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Figure 4 1

Proposed Landfill Locations from
Previous Landfill Siting Studies
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Figure 4 2

100-Year Floodplan Map

(US. Ay Corps of Engineers, 1983)
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[ United States Fsh and Wildlife
Servica (USFWS) approved
landfil stes
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— Stream
=—— Road
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— " Section lne
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Prepared for
Program Manager for
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Figure 43

Unhed States Fish and Wildlife Servics
Approved Hazardous Weste Landfill Sites
(USFWS_ 1824}
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Figure 44

Onpost Topographic Elevation
Contour Map

(PMRMA, 1988
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Figure 45

Groundwater Contamination
Plume Map of RMA

(EBASCO, 1984}
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Figure 47

Onpost Bedrock
Elevation Contour Map
(HLA,__1992)




|
|

5300 feot
10-foot cormtour interval
Road

Reliroad

Saction line
12 Sectlon number

NBC3  Nerth Boundary
Contalnment System

NWBCS  Northwest Boundery
Containment System

L] Irondale Contalnmeant Syetam
504 Submerged Quench Incinarator

HLA Harding Lawson Aseccwmtoe
1000 [ 2000 4000 "EET

= == = ===

Scale 1 36,000
One wch represents 3,000 feet

Prepared for
Program Manager for
Rocky Mountan Arsanal
Commerce City, Colorado

Prepared by
Harding Lawson Associates

Figure 48

Onpost Winter 1991 Water-
level Elevation Contour Map
{HLA 1992)
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Figure 49

Onpost Approximate Depth
to Groundwater Contour Mao
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Figure 410

Onpost Approximate Depth
1o Bedrock Contour Map




Potential Landfill Areas

Tha values listed below wete used to determine
sring potential based on depth to groundwater
depth to bedrock and depth to saturated alluvium

Secondary Landfill Siting Crtera

Maximize
Depth to groundwater (n feet)

10 to 70 feet Not suttable

70 to 90 feet Suitabls

Minimlze
Depth to bedrock (in feet)

0 to 10 feeot Suitabie

10 ro 80 feet Not Surtable

Note Secondary landfill siting criterla
includes unsaturated alluvium

)’\—?’--‘P'T ll 2=

Suttable arees based on pdmary landfill siting onterla
Suriable arees based on secondary landfill siing ordera
Road

Secton number

Nerthwest Boundary
Contamment System

Submerged Quench Incinefrator

Total surtable acres based on primary and secondary landfill siting critena 1

Maximum contiguous suitable acres 1

Rocky Mountain Arsenal

Note

| The Surtable Areas™ identified In this
figure are the result of a spatlal
analysts peformed to ellminate those
areas at RMA deemed “Unsultable” with
respect to the primary and secondary
landfill siting critetia  The primary
lendfill siting criterla Include

avoldance of wetknds sensithve
habitats, 100-year floodplain organic
groundwatar contamination plumes, and
human health excesdance aress as leted
in Table 42 The secondary lendfill
slting criterla are identifisd in the

box triled secondary landfill siting
criteria

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

Prepared by
Harding Lawson Associates

Figura 411 - Applied Selection
Criteria - Depth to Groundwater
Greater Than or Equal to 70 feet,
and Depth to Bedrock Less Than
or Equal to 10 feet
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Potential Landfill Areas
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24

Nur}:h Plants

/

Secondary Landfil Siting Cniterla

The values hsted below were used to detarmine
sitng potertial based on depth to groundwater
depth to badrock and depth to saturated alluvium

Maximize
Depth to groundwater {in feet}

10 to 40 feet Not suftable

40 to 90 fee Surtable

Mmimize
Depth to bedrock {in feet)

0 to 40 feet Sultabie
40 to BO feet MNot Surtable

Note Secondary landfill siting critera
includes unsaturated alluvium

Aroa shown In figure

:
¥ i

On2 Inch represents 2 500 fant

I  sutabie aroas based on pdmary landfill siing critera
[ 1 Suitable areas based on sacondary landhll siting criteria

— Boad
12 Secton number
NWBCS Northwest Boundary

Contanment System
sat Submerged Quench Inclnerator

Total surtable acres based on primary and secondary landfill siting critena, 469

Maximum contiguous surtable acres 371

Rocky Mountain Arsenal

nota

The Surtable Aresz” identlfied In this !
figure ore the result of a spatial
anelysis peformed to eliminate thoss
aress at AMA deemed ‘Unsuitable™ with
respect to the primary and secondary
landfill siting criteria The pnmary
landfill sling criterla Include

avoidance of wetlands sensitive
habitats 100-year floodplain organic
groundwater contamination plumes, and
human heafth exceedance aress as listed
in Tebe 42 The sscondary lendfiil
siting criteria are Identified In the

box tiled secondary landfill slting
crtana

Prepared for
Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado
Prepared by
Harding Lawson Associates

Figure 412 - Apphed Selection
Criteria - Depth to Groundwater
Greater Than or Equal to 40 feet,
and Depth to Bedrock Less Than
or Equal to 40 feet




Potential Landfill Areas

Nor/:h FPlenla

The values listed below were used to determine
sring potential based on dapth to groundwater
depth to bedrock and depth to saturated alluvium

Secondary Landfill Sitdng Criterla

Maximize
Depth to groundwater {in fest)

10 to 60 feet Not suitable

60 to 20 feet Surtable
Minimize
Depth to bedrock lin fest)

0 to 20 feet Suitable

20 to BO feet Not Suitable

Note Secondary landfill siting critena
Includes unsaturated elluvium

| W

10C0 s} 2000 4000 FEET
= =2 == =
Scele 1 30 000

One inch rapresents 2 600 fest

Suftable areas based on pnmary landfll slting critena

Suitable areas based on secondary landfill siting criteria
Road
14 Section number
NWBCS Norfnwest Boundery
Contaltunert Systam
S0l Submerged Quench Incinerator

Total suitable acres based on prnmary and secondary landfill siting critenia 81

Maximum contiguous suitable acres 76

Rocky Mountain Arasnal

Note

The “Suitable Areas™ Wdentified n this
figure are the result of a spatlal
anatysizs peformed to eliminate those
aress at RMA deemed Tunsurtable”™ with
respect to the primary and secondary
landfill ahing criterla The prmary
landfill siting criterla include

avoldance of wetlands, sanaitive
habitats 100-year floodplkun organic
groundweter contamingtlon plumes, and
human heatth exceedance arsas as listed
in Table 42 The secondary lendfill
siting criterla are identrfied in the

box tiied secondaty landfill shing
criteria

Prepared for
Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado
Prepared by
Harding Lawson Associates

Figure 413 - Applied Selection
Cniena - Depth to Groundwater
Greater Than or Equal to 60 feet,
and Depth to Bedrock Less Than
or Equal to 20 feet




Potential Landfill Areas

24

Secondary Landfll Shing Critera

The values [lsted below were used to datermine
siting poteittial based on depth to groundwater
depth to bedrock and depth to saturated alluwvium

Maximize
Depth to groundwater {In feet)

10 to 60 feet Not suftable

680 to 90 feet Suitable

Minimize
Depth to bedrock [k feet)

0 to 40 feet Suitable
40 to BO fest Mat Suhtsble

Note Secondary landfill siting criterla
includes unsaturated alluvium

Suitable areas based on primary landhll siing criteda
Suitable arcas based on secondary landfill siing comerla

Road
12 Section number
NWBCS Northweat Boundery
Contalnment Systam
sal Submerged Quench Inclnerator

1000

Scale 130000

Ons nch repressmois 2 500 feet

Total surtable acres based on primary and secondary landfil sitng critera. 147
Maximum configuous surtable acres 138

Rocky Mountain Arsenal

note

The Suitsble Arees”™ identified In thils
figure are the result of a spatial |
analysis peformed To eliminats those
areos @ RMA deemed “Unswuitable with
respect to tha primeary and secondary
lendfill siting criterdla.  The primery
lendfill srting criteria Include

avoidance of wetlands sensitive
habitata 100-year floodplain organke
groundwater contamination plumes, and
human heaith exceedance aress o8 listed
in Table 42 The secondary landfilf
stung criterla are Identified in the

box titled secondary landfill siting
criteria,

Prepared for
Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado
Prepared by
Harding Lawson Associates

Figure 4 14 - Applied Selection
Criteria - Depth to Groundwater
Greatar Than or Equal to 60 feet,
and Depth to Bedrock Less Than
or Equal to 40 feet
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otential Landfill Areas

Nou};h Pients

Hon

The values listed below were used to determine
siting potential based on depth to groundwater

depth to

Secondary Landfill Sitng Criterla

badrock and depth to saturated aHuvium

Maximize
Depth to groundwater (in feet)

10 to B0 feet

Not sultable
50 to 90 feet Surtable

Minimize
Depth to bedrock {in feet)

0 to 30 feet Surtable

30 to 80 feet Not Sultable

Note Secondary landfill slting critera
Includes unsaturated alluvium

Suitable areas based on primary landfll siting criteda
Suitable areas based on secondary landfill siting criteria
Road

Section number

Northwest Boundery
Contamvment System

Submerged Quench Incinerator

Total suitable acres based on pnmary and secondary landfill siting critena, 233
Maxmum contiguous suitable acres 217

Rocky Mountain Arsena

|
Note
The “Sukteble Arees™ identified In thla |
figure are the result of a spatlal |
enslysis peformed to ellminare those
areas at RMA deemed Tunsuitable” whh
respect to the prnimary and secondary
landfill slting ctiterla The primary
landfili arting crrterta Iinclude
avoidance of wetlnds sansitive
habitats 10C-year floodplain orgenic
groundwater cortami n plumes, and
humen heatth exceeadance aroos as [isted
in Table 42 The secondary landifill
sitihg criteria are 1dentified In the
box titled secondary kandflll siting
criterian

Prepared for
Program Manager for
Rocky Mountan Arsenal
Commaercs City, Colorado

Prepared by
Harding Lawson Associates

Figure 4 15 - Apphed Selection
Criteria - Depth to Groundwater
Greatar Than or Equal to 5O feet,
and Depth to Bedrock Less Than
or Equal to 30 feet
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Potential Landfill Areas
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Secondary Landfill Sting Cnterla

The values llsted below were used to determine
siing potentlal based on depth to groundwater
depth to bedrock and depth to saturated alluvium

Maxim{ze
Depth to groundwater (In feet)

10 to 50 feet Not suitable

50 to 20 fee* Suitable

Minimize
Depth to bedrock {In feet)

0 to 40 feot Surtable

40 to BO feet Not Sultable

Note Secondary landfill siting crrterla
Includes unsaturated alluvium

EDESEEE Sutshie areas basad on primary landfill siting critera
(T "1  Sutable areas based on secondary landfill sing criteria

—_———— Road
12 Section number
NWBCS Northwest Boundary
Contalnment System
sqal Submerged Quench Incinerator

Total surtable acres based on primary and secondary lendfill siting criteria: 325

Maximum contfiguous suitable acres 299

Rocky Mountam Arsanal

Note

Tha “Surtable Aress™ wdentified n this
figure are the result of a spatlal
analysis peformed to eliminate those
areas at RMA deemed “Uunsurtable™ wrth
respect to the primary and secondary
landfill siting criterla  The primary
landfiil siting criterla include

avoidancs of wetlands sensttive
habitata 100-yeer floodplain organkc
groundwater comamination plumes, and
human heatth exceedsnco arees se [Isted
in Table 42 The secondary landflll
shiting criterla are 1dentliled in the

box itled secondary landfill siting
crhterla

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

Prepared by
Harding Lawson Associates

Figure 4 16 - Appled Selection
Criteria - Depth to Groundwater
Greater Than or Equal to 50 feet,
and Depth to Bedrock Less Than
or Equal to 40 feet
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EXPLANATION

Post Piney Creek Alluvium (Quaternary)

Piney Creex Aligvium (Quaternory)
Eolien Sand (Quaternory)

Loess {(Quoternory)

Broocwoy Alluvium {Quoternory)
| o103 | Louveiers Aliuvium {Quaternary)
IZE Verdos Alluvium {Quaternory)

[ Tas ]

Tae Denver Formntinn (ypper Cietoceous 8 Tertigry) ———

Source Lmndvall 1980

Prepared for Figure 4 19
Program Manager for
Rocky Mountain Arsenal Surficial Geologic Map of the
Commerce City, Colorado Rocky Mountain Arsenal Area
Prepared by
Harding Lawson Associates
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Figure 4 .21

Geologic Cross Sechon B-B




5280 East—w- [ - 8280
2
[+ d
S g
7= o~
- il o
. B 4 88
5260 = - o3 2 e B — 5260
e - -
2 E 92
L =
8 % 22
x g N N =
< = a 8=
w - (7] %g
5240 £ g b &= ~ 5240
3 2 A
] <
e
2
5220 - 5220
- ;
: :
£ 5200 -~ 5200 <
£ =
w
5180 B - 5180
5160 - 51680
5140 - 5140
5120 ,V - 5120
{ TD =145 mmmu@OsQBnTﬁMwﬂW
& Pr:;rramM for
G anaer
T _ Boong Mondoring wels) 20
Aviom: = entficat 0 Jderkicat Rocky Mountan Arsenal
2 g Commerce City Colorado
Clay sandy ckay (CL.GH) Ligniie/Lignic Claystone — —— nm = = Top of weathered bedrock Prepared by
] Harding Lawson Associates
F T Sandsitty sand, clayey sand ot Sand pack
- 4 (SP SM,SC SW) - Sandstone kn arees of no ithologic confrol lateral extent of Denver 1 _Seresned interval Figure 4.22
Fotmation sandsione, kgnite and claystone 15 unknown, } with well number 0*0—-——r-—""—'14m
) wih Inderbedded sitsione
5| Grave Gaysb:;d pogorsy TD = Tota) deptn in feet o feet Geologic Cross Sechon D-DF
Vertical exaggerabon = 20x




P,

5200 - F Easl — F ’—5290
5280 - — 5280
=
=
8
...
o &
5960 2 g 5260
g 3 &
g —
g 3
5240 - = ~ 5240
m — —5220
5 s
4 =
= £
5 . £
E g :
& & i
W 5200 — 520 i
5180 — — 5180
. E r - e H"“."::,'-""_ :-_‘e
5160 — - : 5160
5140 — 5140
5130 - — 5130
EXPLANATION > Prm,r Manager for
= 7  Bong Moritoring wels) 20 ogram
Asaum. Bedrock (Detwer Formahon): - 8- W Rocky Mountain Arsenal
o dentificabon N dentificabon
& 2 Commerce City Colorado
Clay sandy dlay {CL,CH) Lignite/Lsgnibc: claystone — — — ~— —  Top of weathered bedrock Prepared by
Harding Lawson Associates
- - Send, slty sand clayey sand -~ Noke: Sand pack
F~ (sP SM, SC SW) [~ | Sandstone in areas of no Mhologic control lateral extent of Denver _ prval Figure 423
Formahon sandstone Bgnde, and ciaysione 15 Unkown. 2}‘ wath wel nurnber 0"
%2 Grawi Claystone win Inkefbedded sitsione q 400
00 horate and sandsione (sae nolke) TD = Total depth m feet Scale in feet Geologsc Cross Sechon F F

Veibcal exaggerakon = 20




Eil

5280 @3 g3, —~ 6280
S3 3 C 52
g8 8= G52z 3 East ———t—
83 oy o &2 2 2
ac - [-¢] 2
| 8% m: - kﬁ g |
5260 — % a 5960
°
- -
- >
R ®
ToooT 5
---" g
. - ¢ .
5240 — & . 5240
a8 o
& 2
= &
2
3
i o
5220 — g I-5220
&
H ]
£ 5200 — L 5200 =
s 8
= =
5180 — [ 5180
S
5160 — B — 5160
[+1]
8
5140 — ) — 5140
[ — - — T - —
T - - " tr"v“'*_: LomEe
e Y N w - Ml "# -
1':’-§ -, b ¥ pis T —— g DT g
L o
5120 - Z L 5120
4 - il
red for
EXPLANATION 3 Frepa o
T _ Bomg Monttoong wel(s) Program Manager
Ao Bedrock (Denver Formabon) = w7 Rocky Mountain Arsenal
2 g Com Cotorado
= Clay sandy clay {GLCH) Lignde/Lignitic claystone T & g merce City
—_———— op of weathered bedrock Prepared by
Hardng Lawson Associates
C— Sand, sty sand, clayey sand <] Nokz:
-~ (5P SM SC SW) | 3 Sandstone In areas of no Rhologic control kateral extent of Derwer 1 _Screened Intesval Figure 424
Formabon sandstone, lignte and claystons 15 undknown S with well number 0+———T1—
"ol Gravel 00
R Claysione with iImterbedded sittstone,
22 hgnde, and sandstone {see note) TD = Total depth in feet Geologie Cross Sechon | |




i
L
. =
g ' 2
g & T
BBl = 0on
: 52
& 4
(5] L) g
Q b =
s o
=
5240 — 9
8
5220 —
g g
s - £
] i
5180 —
5160 -J
5140 —
5120 - =z — 5120
TD = 5128
EXPLANATION 3 mmmwm
T. _ Bonng Mondonng well(s) 20
Aludun: Bedrock (Derwer Fomaton): 57 wentiical £ identficat Rocky Mountain Arsenal
z & Commerce City Colorado
Clay sandy clay (CL.CH) % LagnaerLignec ciaystone — ——— ——  Top of weathored bedrock o Prepared by
e sand bk i Harding Lawson Associates
= shty sand clayey sand = Mote
- _ (8P sM SC sw) . Sendsione In arees of no thologic control kateral extent of Denver ~ aorval Figure 4.25
Formation sandstone, lighve, and claystone 15 uDInown, g} with wel numbes 00 X ;‘)o
*"o| Gravel Claystone with miierbedded sktstone
20 Rgrute, and sandstons (see Nok) TD = Tokal depth in feet Seale In feet Geologic Cross Secon K K




SAN21007I00 8292

@ gé South i
L g - SF L’
- - wm )\
5 s g ag 88
260 - 3 r : 5% -0
] e - (i
F E & o
3 3 o
g = S 3
E 2 2
5240 — 2 < @ _ 5240
g
N
L7
[ |
5200 — - 5220
L 8
L. 8
2
-
5200 4 3 | 5000
1=} T BT VR
2 - "
g - ";;"_'-. -s; LU-§?::I:-: -:.-."-‘-2- 44 T Ligrnie A g
£ “w '-a"‘a':":_-: [RCSUPEP 1 £
8 £n N wt e T . 5
= L e, E
F LRI e 2 ? 2
w5180 — % S T — 5180 W
) - orka E
e ”
5160 ~ -/ - 5160
-7
_'l
"
5140 4 1 - 5140
5120 -J — 5120
EXPLANATION 3 o Profgamuanagerfor
Mo Bedrock (Denver Fomnaon) g/m a/mm:e“ﬂ 27 Rocky Mountam Arsenal
< ] Commerce Colorado
Clay sandy clay {CL.CH) % Lignite/Lignit: claystone - = Top of weathered bedrock © Prepared by o
- Sand, siitv sand clayey sand ] sandsione Note- Sand pack J
~ (sP oM SC sw) - in arees of no Rhologic control kateral extent of Demver 1_~Screened interval Figure 4.26
Formabon sandsione  Rgine, and claysione 5 Laknown 2} vath wed number L
%] oeavel Claystore with interbedded siftstone,
20 gnte, and sandstone (see note) =Total depth in feet Scake i feet Geologic Cross Sechon L-L
Vertical exaggeration = 20




Verbcal exaggeradon = 20x

-
5200 — %2 [ 5290
. 23
@ o
5260 ~ Sy 3 g Z-: ~ 5280
0 o w — -
ne 5 > o e ="
<r B So 5% 52 oot
<+ pod] m_g = -r---
o Ay
_J o
5260 2 - 5280
'—_
&
®
o
1]
o,
5240 . — 5240
o
2
-
-
2
< 5
8220 4§ @ — 5220
E . . £
£ 3] £
= - 5
s @ 2
: 3 2
K4 8
U gonn _l — 5200 w
5180 — — 5180
5160 — 5160
5140 m [— 5140
5130 - — 5130
EXPLANATION 3
Alrvuen; Bedrock (Derwver Fommabon)- 5 wenkficaton - wenticaton Rocky Mountamn Arsenal
[=]
=] & a Commesce Gty, Colorado
2] ciay sanoy ctay (CLEH) @ LigniterLignitc claysions e — — —  Topof weathered bedrock
-] Sand, My sand clavey sand =] Sandsione Motz Sand pack
[ 1 (SP 9M SC SW) -1 in areas of na ithologic control [keral exient of Denver L1_~Screenad wkerval
Formabon sandsione ignite, and claystone is unknown, g} with wedl number
o] Gravet Claystone with inbarbedded sittsione,
o0 gz, and sandstone (see noke) TD = Total depth n feet Scale n feet Geologic Cross Secton N-N'




South ———pn-

198} uf Boj|eAa|3

- 5240
L 5220
— 5200

— 5180

~ 5160

/___

;
r 981 pEZriguR

11868/l pgocigHa

D De9lL pEEEIESY

d 4 $8|L p6EZIGYE

5280 —

198} U] UojBAB|]

5180 —

51680 -~

Rocky Moumtain Arsenal

Program Manager for

Prepared for

Commerce Cily, Colorado

Harding Lawson Assocsates

Figure 4.28

weli(s)

\

;

\

EXPLANATION

),.

Lignite/Ligretic claystone

—Bedrock

Top of weathered bedrock

— — S S— —

i
i
§ i

Lo

SZ06T ~rremmemn——]

In areas of no Rhologic control keral exdent of Defrver
Formahon sandstone Ignde, and claystons 15 (rknown.

Nole-

Claystone wath interbedded siftsione,
ignds, and sandstone (see nobe)

TO = Total depih in feet

t8LLLEYS —————ef

Clay sandy clay (CL.CH)

- —
b - -




AMA2 1907710 H1846 LDZ

Y
220

o
A
———

A 007 037‘(13
| -
00 I
O
Am_i 1
LIQUID STORAGE TANKS

Cizs

AT

24 Explanation
s of# oo ol a0 o= QoS At a0 o0 oo i g% = Alraal well with well number
!2: I a0 192 Unconfined Derwver Formetion
L .SAB11394 00 o wel with well number
o7
l o2 Confined Denver Formation
weil with well number
WEB11494
® Shaliow Soll Borings {30)
ASB11504
o
+BRB1109-4 Deep Bore Hokes (3)
TT T T Unpaved roadway
- - - Suriace dramsage
25 Sechon number
Thick sequence of A Sand
Area where A Sand subcrops
ino the alienaum
wee = Shdy area boundary
0 600
= ==
Scale in feet
Prepared for
Program Manager for
] Rocky Mountan Arsenal
‘ Commerce Cty Colorado
1 Prepared by
| Harding Lawson Associates
I Figure 4.29
2 = A Sand Exdent and Subcrop Map




RMA21007708 JIBNSLDT

)

=)

24 ’ Explanation
|
A 007 037 o 036 2” il alzl a1 A1 fol ol powo plzs ! AOS1 poe2 f . ._‘_i”‘.._.... . iﬁﬁ - _om__ ‘"_ow; 7;@1 pox ABGB Alluvial wedl with wel
= 2 B . e - - number
= a = = - - - - - — -
7o [j ols S !
003 moe | 4002 192 Unconfined Denver Formaton
00 4 o1 SAB11304 00 o weil with well numbes
O I glrc} ‘ ¢
' g= Confined Dermver Formabion
A S I ata T well with weil pumber
LIQUID STORAGE TANKS WEB 11494 o o0
X _+§RB11094 Deep Bore Holes (3)
—_—— -y I
F —~ — —  Suwiace dramnage
25 Secton number
LY
~ Theck soquence of 1U Sand
o2
o1
g% 015 Arca where 1U Sand
o subcrops into the atuvum
Lajeral extern of 1U Sand
) —— —— —  interbedded with daystone
-~ - L 30 and satsione
26 - e weee Study area boundary
| -
o aAtM
4
| ¥
F -
o
1
v,
'1 | 0 600
]
/
015J l - = = -~ X :\ | .-J-:.'-":': 4041 i Scale in fest
" Q59 SAB11184 - = é
AN A e WEB0B03
‘/ oSS l FTEIZ4 gapragos BRBIMM z ‘o /¢ | Prepared for
i1 i
e
= N Flogl'afn m@rffx
; SAB13194 \ ~
{r/ o I L &, cn 3004 Y k\ 7 Rocky Mourtan Arsenal
= N = -, I o
AN Yo BRB13604 8RB11024 TN s Commerce City Colorado
NA > ° + . . \\‘ . Prepared by
N I Y 2 BROTS3M4 1V, s | Harding Lawson Associates
S\ BRE13794 £ gWEBDBISS | e
\‘\ l I ,\:‘ ‘:“\, i ‘Jw Figure 4 30
X ! <
. 0 50 .wgmm f .BFBMGN .3FB14194 Py \S'\““'#{:‘ﬁ .WEBOGEQS
R . e I = e e = S T T o] {U Sand Extent and Subcrop
. 5o g 3 A afe 501 SV
» 17 o N st 36 T, L "
- % , Y p o .




Explanaton
A007 037 o038 > At a2 a2 086 087 001 o
T —— e e 2 P - o R Adrvial well voth wel pumber
17
003 a0 122 Unconfined Denver Formaknz,
08 1 p ‘ o 0 e gl
-
At ] [ al2e - - o™= Confined Denver Formahon
e well humber
LIQUID STORAGE TANKS — v wed
4% " WEB11454 WEBIMBY
ﬂm/' 7 SP.E e o/SB11504 ASB11604 ¢ SoH Boms 0
+BHB"°94 Deep Bore Holes (3)
T T 7 Unpaved roadway
- - = Surface dranage
/| 25 Sechon numbes
l
] .
} o1
n2
' o3
} 014
]
|
A0N
o7 |
o
=
0 600
b —
Scale n fect
@ WEB08093
Prepared for
Program Manager for
o ' Rocky Mountain Arsenai
Commerce Clty Cokorado
Prepared by
| fa <] HaldingLawson Associates
[ac .}
o0 Figure 4 31
oBFiB14134 o - b @WEE0E2%3
[N — -— ——BRB14294 d]—- n
5 N - A a2 B B = = i Sand Extent and Subcrop
N wr @ gl \ 3 4 a50 e
7 542 -‘\\ o1 36 AR —_’._,-r"“" —
h x 501

AMA2 1807700 2iaRELDT




raovial well with well nurnber

Unconfined Denver Formaton

Confined Derver Formatson

=
RANTIRDYT11 82083 LODZ




70 00
Explanation
- CH Inorganic clays of high plasticity
©  CL Inorganic clays of tow to meditum plastict
60 00 —— rganic clay m plasticity
L. ML Inorganlc siits of slight plasticity
[~ OL Organic sits of low plasticity
o cL
. OH Organlc clays medium to high plasticity
60 00 ""F MH Inorganle slits
g i
g 40 00 ~1-
: =3
[} -
h-]
k- .
Z .
O
£ 3000 -
& -
2000 -1~
- H
10 00 A
. CLML \ e
[: T s MLorOL
- m/
000 lllllllll!llllllllll lll|llJl!lllll|lll!lllllllll |u1|u||!nunnn!nnnnllulnnnlnlnnn
t t
000 10 00 20 00 3000 40 00 50 00 60 00 7000 8000 90 00 100 00
Liquid Limit (percent)
Prepared for Figure 4 33
Program Manager for
Rocky Mountain Arsenal Plasticity Chart

Commerce City, Colorado

Prepared b

Harc};ng Lawson Associates

FWIN Y6/LI/E T6Y0L DYIY




5.0 SITE FEASIBILITY STUDY

Thus section presents the results of the Site Feasibility Study (FS) The primary objectives of the Site
FS were to 1dentify an appropnate landfill site within the area 1dentified in the Area FS and to
provide information on conceptual landfill models, design elements, construchion costs, and
schedules The Site FS hnks the data from the Material and Area Feasibihty Studies to evaluate the
site-specific requirements of an onpost landfill that wall use onpost souls for the soll component of
caps and lmers, have sufficient capacity to dispose of anhcipated waste volumes, and meet applicable

federal, state, and local regulatory recquurements

The study included a review and evaluation of the following critena

. Waste types, volumes, and generation rates
. Regulatory cniteria

. Specific site considerations and hmitations
. Conceptual landfill design alternatives

. Evaluation and screening of alternatives

. Facihity layout

. Material quantities and availability

. Construction cost estimates and schedules
. Operahions and maintenance requirements
5.1 Waste Data

Waste data 1s a critical component of any landfill design. The amount of waste requiring disposal
dactates the size of the landhll needed The type of waste 1mpacts placement, compaction, and cover
cniteria. The rate at whach the waste 1s generated effects operahon and mantenance cniteria and

construchion phasing The following section discusses

. Projected waste types that may be disposed of at an onsite hazardous waste landfill
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Site Feasibility Study

. Estimated waste volumes

. Possible waste generahon rates

The data presented are based on information obtained 1n the Proposed Final Detailed Analysis of
Alternatives (DAA} (Ebasco, 1994) as sumrnarnzed by RUST Environment and Infrastructure (RUST

E&l, 1994)

5.1.1 Projected Waste Types and Characteristics

Based on information in the DAA, the potentially contaminated matenals at the RMA that may be
landfilled can be classified into three waste types hazardous and toxac materals, unexploded
ordnance (UXO), and surety-contaminated materials The two major waste forms within these waste

types include contaminated soils and bulding debris

The actual waste volumes generated for landfilling will be dependant on the selected remedial action
alternative The alternatives define differing methods of treatment, storage, and disposal for

contaminated material Contaminated matenials that may be landfilled can be categorzed as follows

. Contaminated soil

. So1l and debrs treated by caustic washing
. Soil treated by thermal desorption

. Structural debris

The contaminated so1l consists of excavated soil that 1s untreated. However, it 1s eshmated that only
a small portion of the soil will contamn hsted or characteristic hazardous waste Metallic debris and
soll from UXO clearance operations are included i the contaminated soul category The second
category mncludes soll and structural debrs that has been treated by caustic washing to address agent
contamination. The third category consists of soil treated by thermal desorption to remove orgamc

contamination. The final category mncludes untreated debris from the demolhihon of structures
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5.1.2 Projected Waste and Landfill Volumes

Table 5.1 summarizes the estimated volume of material to be landfilled for five different remedial
alternatives presented 1n the DAA. It 1s estimated that between 440,000 cubic yards (CY) and
4,400,000 CY of waste matenals will require landfithng depending on the selected remedial action
alternative The preferred sitewide alternative in the DAA, Landfll/Caps Scenario, requires a waste

volume of 2,300,000 CY

For the purposes of this report, the mimimum and maximum waste volumes shown m Table 5 1 were
increased to 1,000,000 CY and 6,000,000 CY to account for future adjustments 1n waste volumes
Based on this projected minimum and maxamum waste volume, thiee conceptual landfill models
were developed to account for different waste volumes and to provide a total landfill capacity that
accounts for the operational and ntermittent cover materials that must be placed over the waste
Conceptual Model 2 1s the preferred sitewide alternative and meets the waste volume requirements of

2,300,000 CY The three models are as follows

Conceptual Model No Total Landfill Volume (CY) Waste Volume (CY)
1 1,200,000 1,000,000
2 2,760,000 2,300,000
3 7,200,000 6,000,000

For conceptual design purposes, the total landfill volumes presented above include a 20 percent
volume 1ncrease over the needed waste volume to account for operational and intermittent waste

cover maternal

5.13 Waste Generation Rates and Schedule

Waste generation rates at RMA will primarily be dependant on which of the five remedial achon
alternatives 1s selected and the duration of the remedial action. For this study, generation rates were
estimated based on a schedule of 260 landfill operating days per year (5 operating days per week for
52 weeks) Additionally, two generation rates are eshmated for each alternative in the DAA based on

the development of remediation time frames with and without funding hmitations The funding
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hmitation case assumes an annual funding hmitation of $100 milhon for overall remediation
activities, which lengthens the remediation period and decreases the generationrates The remedia-
tion time frame 1mcludes landfill design, construchon, and final closure Table 5.2 presents the

estimated waste generation rates for five different remedial alternatives presented 1n the DAA

Waste generation rates have been estimated to be 1n the range of 98,000 CY to 1,100,000 CY of
matenal per year without considering a funding limit  Assurming the $100 milhon annual funding
hmit, waste generation rates are estimated to be 1n the range of 37,000 CY to 280,000 CY of materal

per year

5.2 Regulatory Criteria

Sechon 4 2 of this report describes the regulatory criteria that apply to sihng a landfill 1n Colorado
A detailed review of all possible current requirements, such as a review of applicable or relevant and
appropnate requirements (ARARs) under CERCLA and the Superfund Amendments and Reauthor:-
zation Act of 1986 (SARA) was not conducted as part of the current scope of work. The critena
listed 1 Sechion 4 2 will hikely form the basis for sihng a facihty under a variety of regulatory
scenarnos, such as a permitted facahty under RCRA, a correcive achon management umt (CAMU)
under RCRA, or as an mterim response action (IRA) under CERCLA. The specific regulatory criteria

can be more fully developed once the regulatory framework for siting the facility 1s better defined.

5.3 Site-specific Considerations and Limitations

Following development of the range of landfill volume (1,000,000 CY, 2,300,000 CY, 6,000,000 CY),
the landfll conceptual models were further developed by reviewing and evaluating site conditions
and charactenstics that could 1mpact the construction of a hazardous waste landfill. Existing site

data was reviewed to 1dentify specific hmitatons and considerations that may need to be addressed

mn
° The development of design alternatives
. The specific placement of the landfill within the preferred area
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. Fimnal design

‘Ba3a1 Climate, Topography, and Surface Hydrologyy

The site’s cliumate 1s semiarid with an average annual precipitation of 15 inches The majonty of the
yearly precipitation typically occurs between the months of March and August. The agricultural
growing season 1s defined as the period between the last frost and the first frost, which averages
about 150 days, however, so1l temperatures are hugh enough to sustain plant growth for about 250
days of most years Therefore, selection of the vegetative cover for the final cover system at final

design should take this imnto consideration to establish the necessary erosion protection year round

The ground surface in the vicinity of the preferred sihng area generally ranges 1n elevation from
about 5,280 feet above MSL to 5,225 feet above MSL and slopes towards the northwest. Figure 4.4
lustrates the onpost topography at RMA. In general, the area 1s a treeless plamn. As dlustrated 1n
the 100-year floodplain map of RMA (Figure 4 2}, there are no major dramnage channels across the
preferred landfill site First Creek 1s a well-defined channel crossing the RMA to the east of the

study area.

The footprints for the three conceptual models should be placed such that run-on to the landfill wall
be mimimized and runoff can be effectively managed As descrbed in Sechons 4.2 and illustrated 1n
Figure 4 2, the site 1s not within the 100-year floodplamn. Drainage can be designed to comply with
regulations without any significant problems for any of the three proposed landfill volumes There 1s
sufficient area for ditches and other drainage facilihies, exashing slopes are acceptable or can be
amended without excessive amounts of cut and fill, and there 15 a recerving datch north of the

footprint areas

Run-on to the landfill can be prevented by construching ditches and/or berms A landfill perimeter

berm could serve this purpose
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A more detailed description of the topography, and surface hydrology 1s included 1 Section 4 2.1 of

thas report.

5.3.2 Soil and Bedrock

The preferred landfill area 1s underlan by unconsohdated Quaternary alluvium and the Denver
Formation The alluvial soils encountered 1n the preferred landfill siting area generally consist of the
following two types of matenal (1) clay and sandy clay and (2) sand, silty sand and clayey sand

with occasional gravel

The depth to weathered bedrock (Denver Formation) mn general follows the surface topography 1 the
study area and ranges from approxamately 5 feet to 60 feet. The areas where depth to bedrock 1s
shallowest correspond with areas of high topographic elevahon The Denver Formation generally
consists of three strata claystone with interbedded siltstone, hignite, and sandstone; sandstone, and
hgmte/hgnitic claystone The alluvium 1s generally underlain by claystone; however, there are areas
1 the vicimity of the landfill siting area where Denver Formation channel sand units (sandstone) are
m contact with the alluvium Geologic cross sections are presented in Figures 4.21 through 4.28 A
more detailed description of the geological and geotechmical study is mncluded 1 Section 4 4 2 1 of

this report

Bedrock channel sands subcrop 1nto the alluvium 1n three locations mn the preferred landfill area, as
was noted 1n Section 4 0 (see Figures 4 29 4.30, and 4 31) Although there are no regulatory sihng
critena that require avoiding sand umts, siing the landfill such that the base of the landfill were
placed above or 1nto the subcrop sands could be a preferentsal pathway for leachate migration away
from the facihty If possible, the specific siting should place the base of the landfill mto claystone
If 1t 1s not possible to avold the sand subcrop areas, the following alternatives are available

. Apply appropnate landfill design technologyto mimimize the potential 1mpacts associated
with these features
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. Include wet/dry sand subcrop momtoring pomts in the facihty’s momitoring program because
the saturated sand umts could provide preferential migration pathways

5.3.3 Groundwater

As described 1n Section 4 4 2.3, there are two groundwater flow systems (the unconfined flow system

and the confined flow system) 1 the preferred landfill area. The unconfined flow system 1s the

prunary flow system of concern because 1t 1s the first groundwater system encountered beneath the

site The unconfined flow system occurs at depths ranging from 20 to 70 feet below ground surface

(bgs) The groundwater flow direction 1n the unconfined flow system 1s generally to the northwest.

A groundwater surface contour map for the preferred area 1s presented in Figure 4 32 Figure 4 9

presents a contour map showing the depth to groundwater over the preferred area.

Hydrogeologic sihng considerations at the preferred landfill site include maxamizing the depth to
groundwater and evaluating groundwater flow conditions with regaid to the long-term groundwater
momnitoring At the preferred landfill location (western half of Section 25), the depth to groundwater
1s greatest 1 the center of the area (Figure 4 32} For long-term groundwater momtoring of the
landfill, 1t 1s preferable to place the landfill away from areas where groundwater mounds occur
because groundwater flows rachally from these areas and monitoring for potential leakage 1s difficult.
A groundwater mound exists that straddles the boundary between Sechions 25 and 36 (Figure 4 32)

For these two reasons, siting the landfill within the central portion of western Section 25 1s preferred

5.3.4 Geologic Hazards
The location of the preferred landfill siting area was selected where no geologic hazards such as
achve faults, unstable areas, or poor foundation conditions are known to exast. Additional study may

be required as a component of subsequent engineering design.

5.3.5 Environmentally Sensitive Areas
The location of the preferred landfill siing area was selected to avoid wetlands, floodplans, sites of

historical significance, sensitive wildlife habitats, or other environmental sensihive areas
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5.3.6 Slope Stability Considerations

Proposed prelimimary excavation plans should be developed such that the landfill bottom will be
located 1n or near a competent bedrock formation (Denver Formation) consisting of either shale,
sandstone, hignite, or claystone Slope failure wathin these formations 1s unlikely, considering the

slope geometry and proposed final elevations

8.3.7 Settlement Considerations

The field and laboratory data indicate the alluwial soils are generally medrum dense/stff to very
dense/stff. Assuming landfill geometry consisting of a 30-foot excavation and a 35-foot fill above
grade, the net maxamum additional surcharge on the subsurface soils will be on the order of

600 pounds per square foot (psf). This magmitude of surcharge may result n settlements on the order

of 1/2 mch This estmate should be checked during final design.

5.4 Conceptual Design Alternatives

The conceptual design parameters of a hazardous waste landfill are intended to

. Provide waste containment by separating the waste from the environment

. Prevent contaminant mgration by encapsulating the waste

. Confirm facility performance by planning, scheduling, and implementing a periodic site
monitoring program

The pnmary features of a hazardous waste landfill containment system are a hner system and cover

(cap) system that completely enclose the waste Containment system components and alternatives

are discussed 1n detail i sections below and are as follows

. Liner Systems
. Leachate Collection and Removal Systems
. Gas Management Systems

. Final Cover Systems

. Performance and Environmental Monitoring System
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5.4.1 Liner Systems

Liner systems include multiple layers consisting of a combination of geomembranes/flexible
membrane liners (FML), compacted clay Iiners (CL) or geosynthetic clay hners (GCL), and granular
soll or geosynthetic drainage layers The hner system 1s designed to minimize the release of

hazardous waste or hazardous waste constituents to the environment.

Six liner systems were evaluated using EPA’s Hydrologic Evaluation of Landfill Performance (HELP)

Model, as shown below:

Landfill Liner System Allernatives

Liner Liner Liner Liner Liner Liner
Layer System System System System System System
(Top to Bottom) No. 1 No. 2 Neo. 3 No. 4 No 5 No. 6
1 Geomembrane 60-mul 60-muil 60-m1l 60-mal 60-m1l 60-mil
HDPE HDPE HDPE HDPE HDPE HDPE
2 Barmer GCL CL GCL GCL CL CL
3 Dramnage Geonet Geonet Geonet Geonet Geonet Geonet
4 Geomembrane 60-mil 60-mil 60-m1l 60-mil 60-mal 60-m1l
HDPE HDPE HDPE HDPE HDPE HDPE
5 Barmer GCL GCL CL CL CL CL
6 Geomembrane N.A N.A. N.A 40-tm1l N.A. 40-mil
HDPE HDPE

HDPE High-density polyethylene

CL 3 feet of compacted clay

GCL  Geosynthetic clay liner

N.A  Not apphcable

Cross sechons of each hner system are presented 1n Figure 51 The purpose of the terhary
geomembrane mcluded with Liner System Nos 4 and 6 1s to provide 2 moisture barner between the
moisture-conditioned compacted clay liner and the drier 1n situ solls The results of the evaluation

are presented in detail 1p Sechon 5.5.1 1
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