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MAJOR DIVISIONS SYMBOLS TYPICAL NAMES
© | Weli-graded gravels or gravei—sand mxtures, ittie or no
usm%v&s GH ) © O fines
' ¥
w BRAVELS LESS THAN 5% FINES cP 0O YPoorly graded gravels or gravei-sand mixtures, Ettle or no
N b i fines
20 O TN 2 ¥ Q) Sity gravels, gravei-sand mixiures
Sw | COARSE FRACTION> - oMb Idd
@5 | No 4 SIEVE SIZE WELS )
20 OVER 5% FINES Clayey gravels, gravei-sand-clay mixiures
Z9 GC /d
< -
g‘; - -{HWell-graded sands or gravelly sands, lttle or no fines
Lz CLEAN SAimS SW| -.
H
gé SANDS LESS THAN 5Y FINES spt 1 Poorly graded sands or gravelly sands, little or no fines
[=]
cx MORE THAN 1/2 OF
‘;‘ COARSE FRACTION< SM Siity sands, sand—-silt mxtures
S | No 4 SIEVE SIZE s
OVER 15% FINES |/ / ]Clayey sands, sand-clay mixtures
SC /
w Inorganic sits and very fine sands, rock flour, siity or
N T ML clayey fine sands or clayey siits with sfight plasticity
m$ SILTS & CLAYS L/ /| Inorganic clays of low to medum plasticity, gravelly clays,
e LIQUID LIMIT 502 OR LESS o sondy ciays. STy cioys, loen oy
o5 i'h|j organec sits and organic silty clays of low plasticity
Lzug OL iy 1t )
5“ Inorganc siits, mwcaceous or diatomaceous fine sandy or
9% MH sity soils, elastic sits
£3 SILTS & CLAYS cH )/ 7 Inorganic clays of igh plasticity, fat clays
u_LD
w LIGUID LIMIT BREATER S0% 7, “Torganic clays of medwm to hugh plasticity, organic sity
3 OH Y ', 7 jclays, organic sits
HIGHLY ORGANIC SOILS pT [y o other highly organe sois
4
DEBRIS ZONEX . A Metal, concrete, plastc, brick, wood, etc.
-
CONSTRUCTION DEBRISE - |Concrete. wood, rebar asphalt

SYMBOLS KEY

GRAIN SIZE CHART

BH X -

Bulk or classification sampie

No sample recovery

“Undisturbed” sample

)4 First—encountered groundwater leve!
b 4 Static groundwater level
(I0YR 4/4) Munsell soi color chart

1980 edition

RANGE OF GRAIN SIZES

CLASSIFICATION U.S. Standard Grain Size
Sieve Size m Millimeters
BOULDERS Above 12* Above 305
COBBLES 2' to 3* 305 to 76.2
GRAVEL 3* to Ned 762 {0 4.75
coarse 3* to 3/4° 782to 181
fine 3/4° toNo 4 181t0 475
SAND No 4 to No.200 4.75 to 0.075
coarse No 4 to No.10 475 to 2.00
medim No 10 to No.40 2.00 to 0 425
fine No 40 to No.200 0425 to 8075
SILT & CLAY Below No.200 Below 0.075

Source ASTM D 2488-90, based on Unified Soil Classification System
¥ Not part ot ASTM Classification System

SOILCLS2
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Equipment Mobile CME-~75 HSAs

Elevation 519923 Date B/24/84

HNU/OVA
(ppm)

9 Depth (ft.)
Sample

SM, silty sand, fine- to medwm—grained sand,
some clay 10 YR 8/4 - hght yellowish brown
loose nonpiastic, dry alluvium

Color change to 10 YR 7/4 — very pale brown

ML, sandy silt, very fine— t0 medium-grained
sand 10 YR 6/4 ~ ight yeliowish brown loose,
sightly plastic shghtly moist calcareous aliuvium

SM, sity sand very fine—grained sand, some
clay 10 YR 7/3 - very pale brown, loose
10 nonplastic shghtly moist, calcareous micasous

10 alluvium
2 \

Color change to 10 YR 8/4 - hght vellowish
3 brown

ONBONOUBOAER®O NN RS 2 o w |BOWS/E"

CL, clay with silt and medium-grained sand 10 YR
5/6 - yellowish brown medum dense nonplastic

5
‘g ™\ dry

0 YR 6/6 — brownsh yellow

19

20 15 Color change to 75 YR 5/6 — strong brown

174

33

so Color change to 10 YR 5/6 — yellowish brown

28

35

3 Color change to 10 YR 8/2 - white caliche due

19 to mncrease in calcwum carbonate

ig

26 Increase n coarse—grained sand, color change

20 20 10 10 YR 5/68 ~ yeliowish brown, abundant white

32 cakche

65 Color change to 10 YR 7/4 ~ very pale brown

23

28

35 Color change to 2.5 Y 5/4 ~ hight ofive brown

7

28

47

Notes LAD HNU/OVA readings equal to 0 /< SANDSTONE, very fine- to fine-gramned sand,
zero parts per miion /.;.:Z: 10 YR 6/6 - brownish yellow locally very thmnly
except :s gdlca;edt 96 25 ' laminated low hardness fniable, moist, calcareous
2 Munsell color char weathered bedrock <
used §
Prepared for: Figure 1
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_:"_-: Equipment Mobide CME-T75 HSAs
® = e 2
E e §. % Elevation 5199 23 Date _8/24/84
F= 2a S v
K= Za —_
m I~ 25 _
23 CLAYSTONE, 10 YR 8/2 ~ ight brownish gray
41 soft plastic mowst black hgnite fragments,
83 _\- gypsum weathered bedrock
———
48 —— Abundant iron oxide and gypsum, minor hignite
64 = Color change to 25 Y 5/3 - light olive brown
S8
32 -
53
T
! 30 INTERBEDDED CLAYSTONE AND SILTSTONE TO
30 SANBSTONE, 2.5 Y 5/2 - grayish brown,
65 - splitting along sandy layers at 1~ to 2-inch
50 intervals, weathered bedrock
26 -~
123
100

SANDSTONE, very fine—grammed sand to sit 2.5
25 ;;__,‘\Y 6/4 ~ hight yellowish brown, low hardness,

83 - friable dry noncemented to locally weakly

75 cemented weathered bedrock

24 35— E===4 CLAYSTONE, 25 Y 5/3 - Iight olive brown locally
38 — dark gray, lamnated, fractured soft, piastic,

iron oxide weathered bedrock

INTERBEDDED CLAYSTONE AND SILTSTONE, 10
YR §5/3 -light olive brown, low and high angle
fractures some shckensides weathered bedrock
CLAYSTONE, very fihe—grained sand, 25 Y 5/6
- hght ohive brown soft, plastic weathered

bedrock
- Color change 10 25 Y 5/0 - gray high angle
= fractures with iron oxide and shickensides
40— :
— SANDSTONE to SILTSTONE, very fine—grained
| sand to silt massive no bedding, not fractured,
- moderately hard, moderately strong, 10 YR 4/2 -
= dark grayish brown, calcareous, weathered
Jd E= bedrock
= CLAYSTONE, locally intensly fractured with
= ron-oxide fractures/pomts, breaks in blacky to
= concodal fragments 25 Y 4/2 — dark grayish
J brown weathered bedrock

=~ \_ Color change t0 25 Y 4/3 - olive brown
\ SILTSTONE, clayey 25 Y 5/4 - hght olive

brown, thinly laminated, low hardness, friable,
weathered bedrock

CLAYSTONE, 2.5 Y 4/3 - ohve brown, fractured,
weathered bedrock

- SANDSTONE, very fine— to fine-grained sand,
25 Y 6/4 - light yeliowish brown low hardness,
friable, compactied, uncemented, weathered

- bedrock
CLAYSTONE, 2.5 Y 4/3 - oiive brown, weathered

- bedrock
SANDSTONE, very fine- fine-grained sand,

50 locally sity, 25 Y 6/4 - hight yellowish brown
and 25 Y 7/6 - yellow low hardness, friable, S
compacted noncemented £
Prepared for: Figure {
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Equipment Mobile CME=75 HSAs

Elevation 518823 Date _8/24/84

HNU/OVA

Blows/6"
{ppm)
? Oepth (ft.)
Sample

0

CLAYSTONE, 2.5 YR 5/2 — grayish brown, thinly
laminated closely fractured soft, plastic,
slightly to nonweathered bedrock, ron oxide
fractures and honizontal partings sity
fammation, trace thin black hgnite laminations,
pbedrock

25Y4/2-1t025Y 3/2 - dark gray brown to
very dark gray brown, very thinly lamnated,
closely fractured

Becomes hkgmitic, color change to 25 Y 3/2 - to
25Y 2/0 - very dark gray brown to black,
thinly laminated

Color change to 25 Y 5/3 — light olive brown due
decrease in ignite

SANDSTONE. very fine-grained sand silty,
clayey 25 Y 5/3 - Iight ollve brown, moist, low
hardness friable compact non~to weakly
cemented noncalcareous bedrock

=B CLAYSTONE, 25 Y 4/2 - dark grayish brown

thuinly laminated soft piastic iron oxide on low

65— angle to horizontal parting spaced 1 to 3 inches
bedrock

Becomes hignitic color change to 10 YR 3/2 -
R very dark grayish brown, very thinly laminated,
soft plastic hgnite fragments bedrock

_ Mottied olive and gray

LIGNITE, 25 Y 2/0 - black flaky coal-hke
S matenal moist bedrock

- CLAYSTONE, 10 YR 3/2 ~ very dark gray brown,
10 YR 3/2 to 10 YR 2/2 - very dark brown thinly
laminated low hardness plastic iron oxide, waxy,

75 \__bedrock

LIGNITE black thinly iamnated low hardness <
friable fissie locally cliayey, moist, bedrock 3

Prepared for. Figure 1
Program Manager for
Rocky Mountam Arsenal
Commerce City, Colorado Log of Boring BRB11084

Prepared by:
Harding Lawson Associates
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;"_-._ Equipment Mobile CME=T75 HOAs
e 3 £ 2
g SE ¢gE Elevation 513823 Date 8/24/94_
a z2a 2 0
Za —_—
[ = 75 -
- BS
A =E=E'ﬁ
sIainl
Contams thin laminations of crushed ohve-brown
he g--: blocky clay fragments and very kght grayish
i ashy material
aal
- h:‘
B
5
CLAYSTONE, 25 Y 3/0 ~ very dark gray low
hardness plastic moist sron oxide bedrock
Becomes silty
SANDSTONE, very fine- to fine—gramned sand,
some silt, 2 5Y 7/0 - hight gray low hardness,
friable moist bedrock
£
CLAYSTONE, 25 Y 3/0 - very dark gray,
massive (no fraciuning) low hardness plastic
ks moist bedrock
25Y 3/2 - very dark grayish brown
90— grays
Silty 25 Y 4/0 - dark gray to 25 Y 2/0 - black,
. low and tugh angle slickensides
85—+
100 M=
™~
-
z
Prepared for: Figure 1
Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado Log of Boring BRB11084
Prepared by:
Harding Lawson Associates

Psge 40f7



-
' = Equipment Mobile CME~75 HSAs
& 3 =
s g-g s Elevation 519923 Date .8/24/84
5 28 °
100
105—==
=== Becomes kgnitic color change 1o 25 Y 2/0 —
=== black to
= 25Y3/0-25Y 3/0 - very dark gray, thinly
o lamnated local shmy black hgnite layers
slickensides at 107 8 ft, soft plastc,
jocally fissile locally waxy moist, ignite
content decreases downward at 108 0 ft.
=== becomes ashy
i ==
==
15—
SANDSTONE, very fine—grained sand, 25 Y 5/0
- gray and 25 Y 4/0 - dark gray, layered,
bedrock
INTERBEDDED SILTSTONE to CLAYSTONE, some
very tine—gramned sand 5 Y 3/1 - very dark
gray (moist) 5Y 7/1 - hght gray (dry) soft to
low hardness plastic to friable moist iocal
shickensides bedrock
Increase n sand content laminated, locally
interbedded, becomes moist
Trace sit
o~
-
-3
Prepared for: Figure 1
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< ;"_—: Equpment Mobile CME=75 HSAs
® = =g
2 S ©§  Etevation 519923 Date _8/24/84
>a Q
L Zo o w
o I~
125 ——r=frry
Spinge
i B g
gt Increase in clay and silt content
& [ Sucngd
v, ==y,
gy Interbedded sity claystone, clayey siltstone
o i and very fme sandstone
i I Sqcngs
Pt
130+
Smarirgeh Color change to 5 Y 5/1 — gray
i S
i Inganad
SANDSTONE, very fine~ to fine—gramed sand,
locally clayey, 5 Y 5/t - gray low hardness
friable, moist bedraock
CLAYSTONE and SILTSTONE, alternating fight
gray and dark gray lamnations
SANDSTONE, very fine- to fine~gramed sand,
25 Y 5/t - gray, local thin layer kgmtic
laminations jow angle low hardness friable,
moist bedrock
CLAYSTONE, occaswonai sity sandy laminations,
4 == tugh angle fractures sit content increases,
bedrock
d E=4 SILTSTONE, msnor clay, 25 Y 4/i — dark gray,
=4 \__fow hardness friable moist bedrock
140 iy CLAYSTONE AND SILTSTONE, biack waxy,
=1 =~ massive soft, low hardness, plastic siickensides
bedrock
SANOSTONE, fine~grained sand, some
medwm—-grained sand, 25 Y 5/0 - gray toS5Y
4/1 - dark gray, low hardness, friable, moist,
noncalcareous bedrock
CLAYSTONE, 5 Y 2 5/1 - black, thinly lamnated
zones, httle fracturing low hardness, plastic,
moist unweathered, bedrock, somewhat fissile,
tugh angle slickensides
o™
<.
g
Prepared for. Figure 1
Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado Log of Boring BRB11084
Prepared by:
Harding Lawson Associates
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f.quipment Maobile CME=TS HSAs

Elevation 519923 Date _8/24/94

HNU/OVA

Blows/6"
{ppm)

© Depth (ft.)
Sample

1)

gy INTERBEDDED CLAYSTONE AND SILTSTONE, 5
e Y 8/1- gray and 5 Y 4/1 - dark gray, massive
g thin lamnated fractured low to moderately
s hard, plastic, friable moist bedrock Sitt content
o o increases downward mterbedded claystone and
gty very fine~ to fine-gramed sandstone/sandy
iy siitstone

---E Interbedded sandstone and clayey siltstone

155 =

60—

- : LIGNITE, fractured deformed bedrock

185—

: o
o
¢

]

T

s
1

CLAYSTONE, 25 Y 2/0 - black, massive hittle
fractured, soft, iow hardness plastic moist
bedrock

70

A

i

i

I

Color change o 5 Y 3/1 - very dark gray

il

=
(%]

Total depth = 1751 ft

RMA2

Prepared for: Figure {
Program Manager for
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E-:_ Equipment Mobile EME~T75 HSAs
= o~
& 2 s38
s 2% T E  Elevation 526279 Date .8/24/04
x DA Q @
L % =Y o w
m - 0
ML, silty with mediwm—gramned sand, 10 YR 5/4 -
7 yeliowish brown stiff nonplastic dry, minor
16 7 roots, alluvium
8 CL, clay with some silt and sand 10 YR 5/4 ~
10 yellowish brown, very stiff, nonplastic, dry,
e allyvium
5 SM, siity sand with clay medwm-grained sand,
5 10 YR 6/4 - hght yellowish brown, loose,
nonplastic, dry, minor white calcium carbonate,
] siit and sand content decrease with depth,
5 alluvium
7 5 ML, sit with some fine- to medwm~grained sand
7 and clay, 10 YR 8/3 - pale brown nonplastic,
8 dry to very slightly moist, carbonate matrix
\ alluvium
8
& Increase in very fine—gramned sand
4 CL, clay with medwm- to coarse-grained sand,
some sitf 10 YR 8/4 - ight yellowish brown
1 medum stiff nonplastic sightly moist,
S _\ calcareous matrx aliuvium
20 Color change to 10 YR 8/2 - white, very stiff,
27 dary
28 10
17
7
3
8 CL/SC clay with fine- to medium—graned sand
1 and sit 10 YR 7/4 ~ very pale brown stiff,
8
8 Color change to 10 YR 7/8 - yeliow
8
10 Zone of white calcwm carbonate crystals, color
9 5 change to 10 YR 8/4 - ight yellowish brown
25 SILTSTONE, 25 Y 8/6 - olive yellow very
a5 fme~grained sand and silt to trace ciay, low
hardness, friable dry locally weakly cemented,
18 calcareous matrix oxidized, weathered bedrock
40 CLAYSTONE, 5 Y 4/3 - olive, fractured, high
32 and low angie with ron oxide on fracture, so0ft
7 plastic shghtly moist gypsum and calcium
28 carbonate weathered Denver
36 Color change to 25 Y 5/2 ~ grayish brown
20 trace silt, dry, iron oxide gypsum oxidized
27 20 noncaicareous, weathered bedrock
28 Low angle fractures spaced 1/2 to 1nch, high
7 angie fractures spaced 2 to 8 inches
31 Color change to 25 Y 4/0 —dark gray along
a3 fractures oxidized to 25 Y 8/2 ~ ight yellowish
gray
105 Color change to 25 Y 5/2 — grayish brown,
50 intensely fractured to crushed
35 INTERBEDDED CLAYSTONE and SILTSTONE to
Notes 1 AR HNU/OVA readmngs equal to VERY FINE—-GRAINED SANDSTONE, 25Y7/3 -
2ero parts per mihon 70 pale yellow low hardness, friable, dry to shghtly
except as indicated 107 25 , moist with very minor iron oxide on low angle
2 Munsel color chart fractures layers 1/2 to 2 nches thick, o
used weathered bedrock %
Prepared for: Figure 2

Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado Log of Boring SAB11184

Prepared by:
Harding Lawson Associates
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. <«
¢ 3
- \‘E
g >a
=Y
5 %2 )
82
k4|
80

35

45

% Depth (ft.)
Sample

Equipment Mobile CME=7S HSAs

Elevation 528279 Date 8/24/94

CLAYSTONE, paper thin sity parting spaced 1
to 2 inches apart 25 Y 4/2 - dark gravish
brown, low angle fractures, intensely fractured
to crushed, soft, plastic, sightly moist, won oxde
on fractures, oxidized weathered bedrock

Color change to 25 Y 5/2 — grayish brown

SANDOSTONE, medum-gramned sand 10 YR 4/8 —
dark yellowish brown, low hardness frable,
weathered bedrock

CLAYSTONE, 25 Y 4/2 — dark graysh brown,
papery to shaly, thinly laminated intensely
fractured, soft, plastic, moist, ron oxide on
fractures laminations, weathered bedrock

Becomes hgnitic, color change to 5 Y 3/1 - very
dark gray closely fractured

Thin sand lens approxmately 0 tinch thick

Thin sand lens approximately 0 1inch thick

SANDSTONE, 25 Y 8/4 — light yellowish brown,
compact noncemented soft to low hardness,
friable, loose moist weathered bedrock

INTERBEDDED CLAYSTONE AND SILTSTONE,
25Y 4/2 - dark grayish brown locally shaley
thmly lammated closely fractured soft, plastic,
m;st, local ron oxide, weathered bedrock

Sandstone lenses fme— to very fine~gramned
sand 2.5 Y §/6 ~ hght olive brown, moist

RMA2

Prepared for:
Program Manager for
Rocky Mountain Arsenal

Commerce Gity, Golorado

Prepared by:
Harding Lawson Associates
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Log of Boring SAB1i184
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Equipment Mobile CME=TS HSAs

Elevation 526278 Date _B/24/84

HNU/QVA

{ppm)

Blows/6"
O Depth (ft.)

(34

SANDSTONE, 25 Y 5/6 ~ hight olive brown very
fine—gramed sand, locally clayey with occasiona!
very thin bedded gray claystone, thinly
laminated no to low hardness, no sirength
moderately fractured moist, weathered, varible
iron oxide along [amnations, weathered bedrock

55

60

65

INTERBEDDED SILTSTONE/CLAYEY
SILTSTONE/ SILTY CLAYSTONE, 25 Y 5/8 -
ight olive brown somewhat platey, thinly
_..___-\ lamnated closely fractured low angle soft to

low hardness base of iron oxide oxidation,
weathered bedrock

SILTY CLAYSTONE, 5 Y 3/1 ~ very dark gray,

shaley lammated, closely fractured, low and high
angle, soft, plastic, moist, bedrock

LIGNITE, 25 Y 2/0 - black, shaley, thinly
laminated closely fractured, low hardness,
friable, moisi, coal-fike, bedrock

70

Prepared for: Figure 2
Program Manager for

Rocky Mountain Arsenal
Commerce City, Colorado . Log of Boring SABI1184

Prepared by:
! Harding Lawson Associates
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HNU/QVA

Blows/6"
{ppm)

(ft.)

Equipment Mobile CME-75 HSAs

Sample

Elevation 526278 Date 8/24/84

P

& Depth

-~

i

CLAYSTONE, 25 Y 4/0 - dark gray, occasional

shaley lamnated close to moderately fractured,

80 soft plastic unweathered, moist, trace hgnite
fragments bedrock

Lignitic from 78 7 to 79 2 feet

Thin sand fens, gray very fine—grained sand
uncemented

85

SANOSTONE, fme—gramned sand sift, 10 YR 4/1 -
dark gray, thinly laminated low hardnmess
friabie, unweathered moist bedrock, thn zone

= approximately 0 1:nch thick, moderately
-~ cemented locally clayey

Pyrite nodule

CLAYSTONE, 10 YR 4/1 - very dark gray
siabby, locally iaminated, moderate to httle
fractured sofi{ pilastic moist bedrock

Pynite and hgnite at 858 to 86 O feet, some high
80— angie shckensiges

ri T

Intensely to closely fraciured claystone,
- shckensides

—, w—p. o

-~ SANDSTONE, 25 Y 25/1 — black {claystone) to

St 5 Y 5/1 - gray (sandstone} thinly laminated

gs_|f==  INTERBEDDED CLAYSTONE, SILTSTONE,

1] Ingdne interbedded claystone and siftstone thinly
- bedded sandstone, little fractured to massive
——— soft to low hardness plastic to friable, most
ll | vty soft sediment deformation features in
ety interbedded siltstone claystone vaned fracture
R § Sgtends filing, sandstone lenses 3 to 4 inches thick poor
g to moderately cemented fine-grained sand, well
npnrs sorted rounded, quartz, ron oxide, feldspar,
g ) Ny bedrock
100 3 Color change to 5 Y 2.5/1 ~ black
. == o
L
3
Prepared for: Figure 2
Program Manager tor
Rocky Mountamn Arsenal
Commerce City, Colorado Log of Boring SAB11184

Prepared by:
Harding Lawson Associates
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= Equipment Mobile CME=75 HSAs
= <
® 2 =3
$ SE g 8§ Elevation 526278 Date 8/24/84 __
(=] % & o omw
T 00—
e, e}
T et o
e Al Yeud
TG
e LIGNITIC CLAYSTONE, black to very dark
Pty brown-black occasional shaley, thinly iamnated
= close to moderately fractured with occasional
e slickensides, soft to low hardness, plastic, locally
Se==] friable, moist bedrock
=== CLAYSTONE, 25 Y 2/0 biack, blocky to massive,
= locally thinly lamnated, moderately fractured,
= plastic, moist, bedrock

105 =
INTERBEDDED CLAYEY SILTSTONE, SANDSTCGNE
and MINOR CLAYSTONE, 25 Y 5/0 ~ gray,
massive 1o blocky, locally thinly
laminated (alternating sitstone/claystone
laminations) moderately fractured, low angie,
occaswonal tugh and vertical fractures, soft to
low hardness locally weak to friable to plastic
moist bedrock pyrite nodule at 107 O feet
SANDSTONE, thinly laminated, iow to moderately
hard, weak to friable, moist bedrock

10
CLAYSTONE, locally sity with mmnor sitstone
interbeds mottled, 25Y 5/0 — grayand 25 Y
3/0 - very dark gray, blocky to massive, locally
thinly taminated, moderate to hitle fractured,

1113 soft to low hardness, plastic, moist, soft
sediment deformation features trace hgnite,
waxy bedrock

‘ Grades to very dark gray claystone
Cotor change to 25 Y 4/0 - dark gray

120 SILTSTONE, 25 Y 5/0 - gray, massive to
blocky, thinly lammnated, moderately fractured
low and hugh angle, stickensides (high angie),
bedrock

125 =

[y ]

<

=z

[+
Prepared for: Figure 2

Program Manager for
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Biows/6"

HNU/OVA
{ppm)

Depth (ft)

Equipment Mobile CME-TS HSAs

Q
a
E Elevation 526278 Date 8/24/84
m s

SANDSTONE, 25 Y 4/0 - dark gray, caliche
fracture fillng hugh angle fracture contact,
25 Y 8/1 - gray with green cast,

low hardness, friable, moist bedrock

CLAYSTONE, 2.5 Y 2/0 ~ black, locally mottled

A to 25 Y 5/0 - gray, some green—-black streaks
massive to blocky occasional thinly laminated
close to moderately fractured occassional high
angle slickensides soft to iow hardness, plastic,
moist, scattered white flecks bedrock

140
1

] “:::: INTERBEDDED CLAYSTONE AND SILTSTONE, 5

et e Y 5/1 = gray, massive thinly bedded

i | | Snpingu occasionally thinly laminated moderately to

Iy closely fractured high and low angle fractures,

R e low hardness, friable moist trace organcs,

—— pedrock
e e
o
145]|r= =
ke i
Indas
| gas
=3

-1 = CLAYSTONE, 25 Y 2/0 - black, massive

== occasional shaley, occasional thin laminated,

J == closely fractured soft to low hardness, plastic,
moist unweathered, waxey, shckensides on high
angle fracture black orgamnic (ignite), fracture

= filing and fragments, bedrock
150 =S
(]
-
z
Prepared for: Figure 2
Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado Log of Boring SAB11184
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Harding Lawson Associates
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Equipment Mobile CME—75 HSAs

Elevation 526278 Date _B8/24/84

HNU/OVA
Depth (ft.)
Sample

Blows/6*
(ppm)

a
©

Color change to 5 Y 3/1 - very dark gray

Black coal seam, approximately 05 inches thick,
= brittle biocky break

T Becomes fignitic, 25 Y 2/0 ~ black, thin
——— laminated closely fractured high angle
- slickensides, low hardness, plastic moist
scattered fine—gramned white flecks bedrock

'l ‘ ‘ High angle shckensides

Lignitic claysonte black and lignite fragments,
pyrite and calcite fracture filing

SANDSTONE, fine—gramned sandto5Y 5/1-
gray, slabby to blocky, laminated to very thinly
bedded moderately fractured, low to medium
abgie with thin black organic maternal on
fracture low to medwm hardness, weak to
friabie moist bedrock

SILTSTONE, 25 Y 5/0 - gray, thinly
taminated (varved) tow to moderately hard
friable to weak, unweathered, bedrock

Interbedded to thinly laminated claystone

CLAYSTONE, 25Y5/0-and25Y 4/0 — gray
and dark gray occassional siity massive
occassional mtensely fracutured, high angle
shckensides soft to low hardness, plastic, moist,
bedrock

165

LAY

Total depth = 170 0 ft

75—

RAMA2

Prepared for Figure 2
Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado Log of Boring SABI1134

Prepared by:
Harding Lawson Associates
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" = Equipment Mobile CME=75 HSAs
a «< ~ o
L B3 £sa
g BE o E Elevation 523841 Date .8/30/84
5 28 oo _
m r~ 0
SC, sand, very fine—gramed sand with sit and
4 clay 10 YR 874 ~ light yeilowish brown, loose,
8 plastic dry, fine roots alluvium
8 4, CL, clay with silt and fine- to medium-graned
6 ~ sand, 10 YR 6/4 - light yellowish brown, medium
5 y stiff, plastic dry caliche alluvium
4
6
] SC, sand with clay matrnix, fine- to very
2 fine-gramed sand, some granules 75 YR5/4 -
7 5 / brown, medium dense, ioose, dry, cahche alluvium
8 ]
CL, clay with medium- to coarse—gramed sand
10 10 YR 8/2 ~ white very stiff plastic dry
10 abundant caliche matrix, ron-oxide stamning
13 alluviym
18
18
17
21 Increase in coarse-grained sand granuies and
12 fine pebbles color change to 10 YR 6/4 — light
14 yellowish brown
12 SW, 10% clay matnx sit to very coarse~-grained
7 sand some granules and small pebbles 10 YR
8 7/3 - very pale brown mediumk dense, locally
. plastic moist aliuvium
6 CL, clay with sand and grave! 10 YR - 7/3 ~
very pale brown stff to very stiff plastic morst,
2 with thin layers of very fine-grained sand
1 locally cakche with minor calche, sand lenses ~
7 SK to SP Q O1-inch o 0 10~ inch thick alluvium
10
13
7 SW, sangd with some sit very fine~ to very
coarse-gramned sand, 10 YR 8/4 ~ ight yellowish
B8 brown, medium dense nonplastic moist fining
8 downward alluvium
12 SP, very fine—grained sand lens
24 CL, clay with sand and granules {pea gravel), 10
21 YR 6/4 - hght yeflowish brown, medumn
5 dense {very stiff} nonplastic moist alluvium
1 Color change to 10 YR 5/3 — brown, becomes
10 plastic
a 8N, sand, very fine— to very coarse-gramed
sand with sit and gravel 10 YR 7/3 ~ very pale
8 brown dense loose dry alluvium
8 SP, sand, very fine—grained sand 10 YR 8/3 -
3 pale brown medium dense nonplastic most,
12 noncaicareoys subrounded allyvium
20 CL, clay with 40% very fine-gramed sand and
22 sit, 10 YR 8/4 — hght yellowish brown stiff,
plastic moist won—-oxide stanng on hornizontal
4 partings spaced micaceous, alluvium
Notes 1 AH HNU/OVA readngs equal to 5 SW, sand very fine— to very coarse—gramed
2810 parts per mikion T sand with gramite pea gravel occasionally up to
except as ndicated. ) 3/4-inch grans dense dry alluvium

ﬁsr;%nsen color chart SP, sand 10 YR 7/3 - very pale brown medium %

dense loose dry, alluvum

Prepared for. Figure 3
Program Manager for
Rocky Mountain Arsenal

Commerce City, Colorado Log of Boring ASB11284

Prepared by:
Harding Lawson Associates
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-
’ = Equipment Mobile CME=75 HSAs
e 3 £ 8
(%) E o E Elevation 5238 41 Date _8/30/84
3 24 @ g.’,
58 =2 ° -
25 -
Very fine gravel 1/10-inch to 1/4-inch gravel
3
8
]
3 SANDSTONE, very fine-gramned sand and silt, 2.5
Y 7/3 - pale yellow, low hardness friable dry to
20 shghtly moist oxidized, fines downward to
47 sitstone 2 Y 7/2 -hght gray, weathered
28 bedrock
42 CLAYSTONE, silt and very fine—-grained sand, 2.5
50 30 Y 7/2 - ught gray, locally 25 Y 8/8 — olve
yellow, soft plastic to fnable, shghtly moisi,
50 weakly cemented shghtiy cohesive, oxidized,
weathered bedrock
100 SANDSTONE, fine— to coarse—gramned sand
rounded silty, no hardness no strength, moist,
weathered local weak cement oxidized,
weathered bedrock
56
68
50
35
Color change to 25 Y 7/3 - pale yellow, friable
Medwum- to coarse—-grained sand some gravel,
color change to 25 Y 5/6 - hght ohive brown
40
45
Shghtly more cohesive occasional horizontal
ron—-oxide stamned layers, color change to 25 Y
50 5/4 - light olive brown
<
2
Prepared for. Figure 3

Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado Log of Boring ASBI11284

Prepared by:
Harding Lawson Associates
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Blowsa/6"

|

HNU/OVA

(ppm)

(2]

© Depth (ft)

Equpment Mobile EME=T5 HSAs

Elevation 5238 4!

Date _8/30/84

CLAYSTONE, 25 Y 4/4 - olive brown shaley
laminated intensely fractured soft plastic
moderately weathered, most, bedrock, hgnitic
claystone, 25 Y 3/2 - very dark grayish brown,
shaley, fractured soft, plastic, weathered, moist,
local heavy ron oxide weathered bedrock

SANDSTONE, medium—gramned sand, low
hardness friable moist weathered bedrock

CLAYSTONE, 2.5 Y 2/0 - black, slabby, thinly
lammnated ciosely fractured soft plastic moist
hgnitic moderately weathered bedrock

Color change to 25 Y 5/0 - gray mterbedded
with 25 Y 3/0 - very dark gray becomes
sitty/sandy with thin ignibic lammations, some
layers have dark green black cast

SANOSTONE, medium-gramned sand, shaiey, low
hardness fraible moist hgnitic fragments,
bedrock

RMA2

Prepared for:
Program Manager for
Rocky Mountain Arsenal
Commerce City, Cotorado

Prepared by:
Harding Lawson Associates

Figure 3

Log of Boring ASB1i1284
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Blows/8"

HNU/OVA
{ppm)

(1t)

Equipment _Mobile CME~75 HSAs

[}
[~%
E Elevation 523941 Date .8/30/84
o _—

o Depth

N

- CLAYSTONE, sity, 5Y 5/2 - olhve gray, closely
fractured, soft to low hardness, plastic, moist,
. ron—~oxide staming weathered bedrock

.j-- Color change to 5 Y 4/t - dark gray

SANDSTONE, very fine—gramed sand 25 Y 5/0
- 4/0 - gray to dark gray, slabby, thinly
laminated moderate to httle fractured low
hardness friable interbedded with claysione
and siltstone bedrock

CLAYSTONE, silty, 10 YR 4/t ~ dark gray,
massive thinly lamnated hitle fraciured, low
N hardness plastic moist, bedrock

SANDSTONE, sity to very fine-gramed sand 5
Y 4/1 - or 10 YR 4/1 ~ dark gray, massive, thinly
laminated httle fractured to massive, low to
moderately fraciured, hard, friable to weak,
moist cross—-bedded sandstone bedrock

100

RMA2

Prepared for:
Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado

Prepared by:
Harding Lawson Associates

Figure 3

Log of Boring ASB11284
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Equipment Mobile CME=75 HSAs

= < =
@ > =
2 g'g é Elevation 52384t Date B/30/84
2 Za a _
2 == 100
105
CLAYSTONE, 5 Y 25/1 - black thinly iaminated,
- closely fractured, high angle, siickensides low
hardness (soft) plastic moist hgnitic, bedrock
10—
N Total depth = 112 8 feet
J
115
<
Z
Prepared for: Figure 3
Program Manager for
Rocky Mountamn Arsenal
Commerce City, Colorado Log of Boring ASBI1284

Prepared by:
Harding Lawson Associates
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Equipment Mobile CME-T5 HSAs

£
= e d
© 3. =%
g 8¢ T E Elevation _5199.23 Date _11/18/84
z 24 28
ZzZ o
B 7 Om
CL, clay, 35 percent very fine—grained sand,
3 M 10 YR 5/3 — brown, medium dense, nonplastic dry
6 caliche, alluvium
8
14 N Color change to 10 YR 8/4 - kight
3 - yeliowish—brown, increase in very fine—gramned
5 sand and trace medwm-gramned sand
5 .
8
: \
; )
] Heavy white caliche zone
6
: X
3 Heavy white caliche zone, clay mcrease to 45
5 percent
5
6
<A SP, silty sand very fine~ to fine—grained sand
74 10 percent clay 10 YR 6/8 — brownish yellow,
17 z ] very dense, dry to slightly moist alluvium
30
45 = Decrease in clay content to 5 percent,
50 10 percent very fine~graned sand 85 percent
25 y fine—-graned sand
35 ,V( ]
50 A
27
37
45 N/ o
50 S
21
15 CLAYSTONE, 5 YR 4/1 - dark gray, unable to
determine bedding medium hard to weak,
14 rron-oxide stained, weathered bedrock
15 Claystone becomes bentonitic with orange
12 oxidation
21
30
34 Total depth = 20 0 feet

Notes LAN HNU/OVA readngs equal to N
zero parts per milon
except as indicated 25
2 Munseil color chart o~
used %
Prepared for: Figure 4

Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado

Prepared by:
Harding Lawson Associates

Log of Boring SAB11384




Equipment Mobile CME-75 HSAs

-
=
- -
® z_ £3
£ SE §E Elevation 5208.26 ft Date 11/15/84
a
o Zo ocw —_—
m I~ 0
4 ' CL, sandy clay, 40 percent very fine—-grained
sand, 10 YR 5/6 - yellowish brown dense
7 nonplastic dry, mcaceous, cemented alluvium
8
7 }
4 !
8
7 j Color changes to 10 YR 6/4 - light yellowish
10 e brown with increased caliche
8 : — Color changes to 10 YR 5/68 ~ yellowish brown
10 59 mottied caliche
18
20 .
) X
10 ‘ Coarsening downward becomes moist
8 !
8 N/
10 u
10
g Rounded granite cobble and decrease n ciay
10 10 ~ content
5 a Increased very fine— to coarse—~gramned sand
s _\ jow plasticity shghtly moist
8 Change in color to 10 YR 8/4 - light yeliowish
& brown
N
6 X
8 / Thin layer of coarse—gramed sand
]
<] /
5 15— /
[
5 - /
s Increase in coarse-gramed sand and gravel,
& - / medwum plastic
6
s B / Interbedded thin medwm- to coarse~grained
s sand ienses between 177 and 20 3 ft
6 - / Granite cobbles and pea gravei
6 /
s 20—
’” SC, clayey sand, very fme— to medium-gramned
i< sand trace coarse sand 10 YR 5/4 - yeliomsh
‘ 5 brown medium dense, medium plastic, moist,
alluvium
- "\
Increase in clay content to 45 percent, sand
i coarsening
/ Color changes to 10 YR 8/4 ~ yellowish brown,
decreased clay content
Notes 1Al HNU/OVA readings equal to 7
zero parts per milion Some rounded gravel
except as inaicated 25 2

2 Munsel color chart
used.

RMA2

Prepared for:
Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado

Prepared by:
Harding Lawson Associates

Figure §

Log of Boring WEB11494
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HNU/OVA

{ppm)

Blows/6"

(1t)

Equipment Mobile CME=T5 HSAs

weathered bedrock

@
_= —
S £ Hevation 520826 ft Date M/15/84
o w [,
1~ P -
ZV V
7 / Coarse sand {ayer with gravel from 26 0 28 3 ft
/ with sequence coarsening downward to 28 8 ft
- % Granite cobbles
2
30 == CLAYSTONE, 2 5 YR 5/3 - light olive brown,
—— closely fractured medwm hard, friable,

High angle fractures and color change to 10 YR
6/8 — brownish yellow, oxidation along fractures
. -\ and bedding

Thin interbedded very fme-gramed sandstone
3 == layers alternating 10 YR 8/8 - olive yellow and
| 25 Y 7/7 - hght gray sandstone

- Total depth = 337 feet

lI

35—

RMA2

Prepared for:
Program Manager for
Rocky Mountamn Arsenal
Commerce City, Colorado

Prepared by:
Harding Lawson Associates

Figure 5

Log of Boring WEB11484
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HNU/OVA
(ppm)

Sample

Equipment Mobile CME-TS5 HSAs

Elevation $21L37 ft. Date 11/18/84

Notes 1Al HNU/OVA readings equal to
2ero parts per milion
except as ndicated
2 Munsell color chart
used.

M HNNOUEAEDOSONGA®S @A Blows/6"

24
35
50

35
S0

35
S0

35
50

35
45
S0

O Pepth (it)

===l

CL, sandy clay, 40 percent very fine—grained
sand 10 YR 4/3 - brown to dark brown, dense,
nonplastic, dry alluvium

Color change to 10 YR 8/4 - yellowish brown due
to increased caiiche, trace coarse sand

Color change to 10 YR 8/3 - very pale brown
due to increased caliche

Trace rounded gravel

SC, clayey sand, 20 percent clay, very fine~ 0
fine~gramned sand irace coarse sand 10 YR 6/3
- pale brown medium dense nonplastic dry
aliuvium

Rounded cobbles Color change to 10 YR 6/6 —
brownish yellow becomes moist

Granite cobbies

SANDSTONE, 90 percent fine—gramned sand,
trace clay 10 YR 6/6 - brownsh yeliow,
weathered bedrock

Increase n clay to 15 percent and very
fine-grained sand to 10 percent, decrease in
tine~gramned sand to 75 percent

RMA2

Prepared for.
Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado

Prepared by:
Harding Lawson Associates

Figure 8

Log of Boring ASBI11584
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< E Equipment Mobile CHE-TS HSAs
& z_ =
4 BE a Elevation 521L.37 ft Date _11/18/84
(=} o
& £2 -
18
30
50
CLAYSTONE, 5 YR 4/2 - olive gray with white
caliche browrush red oxidation zones, medium
8 hard friable, weathered bedrock
13
19
27

Total depth = 30 feet

35—

Prepared for
Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado

Prepared by:
Harding Lawson Associates

Figure 6

Log of Boring ASB11594
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HNU/OVA
{ppm)

Notes LAl HNU/QVA readings equal to
2ero parts per mlwon
except as :haicated.
2.Munsell color chart
used

D NNENDO~NGHON Blows/6"

(LR PR T Y U S,
cwYag~NnrOo=

06

08

© Depth (ft.)

Sample

Equpment _Mobiie CME-75 HSAs

Elevation 5215 21 ft

Date 12/05/84 _

SC, ctayey sand very fine— to fine—gramead,
10 YR 4/4 - dark yeliow brown to 10 YR 6/4 ~
hght yellowish brown medium dense, nonplashic
\ dry rooted caliche-rich, aliuvium

80 percent caliche-rich clay

—~_ dry, kghtly cemented alluvium

SP, sand, very fine- to fine-graned, 10 YR 8/4
- hght yeliowish brown, medium dense, nonplastic,

SANDSTONE, very fine— to fine—gramned sand,
10 YR 7/4 - very paie brown massive, no visible
no vistble fracturing low hardness, friable,
noncemented weathered bedrock

1 percent medwm-grained sand

Color change to 10 YR 8/8 ~ brownish yellow

Color change to 10 YR 5/8 — yellow brown

Color change to 2.5 YR 5/4 - hght olive brown

RMA2

Prepared for:
Program Manager for
Rocky Mountain Arsenal
Commerce Gity, Colorado

Prepared by:
Harding Lawson Associates

Figure 7

Log of Boring) ASB11684
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(1)

Equpment _Mobile CME-75 HSAs

= g @
® 2. =3
£ B‘é‘ a g Elevation _5215.21 ft Date _12/05/84
a
2 Z0 ow — e
m =~ 25
7 CLAYSTONE, 10 YR 4/1 — dark gray to 10 YR -
7/1 hght gray, unable to determine bedding
-1 closely fractured iow hardness frable ashy
welded appearance oxidized, weathered
7 30 bedrock
7 2.3
21 -
21
35+ ES
BE= Color change to 25 YR 4/4 - olive brown,
= becomes shghtly moist
40— Color change to 10 YR 5/6 ~ yellowish brown
7 Totl depth = 43 feet
45

RMA2

Prepared for:
Program Manager for
Rocky Mountamn Arsenal
Commerce City, Colorado

Prepared by:
Harding Lawson Associates

Figure 7

Log of Boring ASB11884
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Equipment Mobile CME~75 HSAs

e 3 =32
¢ 2S¢ ©E Elevation 522330 fi Date H/17/84
->a QO o
S Zo ow
m I~ o
CH, sandy clay, 40 percent very fine~gramed
s sand, 10 YR 5/3 - brown hard nonplastic, dry
i4 rooted cahche cemented, alluvium
18
20 17 Heavy white caliche
15
18
B SC, clayey sand, very fine- to fme—-gramed
20 sand, 40 percent clay 10 YR 5/4 — yellowish
3 brown medwm dense to hard, dry, caliche,
" a5 5 cemented, alluvium
17
20
8 Shght increase n clay content, low plasticity
10 / trace coarse sand and fine gravel
8
15 35 Color change to 10 YR 5/3 ~ brown to 10 YR 4/3
8 - dark brown with 10 YR 8/3 - very pale brown
2
2
2 10
]
7 20 Decrease in clay and caiiche ncrease n very
] fine-graned sand
7 I~ Sand becomes poorly sorted and 5 percent
8 L\ coarse—grained sand, trace gravel
8 ~ Color change to 10 YR 5/4 ~ yellowish brown
10 increase n clay
5
15 Cobbles encountered from 15 to 20 5 feet
10
]
8
10
2
20
8
7
16 20
45
45 SANDSTONE, fine—gramned, 10 YR 7/1 - light
gray with oxidized layers thin bedding no
50 fracturmg weak to moderately weak, weathered
25 bedrock
so 10 percent clay 10 percent fine-gramned sand,
68 percent medium sand 2 percent
coarse-gramed subangular sand color change
to 25 YR 5.3 - light olive brown
Notes 1 All HNU/OVA readings equal to
zero parts per miiion
except 3as indicated 25
2 Munsell color chart o~
used g
Prepared for: Figure 8
Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado Log of Boring SAB1784

Prepared by:
Harding Lawson Associates
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= g

2 3
f SE
s 28
o -
2

50

o pepth (ft)
Sample

(3]

Equipment Mobile CME-75 HSAs

Elevation 5223.38 ft Date _11/17/94

¥

Decrease in medum gramns to 50 percent,
increase n fine~grained sand to 30 percent, 10
percent very fine~gramed sand 5 percent
coarse—gramed sand

Color change to 10 YR 8/4 — hght yeliow brown

Water fevel estimated during driling

50—

\. Becomes saturated
Total depth = 450 feet

Prepared for:
Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado

Prepared by:
Harding Lawson Associates

Figure 8

Log of Boring SAB11784
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HNU/OVA
{ppm)

Notes 1| AT HNU/OVA readngs equal to
zero parts per miion
except as indicated
2 Munsef color chart
used.

o353

M N OO NN A

~R 3

3
21
30

50

Elevation 524078 ft

Equnpment Mgbie CME=75 HESAs

Date 12/08/84

© pepth (ft.)
| Sample

;7

CL, clay. 10 YR 4/2 ~ dark grayish brown, stiff,
low plasticity dry fractured, brecciated
claystone fragments gypsum or caiiche
voicanociastics, alluvium

Sit increasng color change to 10 YR 4/4 — dark
yellowish brown

Color change to 10 YR 7/4 - very pale brown
with caliche

Increase in very fme-grained sand to 10
percent color change to 10 YR 6/3 ~ pale
brown, becomes very stiff with caliche nodules

Increase in very fme-gramned sand to 30
percent, color change to 10 YR 4/4 - dark
brown with caliche

Heavy white caliche zone

I

I

|

|

CLAYSTONE, clasts of clay, oxdized soft,
siltstone iayers weathered bedrock

Color 25 YR 5/2 - gray brown massiwve, closely
fractured low hardness weak, rron—oxide
stamed, gypsum weathered bedrock

SILTSTONE, 2S5 YR 8/2 - hght olive brown,
massive moderately fractured low hardness
weak, gypsum crystals oxidation, weathered
bedrock

Color change to 25 Y 5/4 —~ olive brown, trace
coarse sand

SANDSTONE, fine- to medium-graned sand,
pale yellow thin~laminated, low hardness friable,
dry weathered bedrock

RMA2

Prepared for:
Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado

Prepared by:
Harding Lawson Associates -

Figure 8

Log of Boring ASB11884
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(ft.)

Equpment Mobile CME—75 HSAs

. <
& z. £%
4 SE % s Elevation 524078 fi Date 12/06/84
Q.
= Zo ow —_—
BT o5
7 Color change to 25 Y 5/6 — olive brown,
medium-grained sand becomes moist
30—
35
Total depth = 350 feet
40
N
-
z
Prepared for: Figure 8

Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado Log of Boring ASB11884

Prepared by:
Harding Lawson Associates
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Equpment Mobile CME-T75 HSAs

= < :
& 3. =3
s 2% 3 E Elevation 5234 48 fi Date _12/07/84
x = o Qo o
L2 % a QOO —
D ~ 0
4 CL. clay, fine- to coarse-graned sand, 10 YR
5/4 - yellowish brown hard nonplastic, most,
12 aliuvium
25
25
14
15
19
19
5
6 White caliche zone
]
7
2 Color change to 10 YR 6/4 - iight yellowish
2 brown trace very
3 coarse—graned sand, becomes soft, caicareous
4 1 SC. clayey sand fine- to medwm~grained sand,
45 10 trace coarse-grained sand, 10 YR 7/4 ~ very
o -i-\_ pale brown, nonplastic dry, alluvium
8 XX Color change to 10 YR 7/3 — very pale brown
36 becomes very dense caliche-cemented
9 A SANDSTONE, medwm- to coarse~gramed sand,
trace fine-gramned sand and silt, 10 YR 7/4 -
28 very pale brown low hardness, friable dry,
50 weathered bedrock
Shghtiy calcareous with ron—oxide stamning
7 Shghtly cohesive increase in coarse—grained
sand, noncaicareous
15
20— - Fme- to coarse-grained sand, quartz grans,
o '0 YR 8/4 - Iight yeliowish brown
|
: Color change to 2.5 YR 4/4 - iight olive brown
- K
Notes 1Al HNU/OVA readings equal to B 5
2810 parts pesr mion e d
except as indicated 25 sy
2 Munsell cotor chart o
used I
z
Prepared for. Figure 10
Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado Log of Boring ASB11884

Prepared by:
Harding Lawson Associates
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{ft.)

Equipment Mobile CME-75 HSAs

® = =
E: SE 2 Elevation 5234 48 fi Date 12/07/94
B == 55
30—
Increase in medium-gramned sand
35—
Trace st becomes shightly moist, color change to
25 Y 5/6 - iight olive brown
40—
CLAYSTONE, fine—~ to medwm~gramed sand
25Y 4/4 - olive brown, moist, weathered bedrock
14 45—
22
36 = Color change to 10 YR 3/2 - very dark grayish
S0 brown massive to blocky to thmly laminated,
moderately fractured won—oxude staned, iignitic,
weathered bedrock
50

Total depth = 50 ft

RMA2

Prepared ftor:
Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado

Prepared by
Harding Lawson Associates

Figure 10

Log of Boring ASB11884
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Equipment Mobile CME=75 HSAs

Elevation 523058 ft Date 11/18/84

HNU/OVA
{ppm)

@ Depth (ft)
Sample

ML, sit, very fine- to fine~graned, 10 YR 3/3 -
dark brown medwm dense, nonplastic, dry
rooted alluvum

CL, sandy ctay very fine-grained sand, 10 YR
6/4 ~ tight yellow brown, medium hard,
nonplastic dry aliuvium

Color change 1o 10 YR 4/4 - dark yellowish
brown, increase in fine— gramned sand and
5 caliche

Color change to 10 YR 8/4 — light brown
mcrease i very fine—gramed sand

Color change to 10 YR 7/4 — very pale brown
due {o increase in calche

10

SC, clayey sand very fine- to coarse-gramned
sand 75 YR 5/4 — brown medium dense
nonplastic, dry alluvium

Becomes well-cemented with caliche 10 percent
t obbles and fine gravel

%and coarsening downward poorly sorted,
tobbles

15

] $P-SM, Poorly sorted to silty sand very fine—
to very coarse~gramned sand trace fine gravel,
-\ 75 YR 7/4 -~ pink loose dry, alluvium

- Increase in clay to S percent, 3-inch-diameter
] granite cobbles

L]
O 00 FEORBRVTVNNONAENEANOGONNN[OONGND @ Blows/6

SW-SM, well-graded sand cobbles and gravel,
10 YR 8/4 - hght yellowish brown loose, dry,
ondized alluvum

Increase in clay content to 10 percent mncrease
in gravel

Notes 1 AT HNU/OVA readings equal to

zero parts per miion 36
e,ce& as ,gd,m{éd s0 25 SANDSTONE, very fine—- to medium~grained

2.Munset color chart sand 10 YR 5/6 - yellowish brown very dense,
used. weak noncemented very thin bedding,
weathered bedrock

RMA

Prepared for: Figure #
Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado Log of Boring ASB12084

Prepared by:
Harding Lawson Associates
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= «C
@ 3
° 3=
¢ 25
5 =2
S0

335

50

Equipment Mobile CHME=75 HSAs

=
st
g
£
<
o
o
=]

Q
g Elevation 523058 ft Date _1i/18/84
[¢7]

Cotor change to 10 YR 5/4 — yellowish brown,
cobbles

30)
EROC MY

l'lll'll.l

5o-Liiis

Total depth = 50 feet

RMA2

Prepared for:
Program Manager tor
Rocky Mountain Arsenal
Commerce City, Colorado

Prepared by:
Harding Lawson Associates

Figure 1

Log of Boring ASB12084
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Blows/6"

(ppm)
O Oepth (t)

HNU/OVA

Notes 1 All HNU/OVA readings equai to
zero parts per milon
except as mdicated
2 Munsell color chart
used

o A~

()

X

Sample

Equipment Mobile EME-75 HSAs

Elevation 524827 ft

Date J2/7/84
- N

CL, sandy clay, fine- to coarse-grained sand,
10 YR 6/4 - hght yellowish brown, shiff shghtly
plastic moist caliche alluvium

Color change to 10 YR 7/4 - very pale brown,
sand becomes fine- to medium—-grained

Color change to 10 YR 8/2 ~ white sand
becomes fine— to coarse—-graned

Becomes nonplastic rounded gravel 3/4—inch in
diameter

Abundant caliche

SANDSTONE, very fine- to fine-grained sand
25Y 7/3 - pale vellow low hardness friable
dry, weathered bedrock

Cotor change to 25 Y 8/4 ~ light yellowish
brown due to increase in caliche

25

il

CLAYSTONE, 10 YR5/3 — brownto 25 Y 5/3 -
light olive brown, low hardness, fniable, dry,
weathered bedrock

Color change to 2.5 Y 5/3 - hght olive brown due
to increased caliche

Color change 1o 25 Y 5/2 — grayish brown,
hgnitic ron oxide on fracture planes

RMA2
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5_:; Equpment Mobile CME-75 HSAs
= < m
L 3 £a
g SE ¢§ Elevation 524927 ft Date _12/7/84
s % g2 oo - S
L =Y
= 25
Color grades to 75 YR 3/2 — dark brown, hgmitic
clayshale to 34 ft
30—
1 E=
T EE=S Color change to 10 YR 3/3 - dark brown
35— o
_ —_—
Jd ===
40— Color change t0 25 Y 4/4 ~ olive brown,
becomes soft moist
SANOSTONE, medwm- to coarse—grained sand,
2.5 Y 4/4 - olive brown moist, noncemented,
weathered bedrock
Total depth = 50 0 feet ~
-
z
Prepared for: Figure 12
Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado Log of Boring ASB12194
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Page 2 of 2



Equpment Mobile CME-75 HSAS

s
- s
® Z_ £3
P <E Qa E Elevation 5238 14 ft Date 11/18/984
z >a o @©
L "Za aw
m I~ 0
5 Ct, sandy clay, 30 percent very fine—-grained
sand, 10 YR 4/3 ~ brown to dark brown, medium
10 hard nonplastic dry, rooted, alluvium
14
15 Color change to 10 YR 8/4 - light yellowish
5 _\ brown due to caliche
5 ~ Decrease in very fine-gramed sand to 15
s percent with 1S percent silt
7 Color change to 10 YR 5/4 yellowish brown with
4 10 percent silt and 20 percent very fine—gramed
5 5 sand
10
3 Shght increase m very fine-gramned sand
5 : content to 30 percent, cemented with white
5 Y caliche trace coarse-grained sand
, i
T . Heavy cakiche zone
6
g
g .
’ 10—
Heavy caliche zone
8
g
13
&
B Hard cahche zone
7
9
10
o Trace gravel with rounded granite cemented with
5 caliche
7 15-EK
2 K(
u Sand size increasing with 7 percent
6 coarse-grained sand with subrounded to
g rounded fine gravel
n v
X
it 40 percent poorly sorted sand
10
13 .
13 X
15 2041/
“
g S¥, poorly sorted sand, very fme— to very
coarse~grained sand 2 percent fine gravel 10
YR 6/6 - brownish yellow, medwm dense dry,
14 partially cemented, alluvium
14 /
9
10
Notes 1AN HNU/OVA readngs equal to 5 Increase m clay content
zero parts per miion 10
except as indicated 19 25 “vd
2Munsell color chart ~
used g
Prepared for: Figure 13
Program Manager for
Rocky Mountain Arsenal
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Prepared by:
Harding Lawson Associates”

Page 10f 2




F=4 Equpment Mobile CME-75 HSAs
2 3 =2
¢ 2FE BE Elevahion 523814 ft Date _ti/18/94
s 22 4
Q
8T 2

Becomes weli-cemented, grante grave! and
50 cobbies

— Increase in gravel and cobbles to 25 percent

25 Well cemented, cobble-rich, oxided layer

7 30

CLAYSTONE, clay with very fine-grained
sandstone fens 25 YR 8/4 hght yellowish brown,
thinly interbedded low hardness weak, dry
weathered bedrock

i

7
15 |
22 == Color change to 25 YR 5/4 hght olive brown,
3c = very fine- to fine- gramned sandstone bed
= approxmmately 0 2 foot thick, oxidized, partiatly
= cemented friable
35 ==
5 Cuttings become moist
40—
=
45—
50 Total depth = 50 0 feet o
&
Prepared for Figure 13

Program Manager for
Rocky Mountain Arsenal
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Harding Lawson Associates
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Equpment Mobile CME-75 HSAs

=
» s ~
@ 32 =3
$ SE 85§ Elevation 524806 ft Date 11/18/84
s 328 oo
m I~ 0
5 CL, sandy clay very fine—gramned sand, 10 YR
6/4 - hght veliowish brown stiff, nonplastic dry
" rooted partially cahiche cemented, alluvium
13
13
7
8
9
10 Color change to 10 YR 4/6 — dark yellowish
5 brown
7 5 ™ Color change to 10 YR 8/2 - white due to heavy
u N calche cement
26 ﬂ
5 Very fine- to coarse—graned sand, trace fine
1 gravel poorly sorted color change to 10 YR 6/4
13 N - hght yellowish brown
18
8 10 ‘ /
0 i
2 / SC, clayey sand very fme- to medum-grained
B - sand trace coarse sand 10 YR 4/3 ~ dark
2 X brown medwm dense low plastic dry, aliuvum
. ‘\ granite cobble
N Color change to 10 YR 4/4 — dark yellowish
brown shghtly moist, thin oxidized stringers
2 appears bentonitic
B
1 SW/SM, sand to silty sand very fine- to
2 15- coarse-grained sand 10 YR 7/4 - very pale
g brown medwm dense nonplastic dry alluvium
; partially cemented, angular gramns, trace fine
ranite gravel
8 r\ 9 g
" Becomes loose less well cemented
3
8 Gravel size and content increases some cobbles
2
3
5
g 20=
" u
3
5 CLAYSTONE, 25 Y 5/2 - grayish brown, blocky.,
8 closely {ractured, moderately hard, weak dry,
B moderately weathered bedrock, heavy dark
12 biownish orange oxidation along high angle
3 fractures gypsum crystals iimonitic
8 Interbeds of papery thin lamnated, sandstone,
Notes LA HNU/OVA readings equal to very fine—gramed sand 10 YR 6/2 - ight
zero parts per milion 2 == biownish gray becomes less oxidized
except as indicated 12 25 ]
2.Munsell color chart Becomes more oxidized heavy black o
used mnerahization =
Prepared for: Figure 14
Program Manager for
Rocky Mountain Arsenal
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Prepared by:
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. I Equipment Mobie CME=75 HSAs
& 3_ =8
s 9¢ T B Elevation 5248 08 ft Date 11/18/04
=z > a Q @
2 ) cw
m A
Carbonization
5
Carbonaceous
Becomes less carbonaceous
40 Tota!l depth = 40 0 feet
45~
o~
<
&
Prepared for: Figure 14
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Equipment Mobile CME-TS HSAs

Elevation 5272486 ft. Date 12/08/84

(ppm)
© Depth (ft)
Semple

HRU/OVA

CL, sandy clay fme— to medium—grained sand,
10 YR 4/4 ~ dark yellowish brown stiff plastic
\ maist alluvium, noncalicareous rooted

CL, sity clay trace fine- to coarse—grained
sand, 10 YR 7/3 ~ very pale brown stiff,
nonplastic dry alluvum local caliche

o= w Blows/6"*

—
(4]

Color change to 10 YR 8/2 -~ white due to heavy

-\ caliche cement
_\

Cotor change to 10 YR 7/4 — very pale brown,
some granite gravel

SANDSTONE, very fme— to fine—grained sand,
-\ 25 Y 7/4 ~ pale yeliow, low hardness, friable to

weak weathered bedrock weakly cemented
caicareous

Sitstone/sandstone,very fine-gramned sand 2.5
Y 7/3 — pale yellow, mottied with white caliche

Color change to 25 Y 7/4 — pale yellow

Becomes noncalcareous

Sand fine- to medium—gramned, 2.5 Y 5/6 - ight
olive brown, noncemented noncaicerous dry

Notes | Al HNU/OVA readings equal to
zero parts per miion
except as indicated 2: ~N
2 Munsell color chart
used

AMA2

Prepared for: Figure 15
Program Manager for
Rocky Mountain Arsenal
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Prepared by:
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3-_'-: Equipment Mobile CME-75 HSAs
8 3 =2
® <E 2 E Elevation 5272 48 ft Date _12/08/84
3 g g on
= — 25
-

30—

35—

R CLAYSTONE, 2.5 Y 3/3 - dark olive brown.
massive thick bedded moderately fractured,
soft, plastic, hittle weathered, bedrock, moist,

B 40— minor hgnite fragments, noncalcareous,
16 = ron—oxide stained fractures and partings
23 ===
3 ===
= Trace silt
45—
50 Total depth = 50 C feet N
Prepared for Figure 15
Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorade Log of Boring ASB12484
Prepared by:
Harding Lawson Associates
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—
= Equipment Mobie CME=75 HSAs
= s 2
% T 2  Elevaton 5257301 Date 12/08/84
28 S a
I~ 0
A CL, ciay, 10 YR 4/8 — dark yellowish brown, stiff,
plastic mosst, alluvium, rooted, trace sand and
‘ pea gravei
' Lolor change to 10 YR 7/3 — very pale brown
mottied with white caliche some silt and very
fine sand

Increase m sand and silt content, locally grades
to SC clayey sand sand coarsens to fme- to
5 coare-grained

Go~an~w~moops=o |Blows/s"

: 7

§C, clayey sity sand fine— to medwm—-gramed

7 sand. 10 YR 8/4 - light yellowish brown mediom
12 dense nonplastic, dry alluvium, mottled with

12 white caliche in vemnlets and fractures

8 10

2

: /A

CL, sandy sity clay, fine— to medium-~gramed

6 sand 10 YR 6/4 - Iight yellowish brown stiff
12 nonplastic, dry alluvium mottied with white
42 caliche in vesnlets and fractures
3 Increase mn sand and gravel content some fine—
20 to coarse—-grammed sand fine gravel color
17 i5 change to 10 YR 8/4 — ight yeliowish brown and
B grades 10 5 YR 7/4 — pink becomes hard
4 Color change to 10 YR 5/6 — yellowish brown,
8 becomes stiff decrease in caliche content
12 Gradually grades to entirely white caliche color
13 change to 10 YR 8/1 — white
7
13
8 SANDSTONE, 2.5 Y 7/4 - pale yellow, low
3 hardness, weak weathered bedrock
8 20
" CLAYSTONE, 25 Y 5/3 - light olive brown,
shghtly flaggy locally thin lammnated, locally
3 intensely fraciured, soft plastic, weathered
14 bedrock moist, local caliche, gypsum fracture
filing, minor iron oxide
Notes 1Al HNU/OVA readings equal to
2ero parts per milion
except as indicated 25 S
2 Munsel color chart o~
used. 3
z
Prepared for: Figure 18
Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado Log of Boring ASB12584
Prepared by:
Harding Lawson Associates
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= Equipment Mobile CME=75 HSAs
® 2 =2
£ ST 2§ Elevation 525730 ft Date _12/08/84 __
° 8 o w -
I P
==
30-= .
35 ::‘
=
=
40 Color change to 25 Y 4/3 - olive brown
Color change to 10 YR 3/3 - dark brown, some
lignite may be present noncalcareous
45
50 Total depth = 50 O feet 9
z
Prepared for: Figure 18

Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado Log of Boring ASB12584
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Harding Lawson Associates
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_:'-'_: Equipment Mobile CME=75 HSAs
= <
2 3 = 8
g SE 92 E Elevation 5243.92 ft Date _11/23/04
>a Q @
L Zc ow
3] I~ o
2 SC, clayey sand very fine gramned, 10 YR 5/4 -
yeliowish brown, medium dense 30 percent
] plastic clay dry alluvium, rooted
15
15
8 Becomes partially caliche cemented
fl
13 .
12 Color change to 10 YR 8/4 — ight yellowish
5 brown clay content decreases to 20 percent
4 5
7
7 Clay content increases to 40 percent becomes
3 A silty
3 s
5 /' CL, sandy clay, 30 percent very fine—grained
sand 10 percent sidt 10 YR 5/3 - brown stiff,
8 '-\ nonplastic dry alluvium
S Clay content decreases silt content increases
5 10 10 percent
5 Y | Heavy caliche cement
] 103 -~
4 Mottled with cahche
4 Caliche cemented
8
15
1B Trace fine rounded gravel
18
Increase in sand content very fine- to
medm~gramned sand
15
o |
Trace 1o some coarse sand and fine rounded
2 gravel color change to 10 YR 5/4 - vyellowish
14 brown, mottled with white caliche, ashy
3 appearance, elongated black mineral gramms well
4 cemented
g ™ Sand content decreases to 25 percent,
; micaceous color change to 10 YR 5/3 ~ brown
12
7 20 Sand content increases to 60 percent very
8 fine— to fine-gramed, some medium— to
15 coarse-grained sand, trace rounded gravel,
16 color change to 10 YR 5/4 ~ yeliowish brown,
medium dense low plastic clay dry alluvum,
3 ‘\ elongate black mneralization
8 ~ Locally very sandy, poorly sorted sand, very
8 fine- to coarse~grained subrounded fmne gravel
8 layers i=inch thick
Notes { All HNU/OVA readings equal to 3 Sand content decreases to 20 percent, very
zero parts per mton 6 fine— to very coarse-gramned sand poorly
except 3s indicated. g 25 AL a sorted trace fine subrounded gravel, medium
2Munseli color chart hard caliche stringers contains several thin o
usec sandy veneers z
Prepared for: Figure 17

Program Manager for
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< = Equpment Mobile CME=75 HSAs
& 2. £%
2 SE § 5  Elevaton 5243921t Date 11/23/84
§ 22 sSa -
25 -
12
S Sand content increases, thin, intercalated layers
e of sand and fine gravel
10
10
3 Interbedded layers of sand and clay, shghtly
4 less well cemented
7
8 30 Granite cobble
7
8 ™ Decrease m sand content, trace fine gravel
8 slightly moist
8 [ Caliche
§ Sandy
]
o | Increase in sand content very fine~ to

coarse-grained sand some gravel very well

cemented
7 _\

Caliche very thin layers of poorly sand, medium-

8 to coarse—gramned sand
12 35 X

5 e Quartz cobble
== CLAYSTONE, 25 Y 5/3 - hight olive brown,

—
[a]

8 s=== blockly, closely fractured medium hard, weak
15 Er— moderately weathered bedrock some calche
27 == oxiized along fractures
33 == Very thin bedded skghtly less fractured,
== caliche, mottied with orange oxidation to 38 feet
40—
45
Total depth = 450 feet
o
50—
P
2
Prepared for. Figure 17

Program Manager for
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HNU/OVA
{ppm)

Notes 1Al HNU/OVA readmngs equal to
zero parts per milion
except as ndicated
2 Munsell gcolor chart
used

ARRNO AL AN NI OAR ORWLWOO~N~NDBEON Blows/6"

Equipment Mobile CME-750 HSAs

Elevation 526837 ft

Date 12/08/84

© pepth (ft)
Sample

N\
—

10

CL, clay, fine— to medium-gramned sand, some
silt 10 YR 4/6 ~ dark yellowish brown medum
stiff, plastic moist alluvium, rooted, noncalcerous

Color changes to 10 YR 7/3 — very pale brown

Some fine~- to coarse-gramned sand shff,
nonplastic dry, alluvium, calcereous, fine roots

Trace pink granite gravel, color change to 10 YR
574 - yeliowish brown shightly plastic sightly
moist local white caiiche locally very sandy

Color change to 10 YR 6/8 — brownish yellow
nonplastic

Color change to 10 YR 4/6 — dark yellowish
brown, stiff plastic, moist alluvium abundant
caliche at contact

N

Ml

15—

CLAYSTONE, 25 Y 6/5 — ight yeliowish brown
flaggy, ntensely fractured, soft plastic
weathered bedrock iron oxide on fractures
gypsum crystals n voids

Color change to 10 YR 3/3 ~ dark brown moist

Becomes sandier fine~ to medwum=-gramned sand
color change to 2.5 Y 8/5 ight yellowish brown

Interbedded clayshale and sand, color change
to 25 Y 5/8 — hght olive brown

[~ = |
N~

SILTSTONE, clayey sandy 25 Y 7/3 - pale
yeliow thin laminated, low hardness weak
weathered, bedrock

RMA2

Prepared for:
Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado

Prepared by.
Harding Lawson Associates
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= <
& 3
” \E
§ =28
& =2
50

10

50

Equipment Mobile CME=750 HSAs
Date _12/08/84

Depth (ft.)

2]
=
E Elevation 5288 37 ft
w

25
SANDSTONE, very fine— to fine—grained sand,
- 25 Y 7/3 - pale yellow, low hardness, friable
bedrock, dry, honcalcareous
T == CLAYSTONE, sity sandy very fine~ to
= fine—gramed sand 25 Y 5/4 - ight ohive brown
1 E= soft, plastic, bedrock, moist, noncalcerous
30 =
354 BE==

Locally silty, some fine—grained sand, color

= change to 25 Y 5/3 — light olive brown, locally
- EE==H thin lamnated mntensely fractured, soft plastic,
\ weathered bedrock, moist, noncalcareous, iron

oxide on fractures

Color change to 25 Y 5/4 - light olive brown,
soft, plastic bedrock, moist noncalcareous small
T === angular fragments

E=—==—4

i

50

Tota!l depth = 50 G feet

RMA2

Prepared for.
Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado

Prepared by:
Harding Lawson Associates
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E-‘: Equipment Mobile CME~750 HSAs
<
® 2z =58
g ST §5 Elevation 524272 ft Date 12/13/84 _____
o = & ow -
o 2~ 0
! SC, clayey sand, fine— to medwm~grained sand,
10 ' some silt, 10 YR 4/4 — dark yellowish brown,
13 dense shghtly plastic moist alluvium, rooted
15 }v‘
12 * Color change to 10 YR 8/3 ~ pale brown, mottled
5 with white caliche
2 )
v
2 X
3 Increase in clay content
5
10 53
8 \/
X
10 ;V/ Locally sandy, trace gravel
4
5 N
: A
S - Scattered gravel cafiche content increases
10 '
10 : /
18 M SC, clayey sand fine- to coarse-grained sand,
20 104 10 YR 8/4 - light yellowish brown, dense
10 nonplastic, moist alluvium, mottled with white
s caliche
g )v: Trace scatlered gravel
8 X Clay content gradually increases with depth
10 '
18 _ /
25 :
z H
10 ' CL, sandy ciay fine- to coarse-gramned sand,
: 10 YR 4/4 - dark yellowish brown stuiff
13 15 .‘ shghtly plastic moist, motiled with caliche, trace
g K black kthuc fragments alluvium
10 T Color change to 10 YR 5/4 - yeliowish brown
X
8 ! Some medwm sand color change to 10 YR 6/4 —
10 ; ight yeliowish brown trace iron oxide
10 |
\/
o X
8 20— Sand content increases with depth interlayered
2 clayey sand and sandy clay, trace scattered
12 5 gravel
15 ,/ SC, clayey sand fine- to coarse—gramned sand,
8 = scatiered gravel 10 YR 5/4 ~ yeliowish brown,
dense shghtly plastic, moist alluvium, calcerous
10 matrix
n
s X
Notes ! Al HNU/OVA readmngs equal to
2ero parts per miion 12
except as ing:icated 3 25 4
2 Munsel cotor chart o
used. ;
(<=
Prepared for: Figure 19

Program Manager for
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s Equipment Mobile CME-750 HSAs
2 5. =%
$ SE § 5 Elevation 524272 f Date J2/13/84___
2 g ow S
m  ES i
12
6
6
8 Sand content increases with depth
10
8
8
7

Color change to 10 YR 5/8 - yellowish brown

® 0N
8
N

CL, clay some medwm-grained sand, some sit,
trace very coarse sand 25 YR 4/4 - olive

14 brown, stiff, plastic moist alluvium

5

7 Trace scattered gravel minor caliche mnor ron

7 35 oxide

8

4

7

10

13

4

7

14

7 SC, clayey sand, 10 YR 5/4 — yellowish brown to
25 YR 5/3 - light olive brown dense, plastic

ic 40 clay matnix, moist noncalcareous reworked

14 Denver Formation alluvium

20 Clay conient decreases with depth, color

5 change to 10 YR 6/4 — ight yellowish brown,

2 locally very sandy, layers of fine~ to coarse-

) gramned sand up to 0.2 foot thick, 10 YR 8/3 ~

S very pale brown

21

10 Sand coarsens with depth, fine— to very

7 coarse-grained sand, trace gravel

5 Very coarse sand and pea grave!

19 45
SANDSTONE, fine— to coarse-gramned sand,
trace clay, 10 YR 8/4 - hght yellowish brown,
thin lammnated, low hardness, friable to weak,

- minor iocal ron oxide stamung minor caliche,
weathered bedrock
50
Total depth = 50 feet ]
z
Prepared for: Figure 18

Program Manager for
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Equipment Mobile CME-750 HSAs

= « =
& =z =3
g SE e E Eievation 5258 54 ft Date 11/28/94
(=] % Iy aw
D ~ 0
SC, clayey sand fine- to fine—gramed sand
8 some st 10 YR 3/6 ~ dark yeliowish brown,
5 dense 15 to 20 percent low plastic clay rooted,
25 alluvium
20
B
8 Color change 1o 10 YR 8/4 — light yellowish
[°] brown ightly caliche cemented
1 ¢
2
4 5%,
7 5
1
12 Clay content increases locally grades to CL,
4 sandy clay becomes well cemented
5
7 White caliche
g e
S Sand becomes coarser graned 30 percent clay
S “ 10 YR 4/8 — dark yellowish brown local white
7 Y caliche
8
1 10 Color change to 10 YR 5/4 — yeliow brown well
10 cemented with caicihe
18
18
18 Clay content increases to 40 percent medim
8 plastic clay, heavy caiiche black mineralization
10
8
7
5
7 15 Caliche content increases to 100 percent
8
10
3 CL. sandy clay fine~ to very coarse—grained
sand, 10 YR 8/4 - light yeliowish brown medium
5 stiff medwm plastic, moist caliche veining and
-] fracture filing minor black mmeral grans, alluvium
1
8
3 Sand content ncreases with depth calcihe
13 content decreases
8 20 A
1) %
7 0
7 SC clayey sand fine- to coarse-grained sand,
gravel 10 YR 6/4 - light yeliowish brown medwum
8 agense nonplastic dry, alluvium
Notes LAB HNU/OVA readmgs equal to &
zero parts per milion 3
except as ndicated 9 25
2.Munsell color chart ]
used -
F3
Prepared for: Figure 20
Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado Log of Boring ASB12884

Prepared by.
Harding Lawson Associates
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Equipment Mobile CME-750 HSAs

@
€  Elevation 525854 ft Date 11/28/84
[72]

HNU/OVA

{(ppm)
o1 pepth (ft)

N

SW, sand, fine— to coarse—graned sand, 10 YR
8/8 - brownush yellow medium dense nonplastic,
ary aliuvium

CL, sandy clay fine- to coarse--gramed sand
pea gravel 10 YR 6/4 — hight yellowish brown
hard nonplastic dry alluvum, calcareous
SANOSTONE, fine— to medwm—gramned sand,
25 YR 7/4 ~ pale yellow, low hardness friable,
noncaicareous, rounded to subrounded grains,
local ron oude staining weathered bedrock

Color change to 25 YR 8/4 ~ light yellowish
brown, 5 percent medum-gramned sand

CLAYSTONE, 25 YR 5/2 - grayish brown, soft
plasiic weathered bedrock

35
e]

SANOSTONE, laminated with claysione very
fine—-grained 25 YR 8/6 — olive yellow papery,
moderately fractured at low angles low
hardness friable moderately weathered
bedrock ron—-oxide stanng along fractures

CLAYSTONE, 2.5 YR 5/4 - fight olive brown,
papery moderately fractured, soft, plastic
45— moderately weathered, bedrock

Becomes moist, claysione content increases with
depth

Becomes wet

50

Total depth = 50 O feet

AMA2

Prepared for Figure 20
Program Manager for
Rocky Mountain Arsenal
Commerce City, Cotorado Log of Boring ASB12894

Prepared by:
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, é Equipment Mobile EME-75 HSAs
= < v
3 £ 3
P OE a E Elevation 5258 30 ft Date _11/30/84
x S a QO ©
e Za o w —_—
m I~ o)
! SC-SM, clayey sand to silty sand, very fine~ to
8 ! medum-graned, medium dense, nonplaste, dry
8 ‘ alluvwum hightly caliche cemented, trace silt
1
12
g
i Increase in medwm-gramed sand
8
8 Fiung downward, increase in fine sand and clay
6 content
s 5 Y L, sandy clay 10 YR 6/4 - ight yellowish
8 NL /7% rown, low plastic clay, alluvium
X
13 e,
5
7
Y,
: i
8 Decrease in clay content trace sit poorly
5 sorted 5 percent medium sand 2 percent
8 coarse—graned sand, less well~cemented
]
9 10 /4
75 SC, clayey sand poorly sorted, very fine~ to
g oy, coarse-grained sand 10 YR 8/4 - hght yellowish
15 “ brown, medium dense, 20 percent low plastic
5 N clay dry alluvwum, trace subrounded quartz
5 A grave!
14 Heavy white caliche
15 Very well cemented with caliche
18 v,
X
20 Clay content increases to 35 percent
g
1 15
14 -
X}
292 Color change to 10 YR 5/4 - yellowish brown
scattiered white caliche nodules, dense, very well
19 cemented poorly sorted 5 percent silt
2t v,
X
28 Increase m clay content 40 percent low to
12 medwm plastic clay
20
8
?3 20 X
8 ;5 CL. sandy clay very fine- to coarse-graned
P, sand, 10 YR 5/3 - brown, very stiff, iow
18 Y plasticity dry, aliuvium
18 -
X
18 Ashy appearance some black mineral grains
13
3 Trace fine gravel
19 ~,
23 u
Notes 1 AL HNU/OVA reaamgs equal to . Becomes micaceous
zero parts per mifkon 1 X]
except as indicated 20 28 LKL
2.Munsell color chart o~
used g
Prepared for: Figure 21
Program Manager for
Rocky Mountamn Arsenal
Commerce City, Colorado Log of Boring BRB13084
Prepared by:
Harding Lawson Associates
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HNU/OVA

Blows/6"
(ppm)

Equipment Mobile CME-75 HSAs

Q)
E  Elevation 525830 ft. Date 11/30/84
7] ——

—

o PDepth (ft.)

N

Sand size increasing, coarsening downward,

coarse sand and fine subanguiar gravel, color
change to 10 YR 4/3 - dark brown with white
caliche, medwm plasticity, black mneralization R
;14 veinng

30

[~ Increase in sand content very fine- to very
coarse-grained sand, trace fine grave! poorly
sorted color change to 10 YR 5/3 - brown with
)V‘ white caliche i nodules and anastomozing
/\ vemnlets

Some clayey sand layers, micaceous

35

Becomes gravelly, color change to 10 YR 8/4 -
hight yellowish brown

CLAYSTONE, 25 Y 8/4 ~ ight yellowish brown to
25Y 8/8 — olive yeliow thick bedded hitle to
moderately fractured low hardness weak
moderately weathered bedrock

Very carbonsceous

40

Total depth = 450 feet

50—

RMA2

Prepared for:
Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado

Prepared by:
Harding Lawson Associates

Figure 21
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E.": Equipment Mobile CME-750 HSAs
- <
® 3z =3
¢ SE ©E  Elevaton 5258301t Date Jj2/14/84
> L @
L % = ow —————
o ~ 0
SC, clayey sand, fine— to medium—-gramed sand,
8 some sit and clay, 10 YR 8/4 light yeliowish
10 brown dense, plastic clay matnx, moist
13 \ noncalcareous thin clay layers, alluvium
n Becomes calcareous
5
6
3
7
T 2 CL, sandy, sity, clay fine~ to medium-gramned
22 sand, 10 YR 8/4 ~ iight yellowssh brown, stiff, -
1 5 4 nonplastic, dry, calcareous minor white caliche
4 motting locally very sandy, alfuvium
15
6
: SC, clayey sand, fine- to medism-grained sand
some silt, 10 YR 6/4 ~ light yellowish brown,
i dense nonplastic, dry, calcareous, alluvium
10 €L, sandy silty, clay, fine- to medium-gramed
n sand, 10 YR 8/4 — hght yellowish brown, stiff
" nonplastic dry caicareous alluvium
14 10
9 SM, silty sand fine- to medwm—grained sand,
trace clay, 10 YR 8/4 — iight yellowish brown
7 dense nonplastic calcareous alluvium
4 CL, sandy ciay scattered fine- to
medum~grained sand 10 YR 6/4 ~ hght yellowish
brown, stiff, nonplastic dry, calcareous alluvium
i
2
10 Some coarse~graned sand irace pea gravel
12 10 YR 5/6 - yeliowish brown, stiff sightly plastic,
7 15 siightly moist, mottled with white caliche
9
8 Some very coarse sand and pea gravel
8
5
6
8
8
7
12
12 20 Color change to 10 YR 6/3 — pale brown
4 non—plastic dry mottied with common white
. 7 calbche rare pink gramite gravel
12
14
18
10
44
c
Notes 1Al HNU/OVA readngs equal to :0 CLAYSTONE, fine- to coarse—gramned sand,
2€ero parts pgr "‘;"’g“ some sit flaggy, thin lamnated soft to low
gﬁ;‘;‘;;go;‘:&gn ] 25 hardness plastic to friable, white crystalline
Gsea gypsum fracture filing calcareous, weathered 2
bedrock %
Prepared for: Figure 22

Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado Log of Boring SABI3184

Prepared by:
Harding Lawson Associates °
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Blows/6"

HNU/OVA

(ppm)
< Depth (ft.)
Sample

o o5 s

Py
(2]

12

30
35

n

Equipment Mobile CME-750 HSAs

Elevation 5258 30 ft Date f2/14/94

Locally silty

30

.

SANDSTONE, clayey with pink granite gravel,

10 YR 8/4 - hght yellowish brown, sight olive cast
soft to low hardness, plastic to friable

dry, white crystaliine gypsum fracture filling,
calacreous weathered bedrock

35—

CLAYSTONE, olive brown (based on auger
cuttings)

Chve brown claysione some sand and gravel
(based on auger cuttmgs)

e, e
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ey ey
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— o
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v . o
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—

— e, of
i aed

. o
]
e el
T
v e
e
— —
e

INTERBEDDED CLAYSTONE AND SILTSTONE,
claystone 25 Y 5/3 - hght olive brown,
fractured soft plastic, weathered bedrock,
moist locally calcareous minor ron—oxide
staning on fractures sitstone 25 Y 7/8 yeliow,
low hardness friable, dry weathered bedrock

Oive brown claystone soft plastic bedrock
moist noncalcareous (based on auger cuttings)

Olive brown claystone trace silt soft, plastic,
bedrock moist, noncalcareous (based on auger
cuttings)

50—==

Total depth = 50 0 feet

RAMA2

Prepared for.
Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado

Prepared by:
Harding Lawson Associates

Figure 22

Log of Boring SABI3i84
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Equipment Mobie CME-75 HSAs

g
- <
.3 sS4
g e © € Elevation 5258 70 ft Date _1/18/84
>a Q @©
° Za Qw
m I~ 0
7 CLAY, clay with fine~ {o medium—grained sand,
trace coarse—~gramned sand 10 YR 6/4 hght
10 _\ vellowish brown stiff nonplastic dry aliuvium
:i Becomes calcareous
5
6
S
5}
7
8 5 X
g %5 SC, clayey sand fine to coarse—graned sand
7y 10 YR 4/6 - dark yeliowish brown stiff,
10 “ nonplastic dry mottled with caliche alluvium
7
8
13
13
10
153
30
50
15 A
21 /2 CL, clay with fine- to medium~grammed sand
7y 10 YR 7/2 - hght gray hard nonplastic
25 y dry calche-nich alluvium
2i
1
1)
35 15
50
21 / ;
27 SC, sandy clay clay coarse~-gramned sand,
50 gravel 10 YR 5/4 yellowish brown hard,
7 nonplastic shghtly most, alluvium
50
23
25
26
18 20 Color change to 2.5 Y 4/4 olive brown clay,
50 increase in fine-grained sand with trace
30 cobbles becomes moist
50 /
50 4:
25 \ CLAYSTONE, sandy clayshale with trace coarse
26 sand, 25 YR 4/4 — olive brown, fractured, soft,
11 plastic moist, gypsum, calcareous iron oxide,
19 weathered bedrock
Notes 1 Al HNU/OVA readings equal to
zero parts per miion bl
except as indicated 5 2%
2 Munsell color chart 30 25 ~ o~
used 3
=
Prepared for Figure 23
Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado Log of Boring ASB13284

Prepared by:
Harding Lawson Associates
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-
s Equipment _Mobile CME~75 HSAs
o = = 2
4 SE & % Elevation 525870 ft Date _11/18/84
o 28 oov ~
o £ 5
30 ———
30 TE=
304 E
=
d E
==
35—
; St |
40—
45—
-
=0 Total depth = 50 O feet o
z
Prepared for: Figure 23

Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado

Prepared by:
Harding Lawson Associates

Log of Boring ASB13284
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Equipment Mobile CME~75 HSAs

‘3
=
= <
& z_ =ssa
L SE & E Elevation 5250 88 ft Date 11/18/84
2a @ @
k=4 2 =Y cow -
m I~ 0
2 CL, clay fine-gramned sand and sit, 10 YR 4/4
— dark yeliowish brown very shff, slightly
15 plastic moist rooted alluvium
15
18 Caliche zone becomes stiff dry
7
7
8
8
5
5
8
8
10
5
7
6
7 10
10
10
1
8 Color change 1o 10 YR 8/4 - fight yellowish
1 brown with white caliche
]
13
8
7
7 15
16
8 SC, clayey sand fine~ to coarse—grained sand,
20 trace gravel, 10 YR 4/4 — dark yellowish brown
dense nonplastic, dry calcareous moderately
5 cemented, alluvium
12
15
20 Increase in gravel
S0
2 20 52, CL, sandy clay, ciay with gravel, 10 YR 68/3 -
7 pale brown to 10 YR 4/4 ~ kght yellowish brown
25 = hard nonplastic, caicareous alluvum
25
18
8
2
1
12
Notes 1Al HNU/OVA readmgs equal to 15 Cotor change to 10 YR 6/3 — pale brown with 20
2810 parts per mton 5 percent fine— to coarse—-gramned sand
except as indicated 16 25
2.Munseil color chart o
used E
Prepared for: Figure 24

Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado

Prepared by:
Harding Lawson Associates®

Log of Boring ASB13384
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HNU/OVA

Biows/6"*
{ppm)
o1 Depth (ft.)
Sample

N

30

Equipment Mobie CME=75 HOAs

Elevation 525088 ft. Date 1/18/e4 __

Increase in sand to 40 percent with irace
pebbles and gravel

-’

SC, clayey sand sand and gravei, 75 YR 4/6 -
strong brown, hard plastic moist, calcareous,

Color change to 25 Y 5/4 - ight olive brown to
25 Y 4/4 - ohve brown, becomes shghtly plastic

Color change to 10 YR 7/1 - hght grey with grey
volcanics vuggy with wron-oxide stalung, welded

CH, clay, trace gravel, 25Y 4/4 ~ olive brown,
hard, plastic, moist, reworked Benver Formation
fragments, calcareous allyvium

Color change to 25 Y 5/4 - light olive brown,
noncalcareous

CLAYSTONE, 25 Y 5/4 - hght ohve brown,
lammnated soft, fractured, moist, ron-oxide on
fractures, weathered bedrock

Total depth = 50 0 feet

RMA2

Prepared for.
Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado

Prepared by:
Harding Lawson Assaciates

Figure 24

Log of Boring ASBI3384
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Equipment Mobile CME=75 HSAs

g
S
® 2_ =8
g SE ¢E Elevation 524202 fi Date 11/18/84
2a Q @
K=/ % Q =3
3] - o)
6 CL, sandy silty clay, 20 percent sand 10 YR
5/4 - yeliowish brown stiff, shghtly plastic
§ shightly moist, rooted alluvium
7
6 Decrease in sand content to 10 percent, color
7 change to 10 YR 7/3 - very pale brown caliche
7
7
5 {ncrease in sand to 40 percent color change to
7 i0 YR 6/4 - light yellowish brown becomes
7 5 inedum dense and dry
[
8
5 Decrease m sand to 10 percent, becomes stiff
4
10 /
16 4
$C, clayey sand fine— to medium—-grained sand
40 percent clay matnx 10 YR 8/4 - hght
yellowish brown hard nonplastic, dry,
caliche-rich, alluvium
16 10
20
25
23
4 N
] X
23
18
5 >
6
7 i5 Decrease in fine— to medum-grained sand
15 conient to 25 percent
X
o
1‘2 Sand content increases downward to 40 percent
15
16
B )v“
[°]
16
20
10 20-Y% //2
2 CL sandy clay less than 40 percent fine- to
medium~gramned sand irace pea gravel 10 YR
5 5/6 - yellowish brown suff shghtiy plastic,
20 shghtly moist caliche-rich aliuvium
6 Decrease in gravel
7
18
1
s X
Notes LA HNU/OVA readings equal to
zero parts per miliion 12
except as mndicated 16 25 £
2 Munsell color chart o~
used i
Prepared for: Figure 25
Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado Log of Boring BRBI3484

Prepared by:
Harding Lawson Associaies
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:‘-’; Equipment Mobile CME—75 HSAs

» = s 2

2 2% T £  Eevaton 5242021 Date 11/18/84

8 25 &3

5 == _

25 V‘. -

22

8 = /

» SC, ciayey sand fine— to coarse-grained sand,

10 YR 5/6 - yellowish brown, dense, shghtly

4 piastic moist alluvium

20

7 =

16

26
32
10 30

Increase in clay content, color changes to 10 YR

12 6/4 - ight yellowish brown

13

28 ™

1 « Interbedded sandy clay and clayey sand with
22 color change to 10 YR 5/8 yellowish brown shiff
14 plastic with trace pea grave]

19 W

€ /N

7

10 35

22

: X

1

u Z

14 X] CL, sandy clay trace gravel 10 YR 5/6 -

6 A yellowish brown stiff plastic moist minor calche,
7 alluvium

B

7

3 40—

45

Very fine— to fine-gramned sand

MUV HARNOUMARRD® A DN B W

10

7] 50 /

* Total depth = 50 0 feet

RMA2

Prepared for: Figure 25
Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado Log of Boring BRB13494

Prepared by:
Harding Lawson Associates
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4 Equipment Mobile CME-75 HSAs
= <
® 2. =%
£ ST ¢E Elevation 525159 ft Date 11/18/84
a
3 28 4oa -
m I~ 0
o SC, clayey sand, very fme~ to fine-graned
sand, 10 YR §5/4 - yellowish brown, medium
12 // dense, nonplastic, caliche~rich, rooted, alluvium
1 4
2 CL, clay very fine- to fine-grained sand, 10 YR
5/4 - yellowish brown, low plasticily, dry, caliche
8 cemented alluvium
7
8
10
7
8 5
12
8
5 Color change to 10 YR 6/4 ~ light yellowish
4 brown
4
4
4 10 Heavy calche zone
4
15
18
7 Sand becomes poorly sorted and micaceous
8
1
13
8
15
19 15
18
-3
15 SC. clayey sand 10 YR 4/4 - dark yellow
5 brown loose dry aliuvuim
15
7
3
15
14
10 20 / =
5 > CL. sandy clay 10 YR 5/6 - yellow brown, dry
o alluvium
15 Y
15
10 Heavy calche zone
20
20
21
Notes 1 All HNU/OVA readmngs equal to 4 Thin gravel layer slight mcrease m clay
2800 parts per mihon 15
except 8s mdicated 20 25
2.Munsel color chart o~
used é
Prepared for. Figure 28

Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado Log of Boring BRBI3584

Prepared by:
Harding Lawson Associates
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Equpment Mobile CME=75 HSAs

(4]
% Elevation 525159 ft Date Ji/18/84
w ——

Blows/6*
HNU/OVA
{(ppm)

o1 Depth (ft.)

2 [ ST

21 )V(?

2 /\

2

5

10 X Increase in sand content, color changes to 10

5 A YR 5/3 - brown, low plasticity dry,

15 well-cemented, caliche-rnch alluvium

18

18 N

A

4 30 Dendnitic caliche, fine to coarse gravel

15

21

23 )"

7 4 Sand content increases to 15 percent, no

20 cahche

" N

20

s /\

10

19 354

20 I

A X/

5 $C, clayey sand, very fine~ to very

° 7, coarse—gramned sand 10 YR 5/2 — grayish brown

14 y 10 10 YR 5/3 - brown medwm dense nonplastic

14 poorly sorted dry, alluvium

8 = - Very fine- to medwm-grained sand layers i-inch

1 —\_ thick

n Sand and gravel well-graded coior change to

1 25Y 5/3 - iight olive brown, becomes shghtly

9 40 moist

]

2

2 /] ¥ Water ievel estimated during drihng at 415 feet

Total depih = 42 0 feet
45
N
-
&
Prepared for Figure 26

Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado Log of Boring BRBI3584

Prepared by:
Harding Lawson Associates
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Equipment Mobile CME-75 HSAs

=2
= < -~
® 32_ =3
2 St TS E Elevation 528715 ft Date _11/18/94
v OO P @
= % =Y o w —_———
o ~ 0
SP, sand, very fine—grained to fine-graned
3 sand 10 YR 6/4 - ight yellowish brown medium
18 dense, nonplastic, dry, rooted, ightly cemented,
20 alluvium
20 Color change to 10 YR 6/6 - brownish yeliow,
°] less cemented, localized caliche vemns
10
10
12
8
] 5
: A,
B 4
6 SC, . clayey sand, 10 YR 8/4 - ight yellowish
brown, loose lfow plasticity, dry,
8 caliche~cemented aliyvium
7
10
10
9
8
] 10
5
5]
]
10
2 Very heavy caliche dense weli-cemenied
22
35 15
35
12 Sand becoming poorly sorted, S percent medium-
22 to very coarse—grained trace fine subrounded,
22 subangular gravel medm grave!
21
9
21
20
19
5 20 Caliche in vems well-cemented, becomng
14 fine-grained
20
25
10 Very fine~ to fine~grained sand trace
20 Imedwum-gramned to coarse-gramned cobbles
20
18
Notes LAD HNU/OVA reagngs equal to 12 Increase in clay to 40 percent
zero parts per mhon 18
except as indicated. 30 25
2 Munsell color chart [
used 3
[+
Prepared for. Figure 27
Program Manager for
Rocky Mountamn Arsenal
Commerce City, Colorado Log of Boring BRBI3684

Prepared by:
Harding Lawson Associates

Page 1 of 2



—_
= Equipment Mobile CME-75 HSAs
= S =~ @
e 3. =%
g S © g Elevation 526715 ft Date 11/18/84
>a Qo @
2 =0 awu
=&
= 25
30
8 Color change to 10 YR 5/4 — yellowish brown
24 becomes very stiff to hard
4
2 CLAYSTONE, 25 Y 5/2 ~ grayish brown, fiaggy.
18 closely fractured at tigh angles low hardness
(3 weak, ron—oxide stained, interbedded with
siitstone and sandstone, weathered bedrock
7 Increase in very fine-gramed sand color
24 30 change to 10 YR 7/3 - very pale brown to 10 YR
22 7/6 yeilow with oxidation zones from 285 to 34
feet
6
24
35
50 =
1 === Color change to 10 YR 4/2 -~ dark grayish brown
35-' e e end
40+ E=
== Cuttings become plastic
45—
I Cuttings become shghtly moist, medium plastic
50- Total depth = 50 O feet o
&
Prepared for Figure 27

Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado Log of Boring BRBI3894

Prepared by:
Harding Lawson Associates
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2 Equipment Mabile CME-75 HSAs
= <
& 3_ =3
3 e & E Elevation _5285.04 Date _1/18/84
> a L © =~
o + % a ow
o] ~ 0
" SC, ciayey sand fine- to medwm-gramed sand,
25 percent sit and clay 10 YR 5/4 - yellowsh
16 brown medium dense, nonplastic, moist, rooted,
24 aliuvium
20 Increase in clay color changes to 10 YR 5/8 -
10 yellowish brown, becomes hard, dry
7 Decrease i clay
7
9
5 CL, sandy clay, fine- to medium-sand, 10 YR -
8/4 - ight yellowish brown, nonplastic dry,
caliche-rich aliuvium
10
8
1
10
2 Sand content increasing
18
12
13
8 10
0 7.
n SC. clayey sand fine- to medwm-gramned sand
5B 10 YR 8/4 - nght yellowish brown stiff to hard
10 _\ nonpiastic, dry alluvium
18 Color change to 10 YR 6/3 - pale brown due to
24 increased caliche
20
10
12
14 15
18
8
18
20
23
1
18
19 Trace coarse-graned sand and gravel color
14 change to 2/5 Y 8/3 hight brown becomes
10 20 dense shghtly plastic moist
29
30
25
10 Coarse gravel and cobbles composed of pink
2 granite with white quartz
20 === CLAYSTONE, 25 YR 5/4 - hight olive brown
13 == closely fractured soft plastic, moist ron—oxide
10 ——— staned weathered bedrock
nH VA read It = .
hotes ;eAro p?{so perr;gh::»gs saualto 20 = Grades to 2.5 Y 5/2 grayish brown to 25 5/0
except as indicatad 30 25 grey
2Munsel color chart o
used §
Prepared for: Figure 28

Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado Log of Boring BRB13784

Prepared by:
Harding Lawson Associates
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—
= Equipment Mobile CME-75 HSAs
® 3 =32
¢ 2 T E Elevation 526904 fi Date _11/18/84
a o2]
K=} 28 aw
o = o5 _
32 ==
1 BE=S Cutiings ohive brown
304 &=
4 E
35+
40__ —
=
45
50 Totai depth = 50 O feet P
-3
Prepared for- Figure 28

Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado

Prepared by.
Harding Lawson Associates
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Equipment Mobile CME-75 HSAs

- < =
& z_ =3
2 <E S s Elevation 5239.31 ft Date .1/8/84
2 *2g8 4o
m =~ 0
g : CL, clay, fine- to medum—-graned sand, 10 YR
: 4/86 dark yellowish brown low plasticity stiff,
8 . shightly moist, rooted. aliuvium
15 N
8 X
g _ Becomes calcareous
5 .
Y
: i
7
5 i
o X
10
10 .
Y,
: A A
7 ' SC, ciayey sand 50 percent fine- to medium—
gramned sand 10 YR 6/6 — brownish yellow shiff,
7 "\_ nonplastic dry, aliuvium
7
10 10 X Becomes calcareous
15 )
1 :
12 ’V‘
A
5 Decrease in sand content to 20 percent color
7 change to 10 YR 8/4 - hight yellowish brown
" .
13 X
2 A
22 :
22 15/
2 )
; [ Shght increase in sand content to 25 percent
|
2 ;
13 )V
13 A(
17
14 f
2 \
5 203
6 wWhite caliche fiing fractures
10
10
B =
32
27
\
?;‘ N,
Notes LAI HNU/OVA readings equal to 23 Cl, sandy clay, less than 20 percent fine- to
zero pf’a‘;’ u‘:g{;{‘g‘c’f / medum-grained sand 10 YR 8/4 ~ light yellowmish
2 Moot cotor Chart B 25 a brown stiff, high plasticity, shghtly moist alluvum
used g
Prepared for. Figure 28
Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado Log of Boring BRBI3884

Prepared by:
Harding Lawson Associates
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Equipment Mobile CME-—~75 HSAs ]

Elevation 5239 31 fi Date 1/8/84

HNU/OVA

{ppm)
&1 Depth (ft.)
Sample

s ~R Blows/6"
N

Scattered pea-sized gravel
38

8 30

Becomes moist

14 35

Shght increase in sand content

Increase in sand content

14 /

8 40 -
SC, sandy clay well sorted, poorly graded sand,
fine~ to medwm-gramned sand, 10 YR 7/3 - very

25 pale brown, dense, nonplastic, moist, aliuvium

Interbedded 1-inch thick clay layers

17 45

Becomes very moist trace coarse sand

16 /
20 50 ///

Total Depth = 50 0 feet

RMAZ2

Prepared for: Figure 28
;rogram Manager for

ocky Mountain Arsenal

Commerce City, Colorado Log of Boring BRBI3884

Prepared by: j
Harding Lawson Associates
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Equipment _Mobile CME-750 HSAs

= oy = ©
3. =B
® <E c E Elevation 5276 44 ft Date 12/05/84
g - >a Qo @©
z 2 °°
3 ° SC, clayey sand, very fine— to fine-gramed
sand, 10 YR 4/6 — dark yeliowish brown grading
7 - 10 10 YR 6/6 - brownish yellow, medm dense
18 nonpiastic dry trace sit, rooted Lghtly
13 o ~ cemented aliuvium
8 " Caliche
10 -l
12
12 = Thin lavers of well sorted coarse sand up to 1/2
6 nch thick at 1inch ntervals, loose
6 5=
7
2 7 Some medwwm- and coarse—gramned sand
& -
7
7 -
5
7 -
]
7 10—
‘;
E 7 Increase in clay content cemented
A
7 Color change to 10 YR 4/8 ~ dark yellowish
4 brown with white caiiche well cemented with
8 Y caliche
5 15 H
6 ‘ Heavy caliche trace fine glassy quartz with a
10 i welded appearance
2 ' CL, sandy ciay very fine— to coarse-gramned
g H sand 10 YR 8/4 - very pale brown stiff,
A low-plastic, dry trace fine glassy gravel, trace
17 | very coarse sand cemented alluvium
|
" \A Color change to 10 YR 5/3 - brown well
$ N cemented cahche in white nodules trace fine
8 A, subrounded gravel
13
10 20-8
23 < Becomes less well cemented heavy caliche
21
15
5
4 "‘ /
: A
5
Notes | All HNU/OVA readings equal to 4 Y Color change to 10 YR 5/4 ~ yellowish brown,
zero parts per miliion 6 N shghtly moist white crystals black minerahization,
except as inqicated 6 25 A I 4 iocally very sandy very fine— to fme-graned
2 Munsell cofor chart trace gravel o
used g
Prepared for: Figure 30
Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado Log of Boring SABI3884

Prepared by*
Harding Lawson Associates
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E-"; Equipment Mobie CME-750 HSAs
. < ©
© > o =
2 ST 3 g Elevation 5278 44 ft Date _12/05/94
o Za o w
i) b et 25 _
7
4 Clay becomes medwum plastic
7
5
8
4 Sand becomes coarse- to very coarse-grained
8
10
15 Fine gravel and cobbles, oxidized
4 30 S\~ Rounded gravel and cobbles
:8 SC, clayey sand, poorly sorted sand,
50 F\_ Quartz cobbles
50 Granite cobbles
Well sorted medwm sand, minor clay content
loose black minerahzation
VOLCANOCLASTIC SANDSTONE, 10 YR 7/t = light
18 gray hard moderately strong, ashy appearance,
1 \ glassy sand grans, weathered bedrock
25 35 SANDSTONE, 25 YR 7/8 ~ yellow very
== fine-grained, blocky, thick, moderately
so -g fractured low hardness, weak friable, mmnor 75
10 —— YR 8/8 - reddish yeliow, oxidation moderately
20 .\_ weathered bedrock
35 - Sandstone beds become thinner
37 {‘-

40~ ==

Becomes moist, plastic

50

Total depth = 50 O feet

RMA2

, Prepared for. Figure 30
Program Manager for

Rocky Mountain Arsenal
Commerce City, Colorado Log of Boring SAB13884

Prepared by:
Harding Lawson Associates
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:‘:_: Equipment Mobie CME-750 HSAs
2 2 =2
s QE o E Elevation 527999 ft Date _12/05/94
k=4 gn. (=3 ] —
o e 0
" 8¢, clayey sand, fine—- to coarse—gramned sand
10 YR 5/4 - yellowish brown dense nonplastic,
12 morst rooted alluvium
20
16
" Becomes calcareous, sand finng downward, color
change to 10 YR 6/3 — pale brown, medum
8 dense, dry
6
6
13
10 5
7
6
4 Increase m clay content becomes stiff
4
3
7 Granite and quartz-nich gravel
10
12 { olor change to 10 YR 8/2 — white well
12 cemented with caliche
14 10
12
12
14
18 Gravel layer
i
15
]
12 /
- V////
_ / Color change to 10 YR 6/3 - pale brown o 25 Y
zg] Jé 8/3 ~ hght yellowish brown
CLAYSTONE, silty claystone 10 YR 4/2 - dark
28 1E grayish brown fractured soft ouidized,
48 H | weathered bedrock
12 .
18
21 -
24
18 20—
29 == SANDSTONE, sity sandstone 25 Y 5/6 - light
oitve brown shghtly flaggy locally thin lamnated
S0 to Iamnated, soft gypsum crystals weathered
bedrock
CLAYSTONE, sity claystone 25 Y 6/3 - Iight
Notes ;:ruoigff \é‘; r:lau?::‘gs equai to yeltowish brown, thin lamnated soft moist
except as indicated weathered bedrock
2Munsel color chart o~
used. g
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< z Equipment Mcbile CME-750 HSAs
© 2z =g
$ SE S5 Elevation 527899 ft Date .12/05/84
= % =Y o _
= — 25—
4 E
30
7 : Color change to 10 YR 4/2 — dark grayish brown
35—
1 E Color change to 25 Y 4/3 — olive brown
1 E
40— Color change to 25 Y 5/3 - ight olive brown
A E Color change to 25 Y 4/3 ~ ohve brown
45
50 Totai depth = 50 O feet <
#
Prepared for. Figure 31
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:“—: Equipment Mobile CME-750 HSAs
= < —_—
& z_ =3
4 BE 2 E Elevation 5284.28 ft Date 12/05/84
2 z& ow -
57 I~ 0
16 SC, clayey sand, fine— to medwm—-grained sand,
10 YR 4/4 - dark yellowish brown hard plastic,
® -\ moist rooted alluvium
15 Color change 1o 10 YR 8/4 — fight yeliowish
4 \ brown becomes dense
4 Color change to 10 YR 74 ~ very pale brown,
5 becomes medium dense nonplastic, dry increase
7 in calche
B8
]
1 5
i /
13 j
7 CL, sandy clay fine- to medwm-gramed sand
10 YR 7/3 - very pale brown stiff nonplastic dry
6 calareous, aliuvium
5
8
12 10
1
12 SC, clayey sand fine— to medum-gramned sand
and silt, 10 YR 8/4 - light yellowish brown stiff
12 nonplastic dry calareous alluvum
:7 Sand content increases
22
24
4 Sand content decreases
14
18 15
20
10
28
33
41
35
as
33
42
28 20
3
30
30 Heavy caliche zone
27
i
7
12
Notes 1All HNU/OVA readings equal to '_;’ //:
art e 1ho! g |
except as macated " o5 M)  CLAYSTONE, silty claystone 10 YR5/2 -
2.Munsell color chart graytsh brown thin laminated fractured soft, o~
used oxidized, weathered bedrock é
Prepared for: Figure 32
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Equipment Mobile CME~750 HSAs

E 3 9 :
& 2. =38
£ SE S E Elevation 5264.28 ft Date 12/05/94
§ 38 88 —
25
2t Color change to 25 Y 8/3 — light yellowish
38 brown, fractured, soft oxidized, sightly
7 calcareous, weathered bedrock
7
10
24
30—
354 ==
40—
12
7 Color change to 2.5 Y 5/4 - light olive brown
45—
50
Tota! depth = 50 Q feet o
&
Prepared for Figure 32
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. = Equipment Mobile CME-750 HSAs
5. =32
fE T & Elevation 524278 ft Date _12/05/94
2a Y
z8 09
o

SC, clayey sand, fine— to coarse-grained sand,
10 YR 6/4 ~ dark yellowish brown stiff moist,
rooted alluvium

[ =]

o E <~ |Blows/e*

=

16

a Y CL, clay, 25 percent fine— to coarse—-gramned
A sand, 10 YR 8/3 ~ pale brown stiff nonplasti,

7 dry, caicareous aliuvium

12

1'; "‘ Heavy white caliche color change to 10 YR 8/2

- white

22 4\

28

3t 10 V‘

12 k

28 A

31

15 Y Increase i gravel to 5 percent

: I\

42

26 A

24 ' Increase in fine- to medium-grained sand to 15

1 N percent color change to 10 YR 8/3 — pale brown

19 15—\

15

Increase in fine— to medium-gramned sand to 20
percent color change to 10 YR 6/4 - ight
yellowish brown becomes shghtly moist some

caliche
7 Increase in sand content
9
12
14
n 20 \ A ea gravel and calcum carbonate
: )
26 A‘
18
3 ' Color change to 10 YR 5/4 - yellowish brown
7 n«
[
Notes 1AL HNU/OVA readings equal to
zero parts per miion
except as indicated 25 o
2.Munselt color chart o~
usea z
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Blows/8"

HNU/OVA
{ppm)

w

GRowoNNuEEsARO~NAENS o IR0l ERe

-
= Equipment Mebile CME-750 HSAs
@
£ s
& E Elevation 524276 ft Date 12/05/84
Qo w
25 -
30
35
7 SC, medum-grained sand trace sit, clay 10 YR
7y, 8/3 — pale brown dense sightly plastic moist,
g calcereous alluvium
40
45 /
/J
CLAYSTONE, sidty claystone very fine—-gramed
T sand, 10 YR 5/2 — to 10 YR 5/3 - grayish dark
brown, stiff plastic moist, weathered bedrock
Color change to 10 YR 5/4 - yellowish brown with
olive cast, becomes very moist
50

Total depth = 50 0 feet

RMA2
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Table F.1: Rocky Mountain Arsenal Task 93.03, Geotechnical Boring Program
Boring Coordinates, Elevations, and Total Depths

e ———= e
— = —

Elevation Total Depth

Boring Number Northing Easting (feat) (feet)

BRB11094 1732796 46 3185199.74 5262 79 175.0
SAB11194 1733519.50 3184717.12 5261.09 170.0
ASB11294 1735065 73 3184067 77 5239.41 1129
SAB11394 1737090 25 3185094.11 5199.23 20.0
WEB11494 1736578.29 3183652.39 5206.26 337
ASB11594 1736523.14 3184082.64 5211.37 30.0
ASB11694 1736517.92 3184942 96 5215.21 430
SAB11794 1735696 10 3184268 72 5223 39 450
ASB11894 1735535.45 3184941.71 5240.78 35.0
ASB11994 1735673.26 3185567.50 5234.48 50.0
ASB12094 1735318.49 3183567 17 5230.59 500
SAB12194 1734748 81 3184933.56 5249.27 500
SAB12294 1734602.71 3183908.97 5238.14 500
SAB12394 1734552 40 3184378.05 5248 06 40.0
ASB12494 1734198 45 3184942 70 5272.46 50.0
ASB12594 1734314 95 3185416 76 5257.30 500
SAB12694 1734039.94 3183924 62 5243.92 450
ASB12794 1733757 10 3184937.14 5268.37 50.0
SAB12894 1734085.12 3185832 84 5242.72 500
BRB12994 1733262 00 3183856 48 5256.54 500
BRB13094 1733214 84 3184323 49 5258.30 45.0
SAB13194 1733018 63 3184804 60 5264 65 50.0
ASB13294 1732998.91 3185633.99 5259.70 50.0
ASB13394 1733663 16 3185845 40 5250 88 500
BRB13494 1733215 95 3186095.84 5242 02 50.0
BRB13594 1733627 82 3184009.06 5251.59 42.0
BRB13694 1732773.51 3184382 37 5267 15 50.0
BRB13794 1732639.27 3184914 28 5269 04 500
BRB13894 1732718.00 3186237.23 5239 31 500
WEB13994 1732284 74 3184257 85 5276 44 50.0
BRB14094 1732290.62 3184924 20 5279.99 500
BRB14194 1732311 69 3185622 90 5264.28 50.0
BRB14294 1732308.24 3186349.99 5242.76 50.0

The boreholes were surveyed by a State of Colorado licensed surveyor using the 1983 horizontal
datum and the 1988 vertical datum

21907 703030
0103063095 RAF
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1.0 INTRODUCTION

This Work Plan was prepared for the Materzal and Area Feasibihity Studies portion of the Feasibility
Study (FS) Sous Support Program as Data Requirement A002, a contract dehverable under Dehvery
Order 0007 (Modification to Task 93-03 Feasibility Study Soils Support Program) of Contract
DAAA05-92-D-0003 between Harding Lawson Associates (HLA) and the U.S. Department of the Army
(Army) Ths report was prepared by HLA at the drechon of the Army for the sole use of the Army
and the signatores of the Federal Facilihes Agreement (FFA) of Rocky Mountain Arsenal (RMA), the

only intended beneficiaries of this work.

1.1 Document Purpose, Scope, and Organization

The purpose of this Work Plan 1s 10 outhne the procedures and logic used to conduct the Matenal
and Area Feasibility Subtasks for the FS Soils Support Program. The purpose of these additional
subtasks 1s to (1) evaluate whethei onsite matenals are suitable for constructing landfill hners and
caps, (2) :dentify a potenhal landfill site at RMA, and (3) evaluate the surtabihty of the proposed site

for hazardous waste disposal.

The scope of this Work Plan includes a description of the Material and Area Feasibihity field
subtasks The Matenal Feasibility subtask 1includes borrow area selection, test fill construction, and
mmfhltration testing (sealed double-ning mfittrometer {SDRI] testing and two-stage borehole [TSB])
permeabiity tesang) The Area Feasibility subtask consists of 3 cleep boreholes (conhnuously cored
for geologic data) and up to 30 boreholes {continuously sampled ior geotechnical and geological

data)

This Work Plan 1s orgamzed to present the requisite task background and objectives; describe each
subtask’s design; provide construchon, dnlhing, and samphng procedures for the field programs;
present proposed geotechnical testing methods, and discuss data evaluation and reporhng procedures

and protocols Sechion 1 2 of this document presents task background and objectives, Section 2.0

21907 102010.3 Harding Lawson Associates 11
1007110394 WP



Introduction

presents test fill construction, testing procedures, and data evaluation, and Section 3 0 presents

geologicand geotechnical subtask design, procedures, geotechmcal testing, and data evaluation.

1.2 Task Background and Objectives
The primary objective of this task 1s to collect soil data to support the Detailed Analysis of Alterna-
tives (DAA] portion of the Onpost Operable Unit at RMA and the Record of Deaision (ROD) RMA

task background and specific task objectives are discussed m the following subsechons

1.2.1 Task Background

RMA was estabhshed 1 1942 by the Army as a manufacturing facihty for the produchon of chemical
and mcendiary mumbions Military, imndustnal, and agncnltural chemicals, pnmanly pestcides and
herbiades, were also manufactured at RMA by several lessees from 1947 to 1982 The industnial
waste hquid produced from operations performed by the Army and 1its lessees was imtially
discharged to Basin A, an unhned basin 1n Sechon 36. Subsequently, hquid wastes were discharged
to other unlmed basins and, after 1956, to Basin F, which was asphalt-lined. Although solid wastes
were disposed of primarily in Section 36, other onpost disposal sites were also used. Some of the
basins, pits, burn sites, sewers, and structures (buildings, pipes, and tanks) became sources of soil

and groundwater contamnation as a result of spills, leaks, or other releases

Based on the National Contingency Plan (NCP) and Comprehensive Environmental Response,
Compensation, and Liabihty Act (CERCLA) gmdance, and consistent with the FFA, the Development
and Screeming of Alternatives (DSA) portion of the FS was performed to establish remedial alter-
nahves capable of achieving the remedhal action objectives (RAOs) for RMA. Alternatives retained

after the screening process are currently being further evaluated as part of the DAA portion of the FS

The soils DSA focused on several remedial alternatives for the soils medium mcluding onpost
landfilhing of materials and capping. The solls medium that 1s addressed 1n the soils DSA consists of

unsaturated soils, bedrock, fill matenal, process water lines, chemical and sanitary sewer lines, lake

1-2 Harding Lawson Associates 21807 102010.3
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Introduction

sediment, and sowl/debris mixtures 1n disposal trenches or landfills, the term "soils” 1s used for
convemence1n this document to refer to any of these materals Recognizingthat mteractions wall
occur between sous and other coniammated media such as structures and groundwater durnng the
umplementation of remedial alternatives, the impacts and interactions of other media on remedial
approaches developed fo1 RMA are being addressed 1n the DAA porhon of the FS  Since landfilhing
and capping remedial alternatives were retamned as remedial alternatives 1 the DAA, the Program
Manager for Rocky Mountain Arsenal (PMRMA) 1dentified addrtional data needs that are required to
support completion of the DAA. The data needs addressed under this task are discussed below.

1.22 Task Objectives

The objective of the test fills and mfiltration testing of the test fills (matenal feasibihity) 1s to evaluste
whether onsite materials are switable for constructing landfill iners and caps The objective of the
geologic/geotechmical borings (area feasibihity) 1s to obtain adequate data regarding the geology and
geotechnical characteristics of the site to evaluate the feasibility of constructing a landfill 1n the
existing foundation matenals The work will include constructing two clay soil test fills and
conducting permeability tests on the test fills to evaluate the swuitability of onpost maternals for use as
liner and cap matenal. The work also includes coring, geophysical logging, soil sampling, and
physical property testing to evaluate the geologic and geotechmcal characteristics of the preferred
landfill area.

This program will support the evaluation of remedial alternatives 1n the DAA mvolving onpost
landfilhing of matenals and capping The program 1s scoped as an FS-level investigation to vahdate
and refine feasibihity and cost information 1n the DAA-FS Investigations will be conducted in a
manner consistent with the NCP and CERCLA as amended by the Superfund Amendments and

Reauthorization Act of 1986 (SARA)

21907 1020103 Harding Lawson Associates 1.3
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2.0 TEST FILL CONSTRUCTION AND TESTING

This sechion presents the test fill construction and testing program to be performed under the FS
Souls Support Program, Subtask 1 entitled, Matenal Feasibility The test fill construction and testing
program mcludes the construction of two test fills using two soul types native to RMA and the
subsequent field testing of the test fills for 1n situ permeabiity The Material Feasibility porhon of
the FS Soils Support Program has two main objectives (1) to verify that onpost soils are capable of
meeting the required hner permeabihity of less than or equal to 1 x 107 centimeters per second (cm/s)
and (2) to evaluate the optimum Iift thickness, moisture content, density, and the compachive effort
necessary to achieve this permeability Permeability of the constructed test fills will be measured
both m the field and 1o the laboratory to evaluate the smtabihty of the matenals and methodology
used to construct the test fills Adjustments to the matenal type, densrty, and moisture content of

the recompacted soil hner may be necessary pursuant to the results of the test fill program.

2.1 Test Fill Location and Proposed Borrow Material

To simulate future landfill clay hiner construction conditions as closely as possible, the test fills wall
be constructed at the site currently considered to be the preferred landfill location, the western half
of Section 25 {Figure 2.1) (Ebasco, 1988) The site was approved by the U.S. Fish and Wildhfe

Service (USFWS) prior to construction of the test fills

Figure 2 1 also 1illustrates the two proposed borrow areas where soil for the test fill construchon will
be excavated The borrow areas were 1dentified 1n the Draft Final Feasibility Study Soils Support
Program Report (HLA, 1994a) to contain suitable borrow matenial. The borrow sites were also
approved by USFWS for excavation provided the areas we;re reseeded following excavation. The

revegetation plan for the borrow areas 1s presented iz Section 2.2.

2.2 Test Fill Construction Procedures
Each of the proposed test fills will be approxamately 100 feet long by 40 feet wade at the top of the

test fill (Figure 2 2} The 100-foot length and 40-foot wadth will allow the SDRI and TSB

21907 102010 3 Harding Lawson Associates 2.1
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Test Fill Construction and Testing

permeability tesing equipment to be placed at the recommended 12 to 15 feet from the sides and
slopes of each test fill to avoird encountering edge effects (as shown 1 Figure 2 3) The recom-
mended spacing 15 designed to avoid contact with the sides and slopes of the test fill whers the hft

construchon may not meet mmmum specifications and therefore may not be representative of most

of the clay hiner test fill

As described below 1 the construction procedures, the test fills wall be constructed by first stnpping
approxumately 4 mnches of topsoil, then placing the vamous test fill layers on the prepared subgrade
Test Al so1l wall be processed for clod size and moisture content prior to compaction. This wall be

accomplhished 1n the large processing areas adjacent to the test fills

Each test fill surface will slope uniformly to one side at a 2 percent slope. This design will provide
posttve drarnage and will simulate actual hner construction condihons Surface-water run-on

control will not be necessary because of the above-grade configuration of the test fills

Upon completion of the test fills, the area will be regraded to smooth out the contours of the test fills
and the immedate surroundings The stockpiled topsoil will be spread over the test fills and other
disturbed areas This topsoil wall prevent desiccation cracking of the test fill surface and also serve
as the final "closure" layer of the test fill No further closure achvities, other than seeding and
mulching, will be performed.

2.2.1 Excavation

Topsoil will be stripped from the affected area of the borrow sites prior to excavation of actual test
fill matenial This topsoil wall be stored adjacent to each respectrive borrow site  Necessary volumes
of soll from each borrow area will be excavated under the supervision of the Engineer (HLA) The
Engineer wall visually mspect all borrowed material prior to transport. Scrapers and trucks will be

used to excavate and transport borrow soils to the prepared stockpile areas. Once the excavahonis

22 Harding Lawson Associates 21907 1020102
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Test Fill Construction and Testing

completed, the borrow pits will be graded smooth, covered with the adjacent stored topsoil, and
seeded.

222 Processing Area Preparation
The processing areas adjacent to each proposed test fill will be stripped of topsoil. The surface will

be smoothed (proof-rolled) with the pneumahe tires on the front-end loader Thus topsoil will be”

stored adjacent to the processing areas

223 Test Fill Area Preparation
The test Al area wall be stripped of topsoil. The topsoil wall be stored adjacent to the test fills along

with topsoil from the processing areas Once stmpping of the surface soil 1s completed, the test fill
areas will be proof-rolled, scanified, and smooth-drum compacted.

2.2.4 Soil Processing

Thas porhon of the work will be completed prior to actual test fill placement to allow adequate time
for clod size reduchon, moisture addition, blending, curing, and testing to verify the optunal mosture
content range has been achieved. These achvities will be perforined using a dozer to spread and
move soil, a disc harrow or other appropriate equupment to redurce clod size and blend mosture 1nto
soil, and a water truck with a sprayer to adjust moisture content Tests to be performed on processed

matenal are included 1n Table 2.1

225 Subgrade Preparation and Working Layer Placement

To ensure that there 1s no head buld-up m the test fills (which could adversely affect the
permeability test results), the test fills will be constructed on a foundation of 1n situ sandy soil. The
sandy soil will be thoroughly wetted to a depth of at least 1 foot prior to placement of the next layer
to avoid surface tension and capillary effects on downward nfiltration. Directly ebove the wetted
sandy soil wall be a 6-inch (compacted hft thickness) layer of clay borrow matenal that wall be
designated a "workaing layer " Thus layer 1s important to ensure proper placement, bonding, and
compachon of the first Iift within the test fills
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2.2.6 Test Fill Placement

Once the subgrade and working layer are completed for each test fill, and the specified moisture
content of the processed soul has been achieved, placement of the test fills will be mihated Using a
front-end loader, dozer, or a backhoe, processed soll will be moved to the test fills The soil wall be
spread by a dozer into 8- to 9-mch Joose hfts A heavy tamping foot or sheepsfoot compactor
(Caterpillar Model 825 or equal) will be used to compact the clay mto 6-mnch compacted Lifts.

Six hfts will be constructed to form the 3-foot-thick test fill. Each Lift surface wall be scamified and/or

rewetted as necessary to ensure adequate bonding between Iufts.

Based on the results of the earher soils teshing program, farlure to meet a specification of 95 percent
of the Standard Proctor maxumum dry density (Amencan Society for Testing and Matenals [ASTM]

D 698-78) will require removal and replacement of that kit

Mousture content shall be in the range of 1 to 4 percent wet of optimum moisture Each compacted
—-l1ft will be tested using a nuclear gauge to venfy that the compachon and moisture content specifica-
hons have been met. Addihonally, to determine the appropriate number of equipment passes to
meet the compaction requirement, the density wall be measured after every two passes for each of the
first three Lifts This methodology will (1) enable the last three Iifts to be constructed with the
appropnate number of hifts and mimmal testing and (2) ensble development of a "compachon vs
equpment passes” curve to use m prepanng method specifications for the actual clay lmer Itis
anhcaipated that three density test locations will be used for each hit at each test fill These and

other tests that will be performed dunng constructon are histed 1 Table 2.1.

227 Test Fill Completion and Permeability Test Preparation

To complete the test fills and provide a smooth, uniform surface, the top of the uppermost completed
hft will be compacted and sealed with a smooth-drum roller The completed test fill surface must be
protected from excessive desiccation cracking prior to and during the field permeability tests

Therefore, a topsoil layer or plastic sheeting will be placed over both test fills, except for the

24 Harding Lawson Associates 21907 102010.3
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Table 2.11 Test Fill Testing Program (Per Test Fill)

Test

Maethod

Stockpile

Frequency
During Construction

Post-Construction

Molisture Content

Moisture Content

Atterberg Limits

Grain Size (incl
clay content)

Optimum Moisture
Content and Max
Dry Density

In-place Density
(% compaction)

Lift Thickness
(loose)

Lift Thickness
(compacted)

21907 2102010 3
1007110494 WP

Oven drying ASTM D2216-90

Nuclear gauge ASTM D3017

Grab sample ASTM D4318-84
Sieve and hydrometer analysis

ASTM D422-63

Standard Proctor test (grab
samples) ASTM D698-78

Nuclear gauge ASTM D2922

Manual

Manual

3 initial; as needed during
processing (approx 12}; 3
final; estimate 18 total

3 per lift (18 total)

3 per each 2 passes per lift
for first three lifts; 3 per lift
for lifts 4, 5, 8,

estimate 45 total

3 per each 2 passes per lift

for first three lifts; 3 per lift
for lifts 4, 5, 8; estimate 45

total

25-foot 1ntervals down cen-
terline of test fill

25-foot intervals down cen-
terline of test fill

1012



ay-z

Table 2.1 (continued)

Test

Maeathod

Stockpile

Frequency
During Construction

Post-Construction

Final Test Fill
Thickness

Lift Bonding
Laboratory
Permeability

Field Permeability
(large-scale)

Fleld Permeability
(small-scale)

Shear Strength

Shear Strength

Survey

Visual Test Pits

Shelby tubes, flexible wall
permeamoter (falling-head test)
ASTM D5084-90

Sealed double-ring infiltro-
meter (SDRI)

Two-stage borehole (Boutwell)
Consolidated undrained
ASTM D4767-88

Unconsolidated undrained
ASTM D2850-87

- Not performed

ASTM American Soclety for Testing and Materials

21907 21020103
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2 per lift (manual)

3 (backhoe)
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Test Fill Construction and Testing

immediate areas designated for the SDRI tests Each SDRI area, approxamately 12 feet by 12 feet, wall

be blocked off and sealed with a tarp untl the SDRI test set-up s imtated.

2.2.8 Field Permeability Tests

One SDRI and five TSB permeabihty tests will be performed at each test ill. The SDRI test wall be
located in the center of each test fill to avoid edge effects The TSB tests will be placed at least

15 feet from test fill edges. Figure 2.3 tlustrates the proposed test locations Performance of the
tests will mmclude strict adherence to the published teshing procedures and thorough documentation

of all observations and results as descnbed 1n Sechons 2.3 and 2 4.

Protection of the SDRI areas from temperature changes and damage by animals wall be accomphshed
by bnnlding a plywood cover built for each SDRI test site  The SDRI area will be staked and marked

with tape to prevent access by unauthorized personnel.

2.2.9 Test Fill Closure
Once the field permeability tests are completed and the testing apparatus disassembled, the SDRI
areas and the center stip between the test fills will be seeded with nathve grasses and wildflower

seed and mulched with native grass hay as specified by the USFWS

2.2.10 Test Fill Documentation
In addition to the test results from the formal testing program outhined 1n Table 2.1, the following

information on test fill construction will be documented.

Field description of the borrow materal used in each test fill
. So1l processing procedures -

. So1l transport traffic routes

. Dozer spreading and gradimg patterns

. Laft thaicknesses (loose and compacted)

. Compachon patterns and number of passes

21907 1020103 Harding Lawson Associates 25
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. Test locations
. Lift bondimg check results and observations

. Any failed results and correchve action taken

2.3 Sealed Double-Ring Infiltrometers

This section describes the test method, the mstallahon, momtoring, and data reduction and
evaluahon procedures to be used for the SDRI tests. The SDRI test measures the vertical infiltration
rate of water through the constructed test fills. The SDRIs are specifically designed to measure low
mfiltrabion rates 1 the range of 1 x 10° to 1 x 10® cm/s Based on previous laboratory results (HLA,
1994a), the permeability of the sol at the proposed borrow areas ranges from 3.02 x 10® to 8.24 x

10 cm/s. Ths range of soil permeability comncides with the optimal range for the SDRI test method

A summary of the SDRI test method 1s provided 1n Appendix A along with the manufacturer’s
mstallahion and operating mstruchions A synopsis of the test method from the mstallation instruc-

hons (Appendix A) 1s as follows The SDRI consists of a 12-foot by 12-foot outer ring and a 5-foot by
5-foot mner ring, as 1llustrated 1n Figure 2 4. The rings are grouted wathin trenches excavated mto
the top of the test fill The outer ring 1s 1nstalled at a depth of 14 to 18 1nches below ground surface
(bgs), and the mnner ring 1s 1stalled to a depth of 4 to 6 mches bgs After grouting 1s complete, the
area between both rings 1s filled with water The outer ring erea 1s filled to a depth of approxamately
12 inches, which completely submerges the inner ring. The 1nner ring area 1s sealed by placing a

cover over the top of the mner ing Ths seals the water within the mnner ring from the atmosphere

Monzrtoring the flow of water 1 the SDRI 1s accomphshed by filling a flexable bag with a known
weight of water and connecting the bag to a port on the inner nng. As the water mfiltrates the
ground and leaves the sealed mmner ring, 1t 1s replaced with an equal amount of water drawn 10 from
the flexible bag After a specified time 1ntervel, the flexable bag 1s removed and weighed. The
weight loss 1s then converted mto milhhters of water that has infiltrated mto the test ill Infiltraton

rate 1s calculated using an equation with the following parameters: the volume of water loss, the

2-6 Harding Lawson Associates 21907 1020103
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Test Fill Construction and Testing

area of the mner ring, and the nterval of time that the bag was connected onto the 1nner nng The
tests will be momitored until the mfiltrahon rate reaches a steady state Upon complehon, a plot of
the mfiltration rate over tume 1s prepared For the purposes of thus test, the specified permeabihity
value to be achheved 1s 1 x 107 cm/s It 1s anhapated that the tests will requare montoring for

approximately two to three months.

2.3.1 Sealed Double-Ring Infiltrometer Installaiion Procedures

The SDRIs will be mstalled immediately following completion of the test fills The SDRIs will be
installed according to manufacturer’s installahon instructions under the direction of the installahon
subcontractor, Mr Steve Trautwein of Trautwein So1l Testing Equipment (manufacturer of the

SDRIs). Further mformation regarding the mstallation of the SDRIs 1s presented 1n Appendix A.

2.3.2 Sealed Double-Ring Infiltrometer Monitoring Procedures

SDRI monitoring procedures will include flow measurements, water temperature readings, water level
measurements, swell measurements, and tensiometer readings In general, the readings will be taken
cn a daily basis unhl the mfiltrabon rate slows sufiiciently to allow measurements to be collected
every several days The readings will be taken by field personnel trained and experienced in taking
SDRI measurements The readings will be recorded m field logbooks and then transferred onto the

SDRI data forms (Appendix A)

23.3 Sealed Double-Ring Infiltrometer Data Recduction and Evaluation
Data reduction and evaluation will be accomphshed by transfernng the field measurements recorded
on the data forms onto computer spreadsheets for ease of computation. The wfiltration rate can be

determined by using the following equahon.

21907 1020103 Harding Lawson Associates 27
1006110494 WP



Test Fill Construction and Testing

I=Q/AY)
where.
1 = mfiltrahon m cm/s
Q = volume of flow 1n cubic cm
A = area of flow 1n square cm

i1 = time mterval mn seconds

There are two factors that can have a sigmficant effect on the mfiltration rate of the SDRI tempera-
ture changes and soll swelling The field measurements of temperature and swell wall be reviewed to
evaluate whether they could have affected the mfiltration rates of the SDRIs. I exther factor 1s found
to be significant such that 1t could account for as much as 10 percent of the total mfliration of the

SDRI, corrections for these effects will be made

The hydrauhc conductvity withun the SDRI 1s calculated by using the following equation-

k = Q/1At)
where.
k = hydraulic conduchvityn cm/s
= volume of flow 1n cubic cm
t = tme mterval m which Q was determined in seconds
1 = Ab/As (gradient) dimensionless
Ah = head loss
As = length of flow path for which Ah 1s measured

A = area of flow m square cm

Plots of the infiltrabon rate and hydraulic conductivity wall be evaluated concurrently to evalnate
when the tests can be terminated as discussed above (1 e., when steady state conditions or the

desired hydraulic conduchvity has been achieved).
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2.4 Two-Stage Borehole Permeameters

Thas sechion presents the installahon, momitoring, and data reduction and evaluation procedures for
the TSB permeametertests The TSB procedure 1s a falling-head nfiltration test conducted 1n a
cased borehole The first stage of the TSB procedure 1s performed with a cased borehole that 1s open
at the bottom The first stage of the test 1s used to calculate vertical permeability (k) The second
stage of the test 1s conducted after advancing the borehole another 6 to 8 mches below the bottom of

the casing and measuring the flow rates to calculate honzontal permeabihity (k).

2.4.1 Two-Stage Borehole Permeameter Installation Procedures

Five TSB permeameters will be installed at each test fill immediately following mstallation of the
SDRIs The TSBs will be 1nstalled following the mstallation procedures described mn Appendix B
The boreholes will be excavated using a hand auger and reamed to the desired depth. Polyvinyl
chlonide (PVC) casing will be grouted in place, and the surface of the borehole wall be completed

with the measurement stand pipe and i1l tube, as llustrated 1n Figure 2.5.

Along with five TSBs at each test fill, one temperature effect gauge (TEG) will be imstalled at each
test fill. The purpose of the TEG 1s to measure any changes i flow rates that could be the result of
temperature changes during the momtoring peniod. Field measurements on previous TSBs have
mndicated that rising temperature causes the water column 1n the standpipe to expand, thereby
causmg a lower apparent flow rate (see Appendix B) The net effect 1s a lower apparent permeabihity
If the temperature decreases during the monitoring period, then the converse s true For this reason,

TEGs will be 1nstalled and monitored throughout the teshng program

TEGs are set up and 1mstalled szmilarly to the typical TSB with one excephon; the bottom of the
casmg 1s sealed with a cap Because there 1s no flow of water from the TEG, any changes in the
readings must be the result of changes in the ambient air temperature and/or barometric pressure As

described 1 Appendix B, any changes noted 1n the TEGs can then be corrected for 1n the TSB

21907 102010.3 Harding Lawson Associates 2-9
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measurements The construction of the SDRI and the TSB will be supervised by the SDRI

manufscturer’s representative

2.4.2 Two-Stage Borehole Permeameter Monitoring Procedures
Momnitoring of the TSBs will include flow measurements, water temperature readings, and TEG
readings The momtoring equipment manufacturer’s operating procedures are presented 1n
Appendix B The readings will be taken by field personnel tramned and expenenced mm TSB

momtoring. The readings will be recorded 1 field logbooks and then transferred onto the TSB data

forms (Appendix B)
2.4.3 Two-Stage Borehole Permeameter Data Reduction and Evaluation
Procedures

Data reduction and evaluahon will be accomphished by transferring the field measurements recorded
on the data forms onto computer spreadsheets for ease of computation. Apparent permeability for
both Stage 1 and Stage 2 of the TSB tests will be calculated using the following felling-head test

equations as specified 1n the test method calculations (Appendix B)

k = R;Gln(H,/H,)/t,t))
where
= permeabihity in cm/s

mhal head at t=t,

BN B A
"

N~

= 1nrhal head at t=t,
= mtal ttme

= final time

natural loganthm

O 5 &
N

= geomeinc constant, depends on the individual test dimensions and 1s calculated
separately for each test

59
f

kinematc wiscosity correction to water at 68 degrees Fahrenheit as defined i
ASTM D5084
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Throughout each stage of the tests, vanations 1n apparent permeability will be evaluated, and the test
will be terminated when steady-state condihions are achieved. It 1s anticipated that each stage of the

two-stage test will require momitoring for approxamately three weeks
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3.0 GEOLOGICAL AND GEOTECHNICAL DRILLING, SAMPLING, AND TESTING

Thus sechon descrbes the geological and geotechmical dnlhing, samphng, and testing activities to be
conducted under Task 93-03 Section 3.1 describes the selection process for locating the three deep
boreholes within the proposed landfill site as well as the procedures for dnllimg, coring, samphng,
and geological and geophysical logging Section 3.2 describes the rahonale for shallow soil boring
locations within the proposed landfill site  Drilhing, cormng, and samphng procedures are also
described. Sechon 3.3 describes the chain-of-custody (COC) procedures. Section 3.4 descnbes the
geotechmical testing, and Section 3.5 descnibes data evaluation and reporhng.

3.1 Borehole Coring Program
Thas subsection describes the rationale for the selecton of the proposed landfill sihing deep borehole

locations, dnlling equipment and procedures, and geological and geophysical logging procedures.

3.1.1 Borehole Locations

Three 150- to 175-foot boreholes will be located 1n the western half of Sechon 25 2t RMA to further
characterize the geology of this area as a potential landfill site The borehole locations were selected
by reviewing exasting geologiclogs and cross sections prepared from those logs The boring locations
were placed between exasting well clusters and known bonngs to gather new data. These boring
locations may be subject to minor changes mn the field (with approval of PMRMA). Figure 3.1 shows

the proposed borehole coring locations 1n Section 25

3.1.2 Drilling, Coring, and Geophysical Logging Ecuipment and Personnel

A dnlling ng and crew will be furmshed by the U.S Army Corps of Engineers Waterways Expen-
ment Station (WES) The dnlling nig 1s capable of both auger and rotary dnlhng. The WES dnlhng
crew will also provide a supply truck and water truck. Dnlhing mn the alluvium will be accomphished
using an 8-mch-outside-diameter (OD) sold auger Contimuous core samples of the alluvium will be

collected by hammering a 24-mch-long, spht-barrel sampler ;m the open borehole Continuous cores
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of bedrock wall be collected 1n a 5-foot-long, 4 5-mnch-OD spht-spoon sampler using a rotary core
drlling techmque

Drilhng activites will be directed by an HLA field geologist. The geologist wall be responsible for
direching the dnihing crew, logging the core samples recovered, and directing the geophysical logging

subcontractor (Colog, Inc.)

3.1.3 Borehole Coring Procedures

Before field work 1s started, the geologist wall be responsible for assuring that personnel (1) read and
sign the accident prevention safety plan, (2) are tramed to operate the field equipment, and (3) under-
stand the field procedures described m this Work Plan. All work will be performed in accordance

with the Final Accident Prevention Plan (HLA. 1994b).

The boreholes are speafically located outside areas of known contammation; therefore, rigorous
decontamiation procedures normally followed when soil samples are collected for chemical analysis
are not necessary for this program Howaever, before starting and following completion of dnlling
operahons, the drnlhng ng and associated downhole equipment wall be decontarmmnated at the
CERCLA Wastewater Treatment System (CWTS) Decontamination of downhole equipment between

each borehole will only be necessary to mamtain proper working order of the equpment.

A Iithologic log wall be prepared for split-spoon and core samples recovered at each borehole The
samples wall be logged i1mmediately in the field and in more detail later using geophysical logs for
companson. These logs will include alluvium and bedrock descriptions, strahgraphic features,
details of observed structural features, and other pertinent information. Sample recovery will be

noted on the field logs, and the samples scanned with a photolomzahion detector (PID).

Colog, Inc (Colog), Golden, Colorado, will provide geophysical logging services during the coring

program. Colog will geophysically log each completed borehole after coring has been completed.

3.2 Harding Lawson Associates 21907 1020103
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Geological and Geotechnical Program

Colog wall use the following borehole geophysical techmques normal resishvity, spontaneous
potential, single-point resistvaty, gamma, full waveform somic, neutron, and caliper. The geophysical
logging tools will be calibrated for the methods specified above before logging operations are imtiated
and after logging operahions are completed. The calibrations wall be recorded and submitted to HLA
for review. The depth mndicators for the geophysical logging tools will be set so that zero corresponds
with the ground surface before each run. The geophysical logging tools wall be run twice over an
mterval m each borehole The results of both runs will be compared as & means of verifymng the
repeatability of results. The geophysical logging equipment wall be decontaminated before and after
working on this project. Field plots of the geophysical logs will be prepared with an expanded scale
of 10 feet per inch. The final logs will be plotted on vellum

Upon arrival at mdividual bornng sites, the following procedures will be rmplemented.

1 Water to be used 1n driihng and grouting wall be obtained from a Contracting Officer’s
Representative (COR}-approved water source

2 The HLA geologist shall check the boring location stake against the site location map to verfy
the borehole location and perform borehole clearance for buried utihies and metallic objects

3 PID background readings will be taken before intrusive achivihes begin. Field documentahon
of all boring activities will begin at this ttme and 1nclude the following information. boring
number; date, and pertinent observations such as weather, surface conditions, and field
equipment identificabion numbers It 1s anticipated that the borings will be drilled 1n
modified Level D personal protechve equipment (PPE)

4 Once dnlhng starts, PID readings will be taken 1n the breathing zone and at the top of boring
The PID readings are taken for health and safety momitoring and boring location evaluation.
If the PID readings are above background levels, the ng geologist will nohfy the task manager
immmediately The level of PPE will be upgraded according to specific gmdehnes, and the
boring will be backfilled and a new boring location 1dentified.

5 The alluvium wall be drilled wrth a sohid-stem (8-mch-OD) auger and sampled with 2-foot
spht-spoon samplers Blow counts and sample recovery data will be recorded on preprinted
borng logs and 1n bound field logbooks

6 After the alluvium has been split-spoon sampled and drnlled, 1t will be cased with 5-inch-
mside-diameter (ID) PVC casing, and pressure grouted m plsce

7 The PVC casing and grout will be left to set up for a mmimum of 24 hours

8 The bedrock will be continuously cored at each borehole location to a consistent reference
datum elevation of approxamately 5085 feet. Therefore, one borehole will be less than
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150-foot total depth and two boreholes will be greater than 150-foot total depth (see
Table 3.1)

g As the soil and rock core are recovered from the boring, they will be logged by the geologst
on the lithologic log.

10 The core will be placed 1n core boxes with the top and bottom of depth labeled for each
secton of core The quantity recovered will also be marked on the core box. The outside of
the core box shall be lebeled with the boring number and core mterval The core wall be
stored mm Building 785 West until the core 1s no longer needed, at which time the core will be
returned to the site and spread on the ground.

11 A metal mud tank will be used to recirculate the drilling mud during coring. Soil cuttings
produced during dnlhng wall be spread evenly around the drll site

12 Upon completion of the driling and samphng, the boreholes will be geophysically logged by
Colog using the following logging tools.

- Normal resishvity

- Spontaneous potential
- Single-point resistivity
- Gamma

- Full waveform somic

- Neutron

13 After the boreholes have been geophysically logged, they wall be grouted to the surface using
a tremmie pipe and pumped with cement/bentonite grout.

14 A stake will be placed at the borehole location with the appropnate boring 1dentificabion
clearly marked The location and ground surface elevation of the borings will be surveyed by
a hcensed surveyor and the coordmnates will be forwarded to RMA’s data management
subcontractor, D.P. Associates.

3.2 Soil Boring Program

Up to 30 shallow boreholes will be drilled and sampled 1n Section 25 of RMA to gather detailed

geologicand geotechnical data for site characterization.

3.2.1 Soil Boring Locations
Geologicboring logs and cross sechons from borings 1n Section 25 and northern Section 36 will be

reviewed. The data review and cross sections will help locate the boreholes for the dniling program.
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Table 3.1: Projected Borehole Drill Depths

j Projected
Thickness Projected Surface

Boring of Alluvium Total Depth Elevation
Numbaer (feet)

(feet) (feet)
BRB11094 225 175 5260
SAB11194 158 170 5254
ASB11294 27.2 145 5232

Bormgs will be terminated at approxumately 5085 feet elevation above mean sea level
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The borehole locations wall be cleared for utithties and other subsurface objects using whlity maps
and a metal detector before any dnlling begins

Boring locations will be selected to optimize the density coverage within the proposed landfill s1ang
area. The most desirable geologic areas for siing a landfill in Section 25 (based on the surtability

critenna) will be targeted for study Figure 3.1 shows the proposed soil boring and coring locations

3.2.2 Drilling and Sampling Personnel, Equipmeni, and Procedures
This subsection presents soil boring and geotechmcal so1l samphng procedures Procedures for

completing COC forms and shipping forms are also discussed.

Field Personnel

Soil boring activities wall be accomplished by a two-person field team. The field team will consist of
an HLA geologist and an engineening techmaian (ET). The ng geologist wall log each boring 1n the
field as 1t 1s drilled, and continuously collect so1l samples The task manager (TM) will revaiew the
final field hthologiclogs The ET will assist the ng geologist with sample collection and be

responsible for sample handhng, packaging, and shipment.

Field Equipment

Borehole dnlling will be accomplished using 3-1/4-inch-ID hollow-stem augers and a Mobile drilling
ng Spht-spoon samplers and shelby tubes (when necessary) wall be used to collect so1l samples
dunng dnlhng Layne Environmental Services, Inc., will prowide a dnlhng ng, dnll crew, water
truck, and a vessel to mix grout 1n for borehole abandonment HLA will have a truck to transport

sample coolers, sample bottles, and sample equpment.

Soil Sampling Procedures
The ng geologist will be responsible for assuring that personnel (1) have read and signed the Site
Safety and Health Plan, (2) are tramned to operate the field equpment, and (3) understand the field

procedures described m this Work Plan.
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1007110494 WP



Geological and Geotechnical Program

Each boring location must be cleared for uhihittes and metalhc objects before drilling can begin. The
TM will make sure that COC forms and labels are prepared for each borehole Information from
previous boreholes 1n the areas being drilled wall be provided to the g geologist. Data from the

boreholes will be recorded on preprinted boring logs and 1 bound field logbooks

Up to 30 borings will be drlled and sampled as part of the area feasibihity subtask. The borngs wall
be continuously sampled to a depth of approximately 50 feet or mto bedrock. The alluvium wall be
logged for lithology and blow counts wall be recorded to collect geotechnical information. Samples
will be collected for geotechnical teshing from every 5-foot mterval. Undisturbed soil semples will be
collected using spht-spoon samplers and shelby tubes when necessary. It 1s anticipated that the
borings will be dnlled 1n Level D PPE. The borings have been located outside areas of known soil
contamination, and if any sustained readings above background are detected 1n the field using a PID,

dnihng will be stopped and the level of PPE will be upgraded as necessary

Before starting and after completion of drilling operations, the drilling nig and associated downhole
equipment will be decontaminated at the CWTS However, decontamination of downhole equipment

between each borehole will not be necessary

Upon arrival at individual boring sites, the following procedures wall be implemented.

1 Water to be used 1n dnlling and grouting will be obtained from a COR-approved water
source

2 The HLA geologist or techmician shall check the boring location stake agamst site location
maps and pertinent borehole clearance mformation to venfy the boring location.

3 An HNu PID will be used to obtamn background readings before mtrusive achvithes begin.
Field documentation of all boring achvities will begin at this tme and include the following
mformation boring number; date, and pertinent observations such as weather, surface condi-
tons, and field equipment identification numbers

4 Once dnlling commences, PID readings will be taken 1n the breathing zone and at the top of
boring The PID readings are taken for two purposes health and safety monrtoring and
boring location evaluation. If the PID readings are above background, the nig geologist wall
notfy the TM mmedately, and two actions will be taken. The level of PPE will be upgraded
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3.3

according to specific gmdehnes, and the boring will be backfilled and a new boring location
identified

Soil cuthings produced during drilhing wall be spread evenly around the dnll site

As the so1l core 1s recovered from the bering, 1t will be logged by the site geologist on the
hithologiclog Soil cuttings from the auger will also be momtored for hithologic changes and
noted on the boring log

The samples will be contimuously collected and those samples to be analyzed will be selected
following completion of the borings and a review of the boring logs

Most samples will be collecied in wide-mouth jars for geotechnical analysis Additional
material will be collected in shelby tubes and 5-gallon buckets The 5-gallon bucket samples
will be collected from the auger fhghts. Samphng techmque, sample depth, and frachons
collected will be recorded on the Iithologic logs, COC forms, and sample tags.

The residual so1l core will be packaged for storage at Building 785 West until no longer
needed, at which fime the residual so1l cores will be returned to the site and spread on the
ground.

The borings will be terminated at bedrock or at 50 feet, whichever1s encountered first. If
groundwater 1s encountered, the boring will be terminated at the groundwater level

Upon completion of the soil samphng, the boring wall be backfilled with portland type I/II
cement with 5 percent bentomte. Residual soil will be removed from the auger bits and sod
samphng equipment.

A stake will be placed at the borehole location with the appropniate boring 1dentification
clearly marked The location of the boring will be surveyed by a hicensed surveyor and the
coordinates will be forwarded to D.P Associates

Samples will be labeled and stored onsite pending selection of samples for subsequent

geotechnical analyses At the conclusion of the program, unused samples will be spread
evenly over ground surface at a locahion approved by PMRMA.

Chain of Custody

The ET wall plaze the correct COC forms within the designated sample cooler before relinquishing

the cooler to the ng geologist. These forms include an mventory of the samples and s hstng of those

persons with access to the samples The forms will be transported with the samples at all times.

Possession of the samples will begin with the sample collectors All subsequent sample transfers will

require the rehmquisher and the receiver to sign, date, and record the time of transfer on the COC

forms
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Data on final COC forms will be checked by the ET and wall mclude the sample number, sampler’s
signature, collechon date and time, frachons collected, and sample depth. The ET will check these

data agamst the boring logs and field logbooks transmtted by the rig geologist.

At the end of each day, all samples will be brought back to the trailer for packaging The ET wall

complete the COC forms and review field logbooks and field data sheets for errors and omissions

Sample frachons will be repackaged with a layer of plastic bubble wrap below and above the
samples, 1n heavy-duty coolers to ensure that the samples wall not break during shipment COC
forms will be placed 1 waterproof bags m their corresponding coolers. All coolers will be sealed and
wrapped 1n accordance with PMRMA shipping requirements Ewvidence tape will be placed across
each cooler to ensure that the contents are not niolated during shippmg The last person to sign the
COC form for each cooler will sign and date the evidence tape. The COC forms will be signed over
to PMRMA's transport courier PMRMA will ship the samples by air freight (Federal Express) to
HLA’s geotechmcal laboratory

3.4 Geotechnical Testing
A senes of laboratory geotechmcal tests wall be performed on sol samples collected during the soil
boring program to evaluate the geotechmical charactenistics of the soil 1n the preferred landfill area.

The geotechnical testing will be performed by HLA’s geotechnical laboratory mn Houston. Texas

Samples for geotechmcal tesing will be selected at 5-foot intervals from the boreholes The
following geotechmcal tests wall be performed-

. Geotechmical testing to include approxamately 350 samples for the following tests:
- Grain-size analysis (ASTM D422)
- Atterberg hmits (ASTM D4318-84)
- Natural water content (ASTM 2216)
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- Remolded compaction (ASTM D698)

- Remolded permeability (EM1110-2-19096) at 90 and 95 percent relative compaction
- Shrink swell (ASTM D427)

- Orgamc content (ASTM D2976)

- Flezable wall permeameter (ASTM D5084-90)

- Shear strength consohidated undraimned (ASTM D4767-88)

- Shear strength unconsohdated undramed {ASTM 1)2850-87)

Approxamately 100 percent of the samples will be analyzed for grain size, Atterberg hmits, and
natural water content. The remaimng tests wall be performed on approximately 10 percent of the

samples

3.5 Data Evaluation and Reporting

The data from the borehole coring and geophysical logging, soil boxing and sampling, and geotech-
mcal laboratory testing subtasks will be included 1n the Site Feasibility Report. These data wall be
integrated 1nto the area feasibility subtask and used to evaluate the feasibility of constructing a

landfill using the exasting foundation materials

The borehole coning and geophysical logging data wall be used with exashing geologic data to generate
additional detailed geologic cross sections within Section 25 Drafted hthologic logs of each borehole
will be produced. The geophysical logging data wall be used to correlate between the boreholes and
to compare with the geologic core. A map will be generated that includes the new and exastng
boreholes, and also shows the location of newly constructed cross sections

The soll boring geologic logs and geotechnical testing data wall be used to generate shallower geologic
cross sechons and characterize the geotechmcal properhes of the soil 1n the western half of

Section 25 The geotechmcal test results will be submitted to PMRMA through the data management

subcontractor, D.P Associates.
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Army

CERCLA
cm/s
COC
Colog
COR
CWTS
DAA

DSA

FFA

FS

NCP

oD

PMRMA
PPE
RAOs
RMA

ROD
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4.0 ACRONYMS AND AEBREVIATIONS

U.S Department of the Army

Amencan Soaety for Testing and Materals
Below ground surface

Comprehensive Environmental Response, Compensation, and Liability Act
Centimeters per second

Chain of custody

Colog, Inc

Contracting Officer’s Representative
CERCLA Wastewater Treatment System
Detailed Analys:s of Alternatives
Development and Screeming of Alternatives
Engineermg techmician

Federal Facihties Agreement

Feasibihity study

Harding Lawson Associates

Inside diameter

Verhcal permeability

Hornzontal permeability

National Contingency Plan

Outside diameter

Photolomization detector

Program Manager for Rocky Mountain Arsenal
Personal protectve equipment

Remedial action objectves

Rocky Mountain Arsenal

Record of Decision

Harding Lawson Associates



Acronyms and Abbreviations

SARA
SDRI
TEG
™
TSB

USFWS

4-2

Superfund Amendments and Reauthonzahon Act of 1986
Sealed double-ring mfltrometer

Temperature effect gauge

Task manager

Two-stage borehole

U S Fish and Wildlife Service

Waterways Experiment Stabon

Harding Lawson Associates
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Appendix A

INSTALLATION AND OPERATING INSTRUCTIONS FOR
THE SEALED DOUBLE-RING INFILTROMETER
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POBok 31423 -Houston. Texas 77231-Tel:(713)721-1866

INSTALLATION AND OPERATING INSTRUCTIONS FOR THE
SEALED-DOUBLE RING INFILTROMETER
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1.0 SUMMARY OF TEST METHOD

The Sealed-Double Ring Infiltrometer (SDRI) can be used to measure the
vertical, one-dimensional infiltration rate of water through soil This device provides a
means to measure low infiltration rates, those associated with fine-gramned, clayey
soils, and are mm the range of 1x10-5 cm/sec to [x10-8 cm/sec The SDRI 1s
particularly useful for measuring liquud flow through soil moisture barriers such as
compacted clay hner or covers used at waste disposal facilites, and amended soil liners
such as those used for retention ponds or storage tanks.

A schematic of a typical test mstallation is shown in Fig. 1 The wmfiltrometer
consists of an outer ring (12' x 12') and an inner ring (5' x §). The rings are grouted
in trenches excavated in the test area. The outer ring 1s placed at a depth of 14 m. to 18
., the inner ring to a depth of 4 in. to 6 m. Both nings are filled with water. The outer
rmg 15 filled to a depth of approximately 12 in, submerging the inner ring The top on
the inner ring seals the water within it from the atmosphere.

Installation requires a level, obstruction free work zone approxmmately 24" x
24 A primary concern before and during installation of the infiltrometer 1s
desiccation. Before installation, desiccation can be minmmzed by covenng the test area
with plastic. Plastic sheets for this purpose, 20" x 100°, are readily available at most
building supply stores. Spreading a thin layer of soil over the plastic will prevent 1t
from blowmg away During mstallation, desiccation can be mummized by removing
plastic only in areas bemng worked, and recovering areas once work has been completed.
Water should be sprayed on any soil that 1s exposed for long periods of time.

Measurement of flow is made by comnecting a flexible bag, filled with a known
weight of water, to 2 port on the inner rmg. As water infiitrates the ground and leaves
the sealed immer ning, 1t 1s replaced with an equal amount of water drawn in from the
flexible bag. After 2 known mterval of time, the flexible bag is removed and weighed.
The weight loss, converted to a volume, 1s equal to the amount of water that has
mnfiltrated the ground. An mfilraton rate, usually expressed in cm/sec, is then
determuned uswmng this volume of water, the area of the inper ring, and the interval of
tune that the bag was connected to the inner ing This piocess 1s repeated and a plot of
mfilravon versus ume 15 constructed. The test 1s continued untl the infiltration rate
becomes steady or until 1t becomes equals to or less than a specified value

The advantage of the SDRI over other mfiltrometers is the capability to measure
low infilrauon rates. This is accomphished by measuring the actual quantity of flow
rather than 2 drop of elevaton in the water level and by elimmating evaporation from
the ring where measurements are made.

2.0 PARTS LIST

First check to see that the following parts were included with the Sealed Double
Ring lofiltrometer .

a 4 - aluminum panels approximately 12" x 36"
b 1- fiberglass 1oner rng approxmmately 5 x 5
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36 - of each of the following 3/8" round head bolts and nuts
2 - flexible bags with pmnch valves and barbed comnectors
172" NPT plug fitting

172" NPT fitung with straight-barbed connector

172" NPT fiting with elbow -barbed connector

15" length of 3/8"0d x 1/4"id clear plastic mbing

1/4" brass plug fiting for sealing end of plastic tubing
tee fitting
- rubber gasket strips
- tensiometer set (optional -.see Appendix A)
.- swell gage (optional - see Appendix B)

Brrstr Pporme poo
[ R N e e e )
1

In addition to the hst above, the foliowing items will be needed to assemble and

mstall the SDRI
a. 1 - flat bladed screw driver for assembling the outer ring
b. 1 - 9/16" wrench for assembling the outer ring
c. 1 - brick or mason's bammer for excavating trench for the inner ring
d 1 - adjustable wrench for mstalling fittings on 1mner ring
e 1 - kmife or scissors for cutting tubing
f. 1 - trenching machme for excavating outer ring trench
g 5 -5 gal buckets to mix grout and place on inner ning
h. water supply - approximately 1200 gallons is needed to fill rings
1 bentomte grout to place mn trenches
3 cover for nings (see Appendx C)
k 1 - thermometer to momior temperature in outer ring
1  surveyor's level and rod
m. 1 - scale to measure the depth of the water n the outer ring
n grout mixer, shovels, and wheelbarrows for preparing grout.
o cmder blocks to stand on when connecting fithngs to mner ring and also to

hold down platform for flexible bag

trowel

scale - 4000g capacity sensitive to 1lg

1 - 14’ 2x4 to use as gmde when excavating trench

plywood (2'x3'x1/2") to use as splashboard and platform for flexible
bags

m:“.n‘U

3.0 ASSEMBLY OF OUTER RING

Installation starts with the assembly of the outer ring as follows

1. Carefully uncrate the aluminum panels. Save the crate for future
shipping.

2. Carefully tilt up two panels and ahign edges and bolts holes (Fig

2) Support panels on both ends as they bend easily, particularly
in windy conditons.
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3. Wipe panel edges clean around bolts holes Also wipe rubber
gasket strips clean.

4 Place a mbber gasket between the panel edges and msert bolts
through the holes Turn nuts on bolts antl finger nght

5 Tilt up remamming panels, one at a tume, and bolt edges together as
described above

6 Position outer ring so that 1t 1s square Turn nuts on bolts until
snug. Do not overtighten as this will cause panel edges to bow
apart between bolts.

4.0 EXCAVATION OF TRENCHES

The area to be tested should be level with a slope no greater than 4" over 12'
Slopes of this magmmde are difficult to detect by eye, so a surveyor's level should be
used to check elevatons. High and low areas should be noted so that trench depthin these

zones can be adjusted to keep rings level

Procedures for excavaung trenches are described below.
4.1 OUTER RING
1. Set the outer ning on the area to be tested so that it is square
Scribe a mark on the ground along the lower edge of the ring.

Laft ning and place 1t aside while trench 1s being excavated.

B VS I

Place the edge of a 2x4 along scribe marks and pamnt a line on the
ground. Extend lime approximately 5' beyond each cormer. This

will help m ahgnmg trenching machine. ,

5. Use a trenching machine to excavate the trench (Ditch Witch
Model No 1010 or equivalent). Select a2 machine that makes as
narrow a trench as possible, no more than 4" - 6" m width. The
narrower the trench, the less grout needed to fill it Align the
trenching machme with the boom over the pamt line. The side of
the trencher which removes the excavated dirt should be pointed
away from the test area. Offset a 2x4 so that it is parallel to the
pamt hne and agamst the wheel of the trenching machine mside
the test area. Pant a Line along edge of 2x4 to mark its posiion.
Use the 2x4 as a guide by keepmng the wheel of the trencher
against it while excavatmg the trench. Excavate so that the
deepest pomnt 1s 18". Limit the amount of over excavation at
corners as this will only increase the volume of grout needed.

In some soils, several passes may be needed to reach the requred
depth. Typically, the higher the plasticity index, the greater the
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pumber of passes Loose soil in bottom of trench and packed m
corners should be removed by hand.

Once trench has been excavated and loose material removed,
carefully place outer rimg 1 trench to check fit Make
adjustments as needed The ring should be level (x17)  After
adjustments are made, lift nng out of trench and set aside Cover
rrench 10 keep soil from drymg while grout 1s prepared.

42 INNER RING

1.

Center fiberglass inner ring within outer ring. Scribe 2 mark on
ground along lower edge of inmer ring.

Note the onentation of wmner ring and set it aside. Also hft outer
nng and place 1t aside. Cover outer ning trench to keep from

drymg.

Use a brick hammer (mason's hammer) to excavate a narrow
trench. Trench should be approximately 2" wide and 6" deep
When using brick hammer, it 1s best 10 start by diggmmg down
several inches in one spot and advancing trench forward by
chopping down on soil Try not to pry soil up as this tends to lift
up large wedges, open cracks, and causes the trench to be
oversized .

Place the inner rng m the trench to check the fit. Excavate any
areas where the ring does not fit Use a surveyor's level to check
elevanon of the cormers of the ring The imner rmg should be
level or tilted so that lower end is slightly below horizontal If
lower end of ring 1s above horizommal, ar may be wapped in ring
when nng is filled with water.

Set the rmg aside and cover the trenches.
50 INSTALLATION OF THE RINGS

51 PREPARATION OF GROUT

A product sold by American Colloid called "Volclay Grout” works well for sealng
Between 15 to 20 bags of Volclay Grout are needed for 4" wide by 18" deep
wench. If this product is used, add between 15-20 gallons of water per 50 pound bag
The most convement way of mixing the grout is to use a 4 bag grout mxer. Two bags of
Frst add 15 gallons of water to the muxer and then
Addmg the grout 100 quickly will result in a mixture with large
clumps. Add 15 more gallons of water and then add the second bag. Add addrtional water

the rings.

grout can be prepared at a time.
slowly add the grout .

as needed unul the grout flows easiy

52 OUTER RING
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Remove the cover trom the outer ring trenches and clean all loose
dmt out of the wench.

Use a wheelbarrow to place grout 1n the outer ring trench Use a
sheet of plywood from the outer ring crate as a splash board to
guide grout mnto trench and from gettrag on ground inside the
trenches

With ope person at each cormer of the outer ring, hift 1t and
center 1t over the wench Slowly push the ring in place while
keeping 1t level. Once m place, use a trowel to push the grout
agamst both the inside and the outside of the mng , particularly at
the corners, to obtan a good seal

Pile loose soil (12" high) all around the outside edge of the outer
rmg (Fig. 3) This berm will prevent the ring from bowing and
will keep grout from bemg pushed out of the rench when the ring
is filled with water. The berm also serves to msulate the outer
riog which mimmuzes temperature changes in the water.

53 INNER RING

Prepare a thicker mix of grout for the imner ring trench

Remove the cover from the mner ring trench and clean all the
loose dirt out of the wench. Also clean off the surface of the area
surrounded by the mmer ring trench.

Fill the trench to withun 3/4" of the top. Rod the grout to remove
any air pockets

Lift the mnner ning and center it over the trench. Lower it mto
the trench and push 1t down mto place Use a surveyor's level to
check the elevation of the corners of the ring. Make sure that the
lower end of the rng is not tilted or raised above honzontal as

discussed before.

Use a trowel to press the grout agamst the outside wall of the ring
m order to obtam a good seal

Cover the grout to prevent desiccation

6.0 TENSIOMETERS

If 1t 15 desired 10 know the position of the wetung front durnng
ifiltration, 1t 1s recommended that tensiometers be used A description of
tensiometers and mstallation procedures are given in Appendix A.
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7.0 SWELL GAGES

If the soil has a high potenual for swelling, 1t 1s recommended that swell be
measured during the test. Swell can be measured by momtoring the veruical movement
of the inmer ring during the test. As the soil beneath the inner ring swells, it will hft
the mmner ing A procedure for momtoring swell 1s described in Appendix B

8.0 FILLING THE RINGS

It 1s best to fill the rings slowly so that the seal can be checked for leaks It s
much easter t0 reparr a leak when the water level 1s low than when 1t 15 high.

When filling the inner rmg, it i1s important to realize that water causes an uplift
force to act on the ning. If the ring 1s filled to t00 high a level, the uplift forces can hit
the rmg out of the ground. For this reason buckets of water are placed on the inner nng
before water 1s 1s added to it

The general procedure for filing the rings is as follows Furst, the inner ring 1s
partially filled and let 10 sit to check s seal. Next, the outer ring filled. The ports on
the nner ning are left open so it will fill as the water level in the outer ring rises

The fittings are attached to the mner ring after the outer ring is filled. The
cinder blocks are used to provide a place to stand when attaching the fitings Place
several cinder blocks on the ground i the vicity of ports on the mner ring  Also place
several cinder blocks on the ground just inside the outer ring to provide a place to lay
the flexible bag during the test

Detailed instructions for filling the rings are given below
8.1 INNER RING

1 Fill two buckets with water and place one on each corners of the
low edge of the mmer ring Make sure that the buckets are placed
on the edge of the ring and not m the center as tius may cause the
fiberglass 1o crack Try not to spill any water around the inner
nng as ths will make it difficult to check for leaks around the
seal later on.

2. Invert one bucket on the ground near the ports on the imner ring
Fill 2 second bucket with water and place 1t on the inverted
bucket.

3. Cut a length of the flexible tubmg long enough to reach from the
bucket to the top port. Use ths wbe to siphon the water from the
bucket to the mner rmg. Siphon a total of three buckets (15
gallons) of water mto the inner ring.

4 Let the water m the mner ning stand for at least 30 min. Check
for leaks 1n the mner ring seal and repar any that are found
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.2 OUTER RING

1 Place a piece of plywood from the outer ring crate on the ground
between the mner and outer ring  Place a bucket on the plywood.
Put the end of the hose that 1s to used to fill the rings mto the
bucket.

2. Slowly fill the rings at a rate that will not scour the soil

3. Should a leak occur, repar it by pushing down on the grout on the
inside edge of the outer ring first, then pressing down on the
grout along the outer edge.

5. When the water level 1s at the top port on the inper ring, stop
filing and allow the water level in the imner ring equilibrate
with the water 1 the outer ring.

6. Continne to fill the outer ring until the water level is
approximately four inches above the top port on the mner nng (a
depth of approximately 127). Use a board or shovel handle to
gently tap the mner ning to dislodge air bubbles that are trapped
inside. Contmue tapping on the mner ring until bubbles cease to
emerge from the top port

7. Remove the buckets from the top of the mmer ring
9.0 INSTALLATION OF FITTINGS

Before imnstaliing any fitungs into the ports of the inner ring, check that all the
threads are wrapped with teflon tape. Screw fitungs in slowly at first and check that
they are not cross-threaded. The threads mn the fiberglass can be stripped easily. Also,
do not overtighten the fitungs as thus may crack the fiberglass.

Detailed imnstructions for installing the fittmgs are given below.
1. Fmd the plug fitting and mstall it 1 one of the lower ports.

2. Fimnd the two fitungs with the barbed hose comnectors. The
straight fitting goes in the lower port and the elbow fitting goes
mto the top port. Sammate the fittmgs before connecting them to
the inper ring.

3. Cut two lengths of wbing, one 3’ long and the other 7' long

4. Place the two pieces of mbmg under water to saturate them. Be
sure that all the ar 1s removed from the tubing before commecting
it to the mner nng Any ar remaining in the tube will be drawn
mto the mner rmg.

5. DPush one end of the long piece of tubing onto the top port fitang
Fmd the small brass plug fitung and insert it mto the other end of
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the wbing This tube is the flush wbe and 1s used to purge awr
that has become trapped imn the mner ring

6. Connpect the short prece of wbing to the lower port fittng Thus 1s
the iniet tube through which flow measurements are made Fix
the open end of the wbe to one of the cinder blocks near the wall
of the outer nng. Be sure the end of the tbe does not float to the
surface and suck m ar or fall 1o the bortom and suck 1 mud

100 COVERING THE RINGS

The nings should be covered throughout the test. Its best to comstruct a cover of
plywood, 2x4's, and insulanon. The primary purpose of the cover is to mummize
temperature change of the water 1n the rings, block sunlight, and prevent from wmd
blowimng over the water surface. Supplies and material for building a cover are given in
Appendx C.

11.0 DATA COLLECTION

The data collected during the test includes flow measurements, water
temperature, water level measurements, swell measurements, and tensiometer
readmngs Sample data sheets are attached to these mmstructions. The procedures used to
collect these measurememts are discussed below.

11.1 FLOW MEASUREMENTS

Measurement of flow during an SDRI test 1s made using a flexible bag The bag is
filled water, weighed, connected to a port on the mmer ring, and submerged in the water
of the outer nng. Any water that flows out of the mner ring into the ground will be
replaced by an equal amount of water from the bag. Periodically, the bag is removed and
weighed to determine the amount of water that was lost.

Besides convemence and smphcity, a key feature of using a flexible bag to
measure flow 1s that a constant pressure difference 15 mamtamned across the wall of the
mner rmg. Consequently, the mner ring does not expand or contract when the water
level changes m the outer ring.

The flow measurement data is used to construct a plot of mfiltration versus time.
For unsawrated soils such as compacted clay hners and covers, infiltration decreases
with time at first, changing rapidly at the begmning of the test, and then eventually
becommg constant with tme as the soll becomes saturated Consequently, more frequent
readmgs are needed at the beginning of the test and less frequent readmgs are need as the
flow rate becomes steady

Typically, flow rates at the begmmng of the test (< three weeks) range from
1000 ml to 3000 ml! per day. One reading per day has been found to be sufficient during
this ttme. When mfiltration starts to level out (three to four weeks) one reading 1n
several days 1s all that 1s necessary.
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Temperature changes of the water in the mnner ring can introduce sigmificant
error 1o the flow measurements A 1 change n water temperature can result i a flow
of 50 ml due to volume change of the water m the inner ring as well as in the ner ring
itself. To avoid this problem, the bag should be disconnected from the wnmer ring when
the water temperature 15 within +1 OC of the water temperature when the bag was
connected. This 1s particularly imporrant if the flow rate 1s less than 500 ml/day

Expenience has shown that if the rings are covered and a layer a polystyrene 1s
used for insulation under the cover, the temperature of the water from ome mormmng 10
the next does not vary by more than 10C. More consistent readings are obtamed if they
are taken on 2 24 hour basis and the bag 1s connected and disconnected between 7am and
9am. It should be noted that the water temperature may change by several degrees
during the day but that these cyclic variations are only a problem if readmgs are made at
different temperamres Allowing the bag to remain conmected umtil at least 1500 ml of
flow has occurred also helps to mmmumize the effect of temperature changes on the
measurement of infiltration rate

The bag should never be allowed 10 empty when connected to the inner ring  When
the bag empues, a2 suction will develop 1n the inner ring and 1t may jepoardize the seal.
The most likely time that the bag will empty is at the beginning of the test when flow
rates are not known. For this reason, the bag should be checked often when first
comnected. An imitial reading should be made after several hours so that a flow rate can
be calculated and an estimate of when the bag will empty can be made

It should be noted that it 15 not necessary to have the bag conmected to the mner
nng connmuously. If the flow rates are high, (>3000 ml/day) it may be more
convenient to connect the bag up to the mmer ring for several hours a day and let the
miet tube open 1 the outer ring for the remamder of the time. Whether the inlet wbe is
connected to the bag or opern to the outer ring does not affect the infiltration rate. Just be
sure if the tbe is left open that it 1s propped m such a way that it does no suck m ar or
soil  If 1t 1s deswred to measure flows greater than 3000 ml/day, a tee fitung has been
provided so that two bags can be comnected to the inlet tube at once.

Detailed mstructions for using the bag given below
11.1.1 ilhng th g

1 Fill a bucket or a 5 gallon water jug with water and allow to stand
for 24 hours to degas.

2. Cut a piece of flexible tubing long enough to reach from the
bottom of the jug or bucket to a flexible bag laymng next to it

3. Connect the tobe to the valve on the bag and siphon water from the
Jug nto the bag undl 1t 15 filled.

4. Lift the bag above the water surface in the jug. Hold the bag with
the inlet port at the top and squeeze 1t to remove all the am.
Squeeze the bag long enough to force the arr out of the tube and
then lower the bag so that water will flow back mnto it. Repeat
this process unni all the arr 1s removed
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11.1.2

Two bags have been supplied. If flow rates are greater than 3000 ml/day, both

bags can be connected to the mner ring at the same tme by using the tee fitng(Fig 4)
If the flow rate 1s less than 3000 mi/day, the extra bag can be

that has been supplied
filled and weighed m advance so that 1t can be connected io the miet tube when the other

Once all the arr 1s removed. fill the bag shghtly less than full and
shut the valve. Avoid compietely filling the bag so that the water
mm it 15 under pressure.

Dry the bag and valve thoroughly If small amounts of flow are
expected (20 ml or less) then be sure that the tube connector
remains full of water.

Weigh and record the mitial weight of the bag to the nearest gram

Conpecting the bag to the ipner ring.

Connect the bag to the inlet mbe as follows. Lower the bag imto
the water of the outer ing Ornent the valve so that the wbe
connector is pomted up Flick the mbe conmector so that amy
entrapped air bubbles will be removed from it It is important
that no air bubbles are present m the tube connector or bag as
they will be drawn into the mner ning or may even block the flow
of water from the bag to the mner ning With the bag completely
submerged push the wbe commector mto the miet tube Lay the
bag flat on the cinder blocks Be sure to position the valve so that
it is not folded back omto the bag and possibly pinching off the
flow path.

Start flow measurements immediately as follows. Use the
attached data sheet and record the date and time next to the wital
weight of the bag  Carefully open the vaive and allow flow to
occar.

Peniodically determine the amount of flow that has occurred as
follows. Carefully close the valve and discomnect 1t from the inlet
wbe. Be sure to close the valve before handling the bag. Also, be
sure to prop up the open end of the inlet tmbe for the reasons
mentioned previously. Record the date and tuime that the valve
was closed . Remove the bag from the mmer ring, dry 1t
thoroughly, and record its weight As before, make sure that the
tbe connector 1s filled with water to be consistent Subtract the
final weight from tne mitial weight to obtain the amount of flow
that has occumred

Refill and reweigh the bag if necessary and connect it to the inmer
rmg. Always check to see that the valve on the bag or the inlet
tubing has pot become clogged. With time, ailgae may grow in the
tube. If this 1s the case then the tube should be cleaned or
replaced.

1s removed. By domg this, only one trip to the ring 1s needed to take a reading
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When connecting a bag to the mnmer ring, be sure that the valve 1s closed. If the
bag is accidentally lifted out of the water with the valve open, 1t is possible to ift the
mner ring out of the ground or rupture the seal Each mch of head of water produces an
uplift force of about 125 pounds on the inner ring, so holding the bag several inches
above the water level with the valve opened can easily Lift the mner ring out of the
ground.

112 WATER LEVEL

The imnfiltration rate varies with the depth of the water level in the outer ring.
For this reason, the water level should be recorded each tume a flow measurement i1s
made. Water should be added to the outer ring occasionally in order to keep the water
level to within +172 wnch of the inntial level. A scale taped to the inside wall of the outer
nng makes It convement to monnor the water level

113 TEMPERATURE

The temperature of the water in the rings should be momitored closely for
reasons discussed previously. If temperature is momitored with a thermometer, then
measurements need to be made as close to the imnner ring as possible The recommended
procedure 1s to put the thermometer in a soda can and then place the can on the ground
next to the mner ring. Remove both the can and the thermometer to take a reading. The
water in the can should remam at the same temperature as the water near the mmner ring

iong enough to take a readmg.

11.4 PURGING AIR FROM INNER RING

Durmg the test, 1t 1s possible that arr may rise out of the soil and become trapped
m the inner nng This ar should be purged from the mmer ring and ap esumate of its
volume made. If the volume is significant (>20% of flow since the last time the ring was
purged) the infiltranon rate should be corrected to accoumt for it

The procedure for purging the inner ning of air 1s described below.

1  Disconmect bag iniet tube. Use a board or shovel handle and gently
tap on the mmer ring to get the air bubbles to rise to the flush
port.

2. Lift the flush mbe out of outer ring and lay end of twbe on the
ground The end of the tbe needs to be below the water level so
that water can be siphoned out of mner rmng.

3 Remove plug from end of flush twbe. Water and arr if present
will start o flow out of mner ring. If ar completely fills the
tube, the syphon will be lost. If this happens, submerge end of
tube m water of outer ring and work arr out of tube. Once the
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tbe 1s saturated, place plug in end of tube, Iift tube outr of ring
and place on ground. Remove the plug and aliow water to flow
from end of wbe (if tensiometers are bemg used, the hand pump
can be used mstead to restart the siphon by pulimg a vacuum on
the end of the tube)

4. Allow water to flow from end of mbe unul ar ceases to emerge
from inner ming. Replace plug m end of flush tube and place tube
back mto outer ring.

5. Wait at least 30 mimn. before taking any flow measurements.

Purge the inner ring on a weekly basis until no significant amount of air is found.

12.0 DATA REDUCTION

12.1 INFILTRATION

Infiliration (I) can be determmed as follows-

I = Q/(AY)
where-
1 = infiltratton (cm/sec)
Q = volme of flow (cm3)
A = area of flow (cm2)
t = ume interval m which Q was determined (sec)

Two factors that can have a significant effect on the infiltration rate are
temperature changes and swelling of the soil. If either are sigmficant, the infilrration
rate should be corrected to account for it The total flow (Q) that is measured 1s the sum
of the followmg.

Q = Q+Qs+Q
where
Q = flow due to mfiltration
Q& = flow due to swell
Qt= flow due to temperature changes

The infiltration rate corrected for swell and temperature changes is.

I = Qi/A

where:
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Q= Q-Qs-U

Temperature changes can be mmmized as discussed previously and consequently,
Qt 1s seldom sigmificant

The remaining portion of flow 1o consider 1s Qs, the flow due to soil swell. The
process of water mfiltrating an unsaturated swelling s0il 1s complex and difficult w0
analyze Presently, there 1s not an accepted procedure to account for the effect ot soil
swell on the infilration rate. The author is of the opmion however, that a close estimate
of Qs can be obtained as follows Furst, 1t 1s assumed that any volume change that occurs
is vertcal. Second, 1t 1s assumed that all of the addinonal volume generated by the
swelling soil 1s filled with water that infiitrated the soil. Based on these two
assumptions:

> = AhxA
where
Ah = vertical swell of soil beneath mner ring

A = area of inmer rmng

122 HYDRAULIC CONDUCTIVITY

Hydrauhc conducnvity (k) in the saturated zone can be determined as follows:

k = Q/GAD
where-

Q = volume of flow (cm3)

A = area of flow (cm2)

t = time interval m which Q was determmed (sec)

1 = gradient

= Ab/ As

Ah = head loss

As = length of flow path for which Dh is measured
since.

I = QJ/(At)
then

k = In

The determination of k depends on calculaung a value for the gradient (1). Unlike
the calculanons for 1 and k, the determimmation of 1 1s pot straight forward. The
parameters used to calculate 1 for a typical mfilwaton test are shown in Fig. 5. These
parameters are used to calculate the gradient as follows

1. = H+D+Hs)/D
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where

depth of water ponded in nngs
depth to the wettng fromt
suction at the wetting front

[

H
D
Hs

There are differing opmions on what value should be used for Hs One view s
that Hs should be equal to the ambient suction 1n the soil below the wetting front. The
ambient suction can be measured with tensiometers can be quite high, yielding valwes of
Hs as high as 700 cm of water. Another view is that Hs should be equal to zero, ie the
suction m the soil at the wetnng front has no influence on the infiltration rate. Hence, if
the position to the wettng front 1s known, the gradient 1s smmply (H + D) / D.

The author feels that the second view (Hs = Q) yields a close approxamation to the
actual gradient Measurements made at several sites have shown that the drop in
mfiltration rate versus nme can be accounted for by the increase mm D as the wetting
front moves through the soil If suction had an nfluence, a much larger decrease wn the
mfiltration rate would have occurred.
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APPENDIX A

TENSIOMETER DESCRIPTION AND INSTALLATION INSTRUCTIONS

A schematic of a tensiometer 1s shown m Fig. 6. It consists of a sealed plastic
tube with a porous tp on one end and a vacuum gage on the other The tube 1s filled with
water and then sealed. Operating mstructions have been mclhuded with the tensiometers
A preferred method of mstallation however is described on Fig 6. Disregard the
mstallation procedure described m the manufacturer’s imstructions. Driving a pipe may
crack the soil and open up flow channels.

Tensiometers work as follows If the soil is unsatyrated and there 1s good contact
between the tip and the surrounding soil, water will be drawn out of the tube and the gage
will register 2 suction. As the wettng front passes the the up, the suction will decrease
and water will reenter the tensiometer until the suction goes to zero Good performance
of tensiometers depends on sawmrating the tensiometer and achieving good contact between
the tenstometer and the surroundmg soil

It is recommended that mine tensiometers be used, three at each depth of 6", 127,
and 18". A suggested layout for the tensiometers is shown in Fig. 7. Auguring a hole and
pushing the temsiometer in place 1s preferred to formmg a hole by driving a pipe into the
ground.
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APPENDIX B
SWELL MEASUREMENTS

An arrangement that can be used to measure swell is shown 1 Fig. 8. This
arrangement consists of stretching thin wire between two fence stakes that have been
driven mto the ground close to the outer ring. The stakes are aligned so that the wire 1s
positioned directly above two handles on the immer ring. The wme serves a a reference
elevaton to momnitor upward movement of the inmer mimg. A swell gage 1s used to
establish a reference distance between a reference mark on a handle and the wire. The
swell gage consists of a chal gage mounted to a rod. The position of the dial gage on the rod
1s fixed.

It 1s recommended that two wires be used so that the elevation of all four handles
on the inner ring can be monitored. A oit can be attached to the handle by driliing a 3/8"
hole through the handle The bolt head can serve a reference point for the end of the
swell gage rod Inmial readings are taken before the rings are filled to serve as a
reference It is also recommended that the elevation of the wires be surveyed and
referenced to a benchmark located away from the rmmgs. If a discrepancy occurs m the
readmgs, the wire can be surveyed to check that its posimon has not changed.
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APPENDIX C

COVER DESCRIPTION

It 1s highly recommended that a cover which insulates the rings and blocks

sunlight is be used during the test. A cover consisung of plywood, 2 x 4's, and msulanon
1s shown in Fig. 9.
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TENSIOMETER READING - CENTIBARS
DEPTIL - 6" DEPTH - 12" DEPTH - 18"
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DATA FORM FOR SDRI TEST

inner ring info:

Outer ring Info:

" Liner thickness (cm) :

"= Q/AL)
1 = Inflitrallon (cm/sec)
Q = quantity of flow {(m))
t = iInterval ol time (sec)

A = area of Inner ring (cm 2)
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THE STEI TWO-STAGE BOREHOLE
FIELD PERMEABILITY TEST

by: Gordon P. Boutwell, PhD, P.E.
Presented to
*CONTAINMENT LINER TECHNOLOGY AND SUBTITLE D*
Seminar Sponsored by
Geotechnical Committee
Houston Branch, ASCE
Honston, Texas - March 12, 1992

SYNOPSIS

In 1991, the Texas Department of Heaith began requiring field verification of the hydraulic
conductivity for the waste-retention barriers under its jurisdiction. The TDH has approved
two procedures: the Two-Stage Borebole (TSB) method and the Sealed, Dounble-Ring
Infiltrometer (SDRI) method. The TSB method is discussed herein.

It is a falling-head infiltration test conducted in a cased borehole, typically 4 inches in
diameter. The first stage 1s performed with the bottom of the hole flush with the bottom
of the casing for maximum effect of vertical permeability (k). After steady-state 1s
achieved, the hole is advanced some 6 to 8 inches below the bottom of the casing so that
horizontal permeability (k,) has a greater effect. The two stages yield the following:

Stage 1 - The maxirmum possible vaiue for (k).
Stage 2 - The mninmm possible vatue for (k,).
Stage 1 + Stage 2 - Constants for two equations which can then be solved for the

real (&, k).

Procedures are available for reduction of the data in the cases of both above and below
water table testing, and for the bottom boundary conditions of a material far more
permeable, equally permeable, or far less permeable than the medium being tested. The
test has been successful i evaluating both compacted and mpatural materials with
permeabilities as low as 1x10(-9) cm/sec. )

"The major test precauntions include proper sealing of the casing along the outside, accounting
for temperature effects, and correcting for ssdewall smear during the second stage. The test
is qunck, simple, and relatively inexpensive. It allows results in days, rather than months.
Multiple installations are feasible so that statistical confidence can be achieved. It is
recognized m the hterature, mcluding U.S. EPA publications, and accepted by many State
regulatory authontes.
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I. INTRODUCTION

Clay barriers are an important component of waste retention structures. Their primary
geotechmical charactenstic for this nse is hydranlic conductivity, which must be verified
during the Construction Quality Assurance program. Until recently, practice relied on
laboratory testing of small (7 to 10 cm diameter) undisturbed samples taken from the
barrier or a similarly constructed test pad. Day and Daniel (1985) reported conductivities
measured in the field which were 3 to 4 orders of magnitnde higher than they obtained with
laboratory tests. While that study was jostly criticized, the horse was out of the barn and
regnlators all over the country galloped imto field testing for hydraulic conductivity
evaluation at waste faclities.

From the regulatory standpoint, 2 test procedure should be accurate and avoid faise
positives, i.e., not indicate comphance with the spec:ﬁcd conductivity when the liner or pad
truly has a higher value. This normally means testing a large soil volume searching for the
elusive “macropores” which are thought to evade, somehow, even numerous laboratory tests.
The regulated commumity wants the accuracy and avoidance of fzise positives for their own
protection, but also wants to mmimize testing times (and costs), and to avoid false negatives,
both for economy. - ---

In about the last two years, two methods have become accepted as meeting these criteria
to a satisfactory degree: the Sealed, Double-Ring Infiitrometer (SDRI) and the Two-Stage
Borehole (TSB) procedure. Each has its stronger and weaker points (see Daniel, 1989).

II. BASIC CONCEPTS

The vertical conductivity (k,) govemns flow, even in sidewall liners if built in the preferred
manner: lifts parallel to the slope. However, the horizontal conductivity (k,,) is greater than
the verdcal. All field tests are affected by thus amsotropy, unless flow in the horizontal
direction is artificially blocked; the effect 15 to increase the test conductivity by factors of 2
to 5 over the real (k,) valne. Equations for flow from various source geometries in a cross-
amsotropic medinm are available in Hvorslev (1951). However, each eguation has two
unknowns: (k,) and (m® = k,/k).

The TSB procedure combines four old concepts into one new idea to find (k). The field
procedure is taken from long-established US Burean of Reclamation methods: their finsh-
bottom borehole test (E-18) and borehole packer test (E-19). Computations are based on
the Hvorslev equations adapted for various bottom boundary conditions by the three-
dimensional Image Potential Techmique (Carslaw and Jaeger, 1959). The new idea is
performing both USBR tests in the same borehole, yielding two equations which can be
solved for the two unknowns, (k,) and (k).
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The TSB is 2 feld infiltration test, conducted in a cased borehole so that the geometry of
the infiltrating zone can be controlled. It is normally conducted as 2 falling-head test. The
basic idea is to vary the geometry of the infiltrating area so as to vary the relative effects
of (k,) and (k,). In the first stage, the geometry 15 chosen so that (k,) has it$ maximum
i effect. The second stage geometry is such that (k,) has its maximmm effect. The resuits of
the two stages yield two equations in two unknowns (k;, k,), which can then be solved. This

concept is fllnstrated on Figure 1, below: g g jg

3
+ MEDNM  -DRAINEDMcDmIM IMAGE SOURCE
" IMAGE POTENTIAL TECHNIQUE

FLOW PATTERNS TWO-STAGE CONCEVPIS tces dam Caze 1o Besnded Mediom Witk Braviry)

Stage 1 is normally conducted using 2 flat bottomm flush with the base of the casing.
Infiltration proceeds mutil a steady-state flow condition is achieved. Then, the barehole is
advanced some 15 to 2 casing diameters (6 to 8 inches) below the bottom of the casing.
The apparatus is refilled, and i ion in this Stage 2 contimues until it achieves steady-
state flow. - - .

Durmg the test, the soil is assumed isotropic (k, = k). Stage 1 then yields an apparent
permeability (K1), and Stage 2 a different vaine (K2). The nnknown ratio (k,/k,) isa
unique fimection of the known test geometry and the known test ratio (R2/K1). When the
former is determined, the real (k,, k,) can be computed from (K1) or (X2).

III.  FIELD PROCEDURES

As is the case with virtnally all field tests, and especially field permeability tests, the field
procedures are of paramount importance. The rmost diligent office analyses camnot
overcome all of the problems resnlting from improper mstallation, inadeguate monitoring,
premature test termination, and the like,

31 Test Program Design. The test program should be designed to meet the conditions
assumed in dertving the data reduction equations so that meaningful resuits can be obtained.
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3.1.1 Vertical Boundaries, Certain clearances are required between the infiltrating
surface and any boundaries, pervious or impervious. These can be stmmanzed as:

a. hﬁmmnmcasmgembedmenxbelowgmnnd surface = 2.5D
(Prevents uplift, mmimizes hydranlic fracturing)

b.  Minimum thickness of tested material below bottom of Stage 2= 20D
(Avoids violating boundary conditions of equations)

c Minimum recommended Stage 2 extension ) = 1.5D
(Avoids theoretical problems at finite but smaill L/D)

D = Casing inside diameter
L = Length of Stage 2 extension -

3.12 Horizontal Spacings, Itzsmnntzvelyobuousthatthetestsmnstbespaced'far
enough” apart so that their flows do not interfere with each other causing a falsely

low permeabiltty. Also, the presence of a drainage boundary (such as the edge of a
test pad) winch is “teo close” to the test will increase the flow, yielding a falsely high
permeability.

This can be avoided by maintaining at least the following clearances:

a, Minimnm horizontal distance between tests = 30D
b. Minimum horizontal distance to free surface = 30D

3.13 Number and Size of Tests The mumber of tests required for evaluation
depends on the project, the acceptance criteria, and the variability of the stratum/fill

bemng evalnated. Mmmallyanyothzrgcot:chncaltcsnng,‘theblggerthe
better”,

However, the general practice has been to use 4-inch (ID) tests, with 5 tests
for the typical liner or test pad.

The scale effect, if any, of test size has not been fully researched. Virtually all of the
known tests have been conducted using 4-inch (10 cm) ID casings. These tests
typically permeate a vohume of some 0.4 - 1.1 cubic feet each, or 2 to 5 cubic feet for
a 5-test group. Benson (pers. comm., 1991) indicates that the mimmum
Tepresentative volume for 2 permeability determmation is on the order of 0.5 - 1.0
cubic foot. This is about the volume permeated by a typical TSB test.

314 Other Details. There are a few other details in test planning which should be
considered. Among these are:
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Protect the test area surface from desiccation, usually with clear or
white plastic,
(Avoids heat-indnced problems).

Use a "sock" to prevent collapse of the Stage 2 open hole in susceptible
materials. The sock is a rigid cylinder of open-mesh plastic, Iined with
g filter geofabric. The cylinder is somewhat smaller in diameter than
the casing ID (and thus the Stage 2 hole), and an inch or so longer
than the extension for Stage 2. It is fitted with retrieving lines and not
left in the hole after the test.

Minimize the distance (R)) from the ground surface to the bottom of
the measuring scale, especially for shallow tests. This also aids in
having the longest possible reading time between standpipe refills and
avoiding hydraulic fractaring. )

Match the standpipe size to the flow rate so that accuracy is achieved

but overnight readings are possible. For a 4-inch casing, this osually
means a 05 - 0.75 inch ID standpipe.

32 Permeameter Installation, Proper instaliation and checking the permeameters are vital
to obtaming a valid test. Vanious field techmiques have been developed through expenience
winch minimize problems. These techmiqnes are discussed in this section.

321 Permeameter, A typical permeameter is illustrated on Figure 2. The
apparatus is simaple; the permeameter can be assembled with a visit to a water-well
driller and a hardwaie store. The elements for a falling-head system are:

a

b.

d.

Casing. Typically 4-inch ID Schedule 40 PYC monitoring well pipe,
flush-threaded, with "O"-Ring joint. Other casings can be used.

Cap. To fit casing, preferably domed, and drilled and/or tapped to
receive the standpipe apparatus.

Standpipe. Clear Schedule 40 PYC or acrylic tube, 0.5 to 1.0 inch ID,
with scale, Include elbow with cover (kaving air-vent) to prevent rain
entry and minimize evaporation.

Fittings. The small fittings necessary to assemble the apparatus.

All joints which are not glued are assembled with PTFE Plumber’s Tape and silicone
grease (not sealant).
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322 Borehole, The casing is set into a borehole. The holes have been drilled nsing
rigs, power-operated hand equpment, and hand augers. The device depends on
depth and hardness of material. The hole mmst have a large enough diameter to
allow sealing the anmlar space between the borehole wall and the casing. Also, it
mmst not disturb the soils below the casing bottomm. The bottom mmst also be flat.
Experience has shown the following to be acceptable:

a. Borehole diameter at least 2 inches greater than the casing OD.
(To allow sealant to reach the bottom and for tamping). .

b. Stop point of anger about 1 inch above proposed casing bottom.
{To avoid testing in a disturbed material)
¢ Ream bottom of borehole to final depth with a flat auges.-

The bottom of the borehole shouid be flat and filush with the bottom of the casing
in order to correspond with Hvorslev’s (or H-I) Case *B" or "C" for Stage 1.

3.23 Sealing, This is the simgle most important step in installation. A poorly sealed
test cannot be saivaged. The anmular space between the casing and the wall of the
borehole is sealed with bentonite. Best results have been attained using 1/4" (not
3/8" or larger) bemtomte pellets or crushed bentonite (Baroid "Hole-Plug” or
equivalent). The procedure, illustrated on Figure 3, is:

a Crush sufficient pellets, "Ben-Seal”, or "Hole-Plug" to fill about 1/2

inch of the annulns. This should have about 1/16" size fragments with
- some powder.

b. Place this material into the annular space.

c Place about 1/2 inch of bentonite pellets or "Hole-Plug® into hole,
Tamp the bentonite pellets or "Hole Plug?,

e Add water until it shows above the bentonite,

£ Repeat the process (but using only the pellets or *Hole Plug") in 1 inch
increments to the ground surface or a minimum of 6D above the casing
bottom, whichever occurs first. Grouting above the 6D level is
allowable.

g Allow the bentonite (and grout) to hydrate at least overnight.
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The casing must be steadied to prevent lateral motion while sealing. The bentomite
seal is then allowed to hydrate gvermght before any head is applied to the system.

324 Advancing for Stage 2, Upon completion of Stage 1, 2 borehole is advanced
below the bottom of the casing to form the cylindrical infiltrating surface for Stage
2. The important points are:

a. Do not disturb the casing - that can affect the seal.
b. Borehole diameter should equal casing ID.

c Stop point of auger about 1 inch‘ above proposed Stage 2 bottom.
Ream flat and measure depth.

d. Roughen the sidewalls to minimize smear.

This portion of the work is normally handled with hand equipment. The first step
after removing the cap is to empty the casing of water (tests above groundwater level
or where no seepage- was noted during Stage 1 drilling and/or sealing). It is
frequently useful to obtain an undisturbed sample during this process, using ASTM
D2937 or D1587. However, undisturbed sampling should not be performed if the
material being tested contains gravel-sized particles; they can disturd the sidewalls
during the push or driving. After or in lien of undisturbed sampling, the boring 1s
angered until the point of the anger is about 1 inch above the desired bottom for
Stage 2. The aunger should be at least 1/2 inch in diameter smaller than the casing
ID. The boring is then completed to depth and diameter with a flat-bottomed
Tearmer. -

The reamer is designed to minimize sidewall smear, having fiull casing ID only at the
cutting edge. The sidewalls are then roughened with a wire brush or similar device,
a procedure also recommended in USBR E-18. This step must not be omitted, since
one of the significant problems encountered in Two-Stage testing has been artificially
low values for Stage 2 dne to smear. Equations to bandle smear are included herein,
but require some idea of the degree of smear.

After the borehale is completed and cleaned of cuttings, the depth is measured so
that the correct length of the Stage 2 cylmder 1s known. For a typical test, a 1-inch
depth error will yield the wrong Stage 2 permeability value by 7 to 8%. The cap is
then reseated, and Stage 2 begms.

33 Ambient Condition Effects Temperature changes cause the dominant effects of
amment conditions on this test, although there may be some contribution from barometric
pressure changes. Temperature changes affect the test by:



PAGE 9 .

Volumetric changes in the water and apparatus.
Viscosity changes with temperature.
Freezing the test water.

The procedures for overcoming these effects are given below.

33.1 Vohmmetne Effects (TEG), At slow rates of flow, the field readings are
affected by temperature, as has been noted on many such projects. Rising
temperature causes the water cohimm in the pressure/measurement standpipe to
expand, so that the drop in water level is less than flow alone would produce. The
net effact is a lower apparent permeability. Conversely, falling temperature produces
a2 higher apparent permeability. A normal day’s temperature variations can easily
canse a 0.5 to 1 order of magmtude change in the apparent permeability of low-
permeability materials, -

Therefore, 2 complete "dummy” test setup is installed but with the bottom of the
casing sealed with 2 cap which is normally gined on and pressure-tested. This
dummy, or temperature effect gauge (TEG) is of the same construction and
embedded to the samne depth as the regular test setups. Since there is no flow from
the TEG, any change in its readings mmst be due to changes in the ambient
conditions (temperature and/or barometric pressure). Such changes would affect the
regular test setups to exactly the same degree.

This correction is applied to the regular tests by:

* Reading the TEG at the same times as readings are taken on the
- regular tests.

* Determining any increase (decrease) in water levels in the TEG
between regular test readings.

* Subtracting any increase (adding any decrease) at the TEG from the
readings at the regular tests for the ends of the same time increments.

332 Viscositv Effects of Temperature, Permeability is normally reported as the
value for water at 20°C (68°F). The density and viscosity of liquids, including water,
are affected by temperature. The effect on permeability is in direct ratio to the
Kinematic viscosity (U), which 1s the viscosity divided by the density. The kinematic
viscosity decreases at higher temperatures. The net effect is that the apparent
permeability 1s greater than the 68°F value at low temperatures. The reverse occurs
with decreasing temperamures. The effects for ordinary conditions can be from -50%
to +15% on the permeability value. The normal correction to the standard condition
15 given in ASTM D5084:
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k/kr = Ry = Up/U, (33.-1)

Permeability for water at 68°F

Permeability observed in test

Correction Factor

Kinematic viscosity for test fluid at test temperature
Kinematic viscosity for water at 68°F

where:

ao e
Haoowuwd

The factors (Ry) are given for water at temperatures between freezing and 120°F (0
to 49°C) in ASTM D5084. See also Figure 4 which reproduces that data.

The temperature of the exfiltrating water is measured by a thermometer or
thermocouple in the TEG. It should extend to ronghly the bottom of the casing.
The thermometer or the leads for the thermocouple should have its ewn (sealed)
port into the TEG cap or casing. Rumning either through the TEG standpipe conld
easily affect its function of volnmetric correction.

333 Freezing Conditions, Unfortunately, field testing mmst sometimes proceed
when the air temperatures are below freezing. Landfill operators often complete a
test pad in late fall, so that they will bave approval from the regulators for
construction in the spring. Even if the ground temperatures stay above freezing, one
cannot get decent readings from 2 frozen standpipe. Three procedures have been
used: .

a Insulate the exposed test equipment, exposmg only to make readings.
(Only if mean daily air temperature exceeds freezing)

b. Use an antifreeze.
(Ethano] as Vodka is good, but needs its own Ry vs temperature graph.
Does not attack clay at 25% or less alcohal).

c Heat the test units.
(Potential for different temperatures - can invalidate the TEG).

34 Conducting the Test, The following discussion is applicable to both Stage 1 and
Stage 2. Basicaily, the procedure is:

a. Fill and assemble permeameters,
(Use PTFE tape and silicone grease. Pour slowly to avoid bottom
erosion).
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b. Read standpipe levels over time at the permeameter, plus level and
temperature at the TEG.
(Levels: to 1/16", temperature to 1°F).

c Convert these readings to apparent permeabilities,
d Continue the test until these permeabilities remain steady.

3.5 Field Calenlations - Apparent Permesbility, The data from each reading is converted
mto an apparent permeability, termed (K1) for Stage 1 and (K2) for Stage 2. Keepmg up
with the data in terms of a permeability has 2 physical meaning, and ealso yields a better
"feel” for the behavior of the medinm being tested. If that medinm were isotropic (k, = k),
then (K1,X2) would be *the” permeability. Remember that the objéctive of most field
permeability tests on regulated faclities is to determine that the vertical permeability (k,)
of the liner is not greater than some value, usually Ix10(-7) cm/sec, or to show that the
horizontal permeability (k,) of a drainage material is not Jess than some valne, typically
1x10(-2) cm/sec. It can be shown that (K1) is the maxitgum possible valne for (k,) and that
(R2) is the minimpm possible vaine for (k). Hence, using these apparent permeabilities
(K1 X2) frequently allows "pass-or-fail® determination early in the testing process. For
example, (K1 <Spec) within 24 hours in 90% of tests where (k,/Spec<0.6), and 70% of all
tests.

The equations for both Stage 1 and Stage 2 follow the generic falling-head test format:

k = RyG La(H,/H)/(tst) (351)
Permeability

Initial head (at t=t,)

Final head (at t=t,)

Final time

Geometric Constant, depends on test geometry

Kinematic viscosity correction to water at 68°F

where:

wnunwNuuan

R

In both Stages, the head is taken as the distance from the level in the standpipe to the
groundwater level. The distance from the bottom of the casing to the groundwater level 1s
limited for calculation purposes (only) to no more than 20 times the casing ID. If the depth
to groundwater is less than 20 times the casing ID, the true depth is used in the calculations.
However, where the depth to groundwater exceeds this criterion, it is considered to be at
this 20-diameter depth in the calculations. This hmitation 1s derived by 3-dimensional
analogy with the two-dimensional "effective radius" of a well. The volumetric effects of
temperamre are accounted for using 2 corrected final head, replacing (H,) by (8,"), where:
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H'=H,-c G52
where: ¢ = Increase in TEG standpipe water level during time period
fromt, tot,

If the TEG standpipe water level goes up between readings, (¢) is positive and (H, <H,).
Conversely, (c) is negative and (H;’>H,) if the TEG standpipe level drops between
readings. This step is not theoretically precise, but is close enough for test purposes. The
theoretical solution yields a complex implicit equation m which the true permeability is a
function of its own logarithm. However, for the geometry of the test setups and the
observed magnitudes of increases/decreases, the apparent permeabilities calculated in this
manner differ from the true permeabilities by no more than 2 to 5 percent. The net resuit
1s to "smooth” the apparent permeabilities. This smoothing-is most apparent (and most
usefnl) when the soil’s apparent permeability is less than about 2 to 5x10(-7) cm/sec and
especially for small-diameter standpipes. )

The kinematic viscosity factor (Ry) used in the calculation is that for the average test water
temperature dunng the period from (t,) to (t).

33.1 Stage 1. The nomenclature for the various terms of the Stage 1 calenlations
is flinstrated on Fignre 5. The proper equation is given belows; it 1s the solution for

(k,) for an isotropic medinom (k,/k,=1).

K1 = Rofr &/11D,){1+2(Dy/4b,)La(H,/Ey)/(t-t;) 353)
where: d = ID of Standpipe
- D, =  Effective diameter of Stage 1
(Casing ID or OD)
b; = Depth of tested medimm helow bottom of casing
a = +1 for impervious lower boundary
a2 = 0 for infinite depth of tested medium (b, ==)
a = -1 or pervious lower boundary

And the other terms are as defined alfovg. For field use, the geometric terms are
combined into a single constant:

K1 = R GI Ln(Hy/H,) /(1) @54
where: Gl = (zd/1IDp[1+2(D,/4b,)]
A complete example is given in the Sample Calculations, Appendix A.
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3.52 Stage 2. The nomenclature for the vanious terms of the Stage 2 calculations
is fitustrated on Figure 6. The proper equation is that given below; 1t is the solution
for (k,) with the assumption that (k,/k,=1).

K2 = Ry (¢°/16L1) {Lofu(1,z,0)}+a Lofu(lr,20)]} In(H /H)/ (1) (359)

where: f = 1-0.5623 Exp(-1.566 L/D)
L = Length of Stage 2 cylinder below casing
Wle) = L/D+1+@/DY
_ 4 /D.rL/D +¥ 1+(4b + 2
L IR e TN ooy
D, =  Diameter of Stage 2 extension .
(normally casing ID)
by- - = Distance from center of Stage 2 extension to
underlying boundary

And the other terms are as defined previously. The factor (f) was introduced to
account for the non-convergence of the Hvorslev equations as (- 0). For field use,
the geometric terms are combined into 2 single constant:

K2 = Ry G2 La(H,/H;)/(t:t) (356)
where: G2 = (&/16L9) {Lafu(l1,0)]+2 Lafu(ir,2b)]}
A complete example is given in the Sample Calculation, Appendix A

353 Time-Weighted Averagmg, Whether one uses the Laplacian or the Green-
Ampt model for groundwater fiow, there are still transient effects at the beginming
of every type of field or laboratory permeability test. The observed effect is to
indicate 2 high permeability, gradually decreasing to some relatively constant vaine
corresponding to a steady-state flow condition. Such an effect is usually noted m the
TSB. Therefore, the test must be conducted "long enough” to achieve virtually the
steady-state condition or the resuits will be not only too high but also erratic. In
addition, a single value each of (K1) and (K2) mmust be used in the final data
reduction (Section IV).
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There is no relizble method for pre-calculating the length of time required to achieve
steady-state. Rather, the observational method is used. The appropriate apparent
permeability (K1 or K2) is calenlated for each time increment, and/or over longer
periods of time; when these appear to be stable, they are checked using arithmetic
time - weighted averages, e.g.,

K =z (TIK)/z (T) EX))
where: K = Anthmetic Time-Weighted Average (ATWA)
Permeability )
T Time Duration of Test Increment (3)

K = Permcabﬂx;y Mcasurcd during Test Increment (i)

This is theoretically exact for 2 single run (between refills). Time - weightad
averaging also provides a rational basis for smoothing the (often) shghﬂy erratic
individual (K1,K2) values from the various time increments. An example of time-
weighted averaging is given in the Sample Calculations, Appendix A.

354 Termination Criteria, Infiltration theory indicates that the apparent
permeabilities (K1,K2) should forever decrease at an ever-and-ever decreasing rate.
Observations in over 200 of these tests show that a steady-state condition or a close
approximation of it is achieved in reasonable testing periods. A log-log plot of
apparent permeability versus time is usefnl in determining when steady-state is
achieved. Eventnally, the (K1,K2) plots fluctnate about stable values. An example
of such a plot is given in the Sample Calcnlation, Appendix A. This plot illustrates
the importance of fairly closely spaced readings at the beginming of each stage, which
allow separating the long-termn behavior from the short-term fluctnations, ie.,
enhance the "signal-to-naise” ratio.

In most tests, txme—welghtcd averages become quite stable, often to within 1 to 5%.
A reasonable set of criteria for terminating a stage is as follows:

* The time-weighted averages do not show an upwards or downwards
trend with time, y

and
* Do not fluctnate more than 10 to 20% among themselves,
and

* Maintain this behavior over 2 "sufficiently long” time, 12 - 72 hours
depending on permeability.
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IV. DATA REDUCTION

4.1 Basic Procedure, In some cases, the (Kl’) or (K2') values may be adequate for the
purpose of the test. Mare generally, the test is performed to determine the actual (k, k).
This section outlines how to comvert the (K1, X2’) values calcnlated as outlined m
Paragraphs (3.5.1) and (3.5.2) into the real permeabilities (k, k). Details for the common
case are covered below.

411 Simuitaneous Equations, The eguations presented earlier for determining
(K1,K2) are special cases of more general relationships. These more general
equations define the degree of anisotropy by the parameter:

m = Vi /K, 43D

This parameter affects the geometric terms of the various equations. éachstagehas
its own equation with a different effect of (m). In a general sense, these can be

written as:
Stage 1:  k, = G1, Io(H,/H)(t,t)
K1 = G1 Ln(H,/H;)(t:t)
or k, =Xi1(GL,/GI) “412)
where: G1, = Geometric factor inchuding (m)
_Simﬂaﬂy, for Stage 2,
k, = K2’ (G2,,/G2) 13)

If the sofl medinom being tested is homogeneous (although cross-anisotmpic and
possibly bornded), the vertical pcnn&bﬂﬁ:y (k,) mnst be the same in both fmges.
Hence, (4.1-2) and (4.1-3) provide two equations in the two unknowns (m = Yk, /k,)
and (k,). The resulting equation is:

KT'(GL,/G1) = k, = K2'(G2,/G2)
or KZ/RT = (Gl /G1)(G2/G2,) 414
The standpipe areza (A,) cancels for each individual stage in (4.1-2 and 4.1-3), even
though different (A) values may have been used for Stage 1 and Stage 2, and even

for different pornons of either stage. The actual equations for the geometric
constants involving (xn) are given m Paragraph (4.2).
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The ratio (K2’/K1’) is known from the test; the actnal values introduced are the
long-term tme-weighted averages, (K1’ and K2'). The geometric terms are also
known. Therefore, Equation (4.1-4) is satisfied only for one vaine of (m). Due to
the complex nature of (4.14), tral-and-error or graphical solution works best for
specific problems.

_aléﬁa_l_c_g;g:@g_(kh)&d& The value for (m) is obtained as outlined above in
Paragraph (4.1.1). When (m) is known, (k) can be calculated directly from Equation
(4.1-2), and, by the definition of (m) in Equation (4.1-1). .

K = 2Pk, @25

These events are handled by using 2 comnservative (m) from the best-behaved tests
and introducing that value mto Equation (4.1-2).

The method of image wells has been used in geohydrology for years. The classic example
is the solution for 2 well near a Tiver, found in many textbooks, However, the method 15 not
limited to two-dimensional sitnations such as this fllustration. Any solution for an infinite
Or semi-infimte medinm which describes the potential fald (head distribution) can be
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The basic idea 1s that halfway between a source and a sink of equal but opposite strength
will be 2 plane of zero potential So, if there is a plane of zero potential (head), its effect
can be replaced by an "mmage” source/sink located twice as far away from the sink/source
as is the midway plane. If the test (source) is set a distance (b) above the drama.ge blanket,
the flow field will be the same as if there were no blanket but there was an image test (sink)
with negative head at a distance of (2b) below the real test. Since the drainage blankat is
at zero head, the head at the test is taken as the total head lost: (b) plus the excess pressure
(bt) applied at the infiltration point of the test.

Consider also the case where both the real and image sources have equal strengths and both
are sources (positive head) or both are sinks (negative head). By the same logic as given
above, the midway plane will be a no-flow boundary, corresponding to an n:npemcable
bottom boundary located at a depth (b) below the real test.

421 Stage 1, The Hvorslev-Image equation (Casc *C") for the ﬂush-bottomcd
portion of the test iy given by:

k, = (x&*/11mD)[1+2(D,/4mby) [La(H,/E,)/ (4,1, (429
where: d = ID of Standpipe
D, = Testdiameter for Stage 1
b, = Thickness of test medium below base of casing
H, = Initial head (t=t)
H) = Corrected final head = H,~c (see Paragraph 3.5)
t, = ¥inaltime
t, - Initizl ime
a = -1 for permeable botlom boundary
a = ( for infinite depth to bottom boundary
a = +1 for impermeable bottom boundary

Equaton (4.2-1) can also be written as:

= Gl, La(H,/H)/(tt) @22
G1 = (rdzlllmDQ[1+a(D1/¢ime]

422 Stage 2, Szmﬂaﬂy, for the cylindrical case (Hvorslev "G"), the Image equation
(with sidewall smear) is that given by:

k, = (d*/16Lfm’) {Lafn(mr,+T,0)] + 2 Lofu(m,r,2b,)]
+ D Lofu(mr,0)/u(m,5,+ T,0)} La(H,/H,)/(t:t) 423
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where: L = Length of Stage 2 extension
£ = 105623 Exp(-1.566 L/D)
wmr,o) =  [mL/D, + V1+@L/DyP
amr, 2b) = 4Amb. /D, +ml/D,+V 14 (4m + 2

4mb,/D,-mL/D,+Y 1+(4mb,/D,-mL/D.
w(mr,+Te) = {ml/(D;+2T) + VY 1+ml/D,+2DFY

P = L/

k = Permeability of smeared zone .

T = Thickness of smeared zone (0.6cm;=0255n)

D, =  Diameter of Stage 2 extension

b, = Distance from center of Stage 2 cylinder to

underlying boundary

And the other terms are as defined above for Stage 1. Eguation (42-3) can be
wrtten in the generic format as:

k, = G25 Ln(H/H,)/(t1) @24

where:  G2S= (/16Lim){Lafu(mr,+T,0)] + 2 Lafn(mr,2b)
+p Lafu(m,z,0)/a(mr, + T,0)}

The generic expression for (K2'/K1’) as 2 fimction of the test geometry is Equation
(4.144). Following the steps outlined in Paragraph (4.1.1),

KZ/Kr = (G1,/G1)- (G2/G25) 425)
where:
(GL,/Gl) = (1/m) [1+a(D,/4mb))]}/[1+a(D,/4b,)]

(G2/G2S) = m{Lafu(1r,0)+alnfu(lr 2b)]
= Lofu(mr, +7T,0)]+aknfu(m,,2b,)]+ pLafu(m,r,,0)/u(m,r,+T,0)]
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Equation (4.2-5) is salved by taking an appropriate (p) and determining (m) by trial-
and-error or by a graphical solution such as Figure 7.

The vahue of (p) is not determined in the test. -The pormal range of (p) is from 2 to
20; (p=1) indicates no smear. The following values for (p) have yielded satisfactory
results, consistent with apparently non-smeared tests on the same tested units:

K2 /K1’ P
>11 1
09-11 12
0.3-09 25
0.7-0.8 5,10
0.6 -0.7 10,20
04 - 0.6 15,20
04> =

* Use Stage 1 Only Approach - Paragraph (4.13).
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4.3 Non-Satprated Media. Field permeability tests are frequently performed on matenials
which are not fully saturated. Such materials affect the tests in two ways:

*  The hydraunlic head is dissipated over the (changing) distance from the pomt‘ of
inflow mto the soil to the "wetting front”, where the soil is considered fully
saturated (Green-Ampt Model).

*  Unsaturated clays exhibit "soil suction”, which effectively adds to the hydraulic
head.

In the Two-Stage test, infiltration into the soil is three-dimensional. The majority of the
head loss occurs close to the inflow surface, even in a fully saturated materdal. About 50%
of the loss accurs withm-one tést radms of the inflow surface. For a typical Two-Stage test,
disregarding wetting front distance theoretically yields a-permeability 10 te 50% too high.

The effect of soil suction is roughly proportional to the ratio of suction to applied head.
The effect of suction alone on a permeability test can be expressed as:

k/k = (1 + S/B) (43-1)
where: k, = Observed permeability
kX, = Tme satorated permeability
S = Soil suction
b, = Applied head

The Two-Stage test normally operates with heads 3 to 6 times those of other test methods,
mimmzing the relative effect of suction.

These two effects can be handled using the graph presented on Figure 8. That figure is
based on mmmencal solutions for the eqmpotental surfaces in an infinite medium (a=0).
However, for the typical real test, the dimensionless flow volume is such that the
equipotentials do not vary significantly from the ellipsoids in either the permeable-base
(2=-1) or umpermeable-base (a=+1) cases. The actnal volume, which includes an
allowance for the impermeable casing, has been included on Figure 8.

When using Figure 8, the mit1al volume (V) is taken as:

*  Stage 1 - The volume of a hemi-ellipsoid having the diameter (D,) and height
D4

Va = /24) Dy (43-2)
*  Stage 2 - The volume of the Stage 2 cylinder.
Vg = (r/4) D;* /Dy (43-3)
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The term (V,) is the total volume of water which has infiitrated into the soil through the
end of each stage, allowing for that removed m the Stage 2 extension. The (n,) term is the
soil’s arr porosity.

Figure 8 is applied first to the individual (K1) values from Stage 1:

K1, = K1/[R(1+s/H,)] “34
where: Ki, = X1 cormrected for suction and wetting front
R = _Permeability ratio from ¥igure 8
Then, Figure 8 is similarly applied to the individnal (K2) values from Stage 2:
K2, = K2/[R(1+s/H)] (43-5)
where: X2, = K2 comected for suction and wetting front ’

Thereafter, (K1,K2,) are used in Equation (3.5-7) for the average valnes (K1’ K2’). These
are then introduced into Equations (4.2-5) for (m) then (4.1-2) for (k,), and finally (4.1-5)

for (k,).

TYPICAL TEST
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V. EXPERIENCE WITH TSB TESTS

As of Jammary, 1992, STEI alone has been involved in some 200 tests (40+ projects) on
recompacted materials and 90 tests (6 projects) in natural materials. These have generally
been of relatively low permeability [10(-6) to 10(-9) cm/sec]. Some conclusions from this
expenience are given below.

5.1 Types of Projects, The test has been successful in many types of soils:

51,1 Test Pads and Tiners, It has-been used in such conditions for test umits from
20 to 60 inches thick. Materials have ranged from CH-OH (Liquid Limit 100+, clay
content 70%+) to. SC/GC (Liquid Limit 30, gravel content up to 30%, clay content
12%). Vertical pcrmcabﬂﬂaes have been successfully measured from the mid 10(-7)’s
to the low 10(-9)’s (va]ues in cm/sec). -

5.12 *Natyral® Depgg;s, It has been very successful in clays to depths of 10 to 15
feet. Where the clay does not make water, it has also been successfnl to abont 20
to 25 feet. The test was moderately successful in soft, highly layered mine tailings
clay at depths up to 30 feet. It has been used up to 7 feet deep in shales. Measured
vertical permeabilities have been in the same ranges mentioned above.

52 Comparisons with Other Methods, The accuracy and lack of false negatives of the TSB
can be evaluated by the comparisons with SDRI data shown on Figure 9 and with laboratory
data from undisturbed samples given on Figure 10. Of the 11 known cases wheze both feld
methods were used on the same test pads/liners the mean ratio of their conductivities was
11 (TSB higher). In three known cases, the TSB proved failure defects in test pads that
laboratory tests did not show, indicating the TSB avoids false positives. Experience to date
can be summarized as:

52.1 Recompacted Clays, The vertical permeability (k) as obtained from laboratory
tests, the TSB, and the SDRI generally agree qmte well on test pads/liners (11 cases)
which have had proper CQA. The laboratory tests tend to underestimate the
horizontal permeability.

522 Natural Clays, Compan’sons have only been made with small-scale laboratory
tests. In general, there is good agreement with the TSB for vertical permeability,
while laboratory tests agamn underestmate the horizontal permeability.

5.3 Speed, Assoon as the test begins, so does the question from the client, "Does it Pass?"
It is usual that (k,) must be less than some specified value (Spec), or that (k,) must be
greater than a different (Spec). Since the maximmm possible valne for (k) is (X1), as soon
as (K1<Spec), one knows the test for (k,) must pass. Likewise, since (K2) is the mnirmmm

possible value for (k,), if the long-term (K2) is greater than (Spec), the test for (k,) must
pass.
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Most of the TSB tests to date m test pads/liners have been for (k,). The better the pad,
1e., the higher the (Spec/k,) ratio, the sooner (K1<Spec). In 90% of the tests where
(Spec/k,> 1.7), passing was mdicated 1 24 hours or less. Some 75% of all tests have
mdicated passing within 72 hours. A marginal test unit, whose (k,) is just below (Spec), will
Tequire completing Stage 2. In general, each Stage lasts 4 to 14 days, the longer ttmes bemng
required to complete 2 test in lower permeability materials,

5.4 Volume Tested A single typical TSB tast permeates 2 volume around 0.6 to 1.1 cubic
feet, or 60 to 200 times the volume of a typical plug tested in the laboratory (3 inch
diameter, 3 inch height). The usual S-test program thus tests about 10 to 20% the volume
of an SDRYI, yet yields about the same valnes. The TSB has 2 good balance of soil volume
tested and speed.
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APPENDIX A

SAMPLE CALCULATION
FOR
2-STAGE FIELD PERMEABILITY TEST

il

NOTE: This isan idealized case
exhibiting virtunally perfect behavior,
and is not to be considered
representative of field behavior.
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Attachment 1

STATE COMMENTS ON THE FINAL LANDFILL SITE FEASIBILITY REPORT



STATE OF COLORADO

’*:::" ¢

Roy Romer, Govemnor
- Path Shwayder, Acing Executive Director

Dedicated to protecting and improving the heaith and environment of the people of Colorado
HAZARDOUS MATERIALS AND WASTE MANAGEMIENT DIVISION

4300 Cherry Creek Dr S 222 S 6th Street, Room 232
Denver, Colorado 80222-1530  Grand junction, Colorado 81501-2768
Phone (303) 692-3300 Phone (303) 248-7164
Fax (303) 759-5355 Fax (303) 248-7198
August 30, 1995

Mr. Charlie Scharmann

Office of the Program Manager
AMXRM-PM, Buiding 111
Rocky Mountain Arsenal
Commerce City, CO 80022-2180

Dear Mr. Scharmann

The state has reviewed the Final Landfill Site Feasibility Report for the Feasibility Study Soils Support
Program. The report was generally well done. Enclosed please find comments on both the techmical
aspects of this report and the state’s analysis of the regulatory aspects that need to be addressed in the
CAMU Designation process for the hazardous waste landfill.

Now that a Conceptual Remedy exists for RMA, the Army can become very specific with respect to
configuration and design of the landfill. The CAMU regulations requre compliance with Part 264,
Subparts B, C, D, E, and N as well as the siting requrements contamned m 6 CCR 1007-2, Part 2 The
CAMU must also meet regulatory requurements for applicable design, operation and closure requirements
mcluding ground water monttoring. The specific requirements needed for the CAMU Designation
Document can be discussed at our meeting tomorrow; some items should be described in detail by the

Army m 1ts proposed designation document, while other items could be outlined with a corresponding
schedule for future submuttals of the required mformation.

The state would like to request a copy of the HELP inputs used by the Army for the Feasibility Study in
a digital format If you have any questnons, please feel free to call.

Sincerely,

B e
vbrfc?f Edson

RMA Project Manager
Hazardous Matenals and
Waste Management Division

cc: Connally Mears, EPA Ken Comnight, TCHD Edunardo Quuntana, EPA
Willlam Adcock, Shell Rorel Fmley, USF&W Craig Tessmer, Adams County

' Robert Foster, DOJ Edward McGrath, HRO  Ropel Fmley, USF&W
Jonathan Potter, JAG Vicky Peters, AGO Ira Star, GT



CDPIE Review of Landfill Siting Criteria

Faults (1,000 year)

Yes

Siting Criteria ! Adequately Addressed by Site Feasibility Report?

Floodplain (100 year)

Yes, but provide more info on source of map

Salt Formations

Yes

Surface Water/Ground Water

Yes

Airport Safety

Yes, please provide a map for ease of public review showing
location of landfill with surrounding land uses
including DIA

Wetlands

Yes

Seismic Impact Area

No, please provide citation for source

Unstable Area (onsite soil
conditions)

No, no discussion provided

Topography (protection against
winds and minumize piecip

catchment)

No, not discussed

Isolation (isolate wastes)

No, but seems like more of a design issue

Hydrogeology/Geology No, have questions

1,000 siting criteria

Location (controlled by Yes

operator) "
Buffer Zone (noise) Yes jJ




Proposed RMA Landfill CAMU Designation Time Line

Dec 31, 1995 Jan. 30, 1996 Jan 31-
March 1

o

CDPHE - August 30, 1995

March 29

Army submits CDPHE Reviews Minimum of
CAMU & Revises 30-day
Designation CDD As Public
Document (CDD) Needed Comment

CDPHE Issues

Corrective Action

Order incorporating

revised CDD and public
comment. Could also
request additional landfill
design, operation, etc
information from Army with
corresponding submittal
schedule.

* Corrective Action Order needs to be issued in advance of ths Record of Decision

Army continues
detailed design
process and/or site
characterization
study submittals

to meet substantive
requirements of
landfill permitting
process

Construction




Colorado Department of Public Health and Environment
Comments on Final Landfill Site Feasibility Report and Requirements
for the CAMU Designation
August 30, 1995

Summary:

CAMU regulations spectifically dictate compliance with Subpart B, C, D, E and N of Part 264
of the state’s Hazardous Waste Regulations and comphiance with the state’s regulations for
siing of hazardous waste disposal sites, 6 CCR 1007-2, Part 2. CAMU regulations
(264.552E) also specify requirements that address design, operation, closure, post-closure, and
ground-water monutoring. Prior to the 1ssuance of the CAMU Designation Docurment (CDD),
the Army should provide mformation necessary to satisfy the state siting criteria (particularly
the 1,000 year protection criterion}, :dentify and techmeally support a preliminary liner and
cover design, and submut a Construction Quality Assurance document and specifications that
are consistent with the construction methods used in the test fill Other regulatory
requirements should be addressed directly m the proposed CDD or by schedule and provided
for state approval during development of the landfill design.

The discussion below indicates some of the prehminary techmcal concerns of the state and
indicate appropriate regulations. Reference 1s also made to the July 1995 Sute Feasibility
Report (Report) Regulatory citations are noted 1n u#alics.

Part 264, Subpart B — General Facility Standards

Section 264 13, General waste analysis

Addressed 1n the Report but not fully developede Chemical and physical analyses of
hazardous waste and hazardous debris must contain all information which must be known to
treat, store, or dispose of wastes properly in accordance with Part 264 A waste analysis plan
1s required. This plan can take mto account the sampling that has occurred at most sites

during the Remed:al Investigaton This informanon should be provided or addressed mn a
schedule by 1ssuance of the CDD

Section 264 14 Security

Addressed 1n the Report but not fully developed. This informanon should be provided or
addressed m a schedule by issuance of the CDD

Secrion 264 15, General mmspection requirements

Addressed 1fi the Report but not fully developed. This informanon should be provided or



addressed in a schedule by 1ssuance of the CDD

Section 264 16, Personnel training

Addressed 1n the Report but not fully developed This information should be provided or
addressed in a schedule by issuance of the CDD

Section 264 17, General requirements for 1grutable, reactive, or incompatible wastes

Not addressed m the Report. This mnformation should be provided or addressed in a schedule
by 1ssuance of the CDD. This plan will mterface with the waste analysis plan This issue 15
mmportant considering UXO debnis and Basin F matenals -

Section 264 18, Installation standards, were addressed by the Army in the Report in Section
4-- Area Feasibility Study. Additional information is needed with respect to the flood plain
analysis, which was based on an Army Corps reference The groundwater protection
regulanon 1s further developed 1 the state’s siing regulations

Secnion 264.19, Construction quality assurance program, 1s a requarement of the state for
construction of foundations, dikes, liners, leachate collection and detection and cover systems
A formal written CQA plan 1s required. The plan should be completed in conjunction with
the final designs

Test Fill

The Army has already undertaken a major step m the CQA program by developimng
specificanions and constructing a test fill. The general concem of the state 1s that
specificatons for the full-scale lmer construction be consistent with the findings of the field
program or with the onginal specifications— whichever 1s more conservative

The test fill did not meet several techmical specifications (e g., the contractor did not use the
equpment specified) Specific concerns are noted below-

Lift Thickness —

The specifications (Appendix A) state that loose lifts of 9" of soil will be placed on
the pad 1n order to achieve 6’ of compacted matenal In the final results, as recorded
m Figure 3.2, both test pads only achieved 3" and 4" of compacted soil This may
suffice for a test pad attempung to prove only low permeability, but 1t 1s not the most
opumumn lft thickness for future construction, which was one of the objectives of this
part of the report, as stated in Secnon 2.1 of the Matenal Feasibility Study The full-
scale~cdnstruction specification should be revised to reflect that smaller hift thickness

2



was obtamed 1n the field.
Clod size —

A 3" maximum size was specified i the contract specifications (Appendix A, page 11-
4 of the Report) This 1s a large clod size and the state reserves the right to review
this potential crniterion based current state-of-the-art pracice The number of moisture
failures observed during the test fill may have resulted from madequate soil
conditioning Specifications should be wntten on equipment and methods to condition
soil moisture and clod s;ze The specifications as written did not specify the
equipment to achieve this end. A pulvamixer was ultimately used on the test fill and
should be so-specified for full-scale.

Moisture and Cunng -

In Appendix I, Section 2.2 4, there 1s a statement regarding the soil processing
function. It states that there 1s a need to “allow adequate time for clod reduction,
moisture addition, blending, curing and testing to verify the optimal moisture content
range has been achieved ” There 1s further EPA QA/QC gwdance (Sept 93)
recommending at least 24 - 48 hours curing time for umiform absorption and hydration
of so1l particles when the moisture vanance 1s increased by more than 3 percentage
points. It is also recommended 1n guidance that if this moisture varniance 1s observed
during the test pad construction, test soil should be removed from the test pad and
brought back to the soil processing area for reworking The removing and
reprocessing of the soil 1s also required in the specificanons of Appendix A, page 11-
5. However, as evidenced by the soils test reports in Tables 3.2 and 3.3 of this
document, soils failing moisture tests by much greater varniances than those discussed
above, were neither allowed adequate time to absorb added moisture nor were they
removed from the test pad to be re-processed 1n a separate processing area, or at least
no details were provided to verify such. No such vanation from the specifications
should be allowed 1n the full-scale specifications

Depth of compaction and type of compactor —

The depth of compaction 1s measured by the length of the compactor’s foot. EPA
QC/QA gudance makes 1t clear that the mmmimum length of the roller foot shouid be
the length of the loose Iift of soil. The specifications. however, (Appendix A, pg 11-
4) state that the foot 1s to be as long as the compacted hift thickness (6"). This 1s short
of the desired length resuling in lack of bonding berween lifts Thus 1s criucal for
adequate rmuxing and kneading of the soil to insure proper homogeneity and even
moisture control The shorter feet on this test fill may have resulted 1n problems with
achieving compaction, as evidenced in the test results shown in Tables 3.2 and 3.3

- -
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The type of compactor 1s also very important, as noted in the Work Plan for this
project 1n Section 2 2.6, of Appendix I. It states a “Caterpillar Model 825 or equal” 1s
to be used for this project. The actual model used was an 815B, per Section 3.22 of
the Maternial Feasibility Study This compactor 1s nearly one half the size of the 825
Model and definitely not the most desirable piece of equipment for construction of this
large of a landfill (see Appendix C for details)

Recompaction and Moisture Adjustment —

Significant moisture adjustments in the test fills were required, as reported in Tables
3.2 and 3.3 Most results appeared to have been corrected on the same day, without
adequate saturation time, and repaired on the test pad itself, without moving the
failing soil back to the processing area. Both of these conditions violate the
specifications written for this project ;n Appendix A For example, Appendix A,
Section 11, Part 3.02 -H, page 11-5, states “No more than 2 percent moisture may be
added to the test fill duning construction. If the moisture content is greater than 2
percent.. , the test fill so1l shall be removed from the test fill...” No evidence of the
correct procedure was recorded or so stated in the document when moisture tests failed
on the test pad by this margin

Test fill #2 recorded a moisture test, Test Number 34, of 6 percentage points above
optimum moisture On the same dav, a second passing test was recorded (Test Number
37), that stated in the comments, “Retest of No. 34, after werting of dry areas
pulvenizing and compacting™

This would not be significant 1f not for the fact that 1 two test fills contaiming 55 and
70 tests each, a failure rate of 20% - 30% was expenienced. Also, there were soil
moisture variations on the test fills of 5 pomnts below to 6 points above optimum
moisture Both observanons lead to the acceptability and rehiability of the test fill
construction program methods The full-scale specifications should concur with the
ongnal test fill specificanons with regard to recondrhommng failed Lifts

Part 264, Subpart C — Preparedness and Prevention

Addressed m the Report but not fully developed. This information should be provided or
addressed 1n a schedule by issuance of the CDD.

Part 264, Subpart D — Contingencv Plan and Emergency Procedures

Addressed 1n the Report but not fully developed. This mformation should be prowvided or
addressed 1ra“schedule by 1ssuance of the CDD



Part 264, Subpart E — Manifest System, Record keeping and Reporting

Addressed 1n the Report but not fully developed. This information should be provided or
addressed in a schedule by 1ssuance of the CDD (State agrees that manifest system 1s not
applicable).

Part 264, Subpart F — Ground Water Protection

Development of a ground water monitoring plan 1s needed for the CDD and not addressed in
the Report.

Part 264, Subpart G — Closure and Post-Closure
Part 264, Subpart S, (d)(4) addresses in general terms the closure and post-closure
requirements for CAMUs Substantive sections of Subpart G will be applicable.

Part 264, Subpart N — Landfills

Development of landfill design, specificauons, construction, response actions, record keeping,
and closure and post closure care, will be consistent with this Subpart.

Rules and Regulations pertamning to Solid Waste Disposal Sites and Facilities 6 CCR
1007-2

CAMU Regulations specifically address siing of hazardous waste disposal sites, 6 CCR 1007-
2, Part 2 The Army also considered the solid waste regulations. The state’s regulations
govermung solid waste disposal sites were addressed 1n the Report and adopted as critenia,
specificallv Locarion Restrictions and Site Standards, Section 31  The demonstration that
these critenia are met 1S lacking mm some 1nstances, as noted by the Army (e.g., topographic
protecuon and hyarogeologic 1solation, Page 4-15) The 1solation criteria is actually more
fully developed under the Part 2 rules. below

Rules and Regulations pertaining to Sehd and Hazardous Wastes 6 CCR 1007-2, Part 2
Requirements for Siting of Hazardous Waste Disposal Sites

These regulations are adopted under the CAMU rcgula_nons Section 264 552

6 CCR 1007-2, Parr 2, Section 2 4, Mimimum Design Performance Criteria

These regulations consider: 2 4 1, Protection of human health and the environment, 2 4 2,

Protecuion of groundwater quality, 2 4.3, Protection of surface water quality, 2 4.4, Protection
of Air Qualrty? 2 4.5, Long-term mmpact to public health and the environment, 2 4.6, Liner



ntegrity, 2 4 7, Leachate and runoff control, 2 4 8, Closure, 2 4 9, Surface and groundwater
water monitoring; and 2.4 10, Post-construction certification, 2.5 Requirements for Siting and
Design. General comments follow

The Army should provide cross-ieference to these regulanons for agency reviewers, as many
of these requirements are partially addressed m vanous sections of the Report.

A major design consideration, the potential for migration through limers (and mmpact to
groundwater) should be addressed using mass transport modeling, not just by HELP The
Army used RITZ for unsaturated flow estimates. The estimate of travel time to demonstrate
the 1,000 year protectiveness criterion requres additional evaluation

The Army should consider other limer performance criterion besides cost and constructability,
such as mass transport considerations, before selectng a liner design. The state 1s particularly
concerned with the use of GCL in the primary hiner The state 1s also concerned with using
sand 1 the leachate collection layers (See page 5-10, second paragraph of the Report)

Coarse granular matenial or geogrid 1s more effective than sand (coarse granular 1s preferred
over geogrid) The state would like to discuss the use of 80-mil geomembrane versus 60-ml

The prevention of 1mpacts to air and surface-water quality should be addressed at the 1ssuance
of the CDD

6 CCR 1007-2, Part 2, Section 2 5, Requirements for Siting amd Design

Sections 25 1,2

These secuons consider conformance with the mmmimum design critena, odor-threshold levels,
safety and contingency 1issues, matenals for liners and covers, and resources necessary to
guarantee long-term protecthion of the environment. The Army should address these 1ssues
directly, referencing the appropnate regulanon. Odor, 1n parucular, has not been addressed in
the Report Matenal availability for liners and covers has been addressed mn this report and
the Final Feasibility Study Soils Support Program Report.

Section 2 5 3, addresses the 1,000 year criterion for exposure of waste to the public This
criterion was addressed 1n previous RMA studies using a ume of ravel argument to show that
a depth to groundwater greater than 40 feet below the lmer system was adequate to prevent
mmpact to groundwater for close to 1,000 years. The current Report approaches the issue m
Secnon 4-- Area Feasibility by citing the requirements directly from the regulations (see page
4-16, first complete paragraph) without evaluating how the criterion 1s met. The selected
depth criterion (ground surface to groundwater) ranges from 40 to 70 feet (See Page 4-21,
First Paragraph)

In Secuon 5-- Site Feasibility Study, the Army notes that the effecuve depth to groundwater
from the bortom of the liner can be as shallow as 10 feet (Page 5-37. First Compiete
Paragraph) -~Ttus shallow depth 1s presumed to provide 1n excess of 1,000 years travel time to



groundwater. Thus the current report reduces the mmimum depth to groundwater
significantly below the 40 foot depth presumed in earher siting documents

The model runs, including HELP and RITZ should be further documented to justify not only
the cover and hiner designs, but to justify the Army’s conclusion that soil water movement
through the vadose zone could require 1,000 to 1,200 years to travel one foot. This rate 1s
over 50 times slower than previous calculations shown in the 1988 Ebasco report. Mass
transport modeling, 1n hieu of HELP modeling may be more appropriate to account for
diffusion of volatiles

The report figures showing geologic cross-sections and sites should be modified to show
groundwater elevations (Figures 5 6 to 5.8). The state infers that an excavated landfill in the
Army’s model woulid have a depth to groundwater much less than the 40 to 70 foot range
discussed 1n the Report (page 4-21, second complete paragraph)

Sections 2.5 4,5 states that designs are to be consistent with requirements of section 2.4 1n
order to be sited.

Secrion 2 5 6 of the regulations addresses the location of a facility with respect to acceptable
means to prevent adverse effects on public health in the event of discharges of hazardous
waste (See page 4-16, last paragraph of the Report). The Army should note the appropriate
plans (e g, contingency, operations) which will address this regulation

Part A requirements of 6 CCR 1007-3, Section 100.40 (See Appendix A)

Thus section of a state permut for siing a hazardous waste disposal facility, Permt
Requirements and Conditions, covers thirteen 1tems of general information, status of other
environmental permuts and approvais, and some specific imnformation on the processes and
wastes to be handled A formal permitting process will not be required for the landfill since
the CAMU process 1s bemng used. However, substantive technical information that should be
provided by the Army, are noted below (appropnate sections are 1talicized)

Secrion 100 40 (a), (8) requires a “description of the processes to be used for treating,
stormg, and disposing of hazardous waste, and the design capacity of these items ™

Secrion (a), (9) requures a specification of the hazardous wastes listed. quantities, and
processes to be used for such wastes

Section (a), (13) covers hazardous debris and the categories
The Final Landfill Site Feasibility Report (Report) defines only general waste categores, ¢ g.,

contarminated soils, treated soil, structural debrts Additional detail on the hazardous waste
sources and-character, list category, and their respective volumes. based on the conceptual



remedy, will be needed with the CAMU Designation Document (CDD) Detail on any
processes and matenial handling at the landfill are also required. The waste generation rates
and schedule 1n the Report are broad enough to cover a range of potential remedial
alternatives; however, these should be refined to reflect the current conceptual agreement and
the new version of the DAA.

Part B requirements of 6 CCR 1007-3, Section 100.41 (See Appendix A)

Part B requirements are used to demonstrate compliance with standards promulgated in Part
264. Additional substantive techmical information should be provided by the Army, as noted
below~

Section 100.41 (a) (2,3) Chemucal and physical analyses of hazardous waste and
hazardous debris must contan all mnformation which must be known to treat, store, or
dispose of wastes properly 1 accordance with Part 264. A waste analysis plan is
requured.

This information, which was not included 1n the Report, is needed to support a liner
design compatible with the wastes to be disposed (See 264 301) This information
should be provided or addressed 1n a schedule by 1ssuance of the CDD. The 1ssue of
waste analysis was bnefly discussed in the Report. Further detail 1s needed.

Sections (a) (4), (3), (6), (7), (8)

These reports have been briefly addressed in the Report. These plans should be
developed 1n detail and submutted or addressed in the schedule at the time of the CDD.

Section (a), (11)

This section, which relates to facility locauon mnformation has been addressed, in part,
in the Report. The following additional information 1s required

Section (a) (11) (B) (1) The Army provides a 100-year flood plain map with
a vague citation to a 1983 Army Corps study Please elaborate on this source
of floodplain inforrnation.

Section (a), (18) A detailed topographic map showing a distance of 1,000 feet
around the facility at a scale of one inch equal to not more than 200 feet is
required. Inadequate topographics for the conceptual landfill footprints were
provided in the Report.

Section 100 41 (b) (7) consists of additional detailed information requrements for
landfills to Hhustrate comphance with Part 264, Subpart N



Appendix §

COLORADO DEPARTMENT OF HEALTH AND ENVIRONMENT’S
MODIFICATIONS TO DRAFT FINAL CORRECTIVE ACTION
MANAGEMENT UNIT DESIGNATION DOCUMENT



Colorado Department of Health and Environment’s
Modifications to

Draft Final Corrective Action Management Unit
Designation Document
Rocky Mountain Arsensl
Commerce City, Colorado

The following modifications and/or additions are to be inciuded in the Final Corrective Action
Menagement Umit Designation Dogument, Rocky Mountain Arsenal

Text, Section 2.1, Facilitation of the Remedy

In the fourth paragraph, third bullet, replace "toxicity” with "mobility."

Text, Iabl; 2 1, Description of Preferzed Sitewide Soi] Remedy

Toxic Storage Yards - The cubic yardage should be 2,700 BCY instead of 2,600 BCY.
Chermcal Sewers - The cubic yardage should be 64,000 BCY instead of 62,000 BCY

Hex Pit - The cubic yardage histed under the 'Components of the Preferred Remedy’ should be
mn bold type to indicate that remediation waste from that unrt may go nto the landfill.

Buried M-1 Pits - The cubic yardage (26,000 BCY) should be 1n bold type to indicate the volume
of remediation waste that will be placed into the landfill

South Plants Balance of Areas - The cubic yardage should be 135,000 BCY instead of 130,000
BCY

Section 36 Balance of Areas - The cubic yardage should be 142,000 BCY instead of 140,000
BCY

'Principal’ is misspelled through the table as ’principle ’
Text, Table 4 2, Cross-References of Regulatory Requirements
Include Subpart N 1n the Table's title



Text, Figure 3, Schedule of CAMU Activities

Revise the table to indicate actual dates, 1 e
- 30-Day Public Comment peniod dates should be March 16, 1996 through Apnl 19, 1996;

- Add - 30-Day Extension to Public Comment Period, starting April 20, 1996, finishing
May 20, 1996.

- CDPHE Issues CDD Designating CAMU - June 11, 1996

Appendix B, ion 3.12. Site 8 d tory Testi

In the last sentence of the section, replace "should” with "will "

Appendix B, Section 4 2.3, Vegetation
Delet= "CERCLA" from the first sentence of the first paragraph

Y
Appendix D, Section 4 7, Compatbility Screening Analysis

Add "Observable reactivity with limer components” to the list of exhubited waste characteristics
which may entail segregation and/or pretreatment based on screening results.

Appendix D, Section & 0. Acronvms
Define $* es Sulfide

Appendix K, Section 3.1.3, Momtonng Well Installanon
Add a reference to ASTM D 5092 in item number 3. of this section

Appendix K, 8 1, Data Evaluagon Includ: esult

To be consistent with the text 1n Section 2.1, modify the first sentence of the second paragraph
of Section 8 1 to read
Groundwater analytical data collected as part of the pre-operational monitoring program
will be reviewed mutially to identify the background water quality conditions within the
landfill CAMU areal configuration, including the CFS and the UFS,



Appendix I, Section 3.0, Closure Procedures

In the last sentence of the second paragraph, repiace "may" with "will." The sentence will read
Specific procedures for closurs of these faculities will be developed during design and will
mclude confirmation sampling and venification of decontamination.

Appendix P, Sectign 02721, Compacted Clay Liner
Section 3 02, A. - Revise the third sentence to read "The compacted clay liner shall be a

murumurn of three (3) feet thuck over the bottom and perpendicular to sideslopes of the landfill
ceu L]

Figures Bl, K1, and L2

The label in the upper left comer should read Facilities within Corrective Action Management
Unit (CAMU) areal configuration.





