River Plain aquifer, but rather, a Timited zone near the top of the

36



aquifer. Additional characterization of the aguifer is required in the
vicinity of this well,

_response of the aquifer on the south and west side, respectively, of the
spreading areas. Similar to water Tevels on the east side of the
spreading areas, the highest water Jeveis in Weii 86 were recorded in 1
corresponding to the highest discharge year on record. The net water
table rise in Well 86 from 1980 to 1984 was about 13 ft, which is
comparable to an average rise in Wells 87, 89 and 90 of about 12
for the same period. Well 86 is about 10,000 ft west of Spreading Area A,
compared to well 89, which is about 4, 000 ft east of Spread1ng Area A
(Figure 1)}. It is difficult to expiain the smail fluctuations in Well 8
in 1981 and the early part of 1882. These fluctuations occurred when no

water was diverted to the spreading areas. There is not an apparent

+
to 15

-h

o1 t

[$2]

reason for this based on the data presented in this report hese
fluctuations may be associated with local snowmelt and recharge

USGS Well 9 is the oldest weil in the vicinity of
Jocated at the southern boundary of Spreading Area C (see Figure 1}.
Figure 10 shows the hydrograph for this well back to 1965 when water was
first diverted to the spreading areas. There appears 1o di
correspondence between the discharge to the spreading areas and the water
Tevels recorded well 9.

w
0

The correlation of flow to the discharge areas and rising water levels
in wells is apparent throughout the area of the RWMC. Any long term
groundwater monitoring program must cons ider the influen
spreading area has on the water table, and the direction of groundwater
movement.
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RECHARGE FROM THE B1G LosT RIVER

Infiltration, via recharge from the Big Lost River, was estimated as
the diffarence in measured flow at two gauging stations. The upstream
station is located on the Big Lost River below the RWMC Diversion Dam and
the downstream gauging station is located at the Lincoln Avenue bridge,
about 8 miles below the diversion dam (USGS Gaging Stations #132520 and
#132535). Because of the high infiltration rate from the river
(Barraclough et al., 1967), it was assumed that all of the loss between
the gaging stations was available as recharge to the aquifer. The
difference between the flow measured at the two gauging stations or
infiltration from the Big Lost River is plotted from 1965 to 1989 in

Figure 12.

It is apparent from the hydrographs that recharge from the Big Lost
River is much Tess than flow to the spreading areas. Recharge from the
Big Lost River was not as significant, in terms of volume, as the
discharge into the spreading areas. From 1982 to 1984, the discharge from
to the spreading areas was over one order of magnitude larger than the
estimated recharge from the Big Lost River.

The Big Lost River recharge was compared to discharge from to the
spreading areas and to water levels in the wells near the spreading areas
and the RWMC (USGS Wells 9, 87, 88, 89, and 90). Recharge from the Big
Lost River into the subsurface coincide with the high water levels seen in
RWMC area wells gnly when discharge into the spreading areas is high.

This suggests discharge into the spreading areas is more influential on
water level changes in the aquifer near the RWMC than recharge from the
Big Lost River. The higher volumes of water in the spreading areas
probably overshadow any infiuences the Big Lost River recharge may have on
the aquifer in the area near the RWMC.
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GROUNDWATER MOVEMENT
WATER TABLE MAPS

The direction of groundwater movement in the vicinity of the RWMC can
be estimated from the gradient of the water table. It is apparent from the
well hydrographs that the surface of the water table changes over time in
response to discharge to the spreading areas and other factors. In order to
track the changes in the water table over time, quarterly water table maps
were generated for the RWMC area from the 1st quarter of 1980 through the
first quarter of 1989. Water level elevations for 16 wells in the southeast
corner of the INEL were entered into the database and contoured using the
SURFER computer graphics program. Maps for these plots and the associated
data values are provided in Appendix D. Because of the uncertainty
associated with Well 88, two plots of each guarter were generated; one map
with Well 88 and one without. A1l well locations were plotted for all years
even though Wells 117, 119 and 120 were not jnstalled until 1987. Because
of the Targe volume of data, a computer program was selected to contour the
guarterly water table data. The computer plotting had the additional
ability to utilize data points from wells outside the mapped area in order
to correlate the water levels near the RWMC to the regional water table.
Because of the large distances between wells, pseudo wells were added
outside of the mapped area in order to smooth the contours near the
boundaries of the maps. The pseudo wells had little or no effect on
contours near the RWMC.

In the early 1980’s, the water table in the vicinity of the RWMC was
flat with regular contours, apparently because of the low runoff years of
the late 1970's (see Appendix D). This regular contour interval continued
until the 2nd quarter of 1983 when recharge began to affect water levels in
Well 89. During this quarter, Well 88 was the Tow point for the water table
map. The water level high recorded in Well 88 compared to surrounding wells
was not apparent prior to the 4th quarter of 1983. Before the 4th guarter
of 1983 the plots with and without Well 88 are similar. This observation
confirms the previously discussed hydrograph data that shows Well 88
tracking Wells 87 and 90 until about 1982.
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The maps presented in Appendix D show the development and decline of a
water table mound west of the RWMC. Since the well coverage is Timited to
just 7 wells near the RWMC, the shape and extent of the mound is only
approximate. Recent water table maps indicate that the aguifer is
recovering from the mounding condition and the contours are returning to
the configuration of the early 1980°s.

WeLL 88

It appears that historically Well 88 has tracked or followed changes
in the regional water table fluctuations, but in the later part of 1984,
 the water level in this well rose anomaiously. There is 2 direct
correlation between the rise of water in Well 88 and discharge to
Spreading Areas B and C.

Conceptually there appears to be two potential ways to account for the
rise of water in Well 88. The first hypothesis is that Well 88 taps an
e Larmin DT anm

jsoiated zone in the Snake River Plai
if Well 88 were set in a dike swarm, where vertical dikes served as

114 Faw Thisg m1nh1‘ nnquh]v occur

j=Wa |
i ﬂ\iull‘;l . -

hydraulic barriers to groundwater flow. In this case, recharge would
occur suddenly from flooding of the spreading areas, and the decline in
water levels would occur over a long period of time as groundwater moved
through the hydraulic barriers. The anticipated hydrograph would be steep

the system tock on water, and more gradual as

on the reuldrge side as tne sysiern
water slowly passed through the dikes. This hypothesis has been discarded

since the hydrograph of Well 88 (see Figure 7) is more or Tess reguiar,
to the peak as it did to decay. The

=
4+

U’I
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taking almost as much time to ri
second hypothesis is that Well 88 taps a zone with low transmissivity that
is recharged from the spreading areas. The anticipated hydrograph from

this second subsystem would be gra
the discharge side, g1ving a requl

a
occur because the subsystem would take a relatively long time to recharge
h

dual both on the recharge side and on
r appearance to the curve. This would
and a relatively g. The plot of Figure 7 resembies

v
the hypothesis of We portion of the aquifer with low
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transmissivity. This assessment is a non-quantitative evaluation of two
possible explanations for the exceptionally high water levels recorded in
Well 88. There are a number of other possibilities for the rise in water
in Well 88, but further discussion should be postponed until more data
have been collected to evaluate the aguifer in this vicinity.

It appears that water levels in Well 88 are representative of a
localized area in the aquifer near Well 88, and should be treated
separately from those water levels measured in other wells, at least until
the zone has had time (several years based on the presented data) to come
to equilibrium with the main aquifer. This is based on the anomalous
water table high centered around this well discussed previously. The
water level high is apparent during the peak water year of 1984, but prior
to that, water levels in Well 88 were similar to nearby wells. Therefore,
maps of the Snake River Plain aquifer in the area of the RWMC will not
include water levels from Well 88 after 1983.

RATE AND DIRECTION OF GROUNDWATER FLOW

Figures 13, 14 and 15 are waler table contour maps based on data for
the ist quarter of 1989, the 3rd quarter of 1984 and the 4th quarter of
1980, respectively. These time periods represent the current
configuration of the water table near the RWMC, the water table under
recharge stress from the spreading areas and steady state conditicns
during a period of Tow runoff, respectively. Well data are correlated to
the regional aquifer based on water levels measured in wells around the
area of the RWMC. Flow lines have been added to show the appreximate
direction of groundwater flow. Because Well 88 may be in poor
communication with the other wells near the RWMC, it was not used in
Figures 13 and 14 but was used in Figure 15 since it appeared to fit the
steady state conditions of the aquifer in the early 1980’s. The present
configuration of the water table correlates with the regional direction of
flow to the south-southwest. Prior to the wet years starting in 1983, the
direction of flow in the aquifer near the RWMC was to the south-southwest
(see Figura 15). The water table maps indicate that the aquifer is

44



recovering from the recharge stress caused by diversion of water to the
spreading areas in the mid-1980°s. Based on this trend, if little or no
water is diverted to the spreading areas then the water table gradient

£ 1000
T 1I0V {SEG

)

will continue to flatten out and approach the gTduiéT 0
Figure 15). If significant amounts of water are diverted to the spreading
areas, another water table mound will develop under the spreading areas
and the direction of groundwater fiow wiil swing io the east

i1lustrated in Figure 15. It is clear that the direction of ground water
flow is dynamic in the RWMC area, dependent upon the amount of water

o
=)

<0

diverted to the spreading areas and possibly upon flow in the Big lost
River.

Earlier work by Barraciough et ai. {1576) showed that during 1972 the
flow direction was to the northwest. This is consistent with the mapping

s si

done for this report since the water levels in 1972 represent the recovery
of the water table from discharge to the spreading areas during the late
he water level from USGS 88
rom this well might be

3 =h

irectly influenced by
the hydraulic gradient. In the area of the RWMC, the water table gradient
changes markedly over time in response to recharge from the spreading

h
areas. Since the direction and magnitude of the hydraulic gradient varies

with time, calculating the divection of flow and the rate of flow is not a
straight forward procedure, it is dependent on the time period under
consideration. The down gradient direction from the RWMC ranges from
southwest to east, with the direction under low recharge conditions being

to the south-southeast, depending on the amount of water diverted to the
spreading areas. However, since conditions are transient, measured water

jevels may be the resuit @ er than
the water from one point to another
t

, complicating the net d1rect1on of
even over short time intervals. Groundwater flow is

groundwater movemen
additionalily comp

a eneous and anisotropic character of
the Snake River Plain aquifer. Fracture flow conditions undoubtedly
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control the movement of groundwater at a local scale. The effects of
heterogeneities and anisotropies are probably reduced on a regional

scale. For the purposes of calculating groundwater flow direction and
rate, for this report, it will be assumed that the simplifying assumptions
of Darcy’s law are valid. Calculations based on the simplifying
assumptions in Darcy’s law have been used at a number of locations at the
INEL. In one example, near the Idaho Chemical Processing Plant (ICPP) and
the Central Facilities Area (CFA) the calculated flow rates compared
favorably to direct measurements of groundwater flow rates between wells.
The direct method involved monitoring the travel time of tritium peaks
between wells. Groundwater flow rates ranging from 11 to 25 ft/day were
determined using tritium slugs injected into the groundwater at ICPP
(Barraclough et al., 1967). This is in agreement with the calculated flow
rate from water level data of 13 ft/day at CFA, 3 miles south of ICPP
(Wood et al., 1989). ICPP is approximately 8 miles northeast of the

RWMC, Trit%um from TRA or ICPP arrived at the RWMC in 1975 for a flow
rate of about 5 ft/day.

Estimating the direction and rate of groundwater flow near the RWMC is
complicated by the anisotropic and inhomogeneous nature of the Snake River
Plain Basal

ts. From the discussion on Well 88 it is clear that at least
;ithin the aguifer may be hydraulically isolated from the active
portion of the aquifer. Using standard methods for calculating flow in
the Snake River Plain aguifer may only be appropriate and accurate on a
jonal scale where local anomalies are averaged out over a Targer area.
Standard methods used to describe groundwater flow are based on an ideal
case where flow takes place in a homogeneous medium. Basalt aquifers are
assified as heteregeneous because the internal distribution of fractured
zones and massive basalt can change substantially over relatively short
distances. Defining the thickness and extent of a basalt aquifer is
difficult. VYet, the lack of a complete understanding of a basalt aquifer
need not discourage analyses using standard methods. Much may be learned
about the groundwater system by examining the departure of the field data

from the idealized case.

win
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With the previous discussion in mind, groundwater flow velocities have
been calculated using Darcy’s law and the continuity equation. The
equation for flow, corrected for porosity is as follows:

where: v = the seepage velocity
i = the hydraulic gradient (dependent on date of map)
K = the hydraulic conductivity (700 ft/day (Robertson, 1974))
n = effective porosity (assumed 10%)

The gradient was estimated from each of the 3 maps presented in

Figures 13, 14 and 15. For the lst quarter of 1989, the gradient is 5.6
ft/mile in a south-southeast direction. The calculated flow rate is 7
ft/day. For the recharge case, the 3rd quarter of 1984, the gradient was
13.2 ft/mile in an easterly direction. The calculated flow rate for the
period is 18 ft/day. For the stable water table case, 4th quarter 1980,
the water table gradient was 3.3 ft/mile to the south-southwest at a rate
of 5 ft/day.

The calculated values are approximations based on Timited data,
however, these values provide a preliminary assessment of the rate and
direction of groundwater flow. Tracer tests or tracking contaminant
migration is the best method for measuring groundwater flow rates. This
has been used successfully in the area of ICPP (Barraclough et al., 1967)
where tritium peaks were measured between wells.
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EVALUATION OF EXISTING DATA

RN E  mnaim

Data collected by the USGS over the past 40 years has been invaluable
in developing a conceptual model of the response of the Snake River Plain

aquifer near the RWMC to recharge from the spreading areas. Water level
data from weils in the area C t: 1) the aquifer responds to
the influx of water to the spreading areas; 2) there may be two
hydrostratigraphic units in the area; and 3} that the direction and rate of
groundwater flow changes depending on diversion to the spreading areas.
However, these data are inadequate to provide the resolution and detail
recommended for designing a groundwater monitoring system for a hazardous
waste site. The RCRA Ground-Water Monitoring Technical Fnforcement Guidance
Document (TEGD) (EPA, 1986) states that factors which may substantiate an
increased density of boreholes include (amoné others); fracture zones
encountered during drilling and suspected zones of high permeability that
would not be defined by drilling at large intervals. The aquifer in the
vicinity of the RWMC has both of these factors and additionally, is

by recharge from the spreading areas. The TEGD also recommends

=i N

at

-ts
r

compi 3
defining the vertical and horizontal hydraulic gradient. There are no
available well data to provide control on the vertical gradient.

Contour maps presented in this report are based on a limited number of

wells and additional wells are warranted to provide control for defining the
the divection of flow and the downgradient

water table and therefore, rect
direction. This preliminary assessment indicates that because of water
table mounding caused by diversion to the spreading areas, the downgradient
an vary by about 90°. Early work by Barroclough et al., (1976)
g in the early 70’s caused reversals in the groundwater
180°. Additional characterization wells are needed to

1

ocations for the downgradient and upgradient
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The stratigraphic control is limited to about 700 ft in the area of the
RWMC. Additional characterization wells would provide more stratigraphic
control at depth in the aquifer.

The thickness of the uppermost aquifer is not known in the vicinity of
the RWMC. One or more wells should be cored or drilled to define the
aquifer thickness this will satisfy EPA guidelines and be useful for
estimating groundwater flux in the aquifer. However, the base of the Snake
River Plain aquifer is not a distinct boundary and it will be difficult to
determine the thickness of the aguifer over a large area.

A high stress, aquifer pumping test with observation wells has not been
performed near the RWMC. This is critical for estimating the aquifer
transmissivity. At a minimum, a test of about 3 days should be conducted.
The RWMC production well may be suitable for the pumping well and at least
one observation well needs to be installed. The suitability of the RWMC
production well as a pumping well and USGS 90 for an observation needs to be
evaluated.
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REcoMMENDED FUTURE ACTIVITIES TO COMPLETE
AouIFER CHARACTERIZATION

WeLLS

Characterization of a groundwater system is usually an iterative
process where data and observations derived from previous boreholes are used
to guide the placement of future ones. The USGS has basically completed
what the TEGD identifies as the first and second iterations of the site
characterization program with the wells drilled in 1972 and 1987. The
proposed boreholes will fill gaps and supplement wells currently being

monitored by the USGS.

Figure 16 shows recommended locations for characterization wells.

1w

hhmigm = Tl
have a dual purpos

o firct
3 V1T Swy

Where possible, the recommended well locations e
to refine the geology and hydrology and second, to be useful for RCRA
groundwater monitoring wells.

The recommended wells are discussed below:

Well M1 is a deep well (+700 ft
approximately 100 feet. It will be drilled to a permeable zone below the
bottom of Well 88 to evaluate the potentiometric surface at depth. This

well will also monitor the active portion of the Snake River Plain aguifer

) that will be offset from Well 88 by

at this location.

fyrnm
11 W

CJ

3
3 I T Wkl

[
—d

0 the RWMC during
Pl

Well M2 is proposed in a down gradien ca
periods of high runoff; that is, when water table mounding conditions exist
from recharge to the spreading areas. It wi i1l
elevations near the eastern boundary of the RWMC.
collected from this well will help delineate concentrations of volatile

organics in this area. Well M2 will be completed in the first permeable

provide water table
Ied

Aquecus chemistry data

zone in the aquifer {approximately 630 Tij.
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Well M3 is proposed in a current upgradient location of the RWMC and
will provide water table control between Wells 89 and 87. It will also
help define the extent of organic contaminants west of Well 87. It is

scheduled to tap the upper 50 ft of the aquifer. (630 ft)

Well M4 is proposed in a down gradient location of the RWMC and will

rea with no control, It will also help define

prov1ae well control in a
the down gradient extent of organic contamination in the upper 50 ft of
the aquifer. (630 ft)

=1

Well M1 will be drilled to a depth of about 700 ft below Tand surface
and be completed in a permeable zone. Wells M2, M3 and M4 will be

e | [ S |

teted in the upper por ifer, approximately the upper 50,

n
~

conp aqu
in the first permeable zone encountered the in aquifer.

.l...‘l1
wWeel

stratigraphic and hydrolegic data at depth in the aduifer. 1200 ft was
selected as the target depth because of research by Mann (1986) that

indicates the base of the aguifer may be 400 ft below the water table at a
site ten miles northeast of the RWMC. However, some wells at the INEL

show high permeabilities as deep as 1100 ft (J. T. Barraclough, oral

communication, 1989). The proposed well Tocation is tentative and the

final location of the well will be dependent on input from basalt
stratigraphers working in this area who are aware of Tocations where
additional stratigraphic conirol is needed. Straddle-packer tests will be
conducted to estimate the hydraulic conductivity with depth.

Well OB

We e the observation well for the pumping test of the RWMC

W b
11 and located at a horizontal offset from the RWMC
Production well of about 200 ft, or as appropriate based on calculations
of the pumping rate and measurable drawdown. 0Bl will be situated in a
downgradient location of the RWMC during years of high discharge to the
spreading areas and will be in an upgradient Tocation during years of low

1
Production We

The designated names of the proposed wells are subject to change in
5 match nomenclature now used to Tabel wells at the RWMC.
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TESTS

A pumping test with one or more observation wells should be performed
in the RWMC Production Well to provide transmissivity and storitivity data
on the aquifer. During the development of the RWMC Production Well, the
USES monitored drawdown, but the collected data were not suitable for
calculating transmissivity because of a variable pumping rate and
infrequent water level readings. Tests where data were collected for
transmissivity analyses were conducted from monitoring wells using small
capacity sampling pumps over short sections of the aquifer. The RWMC
production system needs to be evaluated for this test, if the pumping and
storage capacity are sufficient to stress the aquifer during a test, then
0B] will be installed nearby. The optimum offset of the observation well
needs to be determined. In addition to OBl, it might be possible to
utilize USGS 90 as an observation well, since about 0.2 ft of drawdown
were observed during the 24 hour pumping test of the RWMC production well
in 1974 (J. T. Barraclough, written communication, 1974).

Wells in the USGS monitoring system need to be evajuated. Some of the
older wells have caved (Barraclough et al., 1976) and the amount of caving
needs to be measured. This may involve pulling the dedicated pumps and
surveying wells with a downhole TV video camera and other probes. Repair
and cleaning of the wells should be accomplished as appropriate. It may
be feasible to retrofit some of the wells with well screen to keep the
well bore open. Deepening some of the wells should be evaluated, although
based on this assessment it appears that the wells open to the upper
portion of the aquifer are suitable for monitoring for contaminant
migration from the RWMC. Deepening the wells might dilute collected
samples with water flowing under the RWMC below the upper part of the

aquifer.
Straddle-packer tests in the core well should provide a data on the

hydraulic head at depth. These data can be used to estimate the vertical
hydraulic gradient.
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DATA EVALUATION

To supplement the recommendations made in this report, the aqueous

chemistry data needs to be rur‘a11y evatuated and summarize
]
wells propased in this report.

The effect of localized snowmelts needs to be evaluated. A1l three
floods of the RWMC, 1962, 1969 and 1982 came from melting snow and runoff

the surrounding topog c
Diversion Area. It is unclear what effect, if any, local recharge has on

the aquifer, a 1though flooding probably has a significant effect on

from th t from the Big Lost River or

P T el ) e r

contaminant

SUMMARY

Groundwater flow near the RWMC is dominated by recharge to the
from ma

napping in this report that changes

i rection of flow occur after significant recharge events. The
direction of groundwater flow is dependent on the amount of water diverted
+

o the spreading areas. The groundwater monitoring system must account
for variations in the direction of groundwater flow. This will involve
monitoring downgradient locations during high recharge and low recharge

LY
¥

Wells have been proposed to supplement the USGS monitoring network for
level i water chemistry data. The wells recommended

have not been prioritized or evaluated for regulatory compiiance. The

0
current monitoring system samples only the upper 120 ft of the aquifer and
acterization of the aguifer at depth is needed to evaluate
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APPENDIX A

WATER LEVEL DATA FOR USGS WELLS
BY WELL -

A-1



MWELL
8

Date

' 11/04/84
12/19/84

02/25/87
04/064/B7

07/29/87
10/30/87
12/09/87
04705788
0T /28/80

10727784
01/31/8%

8.00 WELL
.00

s.W.L. Date
06/30/86
07726786

4435.25 11/01/86
4435.24 12719786
01/23/87
4435,57 02/25/87
03727787
4435.58 04/08/67
05/27/87
06/26/87
443415 07/30/87
09703787
09/24/87
4433.91 11702/67
12/08/87
4434.13
01/20/88
02729788
03722788
£433.35 04/13/88
05/31/88

05/23/88
4A32.47 OT725/88
08/27,88
09/26/88
4432.07 11/29/88
12/19/88

4432.08 01/31/89
02/21/89

9.00 WELL
S.M.L. Date
4429 .94
#429.67

4428.95 11704/86
4429.05 12/22/86
4429.31
4429.05 02/25/87
4428.85
£428.