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T . HYDRGGFOLOGY AND WATER QUALITY OF BASTN A NECK AREA T
. "ROCKY MOUNTAIN ARSENAL, DENVER, COLORADO

PART I: " INTRODUCTION ., % ;

X ORI I

BT oy = e s S
< '3?1“"‘ '*‘““1 “Basio A Neck Area (BANA) ‘s Hetined ae the area bounded on the

southeast‘by Basin B and exoss seotion line F—F' on the _south by a 1line __:fify,
counecting boring No. 657 with boring No. 639 an the west by a line

”connecting boring Nos. 639 and 378, and on the north by 9th Avenue
'betveeu boring Nos. 356 and 378 and on the east by a line between boring pl“
Nos. 378 and 130 (see Figure l). This area enccmpasses Basins C, D, E, -_x
and F. . ' i '.:. e o -

>2. Although not identified as aAsepatata entity Iir the original

Rocky Mountain Arsenal (RMA) Contaoination Survey Plan,* this area was’

dentified as a study area to determine what comrse{s) the groundwatar

takes after exiting Basin A. The objective and approach to the‘BAHA vas
the same as those authorized for Basin A in the RMA Contamination Su’vey

— _ Plan and the memorandum of understanding among EKA U. S. Army Engineer [

RN Watervays Experimeat Station (MES), and J. S. Iaxic and Hazardous vigi:;f vl e
a— e Materials Agency (USALEMA), dated 26 July 1978. e h,g;v, *;?j: PO
Seadry ’3: ',.-7s‘;. ‘,‘(, ,.p (RN --,‘-v-_-" g cat e < DRI

3. In response to the memorandum of undez3tanding. an'im Iementa—'”

lﬁ'ﬁ’f'ition and test plan for BANA was submi:ted to anﬂ approved by RAA and

~ ﬂ'.;-,&‘*‘“ ]

. - BT «‘ . D .. -",.‘_',_ A
- R USATHMA. In addition, a sampllng and analjsis prog'am fot Jater quality SRR
FhA for Basin A and BANA was prepared. Work vas ini:fated 1a this project '”‘;lfA’
in october 1978 © o _--. . 1._ _'.\ '.;.-J;” S . ;' ‘_.' " :_ '. P . ‘:‘-:—' “Vf',.': :.v :._..:-:..‘._l:.':ﬂ
~'*. . % DRCPM (now USATHAMA)-DRR letter dated 13 July 1979, with inclosure,
e . Subject: Rocky Mountain Arsenal (RMA) Coantrximation Survey Plan. o
... ** DRCPM-DRR letter dated 2 August 1978, with izclosure, Subject: S
s i ~ Memorandum of Undetstanding, Rocky nountain Arsenal (KHA) Contami-
- ©’~ " gatien Survey. A _ e - ; :jruf 3,~‘~'
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__.:\J . Purpose and Gcope -
“._. 4. The purposes of this study were to accomplish the following
_ .tasks within the BANA: A s ' _ ]
“""‘5 ‘ a. Quantify the groundwate‘r flow regime at the neck" ’of . .
- Basin A for flow exiting Basin A to the northe’estﬁ.' kK o L
] - lb_. Quantify the distribution of various i:‘o.l‘luta.n..s‘in t;xe | R
N:Af e ""‘;'"i'groundwater flow system exiting Basin A to the ‘Gorthwest, = %7
_.__ _._-_.__..-__,<.4v--‘__,______c_., Identify any other, groundwater flow paths (besides the e

: ) - exit flow to the northwest [in the alluvial aquifer (A.. )1) )
. S leavimg Basia Ao el rTEOrI e g e
i ‘g_. Determine the areas of signiflcant mo:\rement for ;ollutants .
- “ in the groundwater flcw exiti'zg Basin A. ... " T .
. 5. This report presents the findings of the above tasks per‘omed
. by WES. The results of physical laboratory tests on undisturbed"
A . samples are incomprete, and will be published as an ad*lendum to this -
: _. | . report. . ’ T . ' ‘ _'_"_'

T e ‘ - .. .
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e e A i = e e - e ——— = ——— - - it e e b e s g ——

v

'_'well was flushed with as small a volume of uater as pussible to clear ‘fﬂ

,-. ® WESGV letter dated 13 September 1973 with Incl 1, Subject: Basin A

PART II: FIELD DATA COLLECTION : s -

 Exploratory Drilling and Piszometer Installation

. 6. Tentative locations were selected for drilling 23 exploratory "-7:::;
borings and listed in the. implementation and test Plan,* With the optiou"'ifﬁﬁ”

car R e 4,

of additional borings in the area 1if required. Each boring extendcd to

. 100 ft ot'less, to assist in determining ‘the hYd:ogeologic characteris~ fkkéﬁ

tics of the area. Split—spoon samples were obtained at S-Et intervals v e

p—wns - P GRS

'_or at stratum changes, whichever was more frequent. Upon completion of . _
each boring, the exploratory bole was backfilled with grout. If a dry o T
:hole vas encountered it was backfilled from the cuttimgs.‘ Where water -
was found in one or more of the strata in an exploratory boring, obser-
vation wells were installed in each water bearing strata to be used as
plezometers, for rising head or falling head tests and for water quality
sampling. An observation well for each of the aquifer units encountered
in a boring was installed at a distance of about 5 ft from the explora=-
tory boring. Undisturbed samples of each aquifer unit were.collected.

An observation well consisted of a 2-in. slotted PVC screen that extended
the entire thickness of the aquifer unit and attached to aniunslqtted o
Z-in. PVC pipe that extended 2 ft above'the:gradnd surface:;fa pea_f:.;i~-“““‘f

Ll B,
gravel or sand packing was emplaced arournd the entire screen and the

- [

R N e it AL

.aquifer sealed with a bentonite and portland cement grout barrier placed -

I

.-above the screen., The remaining hole was backfilled wis h grout._ Each D ey

the screen packing, without adding a significant amount of diluent to i
any contaminated groundwater which may be present. : 'f'"_ '§7~”"_5 -
7. Exploratory borings and piezometer placements were accomplished

-at the original 23 sites plus 6 additional discretionary ‘sites. Plate 1

R T SRR Y ‘.
- e v

s
.

. 3
“ ot
A A

<

‘Neck Area, Implementation and Test Plan,»Rockv Mountain Arsenal (RMA)

Contamination Survey, . . . Woae e = eee T
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et it .. Water Level Measuraszents ...loln L M uiowr

L ) 1-—
AN

S T et B

identifies the locations of all borings in the BANA. Borings accom-;
plished for this task are numbered 801-826 inclusive plus 640, 651, and
455, Twenty-one ohservation wella—(or—?iezometers) were installed in
the ALL, while 15 sealed piezometers'were installed in the upper Deaver
sana (UDS), and 13 sealed plezcmeters were installediin the lower Denver
sand'kLDS). "Table 1 is a"s;mmary46f'all boring data abtained under BANA
tasks. . e R S

- . . . . - ‘- o ‘e
. YR . . . ekt Ve e o] : st 4 . se et EPPEN
S v " o S R cogere o - PP TR TN O R TR NG T

- [T PR RO

8.i Water level measurements wafa takea usiné-a abnaentional
"™M~scope," a battery-powered electrical probe which uses the slight
eleatrical conductivity cf water to sense the water surface. The
"™-scope” probe was lcwered slowly down the casing of each of the
satellite borings, while monitoring tﬂe needle of an electrical con-
ductivity meter wired in parallel across the probe. As long a3 the
probe remains in air the electrical coaductivity remains negligible - .
(resistivity of air being virtually {iaufinite). Immediately upca contact

of the probe with the water surface within the casing, the needle dis-
playing electrical conductivity on the meter shows a marked daflection

l (increase {n couductivity, decrzase in resistivity to finite values).
By maneuvering the probe up and down across the air-vater in:erface, the

s Y

actual ccatact point of the probe with the interface can-be 1dentified

VANA g,

“with a relatively high degree of accutacy. ‘The distance betieen the to§

‘of caqing and the air-water icterface was read from calibraglon marks on
tha wire connecting the probe to the meter. The elevation of the water |
surface (plezometric surface) was decermined‘by subtracting this measuraa
~distance from the surveyed elevation of the top of Easing. Although

“these measuremants are usually accurate, with proper exercise of caution,

within 20.05 ft, the measurements were usually reported to the nearest : Conn.

0 1 fr. . - T ‘¢ T e ;,; . ..',' D ) R

e 9. Initial vater level measurements were made prior to vell ;o .
- 3 - -~ '3. el B st

development. Since several of these Zeasuyrezents differed substantially

- - [ PN

frcm teadin~3 taken subsequent to well developmen: these readings were - ogemy




— -~,. ,____‘i. .. ~._ o e e ;t;,;_'.--..:.,'.’._..._.‘._;;‘._ i o o e e .:'f‘;..
; not used in interpretation., After well develorment, water levels were
i routinely measured prior to initiation of standard sampling procedures
) described below. o . ‘ o “’." i -
: I -7 Hater Quality ésmniinz L
: ’ 10;:hanh weil was develcped and used to obtaia samples for water
i -)?wk:ﬂi’Qualit§.énéiysis. The methods used for sampling have been standardized - . -44&‘;
| for WES participation on RMA progecrs: _E?e proofnure %s ashfolloys. L
.  _ s ‘- a. Measure deprn_é;om“top of casing to top og-waner. ‘EZQQEE_._" y
?77ff T IR depth for future use ;n development of groundwater contour
" b. Measure depth from top of casing to bottom of well casing -
4(total depth of cased hole) for initial sampling of new
installation or use previously recorded depth for résanpling
of established installatiom. - R
c+ Subtract depth to top of water from depth to bottcm th' »
i casing to determine the height of standiné Qérér in the '
- casing. ' S - . i ::7 . i
: R . JQ:A For _every foot of standing water: a7 'ﬁVT'““-,{ e
=N 'i" ,:f-};:'Q . 7(1) Remove 1.5 gal of water, if well is pumped, or _,;1 »~-¢:;:_
) imu . .. (2) Remove 3 bailer volumes (S-Ft bailer), 1f well is .
| e .i ~ . s erbailed ”"f’“~:- B ,2:~-' SRR S
'nsiiow the well to’ recover and agaln émpty the vell Z\Mf},i"
} ‘ ‘Immediately recover a sample for chemical analysis after
; ';'i_b;’.:;‘ " ‘pumping or bailing 1s complete (Step d). In case 2 well
_” - R .~ 1s pumped or bailed dry, recover a groundwater sample as
e g;‘ﬁ; [?ﬁt 'soon as possible while the well is recovering the second
‘ RO “ tbime. . L | N . . . ) ';;'5;-
’ iui “'f;_u 11. hater quality samples were recovered in accordan e with the
:'"T-.ustandard procedure and submitted to RMA, Material Analysis Laboratory
) .' .":":Division (YALD), for routine chemical analyses. The samples reooy;rso

.




' 5 &ere required——type curve matching was poot on these tests; and the'

TR
)

v the coefficient of‘pe—meabilit} of sttate at depths of the slotted

nemagon (DBCP), dicyclopentz .-iene (DCPD), diisopropylmethylphosphonate
(DIxP), dithiane, dieldrin, endrin, fluoride, Lsodrin, oxathiane, and

~

O=-sulfide.

- = Slug Tests -

. . U BRI - bt . - S ERETE
IR . Syt x

12, Slug tests were conducted on 29 of the borings to determine

- .
PRI

sect*ona of PVC pipe.

lowe ed essentially instantaneously by rapidly removing a fixed volume
of water with a baller followed by observation of the change in water
level with time. For each slug test the change in water level, as

derernined from the respouse of a pressure tramsducer, wag recorded on

an oscillogrash recorder. N —
13. Slug tests were performed four times on the UDS sealed pie-
zometer at site 455 with all four results lyimg within a 2.2 percent

spread. All tests wera performed, and data reduced (as described in

Braughtou et al., 1979 and Basin F draft report, 1979).

14, A total of 39 field slug tests were performed. Six tests
which overlap with the Basin A study and four which cverlap with the
'deep‘drilling assessment around Basin F were used in this study. All of

these data are presented in Table 2- Nine tests were conducted in the: z

.

s

In a slug test the water level in a well is -~

ALL but due to the extreme desaturation of tne ALL ralling head tests

L P AR S ] DS T

petmeabilitj valuee ootaiaed should be considered to be questionable.;

s U, AR ." —\- .

‘-Phyéical Testing

1.‘« . e - P .. - Tl co.
———

15, Undisturbed samples ta&en from 30 of the botings at the
depths of the PVC screened intervals were teturned to WES, X—rayed to

~determine soil struc ural features, and deliveced to personuel of the

Soils Testlng Facility,.Geotechnical Laboratory, to determine the uatural

X ytji—water content, dry density, brain size distribu:ion (fct classification




purposes), and laboratory determination of the coefficient of perme~’

' abilitj.
Corps of Engineers
30 November 1970).
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Test methods employed were in general accordance with the

Manual for Laboratory Soils Testimg (E 1110-2-1906,

-
~
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PART III: HYDROGEOLOGY ’

Geologic Setting

‘3'16 The PHA is under‘ain by layers or lenses of clays, silts,

;;f sands, and gravels varying in aggregate thickness of up to approximately

60 ft. These soils are generall] referred to as the "alluvial aquifer,
s '\"upper aquifer," or "upper alluvial materials,” or “allavium." ‘At the * "

3 e base of the alluvium lies a clay shale or shale layer (termed in the

AN e e e

past, as the "bedrock surface "Y. This- underlying surface {is the subcrop

'?"5;_“of the Paleocene (lower Tertiary) Denver formaticn. The Deaver formation
contains sequences of clays (or clay shales), sands, siltstone and
sandstone layers or leases of variable thickness. The project borings

penetrated up ts two saquences of shale and sand of the Denver formation.

;Q;l | 1‘._t11; Top‘of the Denver Formation : .o Lot

.+ 17, Elevations of the top of the Denver Eormation“were tabulated
" for appreximately 175 boring sites 1n the BANA, Basin A, and southern—
‘ 'most F~to—Nor*h—30undary area. These elevations were plotted in plan
‘; . view, linear interpolation was used and a .aap o‘ Denvex topography was
et wgontoured (see Plate 2). This map has as its most prominent feature a -

deeply incised streem channel ‘across the neck of ‘Basin % ‘and trending )

SR o
. "LJ'ﬁ‘ roughly from east to west toward the ‘west bounda:y of the arsenal. k

“_t:Dur.ng periods of high satu*ated thicknesses in ‘the ALL this map woildUZT*'-aéi'
be lass instruct ive than it is under current low-saturated thickness o
. conditions. Plate 2 indicetes that under low—saturation conditions in

the ALL, alluvial water flow may become controlled by “the Denver topog=

' raphy, in whicﬁ case 1t is difficult to nnaoint any —ignificant £flow

: S S LA
) from Basin A flowing qnjuhere but to the west. fdﬁk ;,t-,:',»q' o

. ""'LJ‘ <l B ¢ :-.,<.'

.'118. A second feature of Plate 2 is the less—ptominent channel

etiting BaSin F to the northeast. .Most alluvial flow under Basin F,

. including vertical leakage from Basin‘FQ';ouldqoe‘eoostraioed.;§;xn: #51 'ﬁ‘”ff :
'4‘ O T — ey e ., i . 20 e - !

AR TR N e A R TN L LPNN RO SIS AL
p \ I .
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gy ‘sl

"”fbecame obvious.; Areas of "dry wells are denoted witﬁ the pattern data

.:.f” . .20. Tﬁe nost dominant feature of Plate 3 1s the bifurcating '}i}‘

Denver topography to flow northeast across 3+h Aveaue before contribut—

ing to the F=-to-North Boundary flow regime.

' Lo YL e e

o e ‘,vGroundwater-Levels

. . . R K L. . . " . Y - Y b
. . PR . . . P - N Rl L o ""x‘.."-'- et -
e et R . . 4 ) ey R, B |

LY
Lo d Y

PRI g i ",-. 5

i";_na-ﬁlé. As mentioned before, tﬁe ALL was in a period of very low e

saturated thickness conditrons during the study° Water level snrveys

were accom 1.Lshed in early January, late Marcn, and early June, and most

,-readlngs are relatively consxstent over tnat period.’ ,Qome wells showed 4
slightly increasing saturated thicknesses (i e.,nweil Nos. 626—639) but
“most of the changes over the three‘surveys showed water level declines ]
of a few tenths of a foot to over 2 ft. Many wellspin all three surveys

"

" were "dry." In order to be cousidered as “dry" one of two conditions

must be met:

a. There is no water in tke well in which case the well is

S e - Coe

.quite literally "dry," : _75.2-3}4' ¢:;.kj;%_'
v..be The water level elevation reported from the survey is
' below the elevatioa of the top of the Denver formation in
which_case the well is functionally "dry.
Plate 3 is a map of water level elevations in the ALL for 1 June 1979.

Linear interpolatlon was used between data points. Saturated thicknesses

y.were examined, the coatoured map compared with the "bedrock topography R

map, Plate 2 and the "bedrock" topographic control of flow in the ALL

Ll PR TR T Cheal LINET I Aa X JRRESOVEFCUNEREEE 8

'
.

; control is shown wi:h solid dots (o)

n)_-'

pattern of alluvial flow. The steepest ALL flow gradients are to the
vest. coincidlng with the position of the incised channel in Plate 2.
The portion of this bifurcatirg £low w?tch passes under Basin F is ‘
probabl/ a minor _component of total ALL flow in the 'BANA. Indeed with
'Plate 3 contoured as shown, only flow Erom Basin A on the extreme north—
_east side of the, neck" could possibly follov the gradients shown and 'f
-;actually flov under Basin Fo ; The low flow rate from Basin“X"‘”ffszabout

RS

. 'ui‘—

B
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- 21, Plate 4 1is a contour map of water level elavations for the
'; GDS. Data control, as shown by the solid dots, is sparser than for the
ALL map, but 1s still well enough distributed to result in reasonable

Q-

_-‘f‘ e confidence in the map. ¥low paths in the UDS are ge erally to the
‘A T northwest, and they are broadly similar in pattern.and distribvtion *o

o o . . .

o '&“"' he water level contours in the ALL, Plate 3. The gnneral similaritj in e
e contour shape betweeu the ALL and the UDs indicates the possibility ot L
I T N A . o PR Cueee e S1 Reeel rR

< - hydraulic interconuection between these two aquifers. In most areas the

AT ALL heads range from about 1 ft ta as much as lO £t higher than heads i:ﬂ'..
_Qﬁ;’;' the UDS. Areas in vhich the ALL and UDS heads are quite similar are on ?‘ftv
. 7'. the northeast side of the neck of Basin A and the southeastern corner of

‘Basin F, suggesting 'windows" of interconnection : both areas. Boring
logs from Basin 4 (Broughton et al., 1979) coufim a "window” in the

neck of Basin A, and boring logs for sites A4u, 448, 452, 455, 456 876,

. 877, and 883 (these last three are expioratory borinvs done by Earth
€L;¥s§ o o Sciences Associates, architectural engineer contractor to Black & Veatch)
s confirm the presence o‘ a "window® at _the eoutbeastern corner of Basin F.
' ‘ ’ 22. ‘Plate 5§ is a contour map of water level elevations for the
LDS. Data control, as shown by the solid dots, I{s even sparser ‘than for
the UDS. Without additional data control Plate § should be used with
L ";~-caution. LDS contours are broadly similar to both the ALu and UDs maps, ”1'”
- - - Plates 2 and 4 however, heads in the LDS are generally from .about 3 ft
o to mor"than 25 ft lower than heads in the UDS. ‘Areas in which UDS and
ﬂ.ﬁfi TDS heads are quite similar (within about 3 ft of.each other)JareJat fﬁﬂylf'
- ‘:fﬂ;t:f site 809 ohere a UDS-LDS "window"iiq documented bw'the horing log. andv:_ :
- :u"’:along the southwestern hal of line F—F' where a.EDS—LDS vindcw has been -

inferred from boring logs. Contours a.> also quime similar along the
. neste:n side of Basin F, suggesting a window in gt areu, although data
' -control is toc sparse to have.any confidence in a conclusion based upon -

that suggestion. Other interesting patterns to oote are. (a) the 4if‘yuf':;

;‘northeasterly flow path in the neck of Basin A, mﬂ the axis of westerly

- oyt ,..,-

Ethe hDS than in the UDS and is oriented approximamely 45 deg‘souf"best .”fil-
from the axis of uDs westerly £low, (c) the virtnzlly petpendicular o

r‘ .J _-4-" \

SR 12




e orientation of UDS versus LDS flow lines in the neck of Basin 4, and’
(d) heads in the LDS are higher than those in the UDS in the nmeck of
Basin A between section lines F-F' and G-G'.*
. 23. Plates 6 through 12 presenf atyatisranhis eownss sactions for
- . ‘.section lines F-F', and for lines U-O' through 2Z-2', 'as shown on Plate i.
- . The heavv 1iﬂe of bighest elevation on each plate is the ground surface f,:

elevation. The next heavy line at a lower elevation 1s the top of the

2

. FYkL Denver Forzation. ' The heavy line of lowest elevation divides the upper . *i»7

Y

fthe‘Denver Formation containing the LDS. Whether this line represents h
',;'. . an erosional unconrormity, a redox boundary, a facies boundary, or some
:other phenomenon 1is still subject to speculative interpretation. In the
':f;é . upper Denver very little lignite 13 present in the clays, clays usually
-1; IR show evidence of oxidation (small stringers of limonite and hematite) |

X - and the UDS is generally a yellow to orange-yellow to green-yellow

+ 8lightly silty sand (SM) ‘n the Upified Soil Classification System -
'(USCS)). Below this line lignite is abundant there is 1o evidence of

- oxidaticn of iron, and the LDS is usually a pale-gray to blue-gray fine,
“e 4f"-SM. This evidence tends to support the idea that the third heavy line
' ' is a redox boundary dividino an oxidized UDS zone from a reduced LDS

STl vy a

f;;ffbl;.zone. Inferred correlations are indicated by dashed lines, while f“fl?ﬁ'

e ew, W M

i o forrela’ions frcm adjacent holes are showu with solid lines. Positions
— = ] Shep e - fORE et PR A

of all vell screens are shown on Plates 6 through 12 with a horizontal R

u;;‘“"* pattern. ”Tbtal depth of penetration is shown b, the vertiﬁal lines x’j‘" E

i 'fei L . beneath the boring 1ocations indicated with arrows and boring numbers.' i_r?ﬁm
é~&f, f€“¥7;3g24. Several observations are possible from these cross sections:f;'"u

D el LY WL
- concerning the interconnectivity of the ALL and DS aquiier are. tf%f‘

-
e
- e

- a. Section F=-F'. .

(1) The ALL is.in direct contact vith the UDS betueen
"1Tx'-f_,7: R boring Nos. 723 and 5+o.

et - "

Skl L
< .

K ',.ni;*“ WESCR letter dated Z August 1978, with inclosure, Subject: Basin A
23 it Neck drea, Implementation and Test Plan, Rocky Mountain Arsena"SRMA) IR
S A Contamination Survey. “ Csiasde i e ST — W L

. bl g Loy 3 \,‘_b~"

> ...part of the Denver_Vormation rontaining the UDS from the lower part of PR




S (2) The UDS is inferred tn be in direct contact with the
;%if ~ LDS between boring Nos. 650 and 651.
L (o) Ouly the deep screens at boring MNos. 651 LDS, 640
- . UDS, aad 723 through 725 are known +g have heen
. a o ' '_:sedled with grout, 1eaving the possibility of
‘ ’ '.‘,::"“-«.-: \ f drilling=induced con:aminatiou migration. at many c‘. L
m . . the otner‘ ‘_s}c::r‘ee‘ei'j:nwt“}‘le'Den\iefjomatiin, | i
P Section o-u'. R MR I MR e
_—— ] P (1) A window between ALL and UDS is strcngly suggested 3 }
jf;ﬂ‘ - ;~€{:Z-: -" - between boring Nos: 817 and 818, ‘and redrilling 'ﬁv‘g;'
'Q;:} 0 ) o boring No. 139 could help confimm this suggestion. .
R ' Since the ALL was "dry" in this area during this
study, cross contamination is probably not an
immediate problen. '
: _ €. Section V-V', . )
Ry S ?‘A”-Z57. (1) A man-made ALL~UDS window is possible at boring
e --.'J““teiéf;r,1~ ;... No. 141 where the confining CH (highly plastic clay
: L - ‘ in the USCS) at the top of the Denver formation is
__ only about 3'ft thick. The exploratory drilling
_ ) _completely penetrated this CH and a gravel-packed
- SRR 'f;":‘ﬁ*?-"-trap enters the UDS here. ‘L“¢n: C A . “3_:\L;:
eed e s gl ol (2) A matural ALL-UDS window was drilled through at site -
i ’ T .‘.T;‘T 813. The infe:red dlmensice\eélzhis window is eberox;'“ ks
. ERRIE ?fi g;imately 600 £t alono V—V""f"b’ﬁff”““'*i““ IR PR A
) . S (3) A UDS-LDS w 1dow is possible and inferred-keggeeﬁ'f::"f:
boring Nos. 815 and 675. G I For Tl
42;‘ Section X-X'. '1“'f ;<Nf(1{5f"? ;:‘;; f "§f ;?Tﬂ
( (1) An ALL-UDS window was drilled th;ough at site 803. ‘
»E-;}zi - - Its lateral extent is inferred at approximately Sl
R fif-i" - 1300 ft in the vicinity of 803. ff. . T ,WJ
R (2) A UDS-LDS window was drilled through at site, 770 R
,j‘ “ﬁai;éﬂ;‘: 7 “i};1n (Broughton et.e;;,‘lazg?l‘.gfixkieefaiﬂeer?fvie‘;J:;} ?E_f
-0 '<J{f:7;3, ;l?;,,- inferred at about 1000 ft eeat 770 “'_;:::,_~—‘-» ﬂi't?',.

i




. : e. Section Y-Y'. 7

(1) An ALL-UDS window was drilled through by all explora-
tory borings om Y-Y' northeast of site 490, Its
. . N {rrl - inferred extent is approx.mately 4000 tt along Y—
L (2) The shallow screen at site 455 has a 67-ft trap on
the bottom of the screen, and is probably gravel-'fi'fo~wx
- . , o packed from the ALT all the way into _the LDS thereby _
i o} N S TOEah R P DU AL Lt N TR AF R R LONNA TR TR ot
. . Ty : . ) aggravating contamination cross connectious.

L e ittt £ Section z-2'. UL ' _ R
R R (l) There is an ALL—UDS window ‘across most of the southern ;:eﬂf
- - end of Basin F between boring Nos. 805 and 456.' L
‘3ﬁfg : ‘ - ‘lateral extent is inferred to be about 2200 ft along
; z-z'. S
- (2) A small UDS-LDS window is inferred to be between
‘ . - sites 492 and 804, and may be the lateral contin—
-u;ilii;v. .. uation of the UDS-LDS window drilled at si*e 809 to~

s ‘AHl--F'» a"fi-f_ " the south. =~ - L ni- lf'ﬂf

" oa ...,_-.-v .

i . Lol . C e

In addition, borings not included in the sections'éhe—e pindous”connect
the UDS and the LIS are 809, 823, and 325. At these sires the sealed ﬂ

piezcmeters are screened from tﬁe bottom of the LDS across the UDS

R . sl T T PPN
' contact and several feat higher. Vet s e L Sl T -
soo T R SR PN TS zzﬁz-:f-ﬂ’;,iti4*‘&" T s e e
) R R A PEROTRC T RN U T SR RS TR LY
- e /I o
Total Mass Flux ‘ .

S e RS f-"%iv.'*!-uw-’.vmww‘pm:‘r-'.we\.-;‘v

. l
2 Ve

T 25.i Four section lines uere selected to cover mass flux flOw’Tﬁ .
components in BANA. These were: line P-F" 1i1e Y—Y'. 11né'z;z' and‘
9th Avenue across the north side of section 26. Plates 13 through 16
. illustrate the saturated thicknesses of aquifer materials, eitner ptesen*
‘or inferred along each of thess lines. Water levels were plotted on
each of the appropriate c¢ross sections and the saturated thickness of

coarse-grained" materials was meaSured. _These saturated thicknesses

- were plotted as a function of boring location along the section. Cross-'ﬂ_i:”i
A sectional areas . of the saturated aquifer materials were caICuLaE 5 fot T
(:J RN »use in the expression for calculating flux, Equation l below' '
PV Be gt e " RO o : : --\.: PR TP S RN

;t-.’w sl




- : . 0=K1iA ()

: i where . o ; - ‘

“; Q = total volume flux (gal/day).

i_j . K = meaﬁ"ted permeability (gal/dav-Frz\ - PR

L o il o= hydraulic gradient (ft/ft). T e '?.‘R ' .

s ' _‘A = cross sectional area (ft ) ;f?g_ - 54.,,'..JJ»v 't‘ ﬁ:g,jl“,."
‘;Ji Values of 4 and K were substituted in the above eégééséioE“lléﬁg*' '
??ﬁ v - < ¢Lwith appropriate i values as interpolated from Plates 3 throush 5.'***“'nwfeﬁf

L . 26.. Prior to calculating the ALL flux, the field permeability e e

et - = = g e i s o % = et i e -

test resulta in the ALL auuifer of BANA wete determined to be of poor g(fp' Tl

,.,.

quality and would mot be used. To obtain a value of K for the ALL, - o
. the results wvere back—calculated from the pump test of well No. 368 juat

north of 9th Avenue. Plate 16 shcws the saturated thi ckness of ALL at
il : 9th Avenue, a total cross sectional area of 16,840 sq ft. The local

gradient from Plate 3 was very low, and averaged roughly 0.0006 ft/ft.

. The K value from the pump test of boring No. 368 was used, .33 cm/sec -
- _ (7000 gpd/ft ). Thus, the computed total voluze of water in the ALL
passing 9th Avenue away from Basin ¥ is 49 gpum. On the basls of water

quality work done on water from well 118 at the northeast cormer of v
- Basin F it has been shown that Basin F fluid leaking into the ALL is . IR
- " ‘diluted roughly tenfold. There‘ore, it vas assumed that 5 gpm were ::t;?LJl!fh.
leaking out of Basin F into the ALL, This is a 'elativ:iy reasonable

R

I
R

-3 .T ”k'numbet since. (a) if one assumes a permeability for the bottom of o .

_ e Basin F of about 10 % cm/sec (O OOO’ gal/day-ft ), (b) assumes a unifcrm‘hjfﬁﬂlf

” - . head gradient of about 5 ft/ft dtlving vertical leakage; ‘and (c) assumes f? .;
an area for the basin of roughly 4 x 106 ftz; the leakage QAEZE out to‘T;;;w:J.

leas than 10 gpm. A total volume flux was computed for the UDS at line
Z=Z', where heads indicate (Plates 3 and 4) that the UDS could be dis- .
charging into the ALL beneath- Basin F. Thia flux was computed to be -i-'.‘
about 13 gpm. This left a residual of 31 gpu (assuming the Basin F flow '
tegime is in an equilibrium balance) which needed to bP crossing line_:x
,1 ‘—%:ii~11 the ALL. Using this flux and gradients from Plate 3, the A%FLfﬂw

’ permeability in BANA was computed to be 480 x lG cm/sec Q,OI’Jg:i/day-‘fJ’
—_— " ‘:. . 1. 2 . :"
WA S e This valun vas used in all ealculations involving the ALL aquifer A




~ -
_ 27. Table 3 summarizes the total flux computations made for the
t four lines previously mentioned. As had been shown (Basia P draft
, i report, 1979) flow out cf Basin A is quite low in all three aquifers.
:' An independent calculatica here of the flux across line F-F' in the ALL
= was within a few percent of the flux computed by Kolner (1979). By d
inspection of Plate 3 it {s obvious that all ALL flow across line F— .f
should also eventually cross lines Y-Y' and Z-2'. As can be seea in ’
ﬂﬁfé .-~ Table 3, the ALL flux across both of these lines is about two orders of .tV
- ' magnitude higher than the present ALL flux out of Basin A. Three possible ., ..
:?:7_"—~___— ‘—eiplanations of this phenomenon are possible.i-T?fj—:Tfl:jjfei:szzf:?-4 T
’ ,; a. Fileld permeabllity data, and therefore the flux calcula-'
; ) tions, are erroueous. 'f.- i “-LZ;;
b. There is a great degree of interconnection‘among the
three aquifers, thereby rendering a water balance between
Basin A and BANA too complex to cempute from the available
data control. S : ‘sw = .;?f;:f - . ‘4;f
c. There are water masses in motion at RMA which reflect o
differe.at ages, and therefore, different rainfall infil-
tration and waste disposal rates, thereby rendering a
- water-balance calculation meaningless due to non-steady—
state flow conditicns. . . ‘_ff; ..,ﬂ;:f;"; et '-;xnpq;a
The first of these explanations is probably not correct. Preliminary R
- e s e s

results from the F—North Boundarf Study ¢ .ndicate that the slug test Tt

results very closely nimic the pump test results in the same area, and et

therefore, the slug test results in BANA and Basin A are probably reliable.:

The second of the explanations 1s quite feasible, since several areas of
interconnectivity among the three aquifers have already been identified
from boring logs both in Basin A (Broughton et al., 1979) and in BANA.
The third explanation is also feasible since there is already at least |
prima facie evidence of more than one water mass p:esent in Basin A

. (Broughton et al., 1979) Probably a combination of the second and g
#:.?‘ third possibilities applies. thereby rendering a mass balance computation

~ 2l e S
o
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28, Different water z=csses la zotion ia the ALL is argued for.
quite powerfully when comparing Table 3 with Plate 3. Plate 3, as
contoured, shows a flow net which would not allow much, if any, of the
present ALL flow out of Basin A to travel to the north and flow under
i Basin F. And yet, the northerly flow across line Y-Y' in the ALL is
almost 100 times that of the flow i{n the ALL exiting Basin A. Flow
across the westerly ALL channel of line ¥-Y' is almost 250 times that of
ey ~2 7" the ALL flow exiting Basin A. Even if all of the flow from all-three s
| aquifers across line F—F' were combined with all of the UDS and LDS flow
' across Y-Y' (analogous to all "bedrock” £low discharginé into the ‘FN o
alluvium), this total would still account for only 66.4 percent of the
ALL flow in the westerly direction across line Y-Y'. Abparently the
i flow across both segments of line Y-Y' in the ALL reé%esents a "slug" of
old water which may have exited Basin A as much as 20 years ago when
wvaste disposal in Basin A kept saturated flow volume high in the ALL.

Water Quality Analysis

&

General
29. Field_samoiing work for the groundwater quality study was
initiated in December 1978. The samples Qere recovered aczording to the
sampling schedule as gilven in Appendix A, Reference 4. All samples 3:_
o collected Iin one day were delivered to ‘the MALD for preparation and <Y
- #. . aunalysis the same day. The procedures employed in the analysis of these T
vl samples can be obtained from RMA. E f:f::;;:;“_‘ o .f -f, fiii;A?;

~ - 7 Methods of Jata Analysis

30. All chemical results obtained for the stedy area were recorded .
on plan maps. These data were also plotted on geologic cross sections
: according to the depth from which the samples were ‘recovered (well
.. '-- screen depth)._ Based on the cross sections, the water qualitj data vere

oorrelated and seﬂregated for the various water-bearing units within the

L ‘study area. Since the contaminants exiting the Basin A study area were

,“ found to be moving in the middle water-bearing unit, the uDs, ";_§~unit

‘”: were given primar? emphasis 1n the data analysis. "The correlated data ¢ T“”’
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'”ngroundwaCer :here was significant flow in the ALL. Konikow's 1975 model

._céntinuous'over the study area. These 'windows" in the confining layers

.

“;taminant concentrations present in the UDS ‘have resulted from vertical

vere averaged at each well screen location and plotted on plan maps.,
Thus, thesa water quality results roprasaat 2z zicgle picture in time of
tha distribution of the various contaminants within the study area.
Tanese averaged data were contoured and the contamizmant distributions
were plotted va lsoconcentratfon zaps, T N

Discussion of Results

fining beds between the various water-bearing zones were found not to be

31. The geology within the study area i{s complex, as was iddi-

v+ ~'cated earller. The less permeable clay layers which function as cou- ‘yvm:f;sf,

provide areas where vertical water wmovement can occur between the various

water-bearing units. While this movemsnt may be small enough so as not

to have a noticeable effect on a water balance in the study area, the
effect on contaminant distribution over time could be significant.
Correlation of water quality data was difficult and numerous data gaps

in the control of groundwater mevement, as well as water quality, were.
noted. The four contaminants, chloride ion, oxathiace, DIMP, and dithiane
identified (Kolmer, 1979) as wmigrating into the BAMNA were closely eval-
uated. These were the only contaminants found in sufficient quantities .
to merit evaluation. The bistory of the disposal of these contaminants
was discussed (Xolmer, 1979). The distribution of these contaninants in
the UDS 1is shown in Plates 17 thrOugh 20. The contours close around the
Basia C area, altﬁough this may be an artifact of lack of control _under e

Basin F cTHe ALL in this area is dry and it 1is believed that ‘the con—

’movement of groundwate from the ALL to the UDS. : ' . R

‘“work confirmed there was significantly more flow in the ALL du:l'g,this %Afi’;

‘.32, Prior to 1957, during the period when Basin A was an active -
disposal area, there was a head on the groundwater system in the Basin A

area, probably resulting from disposal activities.' This head caused -

:infil:ration and groundwater flow at levels above those which would have

occurred naturally. In order to acccrmmodate this volume of contaminated -

time. Uhen the Basin A dike was breached the quantity of infiltration - “@}L;;




was reduced and the cross sectional area required to carry alluvial flow
was also reduced. The "windows" between the ALL and the UDS acted as
"drainage points' for the ALL into the UDS. 1In short, after use of
i C Basin A was suspended, there was not a sufficient quantity c¢f ground-
R "t water flow to 3up§¢:t both the ALL and the UDS water-bearing units, and
- the water in the:ALleoved verti eally to the lower units in adjustment
to the new.flow duantities. Because of the JlndOUS between the ALL .
i "*"jl"”"'and UDS ‘these units can in some ways be considered to be one water=— ii7 ¢ ¥
' ... bearing unit. If the quantity or groundwater flow in this combined

—— —— .4.. .-

aquifer uere reduced the water table would fall and areas that were

once saturated would become desaturated and, eventual.y, dry.

; '33. The time for this reductiom in saturation ove* the study area
would vary with the distance from the source. The areas closest to the
- source would be affected first. Thus it is understandable that a rela-
'f% _;‘ tively definable flow pattern from the ALL to the UDS has been estab=-

- L lished in the northern part of Basin A between the G-G' well lines and -

the F-F' well lines (Kolmer, 1979). As the distance frcm the source

increased; however, the nature and extent of this vertical movement

would beccme less definable, Further, if groundwater movement rates are

slow enough or if the UDS 1is not as ‘extensive as the ALL, it would be

possible to find high contaminant levels in the ALL These levels would

e be representative of the trailing edge cf the old pollution plume that - .
R was exiting Basin A after its period of active disposal operations.' Theﬂl
;‘E*{'Y,‘groundwater and chemistry conditions found in the BANA study area indicate S
) that the above described sequence of events was certainly feasible. S :;';i
=0 34, After use of Basin A was suspended the driving force and '

| supp1§‘of groundwater flow were notably reduced. This effect moved

downgradient from Basin A into the BANA. Some contaminants were carried

out of Basin A with what may be looked upon as the "last flusn“ of
’pollutants from tHe active disposal site. These pcllutants drained to

the Basin C area. This "last flush" could have been a combination of

'5fa fboth surface water and groundwater flow. If. when the Basin A dtke was

:,lbreecned the.contained liquid was allowed to drain to Basia_C, and“was

T .;3;:":; then pumped into Basin F_ some oE the was es temporarily contained in

. \l .
,»




,'.
Basin C would have Infiltratad tc the ALL grsundwatar sysztem, The
driving force to move this water out of the area, however, was decreasing
o ' with time, and the rontaminants probably moved both vertically and

horizontally. Alsa, duzing this tlme, flusnout ol Basia A Was continuing

| FORFRIEY

and contaminants were migrating across the F-F' well line into ‘the study
.area in the UDS. This movement would have been slow, but it did help
; Sy augment tbe contaminant levels 1in tHe UDS I the contaminants'moving

e TR T e Sa PR .\, e RS RL” B RT I B o -.~,...‘.,».‘

vertically migrated essentially as a slug of hlghl] contaminated water

“into the’ UDS, a closed coantour pattern would be expected which is the _._. .. ._.
i.pattern that has been observed in the.etudy ared. Judging by the slow o
’ .rate of groundwater movement in the study area, approximately 6 cm/day

(0.2 £t/day) across the F=F' line, it is feasible that this movement

pattern has taken in excess of 20 years to develop, and it wmay take
longer than that to naturally flush the upper water—bearing unit. '
4 ' '35. If the extent of the ALL is greater than the UDS, or if thc

R A TE PR B RV B

.~

B groondwatet movement rate 1s slow enough, it might be possible to locate

Iy

..

the high contaminant levels {in the ALL which represent the trailing edge
of the contamination plumes from ‘he original Basin A disposal activities.
N Plate 21 shows the distributiocn of chloride ion in the ALL. Comparison
s ) of Plates 18 and 21 shows that where the UDS chloride plume ends, the

o “*ALL pIume is continuous with it."Vurther, compatison of Plates’ 18
Mo - eud 2L with Plate 3, depicting the groundwater levels in the ALL, pErE
indicates that the contaminant distrlbution in the uDs matches well with =it

wodap Calle . . e RYPTICEY AL S

the dry area in the ALL and the contaminant plumes ih the ALL also ”f

..
‘,(‘.?»f"
MRS

TR

.o ' . 3 S S PO
A correlate with the groundwater pattern shown. ; 2_ » *K'A~& e _' D S
: . LR BN IR Wy I mm e L

_ f’36. Based on field {nformation, the abcve scenario appears
'feasible and is compatible with nown historical informafion as well as
the data derived from the Basin A study. However, the above discussion

. ,{;is qualitative. A quantitative analysis will be needed to determine the

.7§;.5fv fluxes and rates of movement of the contaminated flov.' Because ‘of the

-

U%H:A;. complexity of the BANA hydrogeology, and be.ause placement of the pie-

4f,;‘zometers (800 series borings) is relatively wide spaced it is considered

Ahat the available information is not sufficiently well detailec‘ro :}fif:k




from the available information would not te comnsidered reliable. The

avallable data is sufficient for a good qualitative analysis, but not &

for quantification of contaminant movement. ] .
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PART IV: COVCLUSIOWS AND RECOMME! IDATIOWS
Conclusions
7}3..ff.uiﬁvi'ﬂ37. The BANA is probably the area of the ?MA with the most ccdplex_ﬁl

geology and hydrogeology.  The high degree of interconnectlvity among

the three aquifer units demonstrated f*cm ouiy 26 new borings indicates o

s,
.':r';«" _;‘;,::'!p.e- T

that there is ?robably insufficient bering control in the BANA to provide . -

-~ - N - - v —-4“ - e * -

iﬁ:-”j;f water flow regime.A"“‘_ '_ A T '_43¥“‘ S

{ R d‘38. Water quality ‘monitoring in the BANA also indicates‘a ccmplex
set oflinteractions among the three aquifers. It would be very desirable
‘to have well screens in many locations where they do not exist now, and
further, more p~w boring sites and well screens would be highly desirable.
,}9. At present the contribution of contaminated flow from Basin A
" ALL to the total ALL flow in the BANA is virtually {nsignificant. It
;ld’ K has piobably been insignificant for at least severa1 years, and will
' e probably remain so at least until the front frcm the "mound™ in the .
southern end'of Basin A (Broughtcn et al., 1%79) reaches the exit in th

LY N - & . . . ‘e .

.gij:f: neck of Basin A. - . .. 0 “.vi - ﬁlf;i :n'f: T i

)
LY 2 . KA

e w40, With heads in the ALL higher than In the uns there s a high L

w1 p-probability that contaminants in tramsport in the ALL are being under—ﬁ?'ff'ﬁ”

Sm—— . orE]

drained" into the UDS This would make migratiru in the UDS much more

v\-.«v:-f. o e, e AR TR

important than herecofore suspected.

T

?.fdl.A Chemical contamrnation hae spread Ercg the Basxn A area into ';:f‘”ﬁ‘
the Basin c, D aud E ereas. This contamination is primarily in the UDS ’
with the highest recorded levels in the Baain C area. It appears that )
this contaminatiou may have migrated vertically from the ALL into the.‘

‘UDS. Rates of vertical movement versus hotizontal(movement, as well as

.. the ccmplex interrelationship of thesa twc, are Dot known quantita- f’, Ul

vl tively. T . PR ‘n'_-. s . \' - - o~

L > . g 3 _" R ‘,'.f" .

)'deep screens in the Basin c area were the only points where some coa—‘.

. . PR S )
N TS . 8.

- TR ﬂtaminants vere found but at low

Ry, 2 DT 4 ol

"je.definitive str atigraohic control for adequate description of the ground- TR

Tbe LDS showed little contaminatiou in tne study area.' The jr:i;ax

levels (tor example, DIMP vas less than T




“‘probable ‘that the contamination’ in the UDS could move to the LDS. IR

3]

100 ppb). However, contaminants have mizrated ta that depth and "windows
between the UDS atd LDS have been documented. Iz gemeral the ground-
water heads in the BANA are such that water will wmove progressively
deeper. Thus, if "windows" between Water—pearing units are in the
contaminated flow path, coatamination will move to the deeper water—
bearing units. Vertical zovement rates are oot xrown, but are probablj

mucih slower than horizontal movement rates. = Given time it is very

43h There are five main data gap ATEAST . wings ey DRI aNTaen i e

e -

~ R PR | -~

:g, Be*ueeu Basin C and the Pap ! well line, where only boring

A et L e — . . N

No. 638 existz, it waé too shallow and no samrles could

. - be recovered. ;'jLK‘ ' -
b. The Basin C area appears to be a "hot spot" for contam—
ination in the UDS and requires more detail to be quanti-

fied. B _ _
The narrow area between Basin C nd Basin F. The existirg

'vells in this area were drilled and screeuned in the UDS

- and no data is available about the ALL. ‘These data could

\
- 1
TR S e e g

be significant to the interpretation aad quantification
of the interr elationships between the aquifers.' ata
obtzined frcm these wells nay be affected by water frcm A

the upper aquifer moving down around tﬁe uell casing and PR

.

into the Iower screen.' The water quality data from thesa

. wells all correlated verv well for all contaminants at

7 all depths suogesting cross coatamination, Wone of the‘$

_J;ulilj‘i"' data could be used. This area is critical because 1t
" forms the last line of sanpling before groundwater flow"'

moves under 3asin F. The lack of relizble samuling

sy

<,
25T e

points in this area is one of the main reasons a quanti-l ‘

tative hydroocochemical analysis could not be done. .’:?f;';~:;

- . - v - b

T f d. West of Basin F. The samplinﬁ points in rhis area are

too widely s~attared to a low qaantitative definition.

&

2 Along the E-E' well line.' Thtse wells are aLl tqaﬁshailnu

Based on the available data, it appears that the UDS is t

AT QR [ORT e PPy ol A S s

s SLE £ ot




pinching out in this area, but it may just be a Iooalléed
{;; i :1 ~ . pinch-ouz with isolated exit arecas along the E~-E' line.

iﬁf . :without deeper wells in this area, no definition is
- , . . w.possible. . __ ... cam
.1[ - i jf<':p‘,;r¢‘ T Recommendations ST ';QiL;,,

e By e 3l p SN L Car e A . ap eI L . s Ny AR T L Ly A e T
'—'\%».".*'{‘*’b“;’. :‘:‘,.. PO LN DY H ~ FR%Y o Py Ceay i s

[V Thble 4 is a listing of well screens which are recommended to

2egaeh
P

riibe installed at existing boring sites in ‘order to ‘enhance geochemical PR
! control of the geohydrologi~ regime 10" the BANA. Unless ro::;y drilling B
; services become available sooner, these installations should probably be ?5J
| postponed pending results of the geohydrologlc integration study to be .
accomplished in Quarter 4, FY 79.
45, Table 5 1s a listing of new exploratory borings and well _

screens in the BANA which will fill in data gaps 1n the gechydrologic

and geocﬁemical control presently available. These eXploratory borings/

}nf_ ©°"  can be done if auger drilling services beﬂome available prior to FY 80.
'However, they sbould probably be postponed until after the recommenda-'

tions of the geohydrologic integration study become avnilable in early

L. FY 80. T - S S e e

PN B B . =L . e ' P Tw el

s v mme46, CInspection and plotting of ‘a2 number of boring logs and screen

. emplacements bave shown a number of installations wh :h cross, connect

two or more of the aquifer units at ?ﬁA. These screen installations are
"-'_.':3::-&._"_‘.., * Y- R ol B A I v - .9..'-, TS

T'fy;“"probably eiding the acceleration of vertical mig ration of contaminants

between aquifers.‘ The only prooer wav of mitigating this proolen is to o

- - AP I

rdrill out the offending screeas and gravel packs and grout the holes to!d

-

;jtif - provide a seal between aquifers.’ Table 6 is a listing of such. wells.v‘;ﬂ

o - 47. The physical significence of the lowest heavy lines in the .
';;i'stratigraphic crecss sections (Plates 6 through 12) nay be tested with

'_‘heavy mineral analyses. If the ups and LDS are indeed different then o

P

their corres ronding heavy numericnl assenblages should shou some stat is-

4‘ tically si vni‘icant diEferences. If they are gene:ically related and

LIRS

o w . the heavy lige is indeed a redox boundary, then the heavy mrhetaf'suites




o~ should be quite similar. Heavy mineral analyses are recommended to be
- performed on not less than 10 UDS and 10 LIS samples.
48. The ages of water masses may be tested through Tritium~détihg

of water samples from around the arsenal. Such a dating test is highly

: Y . : S : : S ‘
. T - ‘ .
e ;. recommended. : Joal . RO
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Table 2: Swzmary of Per-eability Data, 2asin A Yeck Ares, Rocky Mowntaln Arsenal.

823

Boring Type of Anzlytical Aguifer (=/sec) kK - X
To. Test®* Mathod®® Screenad#es (x 10~%) (sv/dav) {£al/dav/ gtel
. 723 SLUC o] . UBs 9.850 .79 . 20.88
: 123 SLUG c 1Is 0.137 0.0k4 0.29
T2b . FIT ¢ s 4.150 1.18 8.50
T24 SLUG - € —-~——1II8 - -—— 19.500 - - §5.53 e ——— 41.13
- 125 FHT o ALL 1.600 T 0.L5 3.3%
125__ SLUG c 1zs 5.460 1.55 11.53
Ls5 SLUG C urs J2.150 3.4b 25.7
455 - i SLUG o4 B s} 18.320 5.19 38.84
Lo3 SLUG o} s 22.530 6.36 47.56
- k93 SLUG o4 s ©o.al3 0.01 0.01
) Lgg™ SwG ¢ urs T1.200 20.18 150.96
Lgs SLUG c 1zs 19.360 5.49 51.05
801 .~ SLUG c UDs. 3.k97 0.99 T.11
801 SLUG (o4 LDS 7.238 2.05 15.35
. 8o2 SLUG c uss T.281 2.06 15.L%
803 F5T - B&R ALL 1.13% 0.32 2.L0
803 SIUG o s 11.530 3.2T 2L .5
- 803 SLUS c 1os 19.03¢ 5.39 40.135
- gok FHT 3R ALL §1.990 11.90 89.03
{* 8ok SLUG c LIS 7.232 2.05 15.33
806 LUG _ ¢ e 0.202 0.06 0..i3
gat FET BIR ALL 2.z217 0.65 4.83
808 . F57T c . ALL Lo2.4 0.69 5.18
809 FET c ALL 9.735 2.76 20.6%
8e9 - SLUG ¢ bt S - 6.766 1.92 1k.35
810 FET c ALL '5.986 1.70 v L12.69
- 812 =T B&R ALL 0.438 0.12 . 77 7 0.93
812 SLUG ol ws 22.8008 6.5 7 T k8.3L
. 812 SLUG ¢ LIS 21.320 6.0 Ls.20
81k SLUG c uns 5.509 1.56 - 11.68
. &5 . FET BR ALL 0.083 0.02 0.18
815 SLUC ¢ s 3.886 1.10 8.20
816 SLUG c s T.733 2.19 16.40
81T SIUG c s 3.595 0.99 T.41
818 SLLG c DS 2.k50 0.69 5.19
818 SLUG c s 2.289 0.37 2.73
819 SLUG od Los 1.297 0.37 2.7
822 FET (o4 ALL 11.900 3.37 25.23
FET BiR oS 1.571 0.45 3.33

® Slug = Slug Test or "Ristng Head Test,” THUT = Falling Head Test.
4® ¢ = Cooper, et al., assimptions, B4R = Bouver and Rlce assumplions.

t Bad test since water level vas vithin gravel pack.

ALL - Alluviu=, UD5 = upper Denver sand; LOS = lower Denver sand.
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Table 2

’ -

Suzmary of Permeadility Data, Basia A leck Aresm, Pocky Mouatain Arsenal.
: - ' X
Bering —- Type of . - Analyvical - Aquifer ... [e=/sec) S SV o .
. Yo. Test® Method¥® Scrasned*as {x 167%) (£2/dav) (gal/dav/Cn”
723 SIUG o4 s 9.8s50 2.79 20.82
723 SLUG c s 0.137 - 0.0k 0.29
T24 FET c - s k.150 1.18 8.8a
724 SLUG < 1Is 19.5%0 5.53 .13
e _ - . T2 _ .~ FTE¢ od 34 1.6C0 Q.45 3.5%
125 SLUSG T e - s T 5.k60 1.55 7 - 11.58
Lss SLUG N c ns 12.150 3.h4 25.7
Lss SLUG c rs 18.320 5.19 38.8%
L93 SLUG c urs 22.430 . 6.36 47.56
493 SLUG c 1Ds " 0.013 Q.01 0.03
kot SLUG c e T1.200 20.18 150.56
Lgé SLUG c rs 19.350 5.kg k1.05
go1 SLUG c. Urs, 3.4k97 0.99 7.4]
go1 SLUG (of s T.238 2.05 15.35
. 802 SLUG c urs T.281 2.06 15.L44
- 803 JFRT - B&R ALL 1.13% 0.32 2.L0
- 803 SLUG c Ups 11.530 3.27 2L .45
go3 SLUG c s 19.020 5.39 L9.35
- 8ok FET B&R ALL - k1.950 11.90 €9.03
8oh SLUG o] 1Ds T.232 2.05 15.33
806 SLUG c s 0.202 0.06 0.43
€aT FET _ B’ ALL 2.217 0.55 k.83
gcs FZT . Cc . ALL 2.4k 0.69 5.13
809 FAT- c ALL 9.735 2.76 20.64
tloys) - SLUG c 1Is - 6.T66 1.92 14,35
810 FAT c ALL '5.986 1.70 12.55
812 FaT B&R ALL 0.438 g.12 L0093
812 SLUG c uns . 22.800 6.L6 T .. - L8.3L
&z SLUG c s 21.399 6.0k - ~--145.20
&L SLUG c us 5.549 1.58 11.68
- &5 TEY BIR ALL 0.033 0.02, 9.18
815 SLIG ¢ uos 3.886 1.10 8.20
816 SLJG c s T.733 2.19 16,40
817 sSLG o2 Irs 3.4%55 0.99 T.u1
818 SLUG c ups . 2.h50 0.59 5.19
818 SLUG c s 1.289 0.37 2.73
819 SLUG c 108 1.297 0.37 2.73
822 T c ALL 11.500 3.37 25.23
823 FET BLR LIS 1l.5711 0.Ls 3.33
® Slug = Slug Tes: or "Risiang Head Test,” FYT = Falling Head Test,
8® C = Cooper, et al., assuzptions, 3% = 3ouver and Rlce sssumpilcns.
. ®88 AT 3 Alluvii=, UCS = upper Deaver sead; LDS = lever Denver sand.
+ Bad test since water level vas vithia gravel pack. J—
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