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GROUND- HATER MONITORING . PLAN FOR .THE:
- 1301-N, 1324-N/NA, AND ‘
1325-N FACILITIES

1.0 INTRODUCTION -

This document presents: ground water monitoring plans for three Resource
Conservation and Recovery Act of 1976 (RCRA) hazardous waste sites: (1) the
1301-N Liquid Waste Disposal Facility (LWDF); (2) the 1324-N Surface
Impoundment and 1324-NA Percolation Pond (1324-N/NA facilities); and (3) the
1325-N LWDF. These plans are described in a single document because of their
proximity to one another and because their influence on local ground water
movement and quality is interrelated. This monitoring plan is based on
requirements for interim-status facilities, as defined by the RCRA and amended
by the Hazardous and Solid Waste Amendments of 1984. These regulations are
promulgated by the U.S. Environmental Protection Agency (EPA) in 40 CFR 265,
Subpart F, as 1mp1emented by’the wash1ngton State Department of Ecology in
WAC 173~ 303 400. v :

Ground water monitor1ng“uas begun at the three RCRA sites in
December 1987. The monitoring program was described in draft plans and

.RCRA quarterly reports, but .there were no approved plans for the three sites

at that time. The-1325-N LWDF currently. remains in an indicator evaluation
monitoring program (40 CFR 265. 92). After the first year of ground water
monitoring, specific conductancé in wells.in the monitoring networks for the
1301-N LWDF and the 1324-N/NA facilities-was found to be elevated above
background (i.e., upgradient) levels. Ground water quality assessment

- programs were initiated at these two facilities (described in Gilmore and

Jensen 1989, and Gilmore 1989). The assessment programs found no evidence’
that hazardous waste or hazardous waste constituents from the 1301-N or = .
1324-N/NA facilities have entered the ground water (Hartman 1990). . It has
been proposed that ground water monitoring at the 1301-N and 1324- N/NA sites
revert to an indicator parameter monitoring program, as descr1bed in

40 CFR 265.93(d)(6).

The purpose of this plan is to present indicator eva]uation ground water
monitoring programs that will detect adverse impacts of the 1301-N, 1324-N/NA,
and 1325-N facilities on the quality of the ground water in the uppermost .
aquifer beneath the facilities [40 CFR 265. 93(d)] - This plan descr1bes the
methods that will be used to

J ’Further character1ze site hydrogeo]ogy
e Ident1fy potent1a1 pathways for contaminant migration

. Determ1ne whether any hazardous const1tuents have migrated from the
sites to the ground water

1-1
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s Install monitoring wells to supplement the existing monitoring
networks.

Seven new wells are proposed for installation in 1991 and 1992. Four will be
constructed in 1991 in support of Tri-Party Agreement milestone M-24-17.

1-2




. WHC-SD-EN-AP-038
i Rev. 0.

2.0 BACKGROUND INFORMATION
This section describes the 1301-N, 1324-N/NA, and 1325-N facilities,

waste characteristics, and hydrogeo]ogy of the region and site. References
for further 1nformat1on include: :

. C]osure/Postc]osure Plan for the 1301-N LWDF (DOE 1987a)

e Closure Plan for the_1324-NA Perco]at1on Pond (DOE 1987b)

e« Part B Permit AppTicatiqn for 1324-N Surface ImpoUndment:(DOE 1986)
. C]osUre/Postclosure Plan for the 1325-N LNDE»(DOEt1987c)

e Preliminary safety ana]ysis‘repprt for a proposed power plant near
the 100-N Area (WPPSS 1974)

. Waste Stream Character1zat1on Report (WHC 1989) and stream- specific
' reports (WHC 1990a b) :

« RCRA Quarter]y Progress Reports (e.g., Smith et a] 1990)
. RCRA Annua] Progress Reports (e.g., Smith and Gorst 1990)

. Ground water qua11ty assessment plans for the 1301-N and.
1324- N/NA facilities (G11more and Jensen 19893 Gilmore 1989)

. Resu]ts of ground water qua11ty assessment. mon1tor1ng at: the 1301-N
- and 1324-N/NA facilities '(Hartman 1990).

2.1 FACILIfY DESCRTPTION'AND'WASTE CHARACTERISTICS

The 1301 N, 1324-N/NA, and 1325-N facilities are all located in the -
100-N Area of the Hanford Site in southeastern Washington (Figure 2-1). This
section describes each of the 100-N Area RCRA facilities and the ’
characteristics of the waste discharged to the facilities..

2.1.1 1301-N Liquid Waste Disposal Facility

The 1301-N LWDF consists:of an unlined, concrete basin connected to a
long,. zig-zagged' trench, covered with concrete slabs. The facility was used
to dispose of radioactive waste water generated in the N Reactor from. 1963
until 1985, From 1983 until August 1985, waste was split between the
1301-N LWDF and the new 1325-N LWDF. In 1985, all of the waste was routed to
the 1325-N LWDF, and the 1301-N LWDF was taken out of use. The 1301-N LWDF is
described more fu]]y in DOE (1987a).

, Wastes discharged to the 1301=N LWDF were pr1mar11y rad10act1ve fission
and activation products, including cobalt-60, strontijum-90, and cesium-137.
Small quantities of nonradioactive hazardous wastes were a1so discharged to
the facilities. Constituents discharged to the 1301-N-LWDF included:

2-1
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hydraz1ne, ammonium hydrox1de, d1ethy1th1ourea, sodium dichromate, morpho11ne,
phosphoric acid, lead, and cadmium. However, analyses of samples collected at
the point of d1scharge into the 1301-N LWDF d1d not 1dent1fy any dangerous
wastes (DOE 1987a, p. 3- 1)

2.1.2'_1325-N Liquid Waste Disposal Facility -

The 1325-N LWDF consists of an unlined, concrete basin connected to a
long trench (see Figure 2-1). Like the 1301-N LWDF, 1325-N is covered with
concrete slabs. It was used to dispose of radioactive waste water generated
in the N Reactor from 1983 to the present. The N Reactor is no.longer
operating, so discharges to the 1325-N LWDF are currently minimal and"
intermittent. Routine discharges to the fac111ty are expected to rema1n
m1n1ma1 in the future

Wastes d1scharged to the 1325-N LWDF were primarily radioactive fission
~and activation products, including cobalt-60, strontium-90, and cesium-137.
Small quantities of nonradioactive hazardous wastes were also discharged to
the facilities. Constituents discharged to.the various waste streams included
hydrazine, ammonium hydrox1de, diethylthiourea, morpholine, phosphoric acid,
lead, and cadmium. However, analyses of samples collected at the point of
d1scharge into the 1325-N“LWDF did not identify any dangerous wastes or
dangerous waste. const1tuents (WHC 1990a, p. 5-15).

The 1325-N LWDF is descr1bed more ful]y in.the closure- postc]osure plan .
for that facility (DOE 1987c). Waste characteristics are described in the
Waste Stream Characterization Report (WHC 1989) and stream spec1f1c report for '
the 163 N demineralization p1ant (WHC 1990a). _

2.1.3 1324 N/NA Fac111t1es\“

The 1324-NA Perco]at1on Pond is an unlined pond that was historically
used to treat corrosive hazardous wastes and, later, to dispose of treated
effluent. It was put into service in 1977 and has been in use until the
present. Current discharge. to the 1324-NA Percolation Pond is zero.

The 1324-N Surface Impoundment was a treatment facility that was in
service from May 1986 to November 1988, when it was replaced with an
elementary neutralization unit. This fac111ty is a doubly lined pond with a
leachate collection system that was used to neutralize the wastes. It is
currently not in use.

Table 2-1 presents a summary of discharges to the 1324-N and
1324-NA facilities throughout their periods of use. Wastes treated in the
1324-N Surface Impoundment and, before 1986, in the 1324-NA Percolation Pond,
had pH ranging from 1 to 14 (DOE 1987b). These wastes contained sulfuric
acid and sodium hydroxide and were des1gnated hazardous because of the ..
characteristic of corros1v1ty., No corrosive waste has been discharged to the
1324-NA Percolation Pond since May 1986 (DOE 1987b, p. 1-1); no effluent has
been discharged to the 1324-N Surface Impoundment since November 1988 ‘
(Smith et al. 1989, p. 7.1). . No Tisted dangerous wastes (WAC 173- 303) were
d1scharged to e1ther fac111ty at any time (DOE 1987b, p. 3-2).
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- : Table 2-1. Summary of Wastes Discharged to the 1324-N/NA Facilities.
‘ 1324-NA Percolation Pond |
Dates _ Haste type and source T/S/D* Waste category
Aug 1977 - 1983 Filter Backwash water D nonhazardous,
(183-N filtered water -nonradioactive
plant) : "
Regeneration waste T &D corrosive
(163-N demineralizer) (hazardous);
nonradioactive
1983 - May 1986 Regeneration waste T&D corrosive
: ‘ (163-N demineralizer) (hazardous);
: ‘ ‘ nonradioactive
- - -
May 1986 - Nov 1988 Treated wastes D nonhazardous;
' (1324-N surface nonradioactive
‘ _ impoundment) - :
| Nov 1988 - Aug 1990 Treated wastes D nonhazardous;
o L (elementary A - nonradioactive
o : neutralization unit) ‘ . .
| Aug 1990 - present Inactive ~ : ‘
: , CL 1324-N Surface Impoundment - J . . iy
S " May 1986 - Nov 1988 .- Corrosive Waste (163- -N : T Corrosive o o
L - dem1nera11zer) A (hazardous); ' _
i B : : non-radioactive R
~ Nov 1988 - present Inactive : : T ' .
*Type of hazardous waste facility as defined 1n 40 CFR 265. 1 T
- . T = treatment; § = storage; D = d1sposa1 _ : _
| - - - ,
v SR : '. By 2-4 ' ' |
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The 1324-N/NA facilities are described more fully in the Closure Plan for
the 1324-NA Percolation Pond and the Part B Permit Application for the
1324-N Surface Impoundment (DOE 1987b and DOE 1986, respectively). The Waste
Stream Characterization Report (WHC 1989) and stream-specific report for
163-N demineralizer effluent (WHC 1990b) contain more information on the waste
streams discharged to these facilities.

2.2 GEOLOGY

Background information is provided on the geology of the Hanford Site and
the 100-N Area to support the preparation of the ground water monitoring
programs. The geology of the Columbia Plateau, and particularly the Pasco
Basin, has been studied in detail for U.S. Department of Energy (DOE) as part
of the siting studies for a deep geologic repository for nuclear waste. Much
of the information known about the Hanford Site is summarized by DOE (1988).
Studies have also been done as part of nuclear power plant licensing efforts,
including those for the Washington Public Power Supply System (WPPSS 1981) and
the Puget Sound Power and Light Company's Skagit/Hanford Project (PSPL 1982).

2.2.1 Regional Geofogiciséttjng

The Hanford Site lies within the Columbia Plateau, which is generally
characterized by a thick sequence of tholeiitic basalt flows called the
Columbia River Basalt Group (Swanson et al. 1979). These flows have been
folded and faulted, creating broad structural and topographic basins separated
by asymmetric ant1c11na1 structures (i.e., ridges). The Hanford Site lies
within the Pasco Basin, one of these structural basins.

Principal geologic units within the Pasco Basin include, in ascending
order, the Columbia River Basalt Group and interbedded sediments of the
Ellensburg Formation (Miocene), the Ringold Formation (Miocene-Pliocene), the
Plio-Pleistocene unit (pedogenic calcrete and alluvial deposits), the early
"Palouse™ soil (windblown sand and silt), and the Hanford formation
(PTeistocene). A regionally discontinuous veneer of recent alluvium,
colluvium, and/or eolian sediments overlies the principal geologic units.

2.2.2 Geology of the 100-N Area

. Details of the geology beneath the individual waste sites in the
100-N Area are limited because the wells in the area are shallow, and most
borehole logs were completed by the driller and are very general. Therefore:
it is more appropriate to discuss the geology of the 100-N Area as a whole,
rather than the individual RCRA sites. Summary Tithologic logs for selected
wells are presented in Appendix A. '

The geologic 1nterpretat1ons conta1ned in this plan are based on data ,
collected prior to 1990. The primary sources of information are borehole
records. from DOE activities around the 100-N Area and nuclear power plant
siting activities conducted by the Washington Public Power Supply System
(WPPSS) for the initial location of Nuclear Power Plant #1 at 100-N Area
(WPPSS 1974). Borehole data:include driller's logs-and geologist's logs based
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on drill cutt1ngs from shallow boreholes drilled by the cable~tool method, and
data obtained from deep, cored boreholes located near the 100-N Area during

~ the WPPSS nuclear power plant siting. Core samp]es from two of the WPPSS

boreholes were reexamined by Dr. Kevin Lindsey, 'a NORCUS post-doctoral fellow -

“with the Geosciences Group at Westinghouse Hanford Company. Dr. L1ndsey s
interpretations of those boreholes are used in this plan. '

2.2.2.1 Data Coverage. Most of the approximately 70 boreho]es in the

100-N Area penetrate less than the upper 100 ft of the stratigraphic section.
Five boreholes near the 100-N Area penetrate the entire suprabasalt sediment
package (Figure 2-2). One of these boreholes, 699-86-60, was drilled using a
cable-tool rig; the driller's log is complete to the top of the Columbia River
Basalt Group. The other four deep boreholes were drilled by WPPSS and
documented in WPPSS (1974). Three of the boreholes, 699-84-59 (called BH-16
in the WPPSS report), 699-81-62 (BH-17), and 699-86-64 (BH-18) were cored -
through the suprabasa]t sequence and into the Asotin Member of the Saddle
Mountains Basalt. The other deep boreho]e, 699-84-62A (BH-1), is a chip ho]e
drilled to the top of basa]t

2.2.2.2. Site Stratigraphy Principal strat1graph1c units of the 100 N Area
are described below, o]dest to youngest

: 2.2.2.2.1 Columbia River Basalt Group. The cored boreholes that

~ penetrate the Columbia River Basalt Group near the 100-N Area encountered the
following members of the Saddle Mountains Basalt: the Elephant Mountain
Member, the Pomona Member, the Wilbur Creek Member, and the Asotin Member..

The entire basalt stratigraphy of the area.is known from a borehole'east of
the site and another borehole north of the site in:the Saddle Mountains. It
is estimated that there is over 12,000 ft of Columbia River basalt beneath the
100-N Area (Re1de1 et al. 1989) -

The 100-N Area lies above a buried course of the ancestra] Clearwater-
Snake River that existed during the Saddle Mountains time (Reidel and
' Fecht 1981). This channel developed along flow margins that controlled the
river channe1 and the path of several basalt flows as well.

‘ 2 2.2.2. 2 E11ensburg Formation. ' In the 100-N Area very little is known °
about the nature of the Ellensburg .Formation. The three cored boreholes near .
“the 100-N Area that penetrate the Ellensburg Formation indicate the principal
lithologies .are sandstones, siltstones, and claystones, with minor
conglomerates throughout the section. These deposits probably represent
channel deposits and overbank deposits related to. the ancestral Clearwater-
Snake River system. The uppermost unit of the Ellerisburg Formation at the
100-N Area is the Ratt]esnake Ridge Interbed.

2.2.2.2.3 Ringold Formation.. The fluvial-lacustrine R1ngo]d Format1on
was deposited in the basins and generally east-west-trending valleys by the
ancestral Columbia River and its tributaries in response to development of the
Yakima Fold Belt.  While exposures of the Ringold Formation are Timited to the
White Bluffs east of 100-N Area and to Smyrna and Taunton Benches north of the
Saddle Mountains, data on the Ringold Formation are available from the three
cored boreholes and two rotary boreholes near 100-N (see Figure 2-2).
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Figure 2-2. Locations of Washington Public Power
Supply System Boreholes Near the 100-N Area.

p—— L

699-86-60 .

599-84-59
(BH-16)

@Borehole Location

699-81-62
(BH-17)

0 1,000
)
feet
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The Ringold stratigraphy is best described in the 100-N Area in terms of
facies types. At 100-N Area, the Ringold Formation consists predominantly of
interstratified clays, silts, sands, and paleosols. Thin gravels occur near’
the top and bottom of the Ringold section. :

, A cross section through the 100 Areas (Figure 2-3),. developed from three
cored boreholes and two rotary holes, illustrates the distribution of sediment
types in the subsurface. The Ringold Formation is approximately 450 ft thick
at the 100-N Area but thins to 422 ft across the Columbia River to the west
(at borehole 699-86-64). This may reflect erosion caused by the Columbia
River, perhaps prior to the Pleistocene catastrophic flooding. :

Geologic data for the Ringold Formation in the 100-N Area are sparse and
in many cases, available data have not been evaluated in detail. The
following is a general summary of Ringold characteristics that appear to be
consistent across the 100-N site. The units are discussed oldest to youngest.

* Pebbly conglomerate or gravel--This unit overlies the Elephant
Mountain Member of the Saddle Mountains Basalt of the Columbia River
Basalt Group. The gravel is cemented and is generally less than
20 ft thick. . :

e Laminated deposits of clay and silt--This unit is approximately
130 ft thick and appears to be re]at1ve1y un1form across the
100 Areas

‘o Silty to clayey sands-—Th1s unit is approx1mate1y 80 to 100 ft
- thick. Some tuffaceous ash beds-can be locally correlated from
borehole to borehole with the present data. A few fine- to
medium-grained sandstones are present in this un1t

. InterstratTfled clays, sllts,,sands, and pa]eoso]s—-This sequence is
approximately 200 ft thick and is laterally and vertically variable.
The lower two-thirds of this unit generally contains more sand than
. the upper third. Tuffaceous ash beds are present.. The most
~distinctive units within this sequence are a series of pa]eoso1s
The paleosols are commonly d1st1ngu1shed by an increase in ca1c1um
carbonate content.

« Sandy gravel--This unit is approximately 50 to 60 ft thick and is
relatively uniform across the site.

The contact between the Ringold Formation and the overlying Hanford

- formation is normally distinguished on the Hanford Site using two criteria:
the well-indurated nature of the Ringold compared to. the Hanford formation;
and the dominance of quartzo-fe]dspath1c material in the Ringold Formation
compared to basaltic material in the Hanford formation. At the 100-N Area,
the top of the Ringold Formation is not much more indurated than the Hanford
formation. ‘However, the composition of the sands and gravels is different in
the two units. The Hanford/Ringold contact is recognizable in the field as a
color change (Hanford formation is black or grey; Ringold is tan or brown).
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2.2.2.2.4 Post-Ringold Pre-Pleistocene. In the 100-N Area, no paleosols
are preserved at the top of the Ringold but exposures along the Columbia River
near the site attest to the significant amount of erosion that occurred in
post-Ringold pre-Pleistocene time. The entire upper Ringold Formation that
. forms the "White Bluffs" along the Columbia River has been removed from the
igg ¥ Area. - Total amount‘of erosion of the Ringold at 100-N Area may be up to
t. : ‘ : : , .

2.2.2.2.5 Quaternary Deposits. Quaternary deposits on the Hanford Site
include the Hanford formation (informal name), and alluvium. The Hanford
formation represents proglacial flood depos1ts primarily from the late
Pleistocene.. Alluvial deposits 1nc1ude river deposits, landslides, and
wind-blown loess and sand.

The Hanford formation in the 100 N Area comprises mainly sands and
.gravels, termed the Pasco gravels. There appears to be a general coarsening
downward, but no detailed work has been done in the area. The unit is
approximately 40 to 60 ft thick. To the northeast of the 100-N Area are
mounds consisting of poorly sorted gravels, which represent megaripples (10 to
20 ft in amplitude) resulting from the catastrophic floods.

Other Quaternary deposits in the 100-N Area comprise Holocene sediments
and minor amounts of wind- b]own silt and  sand.

The e]evat1on of the Hanford -Ringold contact and, where known, the base .
of the uppermost aqu1fer, are listed in Table 2-2. :

2.2.2.3 Structural Geology and Seismicity. Very 11tt1e information is -
available on the structure of the 100-N Area, primarily due to the lack of
surface exposures and the sparsity of deep borehole information. The
- 100-N Area is located on the south-dipping 1imb of the south side of the
‘Sadd1e Mountains anticline, just north of the axis of the Wahluke syncline.
No data are available to indicate folding of the Ringold Formation at the
site. There is no evidence to indicate that any boreholes around the
100-N Area penetrate a fau]t :

No seismic activity has been recorded at the 100-N Area. An area of
shallow swarm activity, the Coyote Rapids swarm area, is located west of the
area. The Coyote Rapids swarm area has been the site of several swarms since
1969, when instrumental mon1tor1ng of th1s area began.

Tab]e 2-2. Elevation of Geo]ogic Units at 100-N RCRA Sites.

: : Elevation of Elevation of Elevation top of
Site Surface Hanford/Ringold fine-grained unit |
» (ft ms1) Contact (ft ms1) (ft msl) and # wells
1301-N 450 to 460 - 394 to 417 . 355 to 360 (3)
1325-N 450 to 460 406 to 415 - 350 (1)
1324-N/NA 450 to 460 396 to 406 no data

2-10
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2.3 HYDROGEOLOGY

This section prov1des background 1nformat1on on the hydrogeo]ogy of the
Hanford Site and the 100-N Area to support preparation of the ground water
monitoring programs. Detailed descriptions of the Hanford Site hydrogeo]ogy
are available 1n reports by DOE (1988) and Gephart et al. (1979) :

2.3.1» Regional Setting

The Hanford Site lies within a semiarid climatic zone that commonly has
warm, dry summers. and cool winters. Mean precipitation is 6.3 in. (DOE 1988).
Climate, evapotranspiration, and<natural recharge were-studied by Stone et al.
(1983), Ha]]ace (1977), Gee (1987), and Routson et al. (1988).

Ground water beneath the Hanford Site occurs under unconfined and

confined conditions. The unconfined aqu1fer is contained primarily within the

lower portion of the Hanford formation and in.the Ringold Formation.

Figure 2-4 illustrates the water table in the northern portion of the Hanford
Site. The base of the regional unconfined aquifer is the basalt surface. In
some locations f1ne-gra1ned 'sediments in the Ringold Formation act as
confining layers for under1y1ng coarse-grained sediments. Deeper confined
aquifers beneath the Hanford Site include sedimentary interbeds and interflow
zones - that occur between dense.basalt flows. of the Co]umb1a R1ver Basalt .
Group

The major sources’ of natural recharge to the unconfined .aquifer are

‘rainfall and runoff from areas of high relief- bordering the Hanford: Site,
,ephemera] streams in the Cold Creek and Dry Creek valleys, and localized areas

where river water is induced into.the ground water as temporary bank storage
during high stages of the Yakima or Columbia rivers. Discharge from the
unconfined aqu1fer is pr1mar11y to. the Columbia River. .

. 2.3.2. Hydrogeology Beneath the 100-N Area

Most of the wells in the 100 N Area are shallow, so knowledge of the
deeper hydrogeology is limited. The current conceptuallzat1on of 100-N Area
hydrostratigraphy is illustrated in Figure 2-5.. It comprises the following
major hydrostratigraphic units: ’ : :

. Surface water

Vadose zone -

Unconfined aquifer

Ringold confined aquifer system .
Basa]t and interbed aqu1fer system

In the fo]10w1ng discussion and in the rema1nder of this document
100-N Area well numbers, normally. wr1tten 199 N-#, will be abbreviated N-#.

- 2.3.2.1 Surface Hater' The Co]umb1a River is the only natural surface water

feature affecting the 100-N Area. River stage is regulated by the dams
upstream, and daily fluctuations of 6 ft are common. The river stage usually
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Figure 2-4.. Water Table in the Northern Portfon
' ~of the Hanford Site, December 1989.
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‘Figure 2-5. Corceptual Drawing of Hydrogeologic'
Units in the 100-N Area.
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fluctuates 8 tolio ft through the year. Coniinuqu river stage measuremehts
are available from the 100-N gaging station. Figure 2-6 is a hydrograph.
constructed of daily averages from November 1, 1989 to October 31, 1990.

. Water flows from the unconfined aquifer in the 100-N Area into the river.
Elsewhere on the Hanford Site (e.g., the 100-H.Area), high river levels.
locally reverse the gradient from the river into the unconfined aquifer. In
the 100-N Area, however, this effect has been much less pronounced. Data
presented in Newcomer (1988, Appendix A) show that water levels in piezometers
located less than 50 ft of the high-water river bank were greater than river
stage, even when river stage was relat1ve1y high. These changes in river
stage caused a pressure response in the aquifer, which altered the magnitude
of the ground water gradient, though not the direction. Another recent study
observed locally reversed gradients near the river and water level responses
1n the aquifer several hundred feet away from the river (Gilmore et al. 1990,

29). River stage changes do not appear to affect the wells beneath the
100-N RCRA facilities significantly. The lack of a significant river stage
effect in the aquifer beneath the 100-N Area was probably due to the presence
of a steep gradient toward the river, caused by artificial recharge. As the
ground water mounds dissipate, reversed gradients from r1ver stage changes may
become more prominent. : ,

.~ Ground water enters the Columbia R1ver in the 100 N Area via a series of
seeps (discharging underwater) and springs (discharging above the water line).
These features are known collectively as "N-Springs." The springs are located
along the south bank of the Columbia River adJacent to the 1301-N LWDF- and
extend approximately 1.7 mi downstream. These springs, particularly those
"Tocated nearest the 100-N Area, appear to be related to increased ground water .
levels due to effluent discharge to the ground. Bank storage discharging back
-to the river also contributes to N-Springs. Water samples from N-Springs are

- analyzed annually. Perkins (1989) describes the results of 1988 sampling of -

N-Springs. The prominent radionuclides included tritium; cobalt-60,
strontium-90, and antimony-125. -

" Waste treatment and disposal fac111t1es in the 100-N Area have provided
sources of ground water recharge (see F1gure 2-1). These art1f1c1a1
-surface-water bodies are:

s 1301-N LWDF: An unlined crib and trench that was used for disposal
-of cooling water from the N Reactor. from 1963 till 1985. Discharge
rate was approx1mate1y 1,700 ga]/m1n (DOE 1987a, p. 3-1). Current
discharge rate is zero. -

o 1325-N LWDF: Rep]aced the 1301-N facility in 1985 (DOE 1987c).
: Total flow to the 1325-N LWDF during normal reactor operation was
900 to 1,600 gal/min. Current discharge is minimal and
intermittent.

e .1324-NA Percolation Pond: Received wastes from 1977 until '

" August 1990. D1scharge rates averaged. approximately 450,000 gal/day
" when it was receiving filter backwash water as well as regenerat1on
wastes and cooling water (DOE 1987b, p. 4-4). The filter backwash
water was rerouted to another faci]ity in 1983. Current discharge

is zero. : .
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Figure 2-6. Hydrograph of‘thg;Cp]umbia,RjVer at the-
100-N Gaging Station, November 1989 Through

October 1990 (Daily Averages of
- 1- to 2-Hour Measurements).
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- e Backwash Lake: - Disposal site for nonregulated waste from the
183-N Filtered Water Plant. Has received influent since 1983.
Estimated volume of discharge averaged 300,000 gal/day (DOE 1987a,

"p. 4-4). Current and expected future d1scharge rate is
approximately 42 000 gal/day.

2.3.2.2 Vadose Zone. The vadose zone beneath the 100-N Area comprises
primarily unconsolidated sediments of the Hanford formation. This highly
permeable unit is composed of mainly cobbles, boulders, gravel, and coarse
sand. Drilling data indicate that isolated lenses of silty sand and gravel
are also present. The vadose zone also includes the top few feet of the
Ringold Formation in some parts of the 100-N Area. These sediments are :
similar to the Hanford format1on sands, gravels, and cobbles, with varying
~ fractions of silt. .

Some perched water was noted during drilling of well N-35 at a depth of
approximately 30 ft. Well N-35 is located immediately adjacent to the '
%325 -N crib, and it was installed after effluent d1sposa1 to that fac111ty had

egun. v

The vadose~zone in the 100-N»area_range5'in thickness from 0 ft at the
river to approximately 70 ft in the eastern part of the site. The thickness
of the vadose zone beneath each of the 100-N RCRA facilities is 60 to 70 ft.
Soil moisture data for the 100-N Area are unavailable.

2.3.2.3. Unconfined Aquifer. The unconfined aquifer in the 100-N Area"
comprises primarily the upper part of the Ringold Formation. In some
locations the bottom portion of the Hanford formation was also saturated when
ground water mounds were present. The base of the aqu1fer is believed to be a
laterally continuous clay-rich unit containing a series of paleosols. Most of
the wells in the 100-N Area were completed at the water table; therefore the
thickness of the clay-rich unit is not known precisely at all locations. The
unconfined aquifer is approximately 40 to 50 ft thick. Information on the
100-N Area hydrogeology is summarized from well log data, aquifer test
results, water table maps, and various published reports.

2.3.2.3.1 Hydraulic Properties. Data on hydraulic properties of the
unconfined aquifer in the 100-N Area are limited, and most of the available
data are concentrated around the 1325-N LWDF. Aquifer test results are
summarized in Table 2-3 and are d1scussed below (see Figure 2-7 for well
'1ocat1ons)

Three 24-h, constant-rate pumping tests were conducted in wells N-27,
N-30, and N-32. These wells are all completed in sandy gravel at the top of
the Ringold Formation. Analysis of the data indicated there are apparently
boundary effects in some of the wells. Calculated transmissivities are
summarized in Table 2-3, and additional information is presented 1n
" Appendix B.

A series of constant discharge pumping tests were conducted on several
wells in the 100~N Area in 1988. These tests were conducted for Westinghouse
Hanford Company by Pacific Northwest Laboratory. The results were documented
in unpublished reports and are summarized below. Data sheets and/or plots
from those reports are presented in Appendix B.
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Summary of Transmissivity Data for the 100-N Area.

Table 2-3.
o Depth of tested -
Transmissivity zone (ft below Cogments

. Well Number

surface)

N-34 (observation well)

N-32 (pumped well) -

recovery data

N-27 (punped well)

recovery data

N-62 (pumped well)
drawdoun data
recovery data

N-39 (observation well)
drawdown data

recovery data -

H-67 (observation well)
drawdown data .

recovery data -

8,200 ft

196,216 gpd/ft (26, 000 £t Id) for time between
200 and 600 minutes;

© 111,692 apd/ft (15,000 ft Id) for time greater
than 600 minutes :

43,278 gpd/f: (s,aoo ftzld)

132,000 gpd/ft (18,000 ft2/d) for time less
than 5 mlnutes, N

85,411 _gpd/ft (11,000 ftzld) for time between -
- 5. and 50 minutes; :

193,600 gpd/ft (26,000 ft Id) for tlme greater
than 50 minutes.

27,000 ft2/d for time less than 80 minutes;
" 11,000 ft?/d for time greater than 80 minutes
120,000 ft2/d - '

© 5,200 ft2/d -
5,700 ft2/d

2,4

10,000 ft?7d

.60 - 80

49 - 69
66 - 78.5

N-69: 90 -.100
N-67: 65 - 76

punped well was N-30

test conducted in
March, 1984.

test conducted in -

8E0~dY-N3-0S-IHM

March, 1984.

.test conducted in

}Harch 1984.
.
[}
=

test conducted on ‘ L ©

- August 16, 1988 ‘by PHL “a

for HHC. o

pumped well was N-70; ! oo
test conducted in June,
1988 by PNL for WiHC.

punped well was N-69;
test conducted in June,
1988 by PNL for WHC.
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~ Wells N-61, N-62, N-63, and N-64 were tested in May and June 1988, during
installation of a monitoring system at the 1312-Liquid Effluent Retention
Facility (see Figure 2-7). Most of the tests were fraught with variations in
pumping rates, causing most of the data to be erratic and uninterpretable.
However, a 6-h test in well N-62 was somewhat more successful. The test was
conducted in a gravelly sand of the Ringold Formation. Data from this test
are presented in Appendix B*; transmissivities are listed in Table 2-3.

Aqu1fer tests were also conducted in wells N-69 and N-70 in June 1988
Well N-67 was-used as an observation well for well N-69; well N-39 served as
the observation well for well N-70. It is important to note that the pumping
wells are deeper than the observation.wells. Thus, the results may not
represent true horizontal transmissivity. A discussion of the tests is
included in Appendix B. Results are summar1zed in Table-2-3. :

2.3.2.3.2 Ground Water Levels. Ground water Tevels in the 100-N Area
‘and across the Hanford Site have varied through time because of artificial
~ recharge from liquid waste disposal operations. Figure 2-8 is a hydrograph
from well N-2. for the years 1964 to present. Waste disposal to the
1301-N LWDF began in 1963, just before this well was installed.

Changes in water Tevels caused by waste disposal affect ground water flow
directions in the unconfined aquifer. There are virtually no head data from
the years before waste discharge.to the sediments. at the.100-N Area. began;
however, the natural ground water, flow direction was probably to the north and
northwest, toward:the: river.. At various times: in the history of waste
disposal at the 100-N Area, ground water mounds formed beneath the 1301-N,
1325-N, and 1324-N/NA faciTities:: Locally, ground water flowed outward from-
these mounds, and- some of it may have flowed toWard‘theveast, across the horn.

Figure 2-9 111ustrates a_conceptualization of ground water flow in. the
100-N Area dur1ng active disposal of liquid wastes. The active fac111ty shown
in the figure is an area of ground water recharge; therefore, there is a
downward gradient beneath the facility. On a local scale ground water flows
radially outward from the ground water mound. The overall direction of ground
water flow in the uppermost aquifer is toward the Columbia River. There is an
upward gradient near the-river, which is character1st1c of areas of ground
water discharge.

Water table maps of the 100-N Area for December 1988, June 1989, and
May 1990, illustrate recent changes in the flow regime (F1gures 2-10
through- 2-12). The mound caused by artificial recharge- from-the = .
1324-NA Percolation Pond was. evident in late 1988.when:discharge to" the.

‘ - 1325-N:facility was low.. Ground water flowed. rad1a11y outward from:this

mound:.. D1scharge to the 1325-N facility: increased-markedly through the: spr1ng
of 1989 caus1ng ‘the mound beneath that fac111ty to ec11pse the 1324 NA- mound.

*Results of the pumping test in well N-64 were cited in PNL (1988),
giving a transmissivity value of 7751 ft?/d. However, drawdown and recovery
data for this test were very erratic. Results of the aquifer tests in wells
N-62, N-63, and N-65 were not summarized in any of the quarterly reports.

2-19




© 412

Head (feet above mean sea level)

408
404
400
396
392

388

WHC-SD-EN-AP-038

Rev. 0

Figure 2-8. Hydrograph of Well N-2, 1964 to 1990.
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Ground water flowed to the west beneath the 1324-NA facility during this time.
Discharge to the 1325-N facility decreased again after July 1989 and the
- 1325-N mound began to dissipate rapidly. The water table map for May 1990,

- indicates that the primary flow direction beneath the 1324-NA Percolation Pond
is toward the west and northwest. Ground water levels beneath the facility
will decrease in the future, because no waste is being discharged there.

A small amount of recharge from the backwash Takewill continue.

The vertical ground water-gradients are not well defined in the
100-N Area. Two wells are completed at the base of the uppermost aquifer and
are located near wells: comp]eted at the top of the aquifer. Wells N-67 and
N-69 are a sha]]ow/deep pair near the 1301-N LWDF; wells N-39 and N-70 are a
shallow/deep pair near the:1325-N"LWDF." Data. from these two well pa1rs are
inconclusive regarding vertical gradients. ‘

2.3.2.4 Ringold Confined Aquifer System. The existence of the Ringold
confined aquifer system beneath the 100-N Area is inferred on the basis of
geologic interpretation and limited borehole data from the .surrounding area.
Lithologic and stratigraphic data (see Section 2-2) suggest that a system of
confined or semiconfined aquifers and aqu1tards underlies the unconfined
aquifer. There are no wells completed in these units near the 100-N Area, so
there are no data on hydrologic ‘properties or water levels. The members of
this aquifer system are listed below, shallowest to deepest (see Figure 2-5):

. Cont1nﬁous 1nterbedded silt and clay-rich paleosols, apprbx1mate1y
200 ft thick--this unit.is believed to be an aquitard,. form1ng the
base of the unconf1ned _aquifer.

o S11ty to c1ayey sands, approx1mate1y 80 to 100 ft thick-=this unit
may act as an aquifer.

e Laminated deposits of ‘clay and silt, 130 ft thick--These sediments
' probably have very low permeability and are thought to act as an
aquitard. ‘ 4

e Gravel (indurated), approximately 20 ft thick--this unit Ties over
the Columbia River Basalt and may act as an aquifer.

2.3.2;5 Basalt and Interbed Aquifer System. Little site-=specific informaticn
is available regarding the basalt and interbed aquifer system beneath the
100-N -Area. The uppermost member of the aquifer system is the Elephant

- Mountain member of the Saddle Mountains Basalt, which is considered an

aquitard elsewhere on the Hanford Site. This. aqu1tard comprises two. basalt
flows about 115 ft thick. 'Benéath the:Elephant”Mountain. member is. the
Rattlesnake Ridge interbed of the E11ensburg Formation: (see Sectioni2.2). It
isapproximately 50 ft thick, comprising tuffaceous siltstones and c]ayey
silts and sands. Beneath the Rattlesnake Ridge interbed is the Pomona basalt
flow, which acts as an aquitard.

2-25




LEFT BLANK

P




I3 W"i it

o sl

WHC-SD-EN-AP-038
Rev. 0

© 3.0 GROUND WATER MONITORING'PROGRAM:

This plan has been developed in accordance with RCRA, as described in
40 CFR 265, Subpart F, to describe interim-status indicator-evaluation ground
water mon1tor1ng programs for the 1301 -N, 1325-N, and 1324 N/NA facilities.

3.1 OBJECTIVES ‘

~ The obJect1ves of the ground water mon1tor1ng program described in this
plan are to:

. Determ1ne background (upgradient) ground water quality for each of
“the 100-N Area RCRA s1tes a

- e Determine if hazardous waste'const1tuents that originate from any of
- the 100-N Area RCRA fac111t1es are present in the ground water above
background levels.

- The design: of the ground water mon1tor1ng program presented in this p]an
depends. on the hydrogeology of the site. This plan also describes-
hydrogeologic characterization studies-to. identify and characterize the
uppermost aquifer and potential contaminant pathways beneath the facilities.

3.2 APPROACH

This section. presents an. overview of the proposed ground water monitoring
program. Details of the program are in the following sections. Ground water
has been monitored for RCRA at the 1301-N, 1325-N, -and 1324-N/NA facilities
since December 1987. These data will be supp]emented with -data- from
installation of severa] additional wells.

Subsurface s0il samp1e5~w111 be co11ected during drilling at each new:
well location. These samples will be described and classified in the field.
Selected samples will be submitted to the 1aboratory for ana]yses to determine

var1ous physical and chemical parameters _

Ground water samp]es will be collected: after reach1ng the water table "if
these samples are necessary for deteérmining how to dispose purge water during
aquifer testing and well development. These samp]es may be analyzed for
contamination indicator parameters (noted later in this section) before
aquifer testing or well development. Aquifer-tests ‘may be.conducted-to
prov1de estlmates of hydrau]1c ‘properties of mater1als beneath’ the s1te

“ Ground water samp]es from the well networks will be analyzed- for a

- variety of chemical and radiological constituents, ‘continuing the monitoring
programs that have been under way .since December. 1987 .. Rad1o]og1ca1
constituents are not regulated under RCRA, but they are the primary
constituents of interest at the 1301-N and 1325-N facilities, and their
concentration and distribution aid in defining ground water flow beneath the
-100-N Area. Radionuclides will be investigated under RCRA past pract1ce
operable un1t studies (Tri- Party Agreement Sect1on 6 3)
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round water levels w111 be measured before each samp11ng event.
onal water-level measurements will be made in most of the 100-N Area
monthly, at least until ground water levels stabilize.

1301-N Approach

efore the initiation of assessment mon1tor1ng at 1301-N (April 1989),

" twork consisted of seven wells. Two new wells will be installed to fill
~ap in the down-gradient network. The network will be sampled

nually under an indicator evaluation program.

1325-N Approach

_he 1325 N mon1tor1ng network or1g1na11y included 12 wells. This network
.. dified based on new data and because of changes in the ground water flow
in the 100-N Area, and currently includes 10 wells. The current
ient well for the 1325-N network is well 699-81-58, which is shared with
- 24-N/NA network. A new upgradient well will be 1nsta11ed to replace
99-81-58, which is an older well with a 55-ft-long perforated interval.
tor parameter monitoring will continue semiannually at the site to
adverse impacts of the facility on the ground water.

1354-N/NA Approach

he initial -monitoring network for the 1324-N/NA facilities compr1sed one
- ient well and four downgradient wells. The upgradient well is shared

he 1325-N site. A new upgradient well will be installed. Water levels
‘ropped to the extent that three of the four existing downgradient wells
'y or virtually dry._ Two new wells will be insta]led, but the dry wells
ot.be abandoned, in case water levels rise again. One additional down-
nt well also will be installed, completed at the base of the uppermost
‘r. The monitoring network will be samp]ed semiannually in an indicator
tion program. - . _—

ROUND WATER HONITORING NETHORK

nis section describes the aqu1fer that will be monitored, the existing
~water monitoring wells, the location and justification of the proposed
~onal monitoring wells, how the proposed wells will be installed, the
.ncy of sampling, and ground water constituents to be analyzed.

ng, well construction, aquifer testing, and associated activities will
~-ducted according to app]1cab1e Westinghouse Hanford Company procedures.
“ic Environmental Investigation Instructions (EII) are cited in the
-wing sections of_this plan (WHC 1988). Additional EII may also apply.

Def1n1t1on of the Uppermost Aqui fer
- d1scussed in Section 2. 3, nearly all of the uppermost aqu1fer beneath

0-N Area is contained w1th1n the Ringold Formation. The uppermost
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aquifer extends from the: water -table to the top of a f1ne-gra1ned unit (see
Figure 2-9). Hydrogeologic characterization activities are designed to obtain
information on hydrau11c and ground water flow characteristics for the
uppermost aqu1fer

3.3, 2 Ex1st1ng Hon1tor1ng Network

This section- descr1bes the current mon1tor1ng networks for the 1301-N,
1325-N, and 1324-N/NA facilities.

3.3.2.1 Current Monitoring Network for 1301-N. Prior to initiation of ground

water quality assessment monitoring at: the 1301-N LWDF, the monitoring network -

comprised two upgradient wells (N-4.and N-66) and five downgradient wells A
(N-2, N-3, N-67, N-69, and N-14). Al] of these wells are completed at the top
of the aquifer except N-69, which is completed above a clay layer that is :
believed to form the base of the uppermost aquifer. Construction materials
and depths are presented in Table 3-1. ' Locations of wells in the‘current
network are 111ustrated 1n Figure 3-1. o . '

Chemical data from four quarters of monitoring the upgradient well were
analyzed stat1st1ca11y per 40 CFR 265.93(b) to determine background ground
water quality. Data from the downgrad1ent wells were compared to the
background values of- pH, total organic carbon (TOC), total organic halogen
(TOX), and specific conductance. Specific conductance in well N-3 was
‘elevated- above background: in December 1988. A ground water quality assessment
program was initiated to determ1ne the. source of. the elevated specific.
conductance. and:to- assess the extent and rate of ground water contam1nat1on
from the facilities, (Gilmore and Jensen 1989)

Ear]y monitoring data 1nd1cated that the e1evated specific conductance
may have been caused by influence of the 1324-N/NA facilities rather than the
1301-N LWDF. The 1324-N/NA facilities went into ground water quality
assessment monitoring based on results of March 1989 samples. - The assessment
programs for the two sites were combined; 13 additional wells in the vicinity
of the sites were put into use for assessment sampling, and the frequency of
sampling was increased. The assessment networks are illustrated in
Figure 3-1. As- bu11t diagrams and lithologic 1ogs are 1nc1uded 1n Append1x A.

Results of the assessment program 1nd1cated that there was no evidence
that hazardous constituents from the 1301-N LWDF had entered the ground water
(Hartman 1990). ‘The . assessment. network for the.1301-N:LWDF was pared. back to
a  total of 15 wells and quarterly mon1tor1ng continues, pending. the approval.
of: th1s indicator evaluation ground; water mon1tor1ng plan:

As ground water levels in the 100-N Area decline, some of the
1301-N monitoring wells may contain too 1ittle water to sample, especially
during extended periods of low river stage. Well N-66 is the most Tikely to
- go dry; wells N-57 and N-67 also are relatively shallow.: -If any of these
wells go dry, the network will be reevaluated for adequacy. It may be
h pos:1?}edto monitor add1t1ona1 ex1st1ng wells, or new wells may need to be
“installe
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- Table 3-1. He]] Construction Informatidn for 100-N Area. (sheet 1 of 3)

» ~ Screened .
: Depth or ‘ SR
Well - Hanford Elev. Drill to Casing/ perf'd Head -Sampling
number -coords. T.0.C. date bottom screen depth 5/30/90 ‘device
N-2 W 60306 459.83 6/64 - 95 «cs/pc 35-95 389.27 submersible -
N 86577 ' ‘ . ' pump
N-3 W 60828 459.45 6/64 86 cs/pc 34-86 . 388.85 submersible
- N 86365 o . ' \ , _ pump
N-4 W 60042 458.73 6/64 73 cs/pc - 50-60 391.13 submersible
- N 85921 . _ - pump
N-6 W 59572 460.97 5/65 70 cs/pc 36-65 392.94 submersible
. N 85925 . : ' _ pump -
N-14 W 59535 453.15 4/69 78 cs/pc '45-78 387.49 submersible
. N 87834 , pump
N-16 - W 60950 456.70 2/81 78 cs/screen 12-78 390.46 submersible
. N 85208 L . inside pc pump
N-17 W 60963 461.20 1/81 84 «cs/pc . 12-83 388.75 submersible
.~ N 86098 ' P pump
"N-18 W 61012 458.50 2/81 78 «cs/screen 12/78 388.08 submersible
- N 86226 ~ inside pc . pump
"N-21. W 61285 457.00 1781 79 ‘cs/pc 12-78 388.67 submersib]é a
- N 85823 _ o | -pump -
N-23 W 61469 456.30 '1/81 . 80 cs/pc 12-78 387.88 bailer
N 85586, ' . ' o ’
N-24 W 61640 432.50 1/81 55 c¢s/pc 12-54 387.25 bailer
- N 85460 - : . : :
'N-25 ° W 61706 425.80 . 1/81 - 48 cs/screen 12-47 387.37 bailer
© N 858351 - . ~ inside pc . o
'N-26 - W 61687 455.80 1/81 79 cs/screen 12-77 387.86 bailer
- N 85105 ‘ - inside pc - , ‘ ‘
N-27 W 58417 449.08° 8/83 69 «cs/ss &  32-69 392.44 submersible -
- N 85915 L packer pump
N-29 W 59112 465.25 8/83 - 84 cs/ss & 47-84 393.11 submersible
N 85358 } - packer ‘ pump
N-31 W 59211 462.63 9/83 81 cs/ss & 44-81 392.1 submersible
N 85993 _ packer . pump
N-32 W 58893 462.08 9/83 80 «cs/ss &  44-80 392.41 submersible
N 86077 packer - ‘
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Table 3-1. HWell Construction Information Fof~100—N Area. (sheet 2 of 3)

3-5

o Screened
o Depth - or o
Well Hanford Elev. Drill to Casing/ perf'd Head Sampling
number coords. T.0.C. date bottom screen depth 5/30/90 . device
N-33 W 59403 459.87 9/83 ° 75 «cs/ss & ~ 38-75 392.07 submersible
N 86148 - . packer ~ pump
N=36 W 58710 458.97 4/84 74 cs/ss &  54/74 391.98 submersible
: N 86204 ' .. packer - pump
 N-39: ‘W 58461 454.31. 4/84 78 cs/ss &  53-73 390.86 submersible
- N 86651 : packer pump
N-41 W 57989 457.59 4/84 78 «cs/ss & 53-73 388.36 submersible
-~ N 86916 o T - packer ' © pump.
N-42 W 57716 455.14 4/84 72 «cs/ss &  52-72 388.87 submersible
. N 86724 o ;; packer ‘ pump
N-47  not 443.53 ‘11/84 73 «cs/ss &  53-73 Not submersible
surveyed : ' ~ packer avail- pump
o ’ . ’ able
N-54 W 60678 457.51 6/87 73 ss/ss 58-73 390.48 HydroStar
| N 85836 _ . , pump
N-55 W 60710 457.85° 6/87 73 ss/ss° .- 58-73 390.5 HydroStar
~ Ns8gs788 . . : 7 pump
N-56 W 60637 458.09 6/87 74 ss/ss 59-74 389.63 HydroStar
N 8066 - ~ pump
N-57 W 60517 457.76 6/87 73 ss/ss 58-73° 391.42 HydroStar
. N 85535 ' I R . pump
N-58 W 60939 462.88 11/87 70 - ss/ss 55-70 392.05 HydroStar
‘ N 84487 -~ pump
N-59 W 61029 459.53 11/87. 72 ss/ss ~ 57-72. 392" HydroStar
. N 84252 ' ' T pump
N-60 W 60969 461.94 11/87 70 ss/ss 55-70 392.1 HydroStar
N 84416 | o | pump
N-61. W 60708. 462.02 11/87. 67 ss/ss 52-67 DRY  HydroStar-
| N 84272 : _ ' _ pump
N-66 W 59827 456:25 11/87 78 ss/ss - 67-78 391.75 HydroStar
N 84992 _ pump.
N-67 W 60248 458.46 3/88 76 ss/ss 60-76 389.16 HydroStar
N 86377 . . pump
N-69 W 60282 458.84 6/88 100 ss/ss 90-100  389.02 HydrdStar
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Table 3-1. Well CbnstructionAInformation for 100-N Area. (sheet 3 of 3)

Screened
- ' Depth : or
Well. Hanford Elev. Drill to Casing/ perf'd Head Sampling
number coords. T.0.C. date bottom screen  depth 5/30/90 device

N-70 . W 85360 454.21 6/88 99 ss/ss - 89-99 390.97 HydroStar
N 86600 . : | ’ . pump
-6-81-58 W 57993 439.55 10/62 90 cs/pc . 35- 90 396 37 submers1b1e
' N 81004 ‘ . pump

A11 depths in feet below land’ surface; elevations in feet above mean
sea level. Depths are rounded to the nearest foot. .

For wells with sand or- cement p]ugs the p]ugged depth and elevation
are given.

¢s = carbon steel casing
pc = perforated casing
ss = stainless steel casing/screen

For wells with both a screen and a perforated 1nterva1 the perforated
1nterva1 is g1ven

: Data from McGhan (1989) dr111er s Togs, and geo]og1st s logs.
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3.3.2.2 Current Monitoring Network for 1325-N. The original ground water
monitoring network for the 1325-N LWDF comprised 12 wells (see Figure 3-1).
Well N-70 is completed at the base of the uppermost aquifer; the other wells
are completed at the top of the aquifer. Data indicated that the well

" originally thought to be upgradient (N-52) was in fact influenced by the
1325-N LWDF. Well 699-81-58 was subsequently used as an upgradient well and
well N-52 was monitored as a downgradient well. As water levels changed with
changing waste disposal practices in 1989 and 1990, the network was modified
somewhat. Wells N-42 and N-52 are no longer downgradient of the 1325-N LWDF
and have been dropped from the sampling schedule. Construction details for
the wells are summarized in Table 3-1. As-built diagrams and Tithologic logs
are presented in Appendix A. .

- Chemical data from four quarters of monitoring the upgradient well were

-~ analyzed statistically per 40 CFR 265.93(b). After the first year, data from -
the downgradient wells were compared to the background values of pH, TOC, TOX,
and specific conductance. None of the downgradient wells has shown
s1gn1f1cant1y elevated values for the indicator parameters, so the 1325-N site
is monitored as an indicator evaluation program.

Declining ground water levels may cause wells N-36, N-39, and N-41 to go
dry. These wells are not critical to the monitoring network and prabably
will not need to be replaced (see Section 3.3.4.2).

©3.3.2.3 Current Monitoring Network for 1324-N/NA. The original RCRA ground
water monitoring network for the 1324-N/NA facilities ‘included four wells
installed at locations based on presumed ground water flow directions. After
installation of these wells in-1987, it:was discovered that all four wells
were located downgradient of the facilities because of the ground water mound -
associated with the 1324-NA Percolation Pond. An older well, located
approximately one mile southeast of the site, was added to the network to
monitor background ground water quality (see Figure 3-1). . A11 of the wells
are completed at the top of the unconfined aquifer. As-built diagrams for the
ge]]s]are included in Appendix A. Table 3-1 is a summary of construction
etails. _

Chemical data from four quarters of monitoring the upgradient well were
analyzed statistically per 40 CFR 265.92. After the first year, data from the
other four wells were compared to the background values of pH, TOC, TOX, and
specific conductance. A1l four wells were significantly above background

specific conductance. This trend had been observed throughout the first year
of monitoring. A ground water quality assessment program was initiated to
determine the source of the elevated specific conductance and to assess the
extent and rate of ground water contamination from the facilities (Gilmore
1989). The assessment. program was conducted in conJunct1on with 1301- N as
discussed above. :

Results of the ground water quality assessment program indicated that
sulfate was the primary ion responsible for the elevated specific conductance
(Hartman 1990). No hazardous wastes or hazardous waste constituents were
present in the ground water. The assessment network for the '
1324-N/NA facilities was pared back to a total of 12 wells and quarterly
monitoring continues, pending the approval of this indicator evaluation ground
water monitoring plan.
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Two of the or1g1na1 downgrad1ent we]]s for the 1324- N/NA facilities went
dry during 1990, and another is expected ‘to have too- 11tt1e water to samp]e
These wells will be replaced (see Section 3.3.3. 3)

' 3 3.3 Proposed Add1t1ona1 Mon1tor1ng Wells

This section descr1bes the wells proposed to be added to the mon1tor1ng
networks for the 100-N RCRA sites. A total of seven new wells will be :
installed for the 100-N RCRA sites. Their locations are shown in Figure 3-2
and" the approximate Hanford coordinates are listed in Table 3-2. The final
well locations will depend on field cond1t1ons and will be determ1ned by the
project sc1ent1st ‘

3.3.3.1 Additional Hel]s for the 1301- N LWDF. Three wells will be added to
the monitoring network for the 1301-N LWDF. One existing well, N-57, will be
monitored as an upgradient well instead of N-4. Well N-57 has been used in
the assessment program for 1301-N and ‘'1324-N/NA. It is comp]eted at the top
of the uppermost aquifer. Construction details are summar1zed in Tab]e 3- 1
An as-built d1agram is 1nc1uded in Append1x A.

Two new wells (NR -5 and NR- -6) will be installed downgrad1ent of the

1301-N LWDF to fill in a gap. in the network. These wells will be completed at
‘the top of the uppermost aqu1fer - -

3. 3. 3.2 Additional Wells for the 1325-N LWDF. The current. upgrad1ent well

“for the 1325-N LWDF (699-81-58) was*drilled in 1962 and is constructed of
- - carbon steel casing with 55 ft of perforations. = The construction.of ‘this well
. may not be suitable for RCRA monitoring. A new upgradient well  (NR-4) will be-

installed. The weld will be: comp]eted at‘the3top?of«the.uppermost aquifer.

3.3.3.3 Additional Wells for?the 1324-N/NA Facilities. The four downgradient
wells in the 1324-N/NA network were installed when there was a large ground

water mound beneath the facility. Since waste discharges nearly ceased in

early 1990, the mound has been declining.. Wells N-58 and N-61 went dry in
1990; well N-60 was also nearly dry as of December 1990. Two new wells (NR-2,
NR-3) will be installed to monitor the top of the aquifer. The wells will be

~completed at a depth of approximately 80 ft to intercept the Tower water

table. Another new well (NR-7), completed at the base of the uppermost
aquifer, will be-installed next. to one of the shallow downgradient wells. The
current upgradient well for the 1324- N/NA facilities (699- 81 -58) will be

'rep]aced with a new well (NR 1).

3.3% 4 Just1f1cat1on for Locat1ons -of-New: Wells

The ob3ect1ve of ground water monitoring is to detect adverse 1mpacts to
ground water quality caused by the facilities. This involves monitoring
background ground water quality in upgradient wells and downgradient water
quality. to detect potential impacts. Upgradient wells should be located out
of- the influence of the facility but in the path of ground water flow beneath-
the facility. Downgradient wells should be placed close enough to the
fac111ty and to each other to .monitor the aqu1fer adequately.
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Table 3-2,ifPropoSed'RCRA NeTfs in the 100-N Area.

Approximate Hanford

: a
: i v
coordinates Screened interval

Well Year : Facility

NR-1° 1991 © 1324-N/NA 60,300 W; 83,500 N top 10-20 ft of aquifer

NR-2: - 1991 1324~N/ﬂA» 59,800 W; 87,200 N top 10-20 ft of aquifer
NR-3 1991  1324-N/NA 60,900 W; - 84,400 N top 10-20 ft of aquifer
"NR;4b | 1991 1325-N 59,100 W; 84,300 N top 10-20 ft of aquifer

- NR-5 1992 1301-N 60,200 w; 87,000 N top 10-20 ft of aquifer
NR-6 1992 >1301-N , ;,?59,800 w;‘ ‘87,200 N  top 10-20 ft of aquifer
NR-7 e1992 'e 1324;N/NA. .se;soo‘w- F87 200 N bottom 10 ft of aquifer

aScreened. 1nterva1 will chosen by the project sc1ent1st ‘and we]] site

, geo]og1st

Upgrad]ent we]]

t

Due- to: changes' in:waste disposal” inthe. 100-N"Area,.ground water flow
directions. have changed since monitoring began in- December 1987. 'The original
ground water monitoring networks have been modified in response to those’
changes. Some additional wellsiare needed to correct.deficiencies in the
current networks. This section presents justification for the Tocation of the
new wells and, in some cases, for removing old wells from the network.

3.3.4.1 Justification for 1301-N Well Locations. The current monitoring
network for the 13014N.networkfdoes not adequate]y monitor upgradient water
quality. Ground water has flowed in various directions through time,
depending on the relative sizes of ground water mounds beneath the 1325-N and

- 1324-N/NA facilities. The two wells currently used as upgradient wells (N-4
. and ‘N-66) do not reflect the influence of the 1324-N/NA facilities on ground

water quality. This resulted in a false indication that the 1301-N LWDF was

~affecting ground water quality. Well N-57 may be a suitable substitute for
well N-4. It is Tocated upgradient of the facility as interpreted from recent
~water“table maps and hydrographs (Figure 3-3):. It is possible that.well N-57

is*located too close to the: facility to provide representative. background

“data. When the 1301-N LWDF was in-operation, well N-57 was most Tikely

downgradient because of a ground water mound at the site. Data from this well
will be examined to see if it appears to be affected by the 1301-N LWDF. If
not, indicator. parameter data from N-57 and N-66 will be used to determine
background ground water quality. If N-57 is influenced by the 1301-N LWDF, a
new up-gradient well will be installed. A change. to this ground water
monltorlng p1an would then be issued. ' .
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Figure 3-3. Water Levels in Wells N-4, N-57,
and N-67, January 1988 to April 1990..
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Two new we]]s w11] be 1nsta11ed to- mon1tor the 1301 N trench- (NR-5 and-
NR-6; see Figure 3-2). Several alternat1ves were considered for the locations
of we]]s NR-5 and NR-6:

1. AdJacent to the trench ' :
2. Just inside the fence surrounding the 1301 N LwDF
3. 0uts1de the 1301-N fence.

The first aTternative is prec]uded by 'the presence of a large mound of

. gravel and earth, which would not allow drill rig access. The difference in

distance between alternatives 2 -and 3 is 100 to 200 ft. The 1301-N LWDF has

not been used since 1985. If dangerous waste constituents from the facility -
entered. the ground water, it is 1ikely that they have.migrated: beyond the

immediate vicinity of: the trench,. and could be detected by the wells outside
the fence. Drilling in this 1ocat1on has the added advantage of being outside

a radiation zone, thus limiting the exposure of the drilling and samp11ng L
~ctrews to radioactive contamination. : _

3.3.4.2 Justification- for 1325-N Well Locat1ons The direction of'ground
water flow in the 100 N Area has varied with waste disposal practices. Ground
water mounds have existed beneath the 1324-N/NA and 1325-N facilities at
times, causing water to flow radially outward from the mounds. At times the

‘height of these mounds have been greater than the water level in.the
"upgradient" well [699-81-58 (Figure 3- -4)1. However, a water table map: of ‘the -

larger area. suggests that well 699-81-58: is outside the area. of influence of -
1324-N/NA and 1325-N (see Figure 2-4). This conclusion’ is backed-up: by the

- chemical data from well 699-81-58. The constituents’ assoc1ated with 1324- N/NAA

(primarily su]fate) or 1325- N (pr1mar11y stront1um-90) are not elevated in.
we]] 699-81-58. _

The 100-N-ground water mounds have- 1arge1y dlss1pated, SO a new g
upgradient well (NR-4) will be installed closer to the 1325-N facility.. This
location is believed to be directly upgradient of the fac111ty under current
and expected ground water flow conditions. Well NR-4 is at the same Tocation
as a monitoring well proposed: in DOE-RL (1990). Well construction and
samp11ng will be coordinated between the two programs.

Ground water in the v1c1n1ty of proposed well NR-4 may have been affected

by‘effluent disposal to the 1325-N LWDF in the past, and -there is some.risk
that the aquifer or vadose zone still contains contaminants. If sampling of
well NR-4 indicates contamination from the 1325-N’ LWDF a new upgradient well

'will be installed further from the facility.

Several wells monitored ‘in- the original, downgradient-monitoring;network
for the -1325-N LWDF are no Tonger useful in monitoring the site. Wells N-42

and N-52 are not downgradient.of the facility under current or expected water -

table conditions, and were removed from the network in 1990.

Wells N-36, N-39, and N-41 may go dry, due to the declining water table
in the 100-N Area.. No new wells are proposed to replace these wells, for the
following reasons: wells N-39 and N-41 are located at the middle or far end
of the 1325-N trench where no effluent was discharged; none of these wells

has shown trends in chem1ca1 data different from the other downgradient wells;
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Figure 3-4. Water Levels in Wells N-59, N-61,
and 699-81-58, January 1988 to April 1990.
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hazardous constituents are not evident in any of the downgradient wells for
the 1325-N LWDF; the LWDF currently does not receive any hazardous effluent,
and even the d1scharge of non-hazardous, low-level radioactive effluent has
virtually ceased. It is unlikely that new chemical contamination will be
observed. : v ,

3.3.4.3 Justification for 1324—N/NA Well Locations. Because the mounds
beneath the 1324-N/NA and 1325-N facilities are d1ss1pat1ng, a new upgradient
well (NR-1) will be installed. The proposed location is believed to be
directly upgradient of the 1324-N/NA facilities, and is closer to the
facilities than is the existing upgradient well. - The proposed location is
also better than the existing well because it will monitor impacts of the
backwash-Take. Ground: water in-the vicinity-of proposed well NR-1 may have-
been affected by effluent disposal to the 1324-N/NA facilities in the past,
and there is some risk that the ground water or sediments still contains
contaminants. If sampling of well NR-1 shows contam1nat10n from the 1324-N/NA
- facilities, a new . upgradient well will be installed..

As discussed abave, three of the four current downgradient wells for the
1324-N/NA facilities are dry or virtually dry and will not cons1stent1y
provide ground water samples or water levels measurements, assuming the water
table does not rise significantly. Two new wells will be installed (NR-2 and
?R-3% so there will be at- 1east three downgradient wells monitoring the

acility. . .

A. new- we]] will be 1nsta11ed adJacent to: one- of the sha]low downgrad1ent '
wells. This new well (NR-7) will be. comp]eted at’ the bottom of the unconfined
unit, just. above the clay-rich 1ayer that is believed to act as the base of
the aqu1fer This deeper well is designed to detect any contaminants that are
heavier than water (not anticipated at the 1324-N/NA site). It will also
provide geologic and hydrologic data on the base of the aquifer beneath the
- 1324-N/NA site. Finally, the sha]]ow/deep well pair will provide information
on the vert1ca1 ground water gradient in the vicinity of 1324- N/NA

KN

3.3.5 "Drilling and He11 Insta11ation

Four wells will be installed in 1991, and three in 1992. The first
.wells to be installed will be the sha]low downgradient wells for the
1324-N/NA facilities and the new upgrad1ent wells. The downgradient wells for
the 1301-N LWDF and the deep well for the 1324-N/NA facilities will be '
installed during 1992. Generic specifications for drilling, installation, and
related activities are described in WHC (1990c). Details will be specified on
data sheets (Figure 3-5).

The new wells will most likely be drilled with a cable tool rig. If
another method of drilling is chosen it will have the same advantages as the
cable tool method. These advantages include: (1) drill cuttings can be
easily contained .(important -in potentially contaminated material);

(2) representative geologic samples can be collected; (3) moisture samples can
be collected from above the water table; (4) disturbance to the borehole wall
is minimized; (5) a straight, plumb borehole is produced; and (6) ground water
quality is not affected by dr1111ng fluids other than water or air.
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Figure 3-5. Example Ground Water Monitoring Well Data Sheet.

DATA SHEET FOR GROUND NATER MONITORING WELLS
’ AT THE (FACILITY) - '
* Milestone M-XX-XX

LOCATION:

TEMPORARYiCASING SIZE AND SCHEDULE:

"APPROXIMATE WELL DEPTH:

SPECIAL INSTRUCTIONS (Include details such as well spec1f1cét1on,
desired order that wells are to be drilted, expected perched water

"?zones estimated number of split-spoon samp]es critical start and

compIet1on dates, and any other pertinent information that may -
impact dr1111ng) ~

APPLICABLE.DOCUMENTS: ‘(IncIude ground water monitoring plans and -
work plans) : : ‘ ‘ v

- WELL NUMBERS, LOCATIONS, PROPOSED DEPTH, TYPE, AND SCREEN‘LENGTHS:

" Well Number Coordinates Depth, FT Desian Type Screen Length, FT
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Drill cutt1ngs w111 be rout1ne1y mon1tored for radiation and hazardous
material in accordance with a site-specific health and safety plan.
Contaminated cuttings will be handled, transported, and disposed of according -
to Westinghouse Hanford Company procedures If the level of contamination is
significant enough to require changes in well design or well location, the
Washington State Department of Ecology will be notified by west1nghouse
Hanford Company pr1or to making the changes.

Drill rigs and peripheral: equipment (such as dr111 tools, cab]es, and
~temporary casing) will be steam cleaned before arriving on s1te, moving to a
new site, and beginning construction of the next well. During drilling in the
zone to be sampled, the addition of water to the borehole will be kept to a.

- minimum or avoided. This will minimize well-development: pumping after wells

" are completed and minimize the chances of driving any vadose zone contam1nants

-~ into the ground water.

Temporary carbon steel casing wdth avmininum diameter of 8 in. will
be driven to total depth as each borehole is advanced.” A temporary,

B 8-in. -diameter telescoping screen may be installed for aquifer testing, if

necessary After the borehole has been drilled to its total depth,: the final

_ well casing and screen will be installed and the temporary carbon steel cas1ng
will be removed as the filter pack and annular seal materials are placed in
the annular space.. If a temporary screen is used, it will be left in place.

The shallow wells will be drilled 10 to 20 ft 1nto the saturated .
_sediments.. The- deep well will be drilled 10 ft:into the fine-grained unit
that forms the base of the aquifer. (expected depth is approximately 100 ft).
Laboratory and aqu1fer testing of the. f1ne—gra1ned unit: will be conducted if
possible : :

3.3. 6 Well COnstruct1on

Th1s ground water mon1tor1ng plan proposes seven new we]]s six
completed at the water table and one completed at the base of the aquifer.
Figure 3-6 shows schematic diagrams of the shallow and deep wells. Well
“drilling will be governed by EII 6.7. Guidance concerning geologic sampling
and inspection of well construction is given in EII 5.2 and EII 6.7,
respectively. The WAC 173-160, Minimum Standards for Construction and
Maintenance of Wells, is used as required for well design and construction
materials. Quality assurance requ1rements of the Tri-Party Agreement and
(QAPP) WHC (1990d) also app]y ' : ,

Dec11n1ng ground water levels: and. river stage. f]uctuat1ons are: tw0'
variables. to: be- considered. if: picking: screened- intervals. The water table in

~ the 100-N"Area is expected to stabilize at no less than 385 ft msl. Water

levels in some of the wells near the river may occasionally be Tower than

385 ft during times of low river stage. Screened intervals will be chosen to
span the expected high and low water table-conditions; screen lengths may -
range from 10 to 20 ft beneath the water table.- Screened intervals will be
chosen by the s1te geologist and project manager at the time of construct1on
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The top of the screens in the new shallow we]]s at the 1324-N/NA site
will be placed at elevations that are above the bottom of the screens of the
existing wells. This will allow monitoring the top of the aqu1fer under a
variety of water levels. For example, the bottom of well N-61 is at
395 ft ms1. A nearby new well will be screened from 10 to 20 ft below the
water tab]e up to 400 ft msl. , A ,

For the deep well, the borehole will be plugged to within 3 ft of the top

of the fine-grained unit. The well screen will be 10°ft in length, placed at

the base of the aquifer.

The new wells will be constructed of stain]esststee],.fiberg]ass; or
other inert material. Channel-pack:-screens will be used, or the site
geologist will determine the filter pack size-and screen slot size based on
gu1de11nes outlined in EII 6.8. If a sand filter pack is used, it will be
placed in the annulus between the 8-in. telescoping screen (if used) or the
temporary 8-in.-diameter cas1ng and the permanent 4-in.-diameter cas1ng and

screen as the temporary casing is withdrawn. 'If a telescoping screen is used '

" during tests, it will ‘be left in the :hole. Thesand filter pack will be .
placed from approx1mate1y 1 to. 3 ft be]ow to 3 to 5 ft° above the top of the
screen. ‘

, A 3- to 5-ft- th1ck benton1te pe11et seal will be placed on top of the
sand- pack. The-annulus. above: the bentonite.pellet seal to 20 ft below ground
surface will be filled with dry granular bentonite. Cement grout will then be
installed to within 3 ft of" the: .ground surface. The well casing will extend
1 to 2 ft above ground surface and will be protected by .an outer steel casing
and a 1ock1ng cap. The protective casing will be set into- the ground. and
cemented in place with- a 4-ft by 4-ft by 6-in. concrete pad. A-brass survey
"marker will be placed in the concrete pad, and all protect1ve casings will be
permanent]y marked w1th well 1dent1f1cat1on numbers o

3.3.7  Well Development

Fo]]ow1ng comp]et1on, we]]s w111 be developed using the procedures
described in EII 10.4. If°the water cannot be developed to a turbidity of
less than 5 NTU; an exp]anat1on will be prov1ded and documented by the site
hydrogeo]ogIst e

“All ground water d1scharged from the. wells dur1ng development - w111 be
disposed in accordance with Westinghouse Hanford Company guidelines.and:
procedures. If it is necessary, a ground water sample will be collected and.
analyzed: before deve]opment beg1ns The resu]ts cou]d be: used tor determ1ne

“the: hand11ng and d1sposa1 of " purge water.. .

3.3.8 sampling Pumps

After development, permanent samp11ng pumps will be 1nsta11ed in each
well in accordance with EII 6.8. Hydrostar pumps. w111 be used.
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+3.3.9 Surveying

After monitoring well installation is completed, all wells in the
100-N networks will be surveyed for location and elevation by qualified
surveyors. The elevation of ‘the top of the casing and a brass marker in the
concrete‘pad will.be determined within 0.04 ft. A mark will be placed on the
casing to indicate the location that was surveyed. The areal location will be
determined to the nearest 0. 5 ft.. A1l measurements will be referenced to a
common datum ‘ ' o

3.3.10 Hon1tor1ng Parameters

Const1tuents and samp11ng frequenc1es required by 40 CFR 265. 93 are
listed in Table 3-3. A site-specific constituent 1ist and sampling
frequencies are shown in Table 3-4. Ground water samples were collected from

- the existing wells in the monitoring network at least quarterly for the

constituents listed in Table 3-4 and additional constituents (see Gilmore 1989
and Smith et al. 1990). . These wells will now be sampled semiannually, as
indicated in the table. The new wells will be sampled quarterly for the first
year, and semiannually thereafter. Analytical methods are listed in. the
SampIJng and Analys7s Plan (Appendix C) .

3.4 HYDROGEOLOGIC CHARACTERIZATION

Hydrogeo]og1c character1zat1on of the 100-N Area has been conducted as .
part: of the existing RCRA mon1tor1ng program as well as.for numerous ‘
environmental and engineering studies through the past 30 yr. These data will
be supplemented with data gathered.in drilling of the new wells. Work '
performed will follow approved procedures, in accordance with WHC (1990d)

,(‘ e., the QAPP).

Data collection and interpretation will focus on geology, geochemistry,
hydrogeology, hydrochemistry, and ground water monitoring. The character-
ization will be performed during and after construction of the planned wells.
Information obtained from the existing wells will also be integrated into the
characterization and interpretation effort. Characterization of this site is
a discovery process, and data collection in these areas may expand or decrease
depend1ng on the 1nformat1on obtained.

3. 4 1 Geologic Character1zat10n

The activities that will be conducted in support of geologic
character1zat1on are described in the following section. :

As the new wells are drilled, geologic samples will be collected at
5-ft ‘intervals, at changes in ]1thology, and when significant changes in
moisture content are observed (EPA 1986). Sampling will be conducted in
accordance with EII 5.2. A general description of the borehole cuttings
between sampling intervals will be recorded by the well-site geologist in
order to obtain a continuous 1ithologic record. Samples will be.archived for
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Table 3- 3x Ground Water Sampling- Parameters and
Frequency of Analysis Required by 40 CFR 265.

Interim Primary Drinking Water Standards A Maximum Leve]b

(40 CFR 265, ‘Appendix. I1I) .
Samp]ed quarter]y for first year:

Arsenic 0.05
Barium ' ) R - Ik0
Cadmium T F )
Chromium ‘ ‘ - 0.05
Fluoride. ' . - 1.4 to 2.4
Lead ' : ' ' - 0.05 ¢
Mercury - - 0.002
Nitrate (as’ N03) , ‘ 45
Selenium : o ' 0.01
Silver 0.05
Endrin , 0.0002
. Lindane : ‘ ' - - 0.004
Methoxychlor ) o o 0.1
Toxaphene : : - 0.005
2,4-D 0.1
- 2,4,5-TP Silvex 0.01
" Radium L : 5 pCi/L.-
. Gross alpha ' St 15 pCi/L
~ Gross beta. ‘ . ' - 4 mrem/yr-

~Coliform bacteria - : 1/100 mL
Ground—water uality Parameters: ~

[40 CFR 265. 93(b)(2)] ‘
Samp]ed quarterly for first: year; annua]]y thereafter

Chloride
" Iron
Manganese
Phenols
Sodium
Su]fate

Ground-water Contam1nat1on Ind1cator Parameters
CFR 265.93(b) (3)]

[40 _
Sa p]ed quarterly for first year, semi-annually thereafter

pH ,
Specific conductance.
Total organic carbon - -
Total organic halogen

~ ®Regulatory requ1rements for samp11ng parameters are -
subject to change because of federal regulations.
nless otherwise noted, levels are in mg/L.
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Table 3-4. Ground Water Analyses and Ffequency of Analysis for

1301-N, 1324-N, and 1325-N RCRA Projects (sheet 1 of 2). . .

Frequency®

- 0lder wells and:
new wells after
first year

New weT1s

Ana1ijs first year

pH (field and laboratory) ‘
specific conductance (field and lab)
total organic carbon o
total organic halogen .

(Tow detection 1limit)
phenols ‘
turbidity
temperature - (field)

DO OO
17,
I

Metals by the inductively coupled ‘ )
plasma méthod (filtered, unfiltered) Q - . SA
~aluminum ) S '
antimony
. barium
- beryllium
boron
cadmium . , . »
_ - calcium o SR L o ey
‘ - chromium C ' : S
’ S cobalt.
‘ . ' copper
- iron
Tithium
magnesium
~ manganese
| S - molybdenum
: IR nickel
potassium
| : . silicon
i SR - silver
' * sodium
strontium
~tin ,
titanium
vanadium
zinc
Zirconium. . A
Other metals (filtered, unfiltered) Q o - SA
arsenic ' - o
lead

mercury
selenjum
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Table 3-4. Ground Hatef Ana]yées and Frequency of Analysis for
- 1301-N, 1324-N, and 1325-N RCRA Projects»(sheet 2 of 2)..

Frequency®

._Older wells and

New wells "new wells after

Analysis first year

first year .

Anions by ion chromatography , Q © SA
bromide o - ‘
chloride
fluoride”
nitrate
nitrite
phosphate

- sulfate , ,
Pesticides. : S Q CL ==
' endrin ' N ' o ’ '
methoxychlor .
" toxaphene =~ ‘
- lindane (four 1somers)

 Herbicides S oo T
. 2,4-D - ' o
2,4,5-TP silvex
2, 4‘5 -T

" Coliform bacteria - L o Q ' - SA
Rad1o1og1ca1 v « ' - Q SA°

radium o

gross alpha

gross beta

strontium-90

tritium

gamma scan . . .
Hydrazine ' : Q —_— SA°

quarter]y, A = annua] SA = semi-annual; -- = not analyzed.
. bThese const1tuents will be ana]yzed for 1301 N and 1325-N wells
* only. A . .
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possible future analyses. No dr1111ng fluids (1nc1ud1ng water) will be added
to the borehole unless necessary and approved by the well.site geologist.

This will aid detection of perched water zones, allow collection of
representat1ve moisture samples, and have minimal impact on ground water
chemistry. Samples will be collected for moisture content determinations in
the unsaturated sediments at 5-ft intervals and at moist or wet zones.

The well site geologist will describe-the samples in the field and
document the descriptions on borehole logs, per EII 9.1. Every sample will be
recorded on borehole logs as they are collected at the drill site. The
detailed 1ithologic descriptions of geologic samples will include color,
texture, sorting, mineralogy, roundness, relative calcium carbonate _
concentration, consolidation, and cementation. In addition, the drilling and
well construction information, plus the depths where various samples were
collected, wi]] be documented on the borehole Togs.

The site geo]og1st will select geo]og1c samples to be ana]yzed in the
1aboratory, gu1ded by the criteria listed in Table 3-5. - 4

Tab]e-3-5;. Laboratory Analyses for Sediment Samples and
Criteria for Selection.

Analysis o : Criteria

Sieve particle size ~ At.changes in Titho1ogy'.

Pipette and/or hydrometer Samp]es with 50% or more mud-sized part1c1es, as -
analyses . - . determined by sieve analyses

Calcium carbonate content Same as sieve particle size

Moisture content , Every 5 ft above the water table when no “water: .
. is added during drilling . .

3.4.2 Chem1ca1 and Rad1o]og1ca1 Analys1s of Sed1ments

Sediment samples will be monitored for valatile and rad1oact1ve

contaminants with field screening instruments, as stated in section 3.3.5. If.

contamination is detected, samples will be sent to a Taboratory and ana]yzed
for some or all of the const1tuents list in Tab]e 3-6.

3.4.3 Borehole Geophysical Logging
The primary purpose of geophysical logging will be to correlate and
interpret subsurface stratigraphy between boreholes. Another use is to

identify stratigraphic zones that may have been contamlnated by
gamma-ray-em1tt1ng rad1onuc11des : Ty
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Table 3-6. Method and Constltuent L1$t for
So11 Samp]e Ana]ys1s

‘Constituent o Method
Uranium | " EPA 908.0
Chromium - ' ' SW-846 6010
lead . . SW-846 7421
Selenium | SW-846 7740
Major elements SW-846 6010
-Total organic carbon L SW-846 9060 -
Volatile organic B .
constituents - SW-846 8240
Cation exchange ~ SW-846 9080 or 9081
'Anions. : " EPA 300.0
Gross alpha -  sW-846 9310
Gross beta - | SW-846 9310

Gamma scan - , EPA-901.1

The new monitoring wells will. be 1ogged during construction with.a. gross
gamma-ray system, and may also be logged with the spectral’ gamma-ray logging
sonde. After completion, the project scientist may elect to have the new
wells viewed with a“downhole video camera ‘to ensure the wells are clean and
undamaged. In addition, wells may be relogged with the spectral gamma system
to provide a baseline for any- future radionuclide mon1tor1ng that may be
applicable.

3.4.4 Aquifer Testing -

The purpose of aqu1fer testing ‘is. to determlne the hydraulic
_character1st1cs of in situ geo]og1c materials in the uppermost aquifer
‘underlying the 100-N Area. However, the primary purpose of installing the
wells in the 100-N Area RCRA monitoring networks. is to monitor the ground
water chemistry, so the:wells: are not designed for aquifer testing. Results
of aquifer tests may be 1nf1uenced by well design: and should be cons1dered in
. this perspective. .

Aquifer testing that involves pumping ground .water out of the well will
be conducted only if adequate means exist for disposing of the purge water at
the time the wells are ready for testing. Slug testing is an alternative that
has been used at other sites at Hanford because it does not produce any purge
water. However, slug tests are often not very useful in highly permeable
. sediments, are representative of only very small parts of the aquifer, and may

3-25




WHC-SD-EN-AP-038
Rev. O

be affected by well construction. The procedures for constant discharge tests
and slug tests are included in EII 10.1.

, STug tests will be attempted in the new wells before comp]et1on to obtain
estimates of transmissivity of various units. The drive casing will be pulled
back a few feet to expose the formation to.the -open hole. - If heaving or. :.
caving formations are expected, a section of telescoping screen will be set in
‘the well before testing. The borehole will be bailed to remove drilling
- fluids and debris before conducting the test. During the slug test, the
hydraulic head will be changed by suddenly introducing or removing a cylinder
of known volume. The water-level recovery response will then be observed over
time.

_ Constant-discharge tests could be conducted for up to 24 h in those cases
where at least one observation well is available and drawdown is large enough
(greater than 0.2 ft) to allow a quantitative analysis of the data. When
available, data from the observation wells can be analyzed to yield estimates
of transmissivity, storativity, and sometimes, hydraulic conductivity
anisotropy. Single well constant-discharge tests can normally be conducted

for up to 8 h, and can be used to estimate transmissivity.

Multiple-well constant discharge tests will be attempted in one of the
1324-N/NA wells where other monitoring wells are located near enough to be
used as observation wells. Constant-discharge tests will also be attempted in
the new 1301-N wells. ' ‘ _ . -

A temporary screen will be installed in the pumping well prior to well
. completion. The well will be pumped prior to the test to develop- the
. formation and to determine the best pumping rate for the test. After water
levels have recovered to static, the well will be pumped at a constant rate
and water levels monitored. The duration and design of the tests will be -
described. in an aquifer test plan.

’3.4’5’ betermination of Ground Hater Flow Paths

- Water levels will be measured in all the wells of the monitoring network

and in additional wells in the 100-N Area to determine the hydraulic head
distribution used in identifying ground water flow paths. Measurements will
also be made over time to evaluate temporal changes in flow paths and dynamics
- of the aquifer system.- Ground water levels are measured each time a well is
- samp]ed Currently, ground water levels are also measured in most of the
wells in the 100-N Area monthly, usually all in a single day, because water
levels in the 100-N Area change considerably with time, due to waste
discharges. These monthly measurements will continue at least until the water
" table in the vicinity of the 100-N Area stabilizes. Distribution of chemical
and radioactive constituents in the ground water also will be used to -
- determine flow paths.
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3.4.6 Data“Interpretatidn and'Presentaﬁionwgff&

A data package will be prepared after the wells are completed. This
package will include: borehole-stratigraphy, geophysical logs, details of
well completion, aquifer:test results, well development, and survey data.

After additional data are gathered (i.e., ground water chemistry and
water levels), a site characterization report will be prepared. Specifically,
this report will include: (1) descriptions of. hydrostratigraphic units;

(2) water-level data and water table maps; (3) test data and results of
analyses; (4) as-built diagrams of wells; and (5) hydrochemical data.

The.hydrogeologic data will be- integrated to refine the current
conceptual model of the ground water flow system(s) in the vicinity of the
100-N Area. The data will also be used to evaluate whether the
characterization was adequate and.if the'ground water monitoring system is
appropriately designed. Recommendations will be provided for -additional
characterization activities or construction of additional ground water
monitoring wells, if necessary ;

3.5 SAMPLING AND ANALYSIS ‘MV

The new wells w111 be samp]ed quarter]y for 1 yr and semiannually
thereafter. The depth.to water.will be measured before samples are collected.
The wells will be purged and samples will be collected after-at Tedast three
borehole volumes have been. removed-and.when specific conductance, temperature,
‘and pH have stabilized. In the case of wells that pump dry because of very
low-permeability materials, the samp]e will be co]lected after recharge

Samp]e analysis, preservatlon “and cha1n -of-custody procedures in
accordance with 40 CFR 265.92 "are discussed in Append1x C. The quality _
-assurance/control protoco] is also.given in Appendix C. -The purpose of the
quality control activities is.to determine and document that samples were
carefully collected and transferred to an analytical laboratory,. that the
"~ quality of the analytlcal results being produced by.the laboratory are
defens1b1e, and to’see that corrective act1ons will be taken as necessary.

" Under the 1nd1cator-eva1uat1on mon1tor1ng program, ground water surface
elevation data must be evaluated at Teast’ annually to determine if the
monitoring wells are appropriately located (see Section-3.4.6). If the
evaluation indicates that existing wells are no longer adequately located, the
ground water monitoring system will be modified to bring it 1nto comp11ance
with. 40 CFR 265 .91(a). ,

- 3.6 STATISTICAL ANALYSIS OF GROUND
WATER MONITORING DATA

- The methods for establishing background values of water qua11ty and
gva]uat1ng water—chemlstry data, and the report1ng requ1rements, are d1scussed
elow '
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3.6.1 Establish1ng Background Ground Hater Quality

Quarter]y samp]es were collected for 1 yr from the ground water
monitoring wells in compliance with 40 CFR 265.92. The samples were analyzed
for the constituents listed in Table 3-4 and additional constituents (see
quarterly. reports). Data from the first. year of quarterly monitoring of the
-upgradient wells were analyzed to determine background values for indicator
parameters, using methods described in the following section. Indicator
parameters for downgradient and upgradient wells are compared to background
va1ues each time these wells are sampled. .

: This plan proposes changes in the upgrad1ent wells for the 1301-N,
'1324-N/NA, and 1325-N sites, so background values will again be reca]cu]ated
after four quarters of data are available from the new upgradient wells.

3.6.2 Evaluation of Data -

.Plots of the indicator parameters will be maintained for each well to
‘Took for trends in the data. Plots of additional parameters that are of
particular interest for individual sites will also be maintained (e.g.,
strontium-90 for 1301-N and 1324-N/NA; sulfate for 1324- N/NA)

The new downgrad1ent wells w111 be sampled and analyzed quarter]y for the
first year. A minimum of four independent samples will be obtained for each
. well and- for each monitoring parameter or constituent. Analytical data from-
- all the downgradient wells will be compared with the background well data to.
determine whether there is a statistically significant increase (or in the
case of pH, difference) in the mean or median values over the background
populations. Alternative methods are provided to handle data that are below
the analytical detection 11m1t(s) A flow chart depicting the process of
selecting a method of analysis is presented in Figure 3-7. Statistical
analysis methods include analysis of variance (ANOVA), test of proportions,
and other methods deemed appropriate (EPA 1989). The methods selected are
based on know]edge of present conditions, and may be changed. as new
information is obtained and/or ground water flow patterns change.

For each constituent, the downgradient data will be compared with
background statistics co]]ected over a period of one year. This approach is ..
preferred over same-point-in-time comparisons because it provides a larger
~ data set for establishing background. The background data will be regularly -
reviewed and the background statistics and/or statistical methodology may be
- modified if required to address trends or seasonal variations. The following .
. discussion provides an approach to be used initially, and assumes no
. significant trends or seasonal variations.

3.6.2.1 ANOVA. One-way ANOVA procedures will be used to test with.a 99%
level of confidence whether the compliance data are drawn from the same
population as the background data. A parametric-ANOVA procedure assumes-that
the data consist of random samples drawn from normal population(s) with a
common variance. If the data are shown to be normally or 1og norma]]y
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distributed with e common variance, and if less than 15% of the samples from
each population. are below the detection 1imit, the non-detects will be
.ass{gged a value equal to one-ha]f of the detect1on 1imit and parametr1c ANOVA
wi e used.

- A non-parametric procedure such as the Kruskal-NaTlis one-way ANOVA.mey -
‘be used if the data do not meet the parametric ANOVA requirements or if the
p;oport1ons of non-detects from each popu]at1on are less than 50% but more .
than 15% .

If parametric or non-parametric ANOVA is significant at 1% 1eve1
multiple comparison procedures will be used to evaluate which well may be
contam1nated (EPA 1989)

3.6.2.2 Test of Proportions. This procedure uses the normal distribution

. approximation to the binomial distribution. This assumes that the sample size
is reasonably large. If more than 50% of the data are below the detection -

- 1imit and the conditions for applying the normal approximation to the binomial
~are satisfied (EPA 1989), a test of proportions may be used to compare the
background well data with the downgradient well data.

If very few quantified values are found, an exact test procedure for the
equality for two binomial proportions as described by Nelson (1982) may be
- used. Alternative methods such as tolerance limits or a quantile test
(Johnson et al. 1987) or a slippage test (Rosenbaum 1954) may also be
considered. These alternatives would be appropriate when the number of
. detected compounds is qu1te sma]] re]at1ve to the number of compounds
-analyzed. _ ,

The test of proportionsrcompares the_proportions of detects rather than

- the magnitude of the actual concentrations of the constituents of concern -and

could therefore, indicate a significant difference when the downgradient well.
concentrations were in fact lower than the background concentrations or vice
versa. To protect against such possibilities, a significant difference in .
.proportlons will not be considered as an indicator of contamination unless the
maximum background concentration is exceeded by that allowed by the slippage
test (Rosenbaum 1954). For purpose of the statistical analysis, the practical
quantitation 1imit is considered to be the maximum background concentrat1on in
case when all the background samp]es are non-detects. )

3.7 NOTIFICATION AND REPORTS

A summary of the reports required for comp11ance with 40 CFR 265,
Subpart F, is given 1n Table 3-7.
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Table 3-7. ReporfS‘Required for Coﬁp]iénce with 40 CFR 265,
: Subpart F, for Ground Water Monitoring.

Submittal ‘ Submittal Period Reference

First year of sampling only: Quarterly 40 CFR 265.94(a)(2) (i)
Concentrations of interim '

primary drinking water

‘constituents, identifying

those that exceed the limits

of 40 CFR 265, Appendix III.

Concentration and statistical Annually, by. 40 CFR 265.94(a)(2)(ii)
analyses of ground water ‘ March 1 of . _
- contamination indicator - following year

parameters, noting

significant differences in

- upgradient wells.

Results of ground ﬁﬁter ~ Annually, by . 40, CFR 265.94(3)(2)(111f
surface elevation evaluation. © ~March 1 of ,

and description of: reSponse . following year
if appropriate. : :
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4.0 PHASE II--INITIATION OF GROUND WATER
QUALITY ASSESSMENT PROGRAM

This chapter discusses the criteria that would again require notification
of regulatory agencies and initiation of a ground water quality assessment
program. The notifications for compliance with 40 CFR 265, Subpart F, are’
presented, and the contents of the ground water qua11ty assessment program are
outlined.

Ground water samples from all monitoring we]]s will be tested -
semiannually for contamination indicator parameters, and annually for interim
primary drinking water constituents, secondary ground water quality
parameters, and site-specific parameters (see Table 3-4). The indicator
parameters for the downgradient wells will be stat1st1ca11y compared to the
established background values to determine if there is a significant
difference (see Section 3.6.2). If a parameter is significantly. elevated and
indicates that the facility may be affecting ground water, the well(s) with
the elevated values will be resampled. If the results are verified by the
second samp11ng, Ecology will be notified in writing within 7 days of
verification. A ground water quality assessment plan will be developed and
sent to Ecology within 15 days fo110w1ng the not1f1cat1on An -outline of this
plan is presented below. . : :

(!Z. '

' Introduction . '
Existing Data and Evaluation
Overview of Site Hydrogeology

-~ - -Ground Water Quality Assessment Program

Investigatory Approach _
Assessment Monitoring Network -
Water Level Monitoring
Constituents
Schedule-
Sampling and Analysis
Methods-
Quality Assurance
' Quality Contro]
References
Appendix A--As-Built Diagrams for Monitoring Wells
Appendix B=-Water Tab]e Elevation Maps for the Surround1ng Area

The ground water quality assessment program will. 1nc1ude (1) number,
location, and depth of wells in the monitoring network; (2) samp11ng and
ana]yt1ca1 methods used; (3) -evaluation procedures; and (4) a schedule. of-
implementation. The: assessment program will also provide: an investigative
approach to determine rate and extent of migration of hazardous waste or
hazardous constituents in the ground water and their concentrations. As soon
as technically feasible, these determinations will bé made and a report of the
findings sent to Ecology. Tab]e 4-1 provides a schedule for reports and
notifications.
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Reports and Notifications

Submittal

Submittal Period

Reference

Required whether or not the facility might be affecting ground

water

First year of sampling
only: Concentrations of
interim primary drinking
water standards,
identifying those that
exceed the limits of

40 CFR 265, Appendix III

Concentrations and
statistical analyses of
ground water contamination
indicator parameters,
noting significant
differences in upgrad1ent
wells.

Results of ground water
surface elevation and
description of response,
if appropriate.

Quarterly 40 CFR 265

Annually, by March 1 40 CFR 265

of following year

Annually, by March 1 40 CFR 265

of following year

94(a)(2)(i)

94(a)(2) (i)

94(a)(2)(iii)

Required if the fac111ty m1ght be affect1ng ground water

Notification that the

facility might be affect1ng

,ground water

Ground water quality
assessment plan

Report on assessment of
ground water quality,
including concentrations of.
hazardous waste
constituents and their rate
and extent of migration.

Results of the ground water
quality assessment program

Within 7 days of

40 CFR 265
confirmation of a

statistically

significant

difference over

background

Within 7 days of the
above notification

Within 15 days of
first determination
(as soon as
technically feasible)

Annually, by March 1 40 CFR 265
of following year,
until closure of

facility:

40 CFR 265

40 CFR 265

94(d) (1)

94(d) (2)

94(d) (5) -

94(b) (2)
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It is 1ikely that specific conductance will remain elevated in the wells
downgradient of the 1324-N/NA facilities for some time. This elevated
specific conductance is due primarily to sulfate and sodium, which are not
hazardous waste constituents (Hartman 1990). Each time the indicator
parameters are compared to background for the 1324-N/NA wells, metals and
anion data will be evaluated to determine what ions are causing it. If the
elevated specific conductance is still due to the nonregulated constituents,
this information will be noted in the quarterly reports, and assessment
monitoring will not be reinstated.
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APPENDIX A

GEOLOGIC-AND WELL CONSTRUCTION DIAGRAMS
~ FOR SELECTED 100-N AREA WELLS =

Geologic and construction diagrams from the wells in the 100-N Area
RCRA monitoring networks are included in this appendix. Several other wells
in the 100-N Area that are discussed in the text are also included. These
logs were compiled from data obtained from wells drilled by U.S. Department of
~ Energy contractors. The Tithologic and well construction information was
obtained- from driT1erSJ 1095~and where*avai1ab1é; geologists' Tlogs.

This appendlx includes 1nformat10n for the f011ow1ng we]]s

1301- N WELLS ' ' : ASSESSMENT WELLS
N-2 - S L. N-16
N-3 ) : T N- 17
N-4 . i N-18
- N-14 ‘ ' - e N2l
N-57 L N-23
N-66 s i : N-24
N-67 o - N=25 -
N-69 . N-26
. o N-47
1324-N/NA wELLS : . - N-54
N-58 -~ N-55
N-59 | B N-56-
N-60 - ‘ ‘
N-61
. 699-81-58
1325-N wELLS ' .~ - OTHER WELLS
N-27 ' N-62
N-29 , : - N-63
N-31 ‘ E N-64
N-32 _ ' N-65
N-33 o oo
- N-36
N-41
'N-42
N-52
N=39
“N=70-
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Well 199-N-2

Construction
Diagram Lithologic

Approx. Elev. Depth ———_a—Removable Cap Diagram

(ft. msi) (ft.)
.—O

458 ] =
| A ﬁc_:?.:_ Sand, Gravel and
_ [ 0295, Bouiders
127 ft. of 8 in. Diameter p ;
Carbon Steel Casing
4401 _og
T Sand and Gravel
420 —_ 40 I I ~ Pertorations '
- 6 Cuts/Round. 1 Round/
I I Between 35 ft. and 120 ft.
_ ¥ (6/22/90) G
-+ I .
380 —..gg I I )
360 — A
—100 o, T~
—~ Clay -
e~
] oy
— NIA'V d
-~
e
340 — ~
£
Drilled Depth: 125 ft. Logged by Driller
Compietion Date: 6/64
Plug Instailed 5/78
Elevation Top of Casing: 459.53 ft. msli
Y (6/22/90) = Water table and date measured
ft. msl = Feet above mean sea level

All depths are in reference to land surface 39008007.40
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Well 199-N-3

. Construction .
‘ - Diagram *
_ Approx. Elev.' Depth- 9 Removable Cap

(ft.msl) - . (i)

Lithologic

Diagram

— ' ' |8 In. Dlameter Carbon
— ‘ ' Steel Casing
440
—20
.420 = 10 | I I
‘ Perforations 34-86 ft
i 1 ¥ .
B S
400 —
o I I
__I I VY (6/22/90)
T ] I
380 | I I
0]
- r- ]
360 - 100
] | Sand
0
340 120

Gravel,
Boulders,
Sand and Silt

Sandy Gravel

~ Sand

Sandy Gravel

Sand

" Driller's Log

Missing

| 106125 ft

Drilled Depth: 125 ft
Completion Date: 6/64
Elevation Top of Casing: 459.45 ft. msli

Logged by Driller

! (6/22/90) = Water table and date measured

ft. ms| = Feet above mean sea level

All depths are in reference to land surface

39008007.39
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Well 199-N-4

| : ' ~ Construction .
.- Diagram ithologi
- Approx. Elev. Depth S - Removable Cap L.',‘ia;,‘;?,'f

(ft. msi) (ft.)
] 457 00—

Sand, Gravel

| «— 8 In. Diameter Carbon

| I Steel Casing and Cobbies
440 -
—20
Perforations 50-60 {t
420 —‘_40 ' 4 Cuts per Round,
' 1 Round per ft
T o *4 Sandy Gravel
e V¥ (6/22190)

1 Sand, Gravel
5l° and Cobbles

380 “-s0 Wéement Plug

360 |-100
i Driller's Log Missing
95-150 ft
3407 420 '
- |_——Sand
‘ —

320 140

Drilled Depth: 150 ft ‘ ' .
" Completion Date: 6/64 - Logged by Driller
Plug Installed: 6/74
Elevatlon Top of Casing: 458.73 fi. msl
¥_(6/22/30) = Water table and date measured

ft. msl = Feet above mean sea level
All depths are In reference to land surface 39008007.38
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Well 199-N-14
Construction
N Diagram Lithologic
4850 Concrete Seal
c
_ Sand, Gravel and
83 ft. of 6 In. Di t Cobbles
| of 6 In. Diameter
’ : I I Carbon Steel Casing Sandy Gravel
440 -J I I
—20 I I
—] Perforations Q
] I/ 1 Cut/Round. 1 Round/ft. |:2
=~ I I Between 45 ft. and 59 ft.
2 Cuts/Round. 1 Round/fft
420 — . | | Between 60 ft. and 78 ft. [
| 40 I I |
— I I
- I [
00— 1
—60 I I Y (6/22/90)
_ I 1
= ] [
380 — I I
I I

Driiled Depth: 80 ft.
Completion Date: 4/69
Elevation Top of Casing: 453.15 ft. msl

! (6/22/90) = wWater table and date measured

'ft. msi = Feet above mean sea level

All depths are in reference to land surface

Logged by Driller

39008007.37




WHC-SD-EN-AP-038

Rev. 0
_ Well 199-N-16
_ Construction
' . Diagram o Lithologic
Approx. Elev. Depth : emovable Cap i
(ft, msi) g R Diagram
45510
. Concrete Seal
_ Cobbles, Gravel, and Siit
o 84 ft. of 8 in. Diameter , |
Carbon Steel Casing S: : Ig:ar:,e::obbles,
440 — I I
—20 I I
I I Boulders, Cobbles, Sand and
] «—nPerforations Gravel
- I I (12-78 ft) Sand and Gravel
420 — [ I
—40 [ [
: o Packer - e '
27:0.| (Color Change at 53 ft.)
400 — )
| ly (@200 N
20 ft. of 6 in. Dlameter, {&:
] Telescoping, 10-Slot
Stainless Steel Screen
I with Bottom. '
380 — | -— 7 L. of § in. diameter
I‘ . I Steel Pipe )

Driiled Depth: 80 ft. -
Completion Date: 2/81
Elevation Top of Casing: 456.70 ft. msi

-V (6/22/90) = Water table and date-meastred

ft. msl =Feet above mean sea level

All depths are in reference to land surface

Logged by Driller:

~ 39008007.36




WHC-SD-EN-AP-038
Rev. 0 '

Weil 199-N-17

Construction

Gravel, Cobbles and Siit
Bouiders, Cobbles, and Gravel

Gravel, Cobbles and Sand

Sand with some Gravel

; Lithologic
Ap?f;?:::l;ev. D(eft;h _o—— Removable Cap Diagram
459 :
° Concrete Seal
-1 88 tt. of 8 in. Dlameter
Carbon Steel Casing
I I
W I
I - I.__——- Perforations
- I ) I (12-83 ft) ' Sand and Gravel
I 1
W] I
I 1 ;
—1 I I  (Color Change at 50 t.)
I 1 |
- 400—.go" - ] ]
| - 1T Y (6/22/90)
-1 B [
I I Gravel with Sand
380 —|_gg I I |
1 I

Drilled Depth: 84.5 ft.
Completion Date: 1/81
Elevation Top of Casing: 461.20 ft. msl

! (6/22/90) = Water table and date measured

ft. msi = Feet above mean sea level

All depths are in reference to land surface

-A-8

Logged by Dritler

39008007.35



) WHC-SD-EN-AP-038
A Rev. 0

Well 199-N-18

Construction
. Diagram

Approx. Elev. Depth
(ft. msl) ’ (1)

Removable Cap

- 456-1"0
Concrete Seal

[

[
o I/ Perforations
(12-78 ft)

40

83 ft. of 8 In. Diameter
Carbon Steel Casing

_with'Bottom

- 380 —
' ' Steel Pipe

_~20 f. of 6 in. Diameter,
Telescoping, 10-Slot
Stainless Steel Screen

5 ft. of 5.In. dlameter

‘Boulders, Gravel, and Silt

; Gravel with Sand

(Color Change at 44 {t.)

Gravel, Sand and Silt

3| Gravel, Cobbles, and Sand

Sand
Gravel.and Sand
Gravel, Cobbles, Sand

ol Gravel and Sand

Drilled Depth: 80 ft.
Completion Date: 2/81
Elevation Top of Casing: 458.50 ft. msi

' (3/22/90) _ = Water table and date measured .

ft. msi = Feet above mean sea level

-All depths are in reference to land surface

Logged by Driller

39008007.34




Construction

WHC-SD-EN-AP-038
g - Rev. 0 -

. Well 199-N-21

‘ . Lithologic
Approx. Elev. - Depth Removable Cap
(f.msh) (1) -~ Diagram
- 486710 ' =
- - Concrete Seal -vd, =" o ' S
_ . Gravel, Cobbles, and Sliit
| 83 ft. of 8 in. Diameter :
| Carbon Steel Casing Boulders, Cobples, and Gravel
440 — I I Cobbles, Gravel, and Sand
20 I [
— I I Perforations
: +" (1278
L | [ Sand and Gravei
a20 - - I I
—,4_0 I ' I
400 — 11 (Color Change at 56 ft.)
| —60 I : IV (6/22/90)
= i - % | Gravel, Sand, and Silt
380 — 1 [
P I | _ ]
Drilled Depth: 80 fi. Logged by Driller -

Completion Date: 1/81
Elevation Top of Casing: 457.00 ft. msi’

¥_(6/22/90) = Water table and date measured

_ft. msl = Feet above meén sea level

All depths are in reference to land surface 39008007.33

A-10
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- WHC-SD-EN-AP-038
_ Rev. 0

Weill 199-N-23

Lithologic
Diagram

, Construction
‘Approx Elev. Depth Diagram R ble C
. ; eptt : emovable Cap
454:__0 E‘:’? Concrete Seal
- 84 ft. of 8 in. Dlameter
1 Carbon Steel Casing
| , I v ‘L/Perlorauons
- ] ] zmw
420 — I P |
Lo I I
- I 1
S R
400~ I [
~e0 ] ly (@zzso;
- [ [
ok I 1
380 — [ 1
1 I

Gravel, Sand, and Silt

Sand and Gravel

\

=] (Coldr Ch\an‘ge at49ft.)

" Gravel, Sand, and Siit

Drilled Depth: 80 ft. -
Completion Date: 1/81 -
Elevation Top of Casing: 456.30 fi. msl

_V_(6/22/90) . = Water table and dafé measured

ft. msl = Feet ali,pvé mean sea level °

All depths are in reference.to land surface

Logged by Driller

39008007.32




WHC-SD-EN-AP-038
Rev. 0

Well 199-N-24-

Construction

: o ' Diagram - ‘ | Lithologic
Approx. Elev. Depth Removable Cap ‘ i
(ft. msl) ) Diagram
) 43010 D :
Concrete Seal’ .| Boulders, Gravel and Sand
o : 'gn. Gravel, Cobbles, and Sand
420 —{—- 58 ft. of 8 in. Dlameter N
~ Carbon Steel Casing
‘ .] Sand and Gravei
: I _ I ‘Perforations
——20 - [ 1 (12-54 1)
: | T 31 Sand and Gravel, Some
400 —- I I 20T sut
. If . I ¥ (6/22/90) -
——40 [ I
380"_—— ' I I
| . L
Drilled Depth: 55 ft. : | "~ Logged by Drilier

Completion Date: 1/81
Elevation Top of Casing: 432.50 ft. msl '

W _(6/22/90) = wWater table and date measured

ft. msl = Feet above mean sea level

" All depths are In reference to land surface . A ‘ 39008007.31

A-12




Apprpx.‘ Elev.
(ft: msl)

424 -

420 —

. .380 —

WHC-SD~EN-AP-038
© Rev. 0

Well 199-N-25

-Construction -
Diagram

" Depth

_o—— Removabie Cap
(ft.)

Lithologic
Diagram

-—0
Concrete Seal

8 in. Diameter Carbon
Steel Casing

I 2 | 'Ia—--‘Perforations-
50 ] I (1247 )
I . I Packer
— - bV eiz2e0)
I

— 21 ft. of 6 in. Diameter
[~ Telescoping 10-Stot
I Stainless Steel Screen

=% Gravel, Sand, and Siit

Bouiders, Gravel and Sand
- Sand and Gravel

Boulders, Gravel and Sand

35| Sand and Gravel

Drilled Depth: 49 ft. .
Compietion-Date: 1/81 .
Elevation Top of Casing: 425.80 ft. msl-

! (5]2‘2/99’)'-~ =Water table and date measured: -~ -~

'ft. msl. = Feet above mean sea level

All depths are in referenca to land surface

- A-13

Logged by Drl'l‘l'e-r

© 39008007.30




WHC-SD-EN-AP-038
Rev. 0

" Well 199-N-26

Lithologic

" Diagram

‘Construction
Diagram
Approx. Elev. Depth Removable Cap -
(ft..msl) _ (1) ‘ :
454 " . .
_'[_0 Concrete Seal
_ 82 ft. of 8 in. Diameter
' » Carbon Steel Casing
7 1
]
, I I Perforations
_ | '«[ I/ (1277 1Y)
420 — S I I
—40
_ I I
400 —
I I - Packer
N g o
i V- (6/22/90)
. 20 ft. of 6 in. Dlameter
Telescoping
380 — Stainless Steel Screen

Cobbles, Gravel, Sand,
and Slit

Cobbleé, Gravel, and
Sand .

Sand and Gravel °

Gravel, Sand, and Silt -

Drilled.Depth: 79 ft.
~ Completion Date: 1/81
Elevation Top of Casing: 455.80 ft. msi

¥ _(6/22/90) = Water table and date measured

ft. msl = Feet above mean sea level

All depths are in reference to land surface

A-14

Logged by Driller

39008007.29



'WHC-SD-EN-AP-038
Rev. 0
. Well 199-N-27 -

‘ Construction _ L
Lithologic

Approx. Elev ‘D ﬂ{' . Diagram . R ble G
. . Dep : ‘Removable Cap ‘
(ft. msi) P Dlagram
447 — b
r-o E H Cement Seal v
+ e
' . v Sand, Gravel and
440— Cobbles
"L og o _ 8 in. Diameter Carbon
: - Steel Casing
42b — Packér
__40 7 in. Dilameter 20-Slot
: Stainless Steel Screen ' 1.
a00 -
V¥ (6/22/90)
s
380 — - — ~ -
Drilled Depth: 69ft. . - Logged by Driller
Completion Date: 8/83 B C

E All depths are in reference to land surface

Elevation Top of Casing: 449.08 ft. msl
¥_(6/22/90) = Water tabie and date measured

ft. msi = Feet above mean sea levei
39008007.28

A-15




Approx. Elev.
(ft. msl)

463

440 —

420 —

400 —

WHC-SD-EN-AP-038
Rev. 0

Well 199-N-29

Construction :
- Diagram ~ Lithologic
Depth _o— Removabie Cap
(ft) . I

Cement Seal

/f’t‘tﬂl""l
FH¥F¥++

Sand, Gravel and
Cobbles

20 | ‘ 8 In. Dlameter Carbon
- Steel Casing

- Packer

7 in. Dlameter 20-Slot
Stainless Steel Screen

'V (6/22/90)

Drilled Depth: 84 ft. l.ogged by Driiler
Completion Depth: 84 ft. :
Completion Date: 8/83

Elevation Top of Casing: 465.25 ft. msi

VW _(6/22/90) = Water table and date measured

ft. msl = Feet above mean sea level

All depths are in reference to land surtace 39008007.27

A-16




. WHC-SD-EN-AP-038
Rev. O

~ Well 199-N-31

Lithologic
Diagram

.| Sand, Gravel aﬁd
-i?: - Cobbles N ’

Construction -
, Diagram
Approx. Elev.  Depth . _.— Removable Cap
(ft. msi) (1) -
46010 + A -
: b * [*—Cement Seal
» \H L+ .
d W
440 ——20 . " |~8in. Diameter Carbon
' co Steel Casing
420 —+40
Packer
7 In. Diameter 20-Slot
. A Stainless Steel Screen-
Y 400 ——60. ST
¥ (6/22/90)
380 —{—80

Drilled Depth: 81 ft. .
Completion Depth: 81 ft.

Completion Date: 9/83

* Elevation Top of Casing: 462.63 ft. msl

j_(6/22/30). = water table and date measured

#t. ms! = Feet above mean sea level

All depths are in reference to l_alnd‘-surface.'

A-17

Logged by Driller

39008007.26




WHC-SD-EN-AP-038
~ Rev. .OI

Well 199-N-32

Conétruction
: ' Diagram : . Lithologic
. Approx. Elev. Depth emovable Ca
foms) () e removableCap . Diagram.

46010

Cement Seal

Sand, Gravel and
Cobbles

mt
\+++++l

4210 ——2d : 8 in. Diameter Carbon
o Steel Casing

420 ——40

—— Packer

_ 7 in. Dlameter 20-Slot
Stainless Steel-Screen

V¥ (6/22/90)

Drilled Depth: 80 ft. . ' " Logged by Driller
Compietlon Depth: 80 ft. .
Compiletion Date: 9/83

Elevation Top of Casing: 462.08 ft. msl

(6/22/90) = Water table and date measured

ft. hsl = Feet above mean sea lével

All dépths are in reference to land surface . ' 39008007.25

A-18




wHC SD-EN AP 038
Rev. 0 -~

: Well 199-N-33

Construction

' : , Diagram - - Lithologic
Approx. Elev.  Depth Removable Cap Di
C(fomsl) @) " - - viegram
45810 T -
' Hi 1t Cement Seal
) - + -
1 \ - Y Sand, Gravel and
- 3 Cobbies
4401 » 8.in. Diameter Carbon
20 . :
: ‘ " Steel Casing
420 — <
0 \Packer
— 7In. Dlarﬁeter éD;Slot
B Staini Steel S ’
injess Sigel Sereen  Sand, Siit and Gravel
400 "1 g0
V¥V (6/22/90)
Drilled Depth: 75.4t. - - " Logged by Driller
Completion Depth: 75 ft. o .

Completion Date: 8/83
Elevation Top of Casing 459.87 ft. msi

! (6/22/90) = Water table and date measured -

ft. msl = Feet above mean sea Ievel

All depths are in reference to land surface _ ‘ v 39008607.-24-

A-19




WHC-SD-EN-AP-038
Rev. 0

Well 199-N-36

~ Construction ,
Diagram ' Lithologic -
‘Approx. Elev. | Depth ’ «— Removable Cap J

(ft. msi) (ft.)
' 457—r0 % [ Coment Seal
- +4 -+
+ b+ )
p e ' Sand, Gravel and
- Bouiders
440 ’ ' _— -
—20 o 6 in. Diameter Carbon - .-
' r Steel Casing 5
420 0 Sandy Gravel.
N ' - Packer RN
" 4| Hanford-Ringold
' —60 V¥ (6/22/90) . -
— 5 in. Diameter 20-Siot
B Stainless Steel Screen
Drilled Depth: 75 ft. : Loaged by Geologist
Completion Depth: 74 ft.
. Completion Date: 4/84
Elevation Top of Casing: 458.97 ft. msl
V_(6/22/90) - water téble»and date measured
ft. msl = Feet above mean sea level
~ 39008007.23

All depfhs are in reference to vland surface

A-20




ch-sn-EN-AP-oas

Rev. 0
‘Well 199-N-39 -
~Construction : .
Approx. Elev. Depth ~ Diagram " ble G . _Lithologic
. . - Removable Cap
(ft. msi) @y S - Dlagram
45270 EE . EE Cement Seal . Fine Sand -
' .
+ He o) .
H 1 4
440_' %= Sand, Gravel and
' ><] Cobbles
o9 ' 6 in. Diameter Carbon 9 S
- - / ‘Steel Caslng Sh B
420 — o |
| <21 - Hanford-Bingold-
‘ 1 ContactdS ft,
7] ' f.d.:'/
=—— packer 3
400 —
_[€o WV (6/22/90) -
- § in. Diameter Qs
-0 Stainless Steel Screen_ ol
380 —{ - . g
{—Sand
Drilled Depth: 80 1t. : ' Logged'by Geologist
Completion Date: 4/84 : S
Screen Installed: 6/85

Elevatlon Top of Casing: 454.31 ft. msi
! (5/22/90) Water table and date measured

ft. msl = Feet above mean sea level

All depths are in reference to fand surface _ 39008007.22

A-21




WHC-SD-EN-AP-038
Rev. O ‘

Well 199-N-41

Construction '

AL - Diagram Lithologic
Approx. Elev. Depth . R ble C .
e —— R€mMovable Cap
(ft. msi) (ft) _ - - Diagram
456 10 + 4 . b+ -
o I L+ ]~ Cement Seal Sandy Gravel
+ e .
4 7
Sand, Gravel and
) , Cobbles .
0—. N
a4 —20 - NP 6 in. Diameter Carbon
| | Steel Casing Sandy Gravel
5 Hanford-Aingold
4204 - Contact 45 ft, .
-1 1 Sand, Gravel and
e ) Cobbles
¥~ packer
400—
- 60 . : -
V¥ (6/22/90) ' SandyrGrave?
| §in. Diameter
Stainiess Steel Screen
280 — : t——-Sand
- —80— e - -
Drilled Depth: 80 ft. ' Logged by Geologist
Completion Date: 4/84 - ‘ ‘
Screen Installed: 6/85 o
Elevation Top of Casing: 457.59 ft. msi
V_(6/22190) - Water table and date measured
ft. msi = Feet above mean sea levei
39008007.21

* All depths are in reference to land surface:

A-22




. WHC-SD-EN-AP-038
T Rev. 0

Well 199-N-42

‘Construction -

Approx. Elev. Depth Diagram Femovable & Lithologic
- . emovable Ca am
45310 +4 e+ — .
' . b T ement Seal Sandy Gravel
o T3 s
-+ Y
+ a
- ' Sand, Gravel and
440 Cobbles -
20 6 in. Diameter Carbon _ ‘
— Steel Casing 1 Sandy Gravel
420 —
—40
o¥s|  Sand, Gravel and .
| B d » 2! Cobbles-
| 400 — \Packer £ -
\ %o W (6/22190) 3
_ 5in. Dlameter |
" Stainless Steel Screen -0
380 — i ' |
sand Loty
..... ) Oy w0 )
* Drilled Depth: 78 ft. o _ , Logged by Geologist =~ -
- Completion Date: 4/84 » .
-Screen Installed: 7/85 .
Elevation Top of Casing: 455.14 ft. msi
(6/22/90) _ = Water table ar'i"c\:i date mé'asj‘:u‘réd
ft. msl .= Feet above mean sea level
- All depths are-in reference to land surface . o / 39008007.20



VR

WHC-SD-EN-AP-038

Rev. 0 ‘

Well 199-N-47

. Construction Lithologi
Approx. Elev. Depth Diagram 1inologic
p?ﬁ_‘ms|') R (f: ) Removable Cap Diagram
44310 “ - ) - -— :
Concrete Seal R Boulders, Big Cobbies,
B 15 Fine Sand .
LoD 5
o0 B 8 in. Dlameter Carbon [k -8
420 / Steei Casing A o
315651 Boulders, Smail Cobbles
— g O f8< - Fine Sand o
= S A% Cobbles, Course Gravel, Fine °
‘ v Z; \ Sand' o :
10 snfte]  Medium Gravel, Lt. Brown
400 gt
. HZ g Sand -
L Packer - , X U
- L e B Compacted Siit, Sand and
20 1. of 7 in. Diameter [ Cobbies
Stainless Steel Screen . [ o= . .
60 o )
380 :‘é—;’%z .
‘ O e
S e
— ;;:r:“—.;q:-g.-a
~ Drilled Depth: 73 ft. . ~ Logged by Driller -
Completion Date: 7/85 ‘ . . , T
_ Elevation Top of Casing: 443.53 ft. msl
No Water Level Data '
ft. msl = Feet above mean sea level
All depths are in reference to land surface ' -
. . - . 39008007.19

A-24




‘l'|l
o Do w kit ol

-ﬂ{ﬂr.*f

~ WHC- SD EN AP- 038
Rev. 0

Well 199-N-52 -

Construction
Diagram

Lithologic

Approx. Elev. Depth -

“'Réihovable Cap

. (ft.msl) - ()
4610
- Concrete Seal
. - Sand, Grave! and
— - 59 ft. of 8 in. dlameter Boulders.
Carbon Steel Casing
440 20
)
i1 sandy Gravel
420 ——40°
: » , ™——Packer. . Sand Gravel and
" 400 60 7 in. Dilameter Stainless |- Sllt
Steel Screen X
¥V (6/22/90)
Drilled Depth: 76 ft. . " Logged by Driller

Completion Date: 7/85
Elevatlon Top of Casing: 463.70 ft. msl

! (6/22/90) = Water table and date measured

ft. msl = Feet above mean sea level

All dep’(hs-are in reference to land surface - 39008007.18

A-25 "




WHC-SD-EN-AP-038 -
Rev. 0

) I - ~ Well 199-N-54
Construction o

Diagram ' Lithologic

Approx. Elev.  Depth Removable Cap Diagram

(ft. msi) (ft.)

456 .
Concrete Seal =] Sandy Gravel .
- . : £ )] (Unconsolidated backfill
B Granular Bentonite o material, bouiders, cobble.s,
| —Seal . pebbles, sand and some silt)
440 -— : _
—~20 "60 ft. of 6 in. Diameter -
' Stainless Steel Casing ##| Sandy Gravel (Cobbles,
- .| Pebbles, Sand and Siit)
420 . Factory-Welded ‘
Centralizers L i
—40 5-] Bingold Contact
Bentonite Peilet o] 491 ‘
- 0 / Seal ._ = /
- 15 ft. ot 6 In. Diameter P
' : 20-Slot Stainless Steel Course Sand
400 — Screen
~ t-s0 SRS
1Y (6/22/90)
] | _ Sandy Gravel
B = T° —Sand Pack , ,
- Drilled Depth: 73 ft. . Logged by Geologist
Completion Depth: 73 #t : )
Completion Date: 6/87 ‘
Elevation Top of Casing: 457.51 it. msl
V_(6/22/90) = Water table and date measured
ft. msi = Feet above mean sea level '
" Al depths are in reference to land surface - : " 3900300-)_17 N

A-26




Approx. Elev. Depth
{ft.)

(ft. msi)
456

440

420

400

380

-0

4. .. WHC-SD-EN-AP-038
! ~ Rev..0

 Well 199-N-55

Construction
Diagram

Removable Cap

_Lithologic
Diagram

Conérete Seal -

- Granular Bentonite. -
Seal -

60 ft. of § in. Diameter-
Stainless Steel Casing

Factory-Welded
-Centralizers

Bentonite Peilet :
~ Seal .

15 ft. of § in. Diameter

Screen

20-Slot Stainless Steel |

Sandy Gravel . ,
(Unconsolidated backfill

%{ = Sandy Gravel (Cobbles,
-1  Pebbles, Sand and Silt)

Id Conta

Course Sand

Sandy Gravel 4

Drilled Depth: 75 1t. *
Compiletion Depth: 73 ft .
Completion Date: 6/87

Elevation Top of Casing: 457.85 ft. msi

(6/22/90) = water tablé and date"measured

ft. msl = Feet above mean sea level

All depths are in reference to land surface

A-27 -

Logged by Geologist

39008007.16

material, boulders, cobbles,
pebbles, sand and some silt)




WHC-SD-EN-AP-038
Rev. 0.

Well 199-N-56

~ Construction ‘ ‘
Diagram | Lithologic

Approx. Elev. , |
pprox. Elev.  Depth ~RemovableCap . Diagram

(ftmsl) - (#)
456 —T-0
’ ‘ Concrete Seal -
| - Granular Bentonite
, - Seal
440 —
' 50 60 ft. of 6 in. Diameter
Stainless Steel Casing
] - Sandy Gravel
. Factory-Welded .
420 = Centralizers
—40 ' 3 _
: Bentonite Pellet A
— Seal ‘
B 15 ft. of 6 in, Dlameter |[.=:==0; Slity Sandy Gravel
K 20-Slot Stainiess Steel |5 d7.2 ‘ . .
- 400 Screen - : =~ Gravelly Silty
60 ] . Sand
7 Medium Sand
- .0: .
: G I d
| , : 10y Gravelly San
380 ‘ -
\ : ‘ Drilled Depth: 75 ft. Logged by Geologist
) o Completion Depth: 74 ft ‘
| Completion Date: 6/87 ,
‘ Elevation Top of Casing: 458.09 ft. msi
¥ _(6/22/90) ‘= Water table and date measured
ft. msl = Feet above mean sea level '
All depths are in reference to land surface o 39008007.15

A-28




- ‘g‘wnc-snfEN-AP-o38

,Rev.' 0

Well 199-N-57

~ Construction

- Diagram Lithologic
Approx. Elev.  Depth . Diagram
(ft. msl) (ft.) Removable Cap
456 -0
, Concrete Seal
B Granular Bentonite:
. Seal
440 — . .
—20 60 ft. of 6 in. Diamieter
Stainless Steei Casing A
— Sandy Gravel
) Factory-We_lded
420 — Centralizers
—40 .
Bentb__nite Pellet
] Seal : .
L ) i Conta
' 15 ft. of 6 in. Diameter YA
- 400.— ” 20-Slot Stainiess Steel /
: Screen .
%0 ' (6/22/90 '
gv (6/22/90) ~ Gravelly Siity
i ] Sand’
B _1 ~Sand Pack
N l-’ . .".’L :
380 Lo S [ ) Co
Drilled Depth: 76 ft. Logged by Geologist
- Completion Depth: 73 ft - S .
' Completion Date: 6/87
Elevation Top of Casing: 457.76 it. ms{ ‘
‘W _(6/22/90) = Water table and date measured ‘
ft. ms| = Feet above mean sea level 39008007.14

All-depths are in reference to‘land surface .

" A-29



© WHC-SD-EN-AP-038
: Rev. 0

. al ‘ ) STy

Well 199-N-58

- Construction

o : . Diagram B : ; o
- Approx. Elev. - Depth , ___~Removable Cap Lg;‘;';?:‘ :
. (ft. msl) ) Lo ‘

461 —0
L Concrete Seal
Siity Sandy

Granular Bentonite
Gravel

Seal

a40 =20
| - 6in. Dfameter , ‘
Stainless Steel Casing |5 Sandy Gravel

Factory-Welded
Centralizers .

——40 '
420 : ~Bentonite Pellet
Seai -

X. )
o) | Sand
q 15 ft. of 6 in. Diameter ':_
_ . 20-Slot Stainless Steell-
- Screen -

Ringold Contagt -
571, : )

> ' 400 —7 : .
- ' (6/22/90) ' Sandy Gr avel
- <
*  Drilled Depth: 71 ft. o  Logged by Geologist
Completion Depth: 70 ft o - _
" Completion Date: 11/87 :

Elevation Top of Casing: 462.88 ft. msi =~
: ! (6/22/90) - = Water table and date measured
ft. msl = Feet above mean sea level -

- ; _ , - All depths are in reference to land surface . . t 39008007.13
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L WHC-SD-EN-AP-038
0 Rev. 0

Well 199-N-59

Construction
A Diagram : ‘ Lithologic
Approx. Elev. Depth - Removable Ca
(ft.msl) . (ft) P P‘?Q’a'“
-0
458 oncrete Seal
- 10 Granular Bentonite Siity Sandy Gravel
' Seal '
440 .
6 in. Diameter
- Stainless Steel
—30 Casing
420 —} . Sandy Qrave'l ,
—40 * Bentonite Pellet
: _ Seal .
7 Factory-Welided 7 |
—50 . Centralizers: " Ringold Contact
15 ft. of 6 in. Diameter -8t -
400 — . 20-Slot Stainless Steel /
g0 Screen = - ' Siity
I |
W (6/22/90) Sandy Gravel
— S\ - Silty:Sand
—70 77*— Sand Pack
Drilled Depth: 73 ft. ~ Logged by Geologist
Completion Depth: 72 1t ‘ - -
Completion Date: 11/87 .
Elevation Top of Casing: 459.53 ft. msl| ,
¥ (6/22/90) - = Water table and-date measured
ft. mst = Feet above mean sea level N
- 38008007.12

All'depths are in reference to-land surface
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Approx. Elev.

. (ft. msl)
460

440

420 -

400

—
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 Well 199-N-60

_ " Construction . v - o
" Depth Diagram Removable Cap Lithologic
() : Dlagram
0 .
: Concrete Seal
' Granular Bentonite Siity Sandy Gravel
B Seal
—20
‘ —~ 6 In. Dlameter -
Stainless _Steel Casing
B Factory-Welded
Centralizers
Sandy Gravel
40 RS ", Bentonite Pellet. |
' Seal _— - 02
’ N R
- _15 ft. of 6 in. Diameter .| o :
20-Slot Stainless Steel | -~7] Bingold Contact
Screen . -3y 63 ft, o
co kSaﬁd Pack ' / .
e ¥V (622:90) SigTiy] Shightly Sitty
: T : =) Gravelly Sand
L 105 | SO .
Drilled Depth: 72 ft. Logged by Geologist
Completion Depth: 70 ft o A
Compiletion Date: 11/87
Elevation Top of Casing: 461.94 ft. ms! ‘
_Y_(6/22/90) = water table and date measured
ft. ms| = Feet above mean sea level -
All depths are in reference to land surface

A-32
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Well 199-N-61

‘Constmétion o
' - Diagram Lithologic
Approx. Elev. Depth- _ : :
(ft. msi) () Removable Cap - Dlégmnf
460 — —Q — erwres - - -
Concrete Seal -
Slity Sandy Gravel
T Granular Bentonite ' '
Seal.
' " Sandy Gravel
440 ——20 ‘
' 6 in. Dlameter . L
Stainless Steel Casing |- .
1 Factory-Welded Siity Sandy Gravel
: Centrallzgrs : S
420 ——40. __ Bentonite Pellet .
7. Seal -| Sandy Gravel
- _ Siity Sandy-Gravel
15 ft. of 6'In. Dlameter . :
20-Slot Stainless Steel
Y B Screen ’ e
: . . ; id_Contac
400 ——60 . ’ i
. . l/ Sand Pack soft,
i A Fine Sand
- Drilled Dépth: 68, -~ Logged by Geologist
Completion Depth: 67 ft .

Completion Date: 11/87 :
Elevation Top of Casing: 462.02 ft, msi

Dry Well 6/22/90 '

ft.-msl = Feet above mean sea level

All depths are in reference to land surface -

A-33
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Well 199-N-62
: , Construction Litholagic
Approx. Elev. ' ** Depth Diagram ithologic
" (#t. msl) : (f'z ) . Removable Cap o . Diagram .
46'2:—0 :Zzizﬁ?; %EZE“: Concrete Seal
;%‘9,%4 S s, .
. »¥i Sandy Gravel
QRS PIY; :
Q83 S :
- e >N
=  Bentoni
QA9 RS ranular. Bentonite
PR . »H¥ Seal
SO
OSIRS sk
- — 20 ka2
440 — 23 3
’ § A E% . 65 ft. ot 6 In. Dlameter .
)y L&A Stainless Steel Casing j
- A =X : Slity Sandy
1 ™ ™ Gravel
> !
" »
32 !
= 3 )
240 R o
4 R3S Ny -] - Gravelly Sand
™ S -
. N Vbs
| 2y » Sandy Gravel
— A3 } . ‘ _ :
| N, Bentoriite Pellet Ringold.Contact = . RS
B IR N mn
a00 - 80 R % 15 ft. of 6 in. Diameter S
‘ [ 21" 20-Slot Stainless Steel o
(== Screen -| Gravelly Sand.
S8 1Y _(622190)
!j'I_ =t
- 80 ' . : -
Drilled Depth: 78.5 {t. " Logged by Geolagist
Completion Depth: 78.5 1t ) .o : '
- Completion Date: 10/87 :
Elevation.Top of Casing: 463.59 ft. msi
Y _(6/22190) - Water table and date measured
ft. msl = Feet above meansea level
39008007.3




Approx. Elev.
(ft. msi)

465

© 460 —

420 —

400 —

Depth
(t)
—0

—20 -

— 40

- 60

" WHC-SD-EN-AP-038
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Well 199-N-63

Construction
Diagram

Removable Cap

Lithologic
Diagram

Concrete Seal

Granular Bentonite
Seal

68 fi. of 6 in. Diameter
Stainless Steel Casing

_ Bentonite Peilet-
Seal:

15 ft. of 6 in. Diameter
20-Slot Stainless Steel
Screen "

Slity Sandy
Gravel

Sandy Gravel

conta

Slightly Siity
Gravelly Sand

Sand

Drilled Depth: 81 ft.
Completion Depth: 81 {t .

Compietion Date: 11/30/87 -
Elevation Top of Casing: 466.70 ft. msl

Logged by Geologist

(6/22/90) = Water table and date measured

ft. msl = Feet above mean sea level '

All depths are in reference to land surface

A-35
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Well 199-N-64
Construction
. Diagram Lithologic
Approx. Elev.  Depth Removable Ca - g
(ft. msf) (f.) P Diagram
— 9. Concrete Seal
I Granular Bentonite
Seal
440 —
: Sandy Gravel
— 20
= 56 ft. of 6 In. Diameter
Stainless Steel Casing
420 —
—40 - :
Bentonite Peilet Siity Sandy Gravel
] Seal : '
- 15 ft. of 6 in. Diameter .
20-Siot Stainless Stee{ |- . .
400 — Screen -}  Ringold Contact
N q N 83 - .
— 60 - Y (6/22/90) B
-—1 Y| . /
o e Sand Slightly Gravelly
] v Sand
Drilled Depth: 69.5ft. ‘ " Logged by Geologist
Completion Depth: 69 ft '
Completion Date: 11/30/87 -
Elevation Top of Casing: 454.63 ft. msi
¥ _(6/22/90) = Water table and date measured
ft. msi = Feet above mean sea level
All depths are in reference to land surface : s 39008007.7
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Well 199-N-65
Conistruction ' v
‘Diagram . . Lithologic

Approx. Elev. . Depth Remavable Cap : Diagram -

(ft. msli) (1)
454 ~—0- OO
Concrete Seal
B .- Granuiar Bentonite
440 —| . Seal - 2\ silty Sandy
| Gravel.
] 58.5 ft. of 6 in. Diameter - -
Stainless Steel Casing - e B
420 — - .
| ST Ringold Contact
, < atagft, '
— : Bentonite Pellet = -
S 155 ft. of 6 in. Diameter{. :
4007 20-Slot Stainless Steel | : ,
' . - Screen- 5 Slightly Siity Graveily
— 60, . (R Sand : :
. 1. Y- (6/22/90)
l/ Sand Sandy Gravel
. - :
 Drilted Depth: 71 ft. . 3 . Logged by Geologist
Complietion Depth: 71 ft : : )
Completion Date: 11/30/87 - E o T
Elevation Top of Casing: 456.44 ft. msi ’
o i (6/22/90) _ = Water table and date measured
" ft. msl. = Feet above mean sea level /
All'depths are in 'refere_ncev,to land surface - ' o ‘ 39008007.6'

A-37




WHC-SD-EN-AP-038
' Rev. 0

Well 199-N-66

Construction o
Dlagram ' Lithologic

Approx. Elev.  Depth RemovableCap -  Diagram

o (ft. msl) . {fL) ~
I 463 —~—0— . . 7
. . Concrete Seal Silty Sandy
Gravel -
— A' ‘
. -} . Sandy Gravel
" =20 65 ft of 6 in. Diameter : A
440 - Stainiess Ste¢l Casing |
Granular Bentonite -
— Seal "
Gravelly Sand
_ 40 Centralizers . - '
420 — - :
. (| i ntac
_ , ‘ at 53 ft,
- ' _ Bentonite Pellet Seal ela”
- 60 ' ' T :
400 —| 15 ft. of 6 in. Diameter } Sandy Gravel
20-Slot Stainiess Steel
Screen
— W (6/22/90)
/ Sand )
- 80 - : x : ,
Drilled Depth: 80 ft. L " Logged by Geologist
Completion Depth: 78 ft : ' o
Completion Date: 11/30/87
Elevation Top of Casing: 465.25 ft. msi
¥ _(6/22/30) = Water table and date measured
ft. msi = Feet above mean sea level "
All depths are in reference to land surface . 39008007.5
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Well 199-N-67

- ‘Censtructlon
‘ . ‘ Diagram Lithologic
Approx. Elev. Depth - Removable Cap Diagram
(ft. msl) (ft.) e, . S
456 —T—0 T
- 3324 :
++k+d _Cement Grout Seal :B Sandy Gravel
B Eres
. + <+l +
+
a40 — e
B IIII%
LX)
2 3 | - ;
- 2.5 ft. of 6 in, Diameter Slity Sandy Gravel
Stalnless Steel Casing |- ‘
420 — Ringoid Co
. | at43ft,
Granular Bentonite Seal [; | :
: <
‘ xr"'/ Bentonite Pellet Seal
400 — 15.51t. of 6 in. Diameter '
. 20-Slot Stainless Steel Silty Sandy Gravel
Screen . ' ) .
) v (6/22/90)
380—- Sand Sandy Gravel

Drilled Depth: 79 ft.

Compietion Depth: 761t

Completion Date: 3/9/88

Elevation Top of Casing: 458.46 ft. msl

Y. (6/22/30) = Water table and date measured

ft. msl =

Logged by Geoiogist .

Feet above niean sea level

All depths are in reference to land surface 39008007.4
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Well 199-N-69

* Construction
’ Diagram i i
Approx. Elev. Depth g Removable Cap Lg:;m':?:‘c
(ft. msl) (ft.) e gl - g
456 0Tk~ potineg)
| EE S
ioes BN 1rerl __Cement Grout Seal Sandy Gravel
N % usell
rps IONGS
wo EE
. +h+d ++jr+
— 20 :l:.:t Frers
92.5 ft. of 6 in. Diameter .
Stainless Steel Casing Graveily Sand
e Ringold Contac{
420 v : at42 ft,
— 40 Bentonite Slurry Seal g
400 _ Silty Sandy Gravel
" 60 54 W (6/22/90) '
380 - Bentonite Pellet Seal Sandy Gravel
— 80 :
10.2 ft. of 6 in. Diameter
= 10-Slot Stainless Steel
Screen
360 — Sand

Drilled Depth: 104 ft.

Completion Depth: 100 ft

Completion Date: 7/13/88

Elevation Top of Casing: 458.84 ft. msi

¥_(6/22/30) = Water table and date measured

ft. msi = Feet above mean sea level

All depths are in reference to land surface

A-40
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| Well 199-N-70

Construction

Apprdx. Elev. Depth

Diagram Removabie Cap

(ft. msl) (ft.)
452 0

380
- 80.

360 -
—-100

Lithologic
Diagram

1hsyl
X L)

t2t++]_Cement Grout Seal

-+
++t++
hipbt
+hrbd
hrrd
LI T X
++eet
LT T LY ]
- ++l : , o
4l s ‘s
o Granular Bentonite

92 ft. of 6 in, Diameter
Stainless Steel Casing

YTy
'
b
'
o
$

Bentonite Slurry

Screen

i/ Sand

Bentonite Pellet Seal

10 ft. of 6 in. Diameter _'
* 10-Slot Stainless Steei |

Gravelly Siity Sand

Sandy Gravef

-Silty Sandy Gravel

Graveily Silt

Drilled Depth: 104.39 fi.

.Completion Depth: 99.08 ft-
- . Compietion Date: 7/13/88
- Elevation Top of Casing: 454.21 ft. msl

- (6/22/20) = Water table and date measured

ft. msi = Feet above'mean sea level

All depths are in reference to land surface

A-41
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Well 699-81-58

Construction . . : e .
Diagram : ' Lithologic

Approx. Elev. Depth Diagram

(ft. msl) (ft.) — Hemvm./able Cap
437 ——0 ] '

Sandy Gravel .
8 in. Diameter with Boulders

- 420 - Carbon Steel Casing

Fa

400 _ 40 B ‘
Silty Sandy

Gravel

. - '

IV (6/22/90)
I .

L/ Perforations
: I (35-148 it.)
.. 380

Sand

380‘ —-—. 80

' - \\ .Cement Plug
340 1

—100

Gravelly- Sand.

—t = = — -

' Sandy Slit with
minor Gravel -

320 1 409

300 < 40

—t — -t — -
HHHHH_HHH

_ Sandy Gravel

—
-

—150 - ' -
Drilled Depth: 150 ft. , ' _ Logged by Driiler
Completion Date: 10/62 o ‘ '

Plug Installed: 4/80

Elevation Top of Caslng 439 55 ft msl

A ! (6/22/90) . = Water table and date measured

ft msl = Feet above mean sea level

All depths are in' reference to land surface
) , 39008007.3
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APPENDIX B
100-N AREA AQUIFER TESTS

This appendix includes data plots and discussion of several pumping tests
conducted in wells in the 100-N Area by Pacific Northwest Laboratory (PNL)..
Aquifer testing of wells N-30, N-32, and N-27 was conducted in 1984. Results
and data plots are summarized below. Well N-62 was tested in 1988, along with
a number of other newly installed wells. The other aquifer tests did not
yield useful data. The N-62 test is discussed below. Aquifer tests in
wells N-69 and N-70 were conducted by PNL after well installation in 1988.
PNL's ana1y51s and dlscuss1on of those aquifer tests is also presented in this
append1x.

The analyses dﬁscussed below share the fnllowing assumptions:

The aquifer has a seemingly infinite areal extent.

The aqu1fer is homogeneous, isotropic, and of uniform thickness.
The well is pumped at a constant discharge rate.

Flow to the pumping well is horizontal and laminar.

The well diameter is infinitesimal (storage in the well can be
neglected).

6 - The well penetrates the: ent1re thickness of the aquifer.

oW =
[ I O R I |

The most significant v1olat1on.of these assumptions is that the wells do
not penetrate the entire aquifer. .Partially penetrating wells can result in a
low estimate of transmissivity. g

AQUIFER TESTS IN THE VICINITY OF THE 1325-N CRIB-

A series of pumping tests were conducted in wells near the 1325-N LWDF in
1984. Results appeared in an unpublished report by L. S. Prater of PNL.

N-30 Aquifer test

On March 20, 1984, well N-30 was pumped for 24 hours at approximately
110 gpm with a total drawdown of 6.09 feet. Well N-34, located 240 feet from
the pumping well, was used as an observation well. Both wells are completed
at the top of the aquifer in gravelly material of the Ringold Formation;
neither well penetrates the entire aquifer. The drawdown data from the
observation wells were analyzed us1ng the Jacob modified non- equilibrium
formula (Johnson Division, 1975).: A semilog plot of these data is shown in
Figure B.1. Results suggest the presence of boundary effects that cause the
slope of the plot to change. Two transmissivities were calculated from the
plot: 196,216 gpd/ft (26,000 ft?/d) near the pumping well and 111,692 gpd/ft

(15,000 ftz/d) further from the pumping well.
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N-32 Aquifer Test |

A 24-hour constant discharge test was conducted in well N-32 on March 26,
1984. The well was pumped at approximately 100 gpm with 8.88 ft total
drawdown. Well N-32 is completed at the top of the aquifer in gravelly
material of the Ringold Formation; it does not penetrate the entire aquifer.
Recovery data from the well were ana]yzed (Figure B.2). The calculated '
transmissivity is 43,278 gpd/ft (5, 800 ft? /d).

N-27 Aquifer Test

A 24-hour constant discharge test was conducted in well N-27 on March 29,
1984. The well was pumped at approximately 110 gpm with 13.83 ft total
drawdown. Well N-27 is completed at the top of the aquifer in gravelly
sediments of the Ringold Formation; it does not penetrate the entire aquifer.
Recovery data from the well (Figure B.3) suggest an apparent boundary effect
and a recharge effect. The calculated transmissivities were 132,000 gpd/ft
(18,000 ft? /d) for time less than 5 minutes, 85,411 gpd/ft (11, 000 ft/d) for
~ time between 5 and approximately 50 m1nutes, and 193,600 gpd/ft (26 000 ft?/d)
for time greater than 50 minutes.

B-2
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N-62 AQUIFER TEST

On August 16, 1988, well N-62 was developed for 2 hours, beginning at a
flow rate of approx1mate1y 20 gpm and successively increasing the rate in
steps to a maximum of 60 gpm. The water level was allowed to recover to
static. A constant discharge test was then conducted for 6 hours at a rate
averaging 77 gpm. ' Maximum drawdown was 1.6 feet. After pumping ceased, _
residual drawdown was measured for 1.5 hours, until the water level had nearly
returned to its pre-test level.

- Drawdown data from the constant d1scharge test were plotted on semilog
paper (attached). There appear to be two straight-line trends. Analysis of
the data with the Cooper and Jacob (1946) straight-T1ine method yields an

estimate gf transmissivity of 27,000 ft?/d for time less that 80 minutes and

11,000 ft°/d for time greater than 80 minutes. This could be due to a less
transm1ss1ve zone within the radius of 1nf1uence of the well.

The Cooper and Jacob (1946) ana]ys1s app]led to a semilog p]ot of
residual drawdown versus t/t' (time since pumping began divided bx time since
pumping ceased) yields an estimate of transmissivity of 20,000 ft</ The
change in transmissivity observed in ana1ys1s of drawdown data was not evident
in the recovery data. . :

N-69 AND N-70 AQUIFER TESTS

On June 9, 1988, a constant d1scharge pumping test was conducted in

well N-69. We11 N- 69 is completed with 10 feet of screen in a sandy gravel on. -

top of a clay-rich unit, believed to be the base of the uppermost aqu1fer

~ Well N-67, located approx1mate1y 30 ft from the pumping well, was used as an

observat1on well. It is completed in a sandy gravel at the top of the
uppermost aquifer. The base ‘of the screened interval at well N=67 is
approximately 15 feet h1gher in elevation than the top of the screened
interval at well N-69. _

On June 14, 1988, a constant d1scharge pumping test was conducted in
well N-70. We]] N-70 is completed with 10 feet of screen in a silty sandy
gravel, on top of a finer-grained unit believed.to be the base of the .
uppermost aquifer. Well .N-39, located: approx1mate1y 23 feet from the pumping
well, was used as.an observat1on well. It is completed at the top of the -
aqu1fer The base of the screened interval at well N-39 is approximately
25 feet higher ‘than the top of: the screened interval at well N-70. -

Additional-details and resu]ts of the N-69 and N-70 pumping tests are
presented in' the attached excerpt’ from:-an unpublished borehole completion
report provided to WHC from PNL. The authors are T. J. Gilmore,

S. M. Goodwin, and D. R. Newcomer. :

B-3
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Drawdown, S (ft)

0.01}- ‘
0.03 '-,‘.'
0.05
0.07}
- 0.09} AS = 0.148 fi
0.11— ; - 2640
. | Y AS N |
01317 L 264:110 a5 = 0.26 1t
0.15} ' 0.148
I T, = 196,216 gpd/ft
0.17 _4 '
[ . 264 Q
ST, -
.19 AS
- - 264-110
. — T, = ——-
0.1 * 026 <
o023 T, = 111.692 gpd/ft
0.25}-
6.27F | T ‘
0.29 S I L 111 nl N N L < Loty

.50 100 500 1,000 ' 5,000 10,000

: . Time (minutes) : : |
Figure B-1. N-34 Drawdown Data.
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Residual Drawdown, S"m)

0.3
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Figure B-2.
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N-32 Recovery Data.
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Residual Drawdown. S’{ft)

0.9

1.0

264-110

= 132,000 gpd/fit

0.22
264110 ‘
— = 85.411 d/ft
264-110
———— = 183,600 gpd/ft
0.1%6
Coeadnd e b bl | ;1J|JuJ P41
5 10 50 100 500 1,000 5.000 10.000

Ratio, u/t’

Figure B-3. N-27 Recovery Data.
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Aqun‘er Test Data

Location / 00 N

Type of Aquifer Test Constant Discharse
How Q Measured

Ln-Lire Dots ff g
-How W.L's Measured £ ~tape (5/, tr]

" " Observation Weils

Tk

page

[ Z

of

Pumpin

‘Data for Well __£292 - N-£2

g Well _/F9-N-£2
None -

[ oar MJA’( /'4’&/ anT /DJ*" InJUSﬁ[Q/)

Depth of Pump/Airpipe /% o poproX . 73.8° forsmn
Rad./Dist. of/From Pumping Well Sk Pump On: date /IG/S'L tima _97°30:58 . 7Y€
Maas. Point for W.L.'s nid * " Pump Off: date _5/16/%% time _{5 7 70:00
Elevation of Meas. Point . Duration of Aquifer Test 6 hsurs
Time Water Levei Data : - il Terva dutaleee,
t=______att = Statu: water Levei 67367 ____ |Discharge| S - oad @ l0pss X2
sa Commants
Clock | . Conversions | Water Resd- 19 Besen baseira. date
Dey{Time| t | v |ur Rndmg_ ar Corrections| Levst [sor s ing.}l Qe 'rrrm & upprra. FBhrt-
selA4w] O 149.3¢° ' 1o Usid) | pevl sppwrmmalet, 2.8
! - , PRI gden | o | pam | ¥ ‘wattr i1’ rifom
/ 1.5 = # odwats 710 £ Fremic | ppe i F wall @._ZI0hes.
. 2 2069 A2 frocm Pop of Fasshy Lay 76.332;: @ 9325 |
2.5 - = 1oty | 8- 4. &/hnm
3 7o 7! /.35 Y4 frst raon. ' Prampig
%5 2.73 137 pey | 7= @ 93330
g 20. 24 11.3% 2OY | % alape .
{ | 2094 1. 1133 - | DRV 773 raz ..
z 2075 | .39 o GEAZTN S
I q e 26 I. %0 | DR, ) :
. 9 . —— - 4”/
: o l-az27 1. 147 = \pRw | rscha .
| 16 70, 77 r43 ~ Nora | 768 te 775 9p
. ak T645@) @ amFtns. ‘
20 2285 * W4T R |
Asslasl 120.70 |- rtud| - VAN :
3u 2¢ 32 .96 - 0N | Vet to 7630
K ' , ?_'f oot e B 9956 i
- N €)@ _o9sThox - 272 2 Igpu 10} O1:3s -
50 | 70.32 4 [ Y A .?&'-9—— 3
solv |50 ‘70,93 L4711 1 pRn
::’z";‘t#,?c f (39 ) ngd famy
" & /01233
é9 70,34 1.9% O8N | 9C.2 2em. @ 100 hes | -
201 036 A1) : pEN | 77.2 T 03gpm @ 10uifes.
190 70.89 153 thened {11349 |popy | 76.7.2 01 9pm8 134144e3.
. {120 170,90 . | L34 Preasipgo | poyl 767 £ atap@® yrighs s -
j200 S o 70.93- | A E-tapd . |1.5C | howe 77 §9(w). Y '7c.7,£. 77.292‘..@.:'/1.:/ dek
/% Zaad| IR |isv S el T |
2/Q To. 95| M merht /.57 9.5 815439 pe 77: toy -J,}.g 3w hik.
240 7097° S 1€/ E A/
oo 279 7299 : 1.3 79 62dmaind Aor/ | w77, 049.-@ imh <
/ 500] y{X-Y) 165 ey
] __p3o _Ngr.015 LESE Mgeisad new| 7724pm8 isulbn|
v _\s3g 359 7102 /.66 | faad\P7296 DAN Shut pumy ot @ I5ioh}s.
- | ) ' 1540“’-‘ Fow ref® hus fluctuated!
S s . betwrtn 74 tand 726 PP
Rne2 772G ducing pump fest=
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S pébfo,_ 2 of 2
. , Data for Well _/99~~-62
Locﬁﬁon Jou-N Pumping Well _/9?2-~=&€ 2

Type of Aquifer Test Lﬁ_ﬂ&%—@““’y ‘Observation Wells —A/_'_—
How Q Measured Lo~Lline Doty fhuw Mosidee Mt/ 5°°T (Darta In/us#u([ R '
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INTRODUCTION

Hydro]ogic tests - (aquifer pumping tests) were conducted in two wells
located in the 100-N Area in June of 1988. The wells are designed to monitor
‘the ground water in the uppermost aquifer beneath the 1301-N and 1325-N 1iquid
waste disposal facilities as required by Resource Conservation and Recovery
Act (RCRA) standards. The tests are considered to be opportunistic in that
the wells were not designed for aquifer testing. Therefore, the results
obtained from the tests must be considered in this perspective. '

Purpose of the Aguifer Test

' The purpose of the. aquifer pumping tests was to determine the transmis-

sivity, hydraulic conductivity and, if possible, the storativity of the upper-

most, unconfined aquifer beneath the 1301 N and 1325-N-1iquid waste disposal
T facilitdes. _

Estimates of transmissivity and hydrau]ic conductivity are determined
from data collected from constant-discharge and recovery tests conducted in-
‘wells 199-N-69 and 199-N-70. Data collected from observation wells 199-N-39
(while pumping Well 199-N-70) and 199-N-67 (while pumping Well.199=N-69) also
' ' are.to'be used to determine estimates of transmissivity and” hydrauliec
s ,conductivity and if possib]e, storativity

Well Locations

< The location of the pumping we]]s (199 N-69 and 199-N- 70) and the observa-
g tion we]]s (199-N-39 and 199-N-67) are: shown in: Figure 1.

METHODS QF ANALYSIS

The Theis (1935) curve-fitting method was used: to- ana]yze the drawdown :
and recovery data. The underlying assumptions in u51ng this method include
the fo]iowing

-'The aquifer is of 1nfinite areal extent.
- The aquifer is homogeneous, isotropic, and of uniform thickness w1thin
_the radius of influence of the pump test.
. = The pumped well penetrates, and receives water from, the fuiL
' ,thickness ‘of the aquifer by horizontal flow- : ,
- The:well. is pumped at a constant discharge rate. :
- The static level of the piezometric surface is horizontal within the
radius of influence of the well.
- = the well. diameter 1s. infinitesima] (storage 1n the. we]i is
neglected).
- the water removed from - storage is discharged instantaneously with-
decline of head.
- Laminar flow
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‘Genera1 Lim1tat10ns ,

An important condition that is not satisf1ed in the Theis analysis: is

- that the pumping wells do not fully penetrate the aquifer. Partial penetra-
tion creates vertical flow gradients in the vicinity of the well during pumping,
affecting the drawdown data. Analysis of the data affected by part1a1 penetra-
tion: tends to underest1mate transmissivity near the well. _

- WELL 1994N—69 AQUIFER TEST

" The stratigraphy, well construction, development test performance, and
data analysis of the test at Well 199-N-69 are presented below.

Stratiggﬁghy and Well Construction

A schematic diagram of the 11thology and well construction for Well 199-

N-69 {s shown in the As-Built Diagrams. The textural classifications of the
aquifer .sediments at Well 199-N-69 are silty sandy gravel, gravelly silty
sand, slightly gravelly sand, and sandy gravel. The unconfined aquifer lies
w1th1n the Middle Ringold Unit between 67 and 100 feet below land surface and
is bounded below by a well-defined layer of clay.
: The well was completed with a 10-foot section of 6-inch diameter 10-slot
~continuous-wound stainless steel screen at the bottom of the aquifer between
90 and 100 feet below land surface. A 20-40 mesh sand pack was placed in the
annular space around the screen,

A The textural classifications of the aqu1fer sed1ments at well observa-
tion 199-N-67 are sandy gravel and silty sandy gravel. The aquifer also lies
within the Middle Ringold Unit at this well.

' Well 199-N-67 was completed in the uppermost part of the aquifer with a
15.5-foot section.of 6-inch diameter 20-slot continuous-wound stainless steel
_.screen. The screen extends 11 feet below the water table, which 1s approxi-
mately 65 feet below land surface.

Pre-test We11 Development

“Deveiopmeht of Well 199-N-69 was conducted on Juhe 9, 1988 for a period
“of 135 minutes. The discharge rate was approximately 46 gpm. After the pump
was shut off, the water level was measured and recorded while 1t returned to-

its pre-test level.
Test Performance -

The constant-discharge test, conducted on June 9, 1988, was a multiple-
well test. The observation well, 199-N-67, is located approx1mately 30 feet

from the pumping well.

' "The test was conducted for a period of 5 hours. The discharge rate was
stable, averaging 46 gpm. The water was pumped from the well with a 25-horse-
power submersible pump and discharged to the 1325-N liquid waste disposa]

facility.
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The water level was measured with an electric water-level indicator (E-
tape) in the pumping well. 'After 40 minutes of: pumping, drawdown could not -
be measured because of problems in getting the E-tape probe past the wiring
and pump column. After the first 20 minutes of the recovery test, the E-tape
was removed from the pumping well and placed in the observation wel] A data
logger and pressure transducer system was used to measure and record drawdown
and recovery in the observation well. The discharge rate was measured with
an in-line digital flowmeter. Field data were recorded on aqu1fer test data
sheets, wh1ch are attached to this report.

Discussion of Data -

Well entrance losses occurred in the pumping well as indicated by 18.5
feet of drawdown after 5 minutes of pumping. The water level stabilized during
the remainder of the constant-discharge test. The recovery test yielded-a
water-level response wh1ch regained its pre-test ]eve] within 3 minutes after
the pump was ‘shut off , : , .

A steady drawdown trend occurred in the observation well after approxi-
mately 5 minutes of pumping. The maximum drawdown (as measured with a pressure
transducer) was approximately 0.35 feet. A semi-logarithmic plot of the
recovery data versus time since the pump stopped indicates that the water
levels may have been influenced by dally water-leve] changes after approx1mate1y
60 minutes of recovery. ’ :

Data Ana]ys1s j

App]icat1on of the. The1s curve-f1tt1ng techn1que to a full 1ogar1thm1c
plot of the drawdown data frgm the observation well (Figure ) yields. an estimate
of transmissivity of 8200 ft“/d and a storage coefficient of 0.07. The Theis
method .applied to the recovery data (Flgure), for t' ¢ 60 minutes, yields an
estimate of transmissivity.of 10,000 ft°/d and a storage coefficient of 0.06.
The transmissivities divided by the aquifer thickness yjeld estimates of
hydraulic conductivity of 250 ft/d and 300 ft/d, respectively. This assumes
that the aquifer thickness (33 feet) is constant within the radius of influence.

. WELL 199-N-70 AQUIFER TEST

The'strat1graphy; Qef1'construct1on"deveiopment' test performance, and
data analysis of the test at Well 199- -70 are presented below.

: Strat1gragh¥ -and. Well Construct1o |

"~ A-schematic d1agram of the 11tho]ogy and well construct1on for Well 199=
N=70 is shown in the As-Built-Diagrams. The textural classifications of the.
aquifer sediments at Well 199-N-70 are silty sandy gravel and gravelly silty .-
sand. The aquifer lies within the Middle Ringold Unit between 59 and 100
feet below land surface and is bounded below by a layer of gravelly silt (clay).-

The well was completed with a 10-foot section of 6-inch diameter 10-slot
continuous-wound stainless steel screen at the bottom.of ‘the aquifer between
90 and 100 feet below- land surface, A 20-40 mesh sand pack was placed in the
annular _space around- the screen., . '
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" The aqu1fer sediments at Well 199-N-39 cannot be c]ass1f1ed accurately -
based on the information available; however, the 1ithology is similar to that
of the pumping well. The well was drilled to a total depth of 78 feet and
was completed with a screen in the upper part of the aqu1fer The water table
is approximate]y 59 feet below land surface.

Pre-test Well Development

. Development of Well 199-N-70 was conducted on June 14, 1988 for a period
of 120 minutes. The discharge rate was adjusted to 43 gpm at the beginning
of the test and stepped up to approximately 50 gpm after 20 minutes of pumping.
After the pump was shut off, the water level returned to its pre-test level.

Test Performance

The constant-discharge aquifer test, conducted on June 15 1988, was a
multiple-well test. The observation we11 199-N-39, is located approximate]y
-'23 feet from the pumping well. - | ‘ _

The well was pumped for a period of 6 hours at maximum discharge. The
discharge rate was stable, averaging 49 gpm. The water was pumped with a 25-
horsepower submers1ble pump and d1scharged to the 1325-N 11qu1d waste disposal
fac111ty ,

Drawdown and recovery were measured -in the observat1on well with an E--
tape. The E-tape in the pumping well became “hung up“ during the constant<
. discharge test and therefore, could not be used to measure drawdown. A data
--logger-and pressure transducer system was used to measure and record pressure
head in both wells, however the transducer in the observation well was not
working correctly. The discharge rate was measured with an in-line d1g1ta1
flowmeter. - The Fflowmeter generator stopped approximately 15 minutes before
the pump was shut off and could not be restarted. Field data were recorded
on aquifer test data sheets, which are attached to this report :

;Discuss1on of Data -

.. Well entrance losses occurred in the pumping well as indicated by approxi-
mately 13 feet of drawdown within one minute of pumping. The 'water level
stabilized during the remainder of the constant-discharge test. The recovery
test yielded a recovery response of - near]y 13 feet one minute after the pump
was shut off before gradually recovering to the pre-test level.
Examination of the drawdown data from the observation well indicate that

a distinct trend in the data occurs after approximately 10 minutes of pumping.
The maximum drawdown (as measured with the E-tape) was 0.45 feet. The recovery
data, plotted as calculated recovery versus time after pumping ceased, show a
sim1lar trend as the drawdown data.

Data Analysis

The Theis’ curve-fitting analysis applied to a full logarithmic p]ot of
drawdown in the observatiog well versus time (Figure ) yields an estimate of
transmissivity of 5,200 ft“/d and a storage coefficient of 0.29. This technique
applied to a logarithm1c plot of calculated recovery in the observation well
versus: time (Figure ) yields an estimate of transm1ss1v1ty of 5,700 ft,/d and
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a storage coefficient of 0.24.. “The trahsmi§§i§1f1es divided by the thickness
of the aquifer (41 feet) yield estimates of hydraulic conduct1v1ty of 130
ft/d and 140 ft/d respectively. L

SUMMARY

Est1mate540f‘transmissiv1ty, hydraulic conductivity, and storativity of
the aquifer materials underiying- the 1iquid waste disposa] facilities are
1nd1cated as follows: ,

' ‘ 2 Hydrau]1c '
Well Number Transmiss1v1ty (ft /d) Conductivity (ft/d) Storat1v1ty
199-N=-39 . :
(0bservat1on we11) 5,200 - 5,700 130 - 140 0°24'-_0029»
199-N-67 L o | o
‘(Observat1on He11) 8,200 - 10,000 ' 250 - 300 0.06 - 0.07
REFERENCES.

Theis C: V., 1935. The Relat1on Between the Lowering: of the Piezometric Surface
‘and the Rate and Duration of Discharge of a Well Using. Ground-water Storage.
American Gquhys1ca1 Union Transactions., v. 16, p. 519-524.
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" APPENDIX C.
SAMPLING AND ANALYSIS PLAN

This appendix introduces the procedures that will be used for ground
water sample collection (including well evacuation and sample withdrawal
methods), chain of custody, analytical methods, and quality assurance/ quality
control.

A1l sampling activities are performed under contract by Pacific
Northwest Laboratory (PNL). U.S. Testing Company, Inc., (UST) has, until June
1990, conducted sample analyses for most constituents. Future testing will be
carried out by other contract laboratories, to be determined, under contract
to PNL or Westinghouse Hanford Company. This sampling and analysis plan
reflects the requirements in the PNL statement of work for the new contract
Taboratory. ‘ :

'SAMPLE COLLECTION PROCEDURES

The procedures fohvground water sampie co]]ecfion, water-Tlevel
measurements, and field measurements are contained in Procedures for Ground-
Water Investigations (PNL.1989). Specific applicable procedures include the
following:

I

GC-1

‘. - Ground-Water Sample Co]]ect1on Procedure

. 'GC-2. - In-Line Sample Filtratien Procedure

. GC-3 - Disposal of Purge Water from Monitoring Wells

. FA-1 - Temperature Measurement Procedure ‘ ,

. FA-2-- Calibration of Conductivity Meter and Measurement of Field
Conductivity

. FA-3 - Calibration of pH Meter and Measurement of Field pH

. WL-1 - Water-Level Measurement Procedure

. WL-2 - Procedure for Standardizing Steel Tapes.

e  AD-1 - Change Control Procedure

. AD-2 - Ground-Water Sample Chain of Custody

. AD-4 - Sediment Sample Chain of Custody

. DO-1 - Collection and Documentation of Borehole Samp]es and we11

. Construction Data
. D0-2 - Split-Barrel Auger Sediment Sampling

Analytical methods are listed in Tables C-1 through C-11.

CHAIN-OF-CUSTODY PROCEDURES

Chain-of-custody procedures are contained in Procedures. for Groundwater
Investigations (PNL 1989). The specific applicable procedure is AD-2,
“Groundwater Sample Chain-of-Custody Procedure."” The history of the custody
of each sample will be documented according .to this procedure.
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Table C-1. Metals by inductive]y Coupled Plasma
Spectrometry Using Method 6010 of SW-846.

Constituent I . CRQL* (ppb)

ANT IMONY 200
BARIUM - | | 20
BERYLLIUM , | 3
CADMIUM , | | 10
CALCIUM | | 100
CHROMIUM 2 | 20
COBALT | . 20
COPPER | 20
TRON 20
MAGNES TUM ; | 100
MANGANESE | » 10
NICKEL | 30
POTASS IUM 300
SILVER 20
SODIUM 300
TIN ' | - 100
. VANADIUM. ; 30
ZINC 10

*Contract required quantitation Timit.

Table C-2. Metals by Atomic AbSorption.

Constituent . CRQL (ppb) Method

ARSENIC . 5 7060 (SW-846)
LEAD -5 7421 (SW-846)
MERCURY , : ‘ 0.2 7470 (SW-846)
SELENIUM 10 7740 (SW-846)

THALLIUM 5 7841 (SW-846)
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Table C-3. Anions by Ion Chromatography Using
Either Method 300.0, EPA-600/4-84-017,
Mar. 1984 or ASTM Method D4327-84.

Constituent ' : CRQL (ppb)

CHLORIDE® | S 2000
NITRATE® . 2000
NITRATE* - | 2000
PHOSPHATE® . 4000
CHLORIDE® . ' 200
NITRATE® 200
NITRATE® . 200
PHOSPHATE® , 400
BROMIDE® | 500
CHLORIDE® 200
FLUORIDE® 100
PHOSPHATE® , : 400
SULFATE® - : 500

®Preserved sample, diluted ten fold; chloride may be analyzed from
a pregerved sample.

Preserved sample, undiluted.

“Unpreserved, undiluted sample-

Téb]é_ci4. Ihdividué] IhoréanityAna]yticaj Procedures.

Constituent R ~ CRQL (ppb) 'Method
AMMONIUM ION - 100 ASTM D1426-D or D1426-C
CYANIDE . 20 - 9010 (SW-846)
SULFIDE 10000 9030 (SW-846)
HYDRAZINE 7 ‘ 30 ASTM D2579 A or B
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Table C-5. Miscellaneous Parameters and Bacteriological Tests.

Constituent CRQL Method
ALKALINITY 50 pgb ASTM D1067 A or B
TURBIDITY o 0.1 APHA #214A
COLIFORM (FERMENTATION) ' 2.2° 9131 (SW-846)
COLIFORM (FILTER) 1° . 9132 (SW-846)
TOTAL DISSOLVED SOLIDS 0.5 ppb APHA #2098

TOTAL CARBON 2000 ASTM D2579 A or B

®Nephelometric Turbidity Units.
®Most Probable Number.
‘Minimum Colony Count.

Table C-6. Chlorinated Herbicides by Gas Chromatography
Using Method 8150 of SW-846.
Constituent - CRQL (ppb)
2,4-D 10
DINOSEB; DNBP 1
SILVEX; 2,4,5-TP 2
. 2

2,4,5-T
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Table C-7. Pesticides and PCB's by Gas Chromatography Using
- Method 8080 of SW-846.

Constituent CRQL (ppb)
ALDRIN 05
ALPHA-BHC 05
BETA~-BHC 05
DELTA-BHC 1
GAMMA-BHC (LINDANE) 05
CHLORDANE 1
4,4'-DDD 1
4,4'-DDE 05
4,4'-DDT 1
. DIELDRIN

ENDOSULFAN I
ENDOSULFAN II
ENDOSULFAN SULFATE
ENDRIN
ENDRIN ALDEHYDE
HEPTACHLOR
HEPTACHLOR EPOXIDE
METHOXYCHLOR
TOXAPHENE
POLYCHLORINATED BIPHENYLS; PCBs
Aroclor 1016
Aroclor 1221
Aroclor 1232
Aroclor 1242
Aroclor 1248
Aroclor 1254
Aroclor 1260

HMOONNHOOODOOQOOO0OO0ODO0O0DODOO0OOO
. . . e & e s e e e e e o

o

(3]
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Table C-8. Volatile Organics to be Analyzed for
by Method 8240 of SW-846.

Constituent - CRQL(PPb)‘
ACETONE ' ‘ 100
BENZENE - .

CARBON TETRACHLORIDE

CHLOROFORM

CHLOROPRENE (2-CHLORO-1,3- BUTADIENE)
p-DICHLOROBENZENE
1,1-DICHLOROETHANE
1,2-DICHLOROETHANE
trans 1,2-DICHLOROETHYLENE (c1s + trans)
METHYLENE BROMIDE
METHYLENE CHLORIDE
METHYL ETHYL KETONE
METHYL IODIDE
METHYL METHACRYLATE
4-METHYL-2-PENTANONE

(METHYL ISOBUTYL KETONE) -
2-PICOLINE (2-METHYLPYRIDINE)
TETRACHLOROETHYLENE
TETRAHYDROFURAN
TOLUENE
1,1,1-TRICHLOROETHANE
1,1,2-TRICHLOROETHANE
TRICHLOROETHYLENE
VINYL CHLORIDE
XYLENE (m) -
XYLENE (o,p) — — - -

. [
. (4] o
S oot ogTo IO gIToToTToToToToT )
° o

P

P

Table C-9. Phenols by Gas Chromatography Us1ng Method
8040 of SW-846.

Constituent | CRQL (ppb) -

PHENOL | | ' | 20
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V Tab]elcflo. Radiological Parameters.

Constituent CRQL" (pCi/L) Method
RADIUM ;01 SW-846, #9315*
GAMMA SCAN - Krieger and Whittaker (1980)
Co-60 - 22.5 S
Cs-137 .20
Ru-106 172.5
GROSS ALPHA ' 4 SW-846, #9310
GROSS BETA 8 SW-846, #9310
TRITIUM 500 ASTM D2476-81 ,
STRONTIUM-90 5 Krieger and Whittaker (1980), #905

*The method also references ASTM (1988) and Krieger and-Whittaker (1980).

Téble C-ll._ Indicator Paramefers.

Constituent CRQL (ppb) Method
CONDUCTIVITY N/A ASTM-D1125-A

pH +0.05* ASTM D1293

TOTAL ORGANIC ‘CARBON (TOC) 1000 Method 9060 (SW-846).

TOTAL ORGANIC HALIDES (TOX)

10

Method 9020 (SW-846)

*pH units.
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QUALITY>ASSURANCE/QUALITY CONTROL
Quality Assurance

Qua]ity assurance (QA) will be conducted in accordance with the Quality
Assurance Project Plan for RCRA Ground Water Monitoring Activities (WHC.1990),

which is supported by the Westinghouse Hanford Environmental Invest1gat1on
and Site Character1zat1on Manual (WHC 1989)

Quality Control

The purpose of quality control (QC) is to determine and document the
quality of the analytical results being produced by the laboratory and to
bring potential problems with analyses to light for corrective actions as

" needed. The QC effort has two main components: (1) routine internal checks

performed by the laboratory, and (2) external checks conducted by PNL to
evaluate laboratory performance independently. The scope of these efforts is
described in the following sections. R

Internal Quality Control. Internal quality control at the subcontracted
laboratory will include general practices applicable to a wide range of
analyses, as well as specific procedures stipulated for particular ana]yses.
The quality control and quality assurance programs will be documented in a
quality control manual and a quality assurance manual. The laboratory will

. produce a quarterly quality control report to PNL, wh1ch includes b]ank

matrix, spike, and surrogate data.

- External Quality Control. 'Pacific Northwest Laboratory will use :
interlaboratory comparisons, replicate, blank, and blind samples to evaluate
the accuracy of results from the subcontracted laboratory. The purpose and
scope of each of these is as follows. -

Interlaboratory comparisons using field samples are conducted to
determine if the results obtained by the primary laboratory are comparable to
those obtained from other laboratories. Comparisons are currently being
conducted for anions, selected volatile organic constituents, metals, cyanide,

. gross alpha, gross beta, and tritium. Each month, replicate samples from
- selected wells are delivered to PNL laboratories. The results from these PNL

laboratories are then compared with the results from the subcontracted
Taboratory. Samples sent to PNL laboratories are from the same sampling set
as those to be analyzed in duplicate by the subcontracted laboratory.

Replicate analyses of field samples are conducted to establish how much
variability might be expected in the laboratory measurements performed on
nearly identical samples and as a check for gross errors. Blanks for a wide
range of analyses are submitted to the 1aboratory monthly to check: for
container or laboratory contamination.

Trip (transport) blanks and transfer blanks are submitted to the
laboratory to determine whether environmental conditions encountered during
collection and transportation of samples have affected the results obtained by
analysis. One set of trip blanks and transfer blanks are submitted each
sample period per sample area at the rate of at least one for 1 to 20 wells. 2
These blanks are analyzed for volatile organic constituents. Co
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"Blind samples are submitted to the laboratory to estimate the bias of
analytical laboratory procedures and to determine when this bias exceeds
control limits. Blind standard samples prepared by PNL containing metals,
anions, herbicides, pest1c1des, and volatile organic compounds have been
submitted quarterly since January 1986. Most blind samples are now prepared
with materials supplied by the U.S. Environmental Protection Agency (EPA),
including the previous list of analytes plus ammonium ion, cyanide,
semivolatile compounds, PCBs, and an expanded number of pesticides and
volatile organic compounds. Samples containing constituents not available in
EPA performance samples are prepared from high-quality chemicals. These
include constituents from the enhanced thiourea and phosphorous pesticides
group analyses, plus ethylene glycol, sulfide, perchlorate, and hydra21ne
dioxin (TCDD).
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