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APPENDIX A:

SOIL BORING AND MONITORING WELL
LOGS AND COMPLETION FORMS




BORING LOGS

A summary of the types of information provided in the boring logs is presented

in the following paragraphs.

DEPTH

Sample depths were measured in feet below land surface (BLS). The sample depth

indicated next to a sample refers to the depth to the top of the sample
interval.

ELEVATION (Monitoring well logs only)

Elevation refers to the elevation to the top of the sample interval measured in

feet above mean sea level (MSL).

LITHOLOGIC SYMBOLS

The lithologic symbols provide a visual description of the type of soil
collected in the sample interval. The lithologic symbols are keyed to the

specific soil types. For key symbols, refer to the following discussion on

soil types.
LAB SAMPLE NUMBER
The sample numbering identifies four characteristics of the sample:

Type of boring Boring #
MW-3-1-5

Site = J

Depth to top of sample interval




For example, sample number MW-3-1-5 was collected at monitoring well 1, Site 3,

at a depth of 5 feet.

BLOW COUNT

The blow count indicates the number of blows required for a 40 1b hammer to
drive a split-spoon sampler 24 inches. Tne blows are counted every 6 inches to

provide an indication of the density of the subsurface material.

TOP OF SAMPLE

The top of sample indicates the depth below land surface (BLS) of the top of

the interval sampled by the split-spoon sampling device.

RECOVERY

The recovery is a measurement of the amount of material retained by the 2.0
foot split-spoon sampler. In cases where no sample was retained by the
split-spoon sampler, "No Recovery" was indicated on the boring log. Also,
where samples were not collected with split-spoon sampler, the recovery

measurement was not possible.

HNu

The HNu gives the value of organic vapor content of the sample measured in
parts per million (PPM) by a HNu photoionization detector. The NR flag which
appears in this column indicates that both of the HNu meters were
malfunctioning during the well logging process, therefore no readings were

recorded.




SOIL TYPE

Soil types are identified based on the Unified Soil Classification System
(USCS). The following USCS abbreviations and lithologic symbols were used for

soil type identifications:

GW - pebbly gravels; coarse sands, little or nc fines

d
(]

GP - gravel, gravel-sand mixtures, little or no fines

i

GM - silty gravel, gravel-sand-silt mixtures

Pl
t

FAEE

w
E 3y
'

well graded sands, gravelly sands, little or no fines

poorly graded sands, gravelly sands, little or no fines

wn
=

silty sands, sand-silt mixtures

]
]
"
=
&

silts and very fine sands

clayey sands, sand clay mixtures

CL - inorganic clay

=&

LITHOLOGIC DESCRIPTION

The types of lithologic characteristics described in the boring logs are

identified below:

e lithology

e grain size

e sorting

e roundness/sphericity

e density

e plasticity

e wetness

e color

e Munsell color system number

e other distinguishing characteristics

A-3




Lithology

The lithology of the sample refers to the specific type of material of which

the sample is composed (i.e., gravel, sand, silt, or clay).
Grain Size

The grain size of the sample refers to the degree of coarseness of the

particles in each lithologic category (i.e., very fine to very coarse).

Sorting
Sorting is a measure of the homogeneity of the size of grains within the soil
sample. A well sorted sample is homogeneous with respect to grain size, while

a poorly sorted sample is heterogeneous.

Roundness/Sphericity

The degree of roundness/sphericity of the grains within the samples were

identified using the following:

e subdiscoidal
e spherical

e subprismoidal
e prismoidal

e rounded

e subrounded

e subangular

e angular

Density

Descriptions referring to densitv indicate the condition of the split-spoon

soil sample and do not nece-sarily reflect the conditions of the subsurtace

A-4




materials as indicated by blow counts. The density of the split-spoon samples

was described using the following terms:

e For sand and silt samples:
- loose
- medium

- dense

e For clay samples:
- soft
- stiff
- hard

Plasticity

Plasticity of soils refers to the ability of the soil to be deformed without
breaking up and to maintain the new shape after the deforming force has been

released. Soil csamples were classified as being either non-plastic, slightly

plastic, or plastic.

Wetness

The degree of wetness in the soil samples was described as follows:

e dry
e moist

e wet

Color

Colors of soil samples were identified using the Munsell system ot color
notations. Colors were identified by both name and number in order to provide

a precise reference point for the actual soil color.




Other Distinguishing Characteristics

In addition to the previously mentioned categories of sample description, any

additional wunusual or distinguishing characteristics of the sample were

provided.

ADDITIONAL SYMBOLS ON MONITORING WELL BOREHOLE LOGS

. Indicates the screened interval of the monitoring well

e ¥y Indicates the static groundwater level within the well on

May 3, 1989, unless otherwise noted.
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SITE 1-UNDERGROUND FUEL STORAGE AREA
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MONITORING WELL CONSTRUCTION SUMMARY

Well No.

Location ( SD Coord.)
Northings

Eastings .
Reference Point
Reference Point Elev.
Type of Security

Supervisory Geologist
Log Book/Page No.
Drilling Company

Rig Type

Driller

Drilling Started
Drilling Completed

MW-1-5

471,831.1
2,953,310.6

Development

Date
Type

Volume Purged

TOP OF PVC CASING

1418.28 MSL

VAULT

D. VanWINKLE
2/19-21
LAYNE (OMAHA)

4/27/89

. PUMPING
1242 GALLONS

Water Level/Date:

HOLLOW-STEM AUGER

L. HRABIK
4/16/89 0800
4/16/89 1300

1407.19 MSL-5/3/89

Watertight Vault

Land Surface

MONITORING WELL

Top of PVC Flush Joint Riser

w/Locking PVC Cap

Cement/Bentonite Grout

4" 1.D. Schedule 40 PVC
Flush Joint Riser

Bentonite 1/4" Pellet
Seal

Sand Pack

Static Water Level

4" 1.D. Schedule 40 PVC
Flush Joint Screen

0.040" Slot 4 Slots/Inch

Bottom Plug

12" Borehole Total Depth

Top
Bottom

Top
Bottom

Top
Bottom

Top
Bottom

5/03/89

Top
Bottom

AS-BUILT

BLS MSL
0.0 1418.3
0.0 1418.28
1.0 1417.3
7.6 1410.7
0.0 1418.3
9.4 1408.9
7. 1410.7
9.1 1409.2
9.1 1409.2
30.0 1388.3
11.09 1407.19
9.4 1408.9
24.4 1393.9
24.9 1393.4
30.0 1388.3

A1l measurements in feet unless otherwise noted

BLS - Below Land Surface
MSL - Mean Sea Level Datum
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MONITORING WELL CONSTRUCTION SUMMARY %

Well No. : MW-1-6 Development
Location ( SD Coord.) Date : 4/27/89
Northings : 471,927.6 Type : PUMPING
Eastings . 1 2,953,234.0 Volume Purged 1196 GALLONS
Reference Point :  TOP OF PVC CASING
Reference Point Elev. : 1418.63 MSL Water Level/Date: 1407.13 MSL-5/3/89
Type of Security ;. VAULT
Supervisory Geologist : D. VanWINKLE
Log Book/Page No. : 2/22-23
Drilling Company : LAYNE (OMAHA)
Rig Type :  HOLLOW-STEM AUGER
Driller : L. HRABIK
Drilling Started . 4/16/89 1300
Drilling Completed : 4/16/89 1900

MONITORING WELL AS-BUILT
BLS MSL

Watertight Vault

Land Surface 0.

(=]

1418.6 —> =
HLo

&,
O

—~

S0P

Top of PVC Flush Joint Riser 0.0 1418.63 AR AREN
w/Locking PVC Cap ¥ %“‘Q°°.‘
OO0

RTOAE R

SR ST S

Cement/Bentonite Grout Top 1.0 1417.6 S5 °§og
Bottom 4.5 1414.1 08t 3%

O 5a%0.0:

. "_ N\ » .0-_:-:

4" 1.D. Schedule 40 PVC Top 0.0 1418.6 Q500082
Flush Joint Riser Bottom 9.2  1409.4 $Q.0. 200 C
if}qy?'éb

10085

Bentonite 1/4" Pellet Top 4.5 1414.1 0% S
Seal Bottom 5.9 1412.7 Poecaiigec
R OSL BN

Sand Pack Top 5.9 1412.7 3 A 4K
Bottom 30.0 1388.6 SRy

R AT

Static Water Level 5/03/89 11.50 1407.13 Raees
B e AR RY

Prsats:

4" 1.D. Schedule 40 PVC Top 9.2  1409.4 1'%39;4,@55
Flush Joint Screen Bottom 24.2  1394.4 SRRSO
0.040" Slot 4 Slots/Inch --QQSSE
SN

Bottom Plug 26.7  1393.9 3
2R

12" Borehole Total Depth 30.0  1388.6 .t

0
o
00

20

A1l measurements in feet unless otherwise noted
BLS - Below Land Surface
MSL - Mean Sea Level Datum
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MONITORING WELL CONSTRUCTION SUMMARY

Well No. : MW-1-7 Development

Location ( SD Coord.) Date : 4/28/89
Northings 471,785.5 Type : PUMPING

tastings 2,953,161.7 Volume Purged 1150 GALLONS

TOP OF PVC CASING
1418.50 MSL

Reference Point

Reference Point Elev. Water Level/Date: 1407.14 MSL-5/3/89

Type of Security

Supervisory Geologist
Log Book/Page No.
Drilling Company

Rig Type

Driller

Drilling Started
Orilling Completed

VAULT

D. VanWINKLE
2/24-25
LAYNE (OMAHA)

HOLLOW-STEM AUGER

L. HRABIK
4/17/89 0700
4/17/89 1045

MONITORING WELL AS-BUILT

BLS MSL
Watertight Vault
Land Surface 0.0 1418.5 —> <wrxro— .
t&a Rl Y
Top of PVC Flush Joint Riser 0.0 1418.50 S 28 S 0T
w/Locking PVC Cap SOETSSE ) AR
O 0908\ °
ggﬁ?..:gcyz / c a0 9:0
R TR
Cement/Bentonite Grout Top 1.0 1417.5 R \) ,\‘ §°‘d 50(3
Bottom 4.0 1414.5 350080057 4 [ POt Sse e
.0.: ..o." °'b °° Q N Al ...é.oQ: o‘.9 P,.
.. .G‘Q' - .g,‘Ogov.P.o_(
Sy R
4" 1.D. Schedule 40 PVC Top 0.0 1418.5 25:200% S Qg onest
Flush Joint Riser Bottom 10.1  1408.4 RNSRN 6%§i e
e *' 5D, 3 °
A oc ARK oSe
Bentonite 1/4" Pellet Top 4.0 1414.5 HRM Y
Seal Bottom 6.1 1412.4 LS g
Sand Pack Top 6.1 1412.4 et '-l}-c
Bottom 23.0 1395.5 AT T
AT R
Static Water Level 5/03/89 11.36 1407.14 > Yye:e
a0
g
4" 1.D. Schedule 40 PVC Top 10.1  1408.4
Flush Joint Screen Bottom 20.1 1398.4 *
0.040" Slot 4 Slots/Inch
Bottom Plug 20.6 1397.9
12" Borehole Total Depth 23.0 1395.5

Al measurements in feet unless otherwise noted
BLS - Below Land Surface
MSL - Mean Sea Level Datum
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MONITORING WELL CONSTRUCTION SUMMARY %

Well No. : MW-1-8 Development
Location ( SD Coord.) Date : 4/27/89
Northings : 472,016.2 Type : PUMPING
Eastings ) : 2,953,186.9 Volume Purged : 1265 GALLONS
Reference Point :  TOP OF PVC CASING
Reference Point Elev. 1418.33 MSL Water Level/Date: 1407.10 MSL-5/3/89
Type of Security : VAULT
Supervisory Geologist : 0. VanWINKLE
Log Book/Page No. : 2/24-27
Orilling Company : LAYNE (OMAHA)
Rig Type :  HOLLOW-STEM AUGER
Driller : L. HRABIK
Drilling Started ¢ 4/17/89 1045

Drilling Compieted : 4/17/89 1900

MONITORING WELL AS-BUILT

BLS MSL
Watertight Vault
Land Surface 0.0 1418.6 —> wrmro—~ ey
RN Y
Top of PVC Flush Joint Riser 0.3 1418.33 i WA R A AN
w/Locking PVC Cap '3’9?.‘;56: §>.‘;:_,°. ) v ég@tézg
3i0.6 3%ty / R O I AT -4
S ‘.'PQQ.O.O N \ N .Q..0.0gc
Cement/Bentonite Grout Top 1.0 1417.6 Sasseasr |- 3°%°§°Q
Bottom 3.3 1415.3 S;2: 000000/ [\ Q22,08 S
e} '.o,-‘.g°~_'o'.‘.°.'o'. \ AR LR A 0
.'éQ-,-:‘w O égg.%%%%b'.o
e oo 9%.0000°: ¢
4" 1.D. Schedule 40 PVC Top 0.3 1418.3 SO0V _-9;.;%‘339%9
Flush Joint Riser Bottom 7.9 1410.7 PRSI 8Q. O
BETWEL 2 CRET
~ B Ry
Bentonite 1/4" Pellet Top 3.3 1415.3 Eﬁe§5f”§§:
Seal Bottom 5.3 1413.3 S e C
e N P . Q.‘
Sand Pack Top 5.3 1413.3 B ek A
Bottom 30.0 1388.6 TEASS
R (R
Static Water Level 5/03/89 11.48 1407.10 LRSS
J: 5. 70.80:0:C
4" 1.D. Schedule 40 PVC Top 7.9 1410.7 OB ERC
Flush Joint Screen Bottom 27.9 1390.7 ARSI
0.040" Slot 4 Slots/Inch :,»‘cév%%f-;_g;
OB o002
Bottom Plug 28.4  1390.2 S5y e
.%§Ii'q°£
12" Borehole Total Depth 30.0 1388.6 ‘-"é‘-"'b-a:-'c'-“«
A1l measurements in feet unless otherwise noted 2?935_;S§
BLS - Below Land Surface AT R

MSL - Mean Sea Level Datum
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MONITORING WELL CONSTRUCTION SUMMARY i
Well No. MW-1-9 Development
Location ( SD Coord.) Date : 4/26/89
Northings 471,861.1 Type : PUMPING
Eastings ) 2,953,449.9 Volume Purged 1173 GALLONS
Reference Point TOP OF PVC CASING
Reference Point Elev. 1418.76 MSL Water Level/Date: 1407.21 MSL-5/3/89
Type of Security VAULT
Supervisory Geologist D. VanWINKLE
Log Book/Page No. 2/39-40
Drilling Company LAYNE (OMAHA)
Rig Type HOLLOW-STEM AUGER
Driller L. HRABIK
Orilling Started 4/25/89 0700
Orilling Completed 4/25/89 1215
MONITORING WELL AS-BUILT
BLS MSL
Watertight Vault
Land Surface 0.0 1419.1 —> §.§c.gq°§ ’ ‘.0.0..8%09
Top of PVC Flush Joint Riser 0.3 1418.76 TR Q 2NN _’_",.'ész_gf";%“
w/Locking PVC Ca ISPSAASE 2 XY 2o 5008
fLocking FIE Car s S i
Rt S U T R
Cement/Bentonite Grout Top 1.0 1418.1 Sqdisssd ] | §'.3%5" 5
Bottom 5.0 1414.1 RIS L B (AR AV R XS
O:s s Qe O \ wdnggpgg(
N2 e ¥, '.°o'.~ -°.°..Q',Q.o
G 50 A B0 *
4" 1.D. Schedule 40 PVC Top 0.3 1418.8 Sio YIS Sy oee?
Flush Joint Riser Bottom 10.3  1408.8 PRSI $Q.C G
RS BES) SO
R o008
Bentonite 1/4" Pellet Top 5.0 1414.1 R %é i ORISR
Seal Bottom 6.8 1412.3 S SRR B L
ORI IRR == T2 O Qe
Sand Pack Top 6.8 1412.3 e s RSN, 2
Bottom 25.0  1394.] SRS Ay
RS ARAE]
Static Water Level 5/03/89 11.85 1407.21 °°'§O°Q€°
I A
RS 5 Qe
4" 1.D. Schedule 40 PVC Top 10.3  1408.8 S0
Flush Joint Screen Bottom 20.3 1398.8 VOTOM Y’
0.040" Slot 4 Slots/Inch 2 S-DIAG
.:. ' e .--. ‘,.'.0.?"
Bottom Plug 20.8  1398.3 S 2
on '%‘6‘6%.&
" SO . .Qo ey
12" Borehole Total Depth 25.0 1394.1 30‘00?3'8

Al]l measurements in feet unless otherwise noted
BLS - Below Land Surface
MSL - Mean Sea Level Datum
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MONITORING WELL CONSTRUCTION SUMMARY .

Well No. MW-1-10 Development

Location ( SD Coord.) Date : 4/26/89
Northings 471,974.5 Type : FUMPING

Eastings 2,953,329.9 Volume Purged 1081 GALLONS

Reference Point
Reference Point Elev.
Type of Security

TOP OF PVC CASING
1418.72 MSL
VAULT

Water Level/Date: 1407.15 MSL-5/3/89

0. VanWINKLE
2/43-46

LAYNE (OMAHA)

HOLLOW-STEM AUGER

L. HRABIK

4/26/89 0700

4/26/89 1400

Supervisory Geologist
Log Book/Page No.
Drilling Company

Rig Type

Driller

Orilling Started
Drilling Completed

MONITORING WELL AS-BUILT

BLS MSL
Watertight Vault
Ltand Surface 0.0 1419.0 —> wvexr—— - _
a&9Q Tebel
Top of PVC Flush Joint Riser 0.3 1418.72 o ;Q_Q;_. R B AT 2R
w/Locking PVC Cap AP M B A SR R
SPegered. 1 |\ EeGENe
SEsvioe Y 1 HEEELS
Cement/Bentonite Grout Top 1.0 1418.0 SRS A égiﬁg‘éxs
Bottom 3.9 14:5.1 _;6..'.09'!'Q.‘ .: / e A\ A ;.‘..Q P.g'
3l Solod \ 0.-¢_'.Q.3_-.°°°(
FISERRRSE) O oS5 60
X ‘?}’.‘ 52%. O, 55 . °
4" 1.D. Schedule 40 PVC Top 0.3 1418.7 2379900 .Ooo-g'sg&-.%}q
- i i . . 1200 0058 aQ 205,
Tush Joint Riser Bottom 8.9 1410.1 L 9¢$f'-§° .%%Q"Q fé
-OAQ.. ‘G-‘ e .Q..‘. o O.Q
PRhAe 400858
Bentonite 1/4" Pellet Top 3.9 1415.1 3L QAT RORE TR
Seal Bottom 5.5 1413.5 EOARS o : >
Sand Pack Top 5.5 1413.5 o
Bottom 28.0 1391.0
Static Water Level 5/03/89 11.82 1407.15
4" [.D. Schedule 40 PVC Top 8.9 1410.1
Flush Joint Screen Bottom 18.9 1400.1
0.040" Slot 4 Slots/Inch
Bottom Plug 19.4 1399.6
12" Borehole Total Depth 28.0 1391.0

A1} measurements in feet unless otherwise noted
BLS - Below Land Surface
MSL - Mean Sea Level Datum
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MONITORING WELL CONSTRUCTION SUMMARY

Well No.

Location ( SD Coord.)
Northings

Eastings .
Reference Point
Reference Point Elev.
Type of Security

Supervisory Geologist
Log Book/Page No.
Drilling Company

Rig Type

Driller

Drilling Started
Drilling Compieted

MW-1-11

472,226.8
2,953,223.6
TOP OF PVC CASING
1418.73 MSL
VAULT

0. VanWINKLE
2/45-48

LAYNE (OMAHA)

HOLLOW-STEM AUGER

L. HRABIK

4/26/89 1400

4/26/89 2015

Development
Date : 4/26/89
Type . PUMPING

Volume Purged 1196 GALLONS

Water Level/Date: 1407.08 MSL-5/3/89

Watertight Vault

Land Surface

Top of PVC Flush Joint Riser 0.

w/Locking PVC Cap

Cement/Bentonite Grout

4" 1.0. Schedule 40 PVC
Flush Joint Riser

Bentonite 1/4" Pellet
Seal

Sand Pack

Static Water Level

4" 1.D. Schedule 40 PVC

Flush Joint Screen

0.040" Slot 4 Slots/Inch
Bottom Plug

12" Borehole Total Depth

MONITORING WELL AS-BUILT
BLS MSL

0.0 1418-9 _—_> VRS .

A :é??sﬁﬁa

2 1418.73 A SN

DA LA A R

\y cQ@ﬁiDQﬂb

| PO RTeEd

‘\:ééi??§£33

Top 1.0 1417.9 B AR

Bottom 5.2 1413.7 A s;§§°°
Top 0.2 1418.7
Bottom 9. 1409.2
Top 5.2 1413.7
Bottom 6.8 1412.1
Top 6.8 1412.1
Bottom 25.0 1393.9
5/03/89 11.85 1407.08
Top 9.7 1409.2
Bottom 19.7  1399.2
20.2 1398.7
25.0 1393.9

A11 measurements in feet unliess otherwise noted

BLS - Below Land Surface
MSL - Mean Sea Level Datum
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MONITORING WELL CONSTRUCTION SUMMARY

Well No. MW-1-12 Development

Location ( SD Coord.) Date : 4/28/89
Northings 472,152.0 Type : PUMPING

Eastings 2,953,134.7 Volume Purged 1173 GALLONS

Reference Point
Reference Point Elev.
Type of Security

TOP OF PVC CASING
1418.20 MSL
VAULT

Water Level/Date: 1407.05 MSL-5/3/89

Supervisory Geologist
Log Book/Page No.
Drilling Company

Rig Type

Driller

Drilling Started
Orilling Compieted

D. VanWINKLE
2/52-54

LAYNE (OMAHA)

HOLLOW-STEM AUGER

L. HRABIK

4/27/89 1400

4/27/89 1930

MONITORING WELL AS-BUILT
BLS MSL
Watertight Vault
Land Surface 0.0 1418.6 —> <orryr—~ S——
aSoUR Y
Top of PVC Flush Joint Riser 0.4 1418.20 '_;f';és.‘.‘, ;T*('sygﬁﬁzﬁ
w/Locking PVC Cap I ek s Y A S O R
S WG S
TR NTL Y [P PIE e oS
Cement/Bentonite Grout Top 1.0 1417.6 A A & L~ §§$§?'€KS
Bottom 3.2 1415.4 ;0. 90000917 2\ Qs8R 0.
6?‘.9:.6-!::.‘!'01 NNy R A
B0 ol N e0.5.0-0
NP 0. 56000 ¢
4" 1.D. Schedule 40 PVC Top 0.4 1418.2 PRIV AEN 7 W g ST
Flush Joint Riser Bottom 8.1 1410.5 RSN 0Q O 2002
° BETHRY S CRRE
PR ARG R I R
o B8 AN A :Q8.~?'Q.£
Bentonite 1/4" Pellet Top 3.2 1415.4 ' oSt
Seal Bot.tom 4.5 1414.1 S
g
Sand Pack Top 4.5 1414.1 B
Bottom 30.0 1388.6 Bha e
540:0(
Static Water Level 5/03/89 11.55 1407.05 "ﬂ'%;é
LAt S
4" 1.D. Schedule 40 PVC Top 8.1 ARG
Flush Joint Screen Bottom 28.1 IS
0.040" Slot 4 Slots/Inch p’o.";”.é’i
000 *
Bottom Plug 28.6 B ‘
12" Borehole Total Depth 30.0
A1l measurements in feet unless otherwise noted

BLS - Below Land Surface
MSL - Mean Sea Level Datum
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MONITORING WELL CONSTRUCTION SUMMARY ﬁ

Well No. : MW-1-13 Development
Location ( SD Coord.) Date : 4/27/89
Northings : 471,622.6 Type : PUMPING
Eastings ;0 2,953,295.6 Volume Purged : 1380 GALLONS
Reference Point : TOP OF PVC CASING
Reference Point Elev. 1419.34 MSL Water Level/Date: 1407.24 MSL-5/3/89
Type of Security : VAULT
Supervisory Geologist : D. VanWINKLE
L0g Book/Page No. : 2/49-51
Drilling Company :  LAYNE (OMAHA)
Rig Type : HOLLOW-STEM AUGER
Driller : L. HRABIK
Drilling Started : 4/27/89 0700
Drilling Completed . 4/27/89 1400

MONITORING WELL AS-BUILY

BLS MSL
Watertight Vault

Land Surface 0.0 1419.3 —> -vemvrr AT
Top of PVC Flush Joint Riser 0.0 1419.34 oSS
w/Locking PVC Cap AP s S gre. e
Cement/Bentonite Grout Top 1.0 1418.3 ,;“f X 'fv \ §§§8'
Bottom 4.1 1415.2 PRGN 0Ok 3
[ERIVIGR S DR300<
BV Se (I8, o050
R P 5500¢.2
4" 1.D. Schedule 40 PVC Top 0.0 1419.3 250 e S, et
Flush Joint Riser Bottom 9.3 1410.0 RSN X2
Bentonite 1/4" Pellet Top 4.1 1415.2 & >
Seal Bottom 5.9 1413.4 X
Sand Pack Top 5.9  1413.4 oLLse
Bottom 25.0 1394.3 >8%.8
Static Water Level 5/03/89 12.10 1407.24 N
4" 1.D. Schedule 40 PVC Top 9.3 1410.0 Q-Ti'
Flush Joint Screen Bottom 19.3  1400.0 VETOMLR!
0.040" Slot 4 Slots/Inch AR
RO:GON02: ¢
Bottom Plug 19.8  1399.5 S5y e
Q0 *°€
12" Borehole Total Depth 25.0 1394.3 .é’bgato‘:’é
80 G
A1l measurements in feet unless otherwise noted ’ %ﬁ;&i
BLS - Below Land Surface A See]

MSL - Mean Sea Level Datum
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MONITORING WELL CONSTRUCTION SUMMARY

Well No.
Location ( SD Coord.)
Northings
Eastings )
Reference Point
Reference Point Elev.
Type of Security

Supervisory Geologist
Log Book/Page No.
Drilling Company

Rig Type

Driller

Orilling Started
Drilling Completed

MW-1-14

472,343.8
2,953,016.8

TOP OF PVC CASING

1418.87 MSL

VAULT

D. VanWINKLE
2/56-59

LAYNE (OMAHA)

HOLLOW-STEM AUGER

L. HRABIK
4/28/89 0700
4/28/89 1430

Development

Date
Type

Volume Purged

Water Level/Date:

SAIE

4/29/89

. PUMPING

1840 GALLONS

1406.97 MSL-5/3/89

Watertight Vault

Land Surface

MONITORING WELL

Top of PVC Flush Joint Riser

w/Locking PVC Cap

Cement/Bentonite Grout

4" 1.D. Schedule 40 PVC
Flush Joint Riser

Bentonite 1/4" Pellet
Seal

Sand Pack

Static Water Level

4" 1.D. Schedule 40 PVC

Flush Joint Screen

0.040" 3lot 4 Slots/Inch

Bottom Plug

12" Borehole Total Depth

Top
Bottom

Top
Bottom

Top
Bottom

Top
Bottom

5/03/89

Top
Bottom

AS-BUILT
BLS MSL
0.0
0.7 1418.87
1.0 1418.5
5.3 1414.2
0.7 1418.9
10.2  1409.3
5.3 1414.2
6.8 1412.7
6.8 14]2.7
25.0 1394.5
12.55 1406.97
10.2  1409.3
20.2 1399.3
20.7 1398.8
25.0 1394.5

A1l measurements in feet unless otherwise noted

BLS - Below Land Surface
MSL - Mean Sea Level Datum
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SITE 3-BASE FIRE TRAINING AREA
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MONITORING WELL CONSTRUCTION SUMMARY

ﬁ‘ “ : o

Well No. : MW-3-5 Development
Location ( SD Coord.) Date : 5/1/89
Northings : 476,197.9 Type : PUMPING
Eastings : 2,948,819.5 Volume Purged 1196 GALLONS
Reference Point : TOP OF PVC CASING
Reference Point Elev. : 1422.60 MSL Water Leval/Date: 1407.48 MSL-5/3/89
Type of Security ¢ VAULT
Supervisory Geologist : D. VanWINKLE
Log Book/Page No. : 2/15-17
Drilling Company : LAYNE (OMAHA)
Rig Type :  HOLLOW-STEM AUGER
Driller : L. HRABIK
Drilling Started ¢ 4/15/89 1015

Drilling Completed :  4/15/89 1015

MONITORING WELL AS-BUILT

BLS MSL
Watertight Vault
Land Surface 0.0 1422.5
Top of PVC Flush Joint Riser -0.1 1422.60
w/Locking PVC Cap
Cement/Bentonite Grout Top 1.0 1421.5
Bottom 8.0 1414.5
4" [.D. Schedule 40 PVC Top -0.1 1422.6
Flush Joint Riser Bottom 13.0 1409.5
Bentonite 1/4" Pellet Top 8.0 1414.5
Seal Bottom 10.0 1412.5
Sand Pack Top 10.0 1412.5
Bottom 25.0 1397.5
Static Water Level 5/03/89 15.02 1407.48
4" 1.D. Schedule 40 PVC Top 13.0 1409.%
Flush Joint Screen Bottom 23.0 1399.5
0.040" Slot 4 Slots/Inch
Bottom Plug 23.5 1399.0
12" Borehole Total Depth 25.0 1397.5

A1l measurements in feet unless otherwise noted
BLS - Below Land Surface
MSL - Mean Sea Level Datum
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STATEMENT GF PURPOSE

The contents of this report are for use by Science
Applications International Corporaticn {(SAIC). The data contained
herein, as well as a2l interpretations, inferences, and
conclusions drawn., refleact MGA’3 commitment tc the highest
professionzl standards. Interprstaticns are nct facts, however,
and may be subject tc unavoidable errcre. Consgsequently, MGA cannot
assume any liability for decisions made on the basis of these
data.

211 dsta, including this focument, are Lhe property of the
client., and may be used in the normal practice of lhueir business.
Publication of any <f this materiul in nrefeccional Jnurnals,
presartations, or any ctker public foruw nay have some bearing on
the professioral reputations of MGA and cur =tual't'. Crnsequentliy,
any use of interyrelaetiory, conclusions, or other information
which reflects the exercise of ovur wprofesszional judgcoment. in any
public forum muast rzceive prior written suthorizatioa from MGA.
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SUMMARY

A five-line seismic reflectinn survey was performed for
Science Applications TIniernationa! Corporation (SAIC), Dby
Minnesota Geophysical Associates (MGA) at Joe Foss Field in Sioux
Falls, South Dakota between November 30 and December 2, 1988. The
object of the survey was tu 1) determine bedrock depth, and
2) better characterize the overburden stratigraphy.

Seismic reflectinn was chosen as the optimum geophysical
method for this study because of its capability for high
resolution both vertically and horizontally. A total of 250 field
records were obtained, and the data reduced using MGA’s seismic
processing system. The resulting seismic reflection cross-sections
are shown in Figures 3 through 7.

Three distinct reflecction events were interpreted:

1) The water table produced a strcng event across all lines,
at an estimaoted depth oi aboul 15 feet.

2) A buried ailuvial channel was identified beneath the first
event and above bedrock. The trend and approximate depth
of the channel are shown in Figure 2.

3) An apparent bedrock reflector was identified and mapped.
Figure 1 shows contours of bedrock depth hased on the
seigmic interpretation. While Lhe depth was surprising
{bedrock had been expec'led at sround 45 feel) the results
are corrohorated by the refraction data, which indicate a
minimunr depth of 90 fcei to a 12,000 fool/second layer.
Prcvious work in the ares has sheown velocities of 12,000
to 18,000 feet/secoand for the Sioux Fermation.

Data quality for the survey was mediocre, due to high ambient
noise levels and highly variable near-surface material.
Consequeritly, depth estimates from the survey are not as reliable
as they might octherwise be. 3oume conclusions can be ccenfidently
drawn, howvever, such as the exislence and trend of the channel,
the relatively deep bedrock, and the general configuration of the
bedrock sarface.
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INTRCDUCTION

A five-line seismic reflection survey was performed for
Science Appiications Internaticnal Corporation (SAIC), by
Minnesota fieophysical Associates (MGA) at Joe Foss Field in Sioux
Falls, South Dakota betwezen November 30 and December 2, 1988.

Goals
The object of the seismic study was two-fold:
1) determine the depth and configuration of bedrock;
2) characterize, as far as possitie, the stratigraphy

of the overburden.

Survey Design

Several phone discussions were held between Phil Davis of MGA
and Eric Gibson of SAIC between Fehruary 23 and November 26, 1988
regarding the use of seismic methods at the Sioux Falls site. Both
seismic refraction and reflection were considered. Seismic
refraction alone was ruled cut for several reasons, including
highly verieble near-surface velncilies, probably velocity
inversions, the necessity of longer georhone spread lengths, and
the gernerally more limited information potential. In addition to
its advantages, seismic reflection would include basic refraction
information to aid in velocity interpretacion.

Five seismic lines were planned as fcllows:

i) two northwest-southeast trending lines about 480 feet in
length;
2) three southwest-northeast lines about 360 feet in length.
Field logistics necessitated some adjustment in the planned
prograa. All five lines were lcngthened, end some locations were
changed to avoid buildings and other obstacles. The final
cont'iguration of seismic lines is shown in Figure 1.

Methodsy

A discussion of the seismic method is contained in Appendix
A. Briefly, seismic methods use measitrements of sound waves to
determine subsurface structure. Seismic reflection is much like
sonar: the time it takes fcr an echo from a subsurface interface
to reach a surlaze receiver, when compensated for acoustic
velocity and offset aistance between source and receiver, gives a
measure of the depth to that interface. Seiasmic refraction uses
measurements of travel times, tc receivers @t incroasing
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horizontal offsets, of sound waves traveling along the upper
surface of a subsurface layer to measure both the velocity and
depth of that layer. Generally, refraction is better suited to
shallow targets, while reflection, because of the abundance of
near-surface noise, wcrks better at depth.

DATA ACQUISITION

A two-person field crew was mobilized to the Sioux Falls site
on November 29, 1988, to begin seismic acquisition the following
day. Copies of the field observer’s notes are in Appendix B.

Field Procedures

Seismic field acquisition involves three basic elements:

1) a source of acoustic energy,
2) geophones, or receivers, and
3) a seismograph to record the data.

The choice of seismic source depends on various factors,
including depth of target, required resolution, and field
conditions. MGA uses three main seismic sources:

1) the "Buffalo Gun", a device which fires 12-gauge shotgun
blanks into an augered hole 2 inches wide by 2 feet deep;

2) the "Elastic Wave Generator" (EWG), a mechanized
sledgehammer, which uses large elastic bands to accelerate
a 300 pound hammer against a steel bace plate; and

3) a manual 10 or .2 pound sledgehammer swung against a small
aluminum baseplate.

The gun is generally the preferred source for shallow reflection
because of its simplicity and very short pulse duration, allowing
slightly higher resolution. The EWG is preferable for deep data
(greater energy than the gun), noisy conditions (atility to
"stack" several shots), or areas where augering is difficult.
"Stacking"” involves repeated source pulses at the same location;
the data from all pulses are summed, enhancing any source-
generated energy, while cancelling random energy such as wind,
traffic, etc. The sledgehammer is reserved for situations where
neither of the other sources is usable. Al]l three sources were
used in the Sioux Falls survey at various times.
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The seismic receivers used by MGA are 24 geophones, each
planted into the ground with a three-inch spike and connected to
the seismograph via two 12-channel cables. On asphalt or other
hard surfaces, the spikes are replaced by steel baseplates which
rest on the ground surface. The seismograph is a Bison Instruments
GeoPro 8024 with internal digital data storage. The data are later
downloaded to floppy disks for computer processing.

Twelve reflection records were acquired with each 24-geophone
spread, with shot locations beginning at the end of the spread and
continuing at ten foot intervals to the center of the spread. At
this point, the near twelve-channel cable was redeployed beyond
the farther cable in leapfrog fashion, and the procedure was
repeated with the new spread.

Site Conditions

Field conditions were difficult. Snow and mud contributed to
equipment problems, necessitating frequent cleaning and drying of
equipment. Noise from aircraft and truck traffic caused delays, as
well as deteriorating data quality.

As expected, disturbed near-surface conditions were evident
in the data. Lines which crossed concrete surfaces were afflicted
with surface-borne noise, further reducing data quality. Buried
tanks or other artificial fill material caused some diffraction of
seismic waves. (One apparent buried tank is evident on Line 5.)
Concrete and aspnhalt surfaces alsuv prevented the drilling of shot
holes required for the Buffalo Gun, necessitating the use of a
surface seismic source.

Production

In spite of the logistical difficulties, production rates
were quite good. A total of 250 24-channel shot records were
obtained over a three day period. Average daily production under
good field conditions is about 50 records the first day in the
field (due to initial surveying and testing), and 80 to 120 in
subsequent days. Under more difficult conditions, production may
drop substantially. Although requiring long hours, productivity
under these adverse conditions was excellent.
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A summary of data production for the survey follows:

Total #

Line § records Footage

1 60 600

2 44 440

3 42 420

4 62 620

5 42 420
Total 250 2500

"Footage" is based on a 10 foot shot interval, and is not
necessarily the same as subsurface coverage on the processed
lines. (The latter will normally be slightly greater).

DATA PROCESSING

Computer processing of seismic reflection data has until
recently been restricted to large computers and large budgets.
Recent advances in microcomputers have allowaed the adaptation of
this software for smaller-scale operations. MGA uses a software
package produced by the Kunsas Geological Survey. MGA has further
adapted this softwar2 to account for the more complicated wave
patterns encountered in shallow reflection records.

Five processes form the core of the seismic processing
sequence:

1) sorting,

2) gain correction,

3) normal moveout (NMO) correction,
stacking, and

5) filtering.

Scrting inveolves reordering the individual seismic traces
from field records into common nidpoint groups. A field record
consista of a series of traces from a common shot, with receivers
at varying distances. Traces from different shots with common
source-receiver midpoints are assumed to represent the same
esubsurface location. Each common midpoint (CMP) gather consists of
traces with varying offsets, each from a different shot-receiver
pair. (The term "common depth point", or CDP, is widely used in
the seismic industry. As depth points are related to subsurface
structure as well as source-receiver configuration, the term
"common midpoint" is more accurate, and is gaining in recognition
and usage. The two are otherwise synonymous.)
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Gain correction compensates for the decrease in amplitude of
events with travel time. Methods vary, but the most common involve
some kind of automatic gain control (AGC), where event amplitudes
are increased or decreased to falli within some limited range.

Normal moveout correction compensates for the increase in
travel time with horizontal offset. Using input velocities, a
correction can be determined which brings a given event up in time
to a point equivalent to a vertical travel path. If the correction
is properly applied, a given event will occur at the same travel
time on all traces within a CMP gather, and will appear "flat",.
Other events, such as muitiple reflections, diffractions, and
coherent noise will not be corrected to a flat event, and will be
attenuated in the stacking process.

"Stacking"” is simply the summing of all traces within a CMP
gather into a single trace. Events which have been corrected to
flat will be significantly enhanced, while others will be reduced
in relative amplitude. The final seismic section is simply a
series of such summed traces from adjacent CMP locations.

High-frequency noise can be further reduced by applying a
high-cut digital filter. In the present survey, a band-pass filter
was applied with a low-cut frequency of 40 hertz and a high-cut
frequency of 600 hertz.

In practice, seismic reflection processing can bhe extremely
tricky. It requires experience to correctly identily reflectors,
analyze velocities, and subsequently interpret the resulting
seismic section. Shallow reflection is more difficult than deep
reflection, and requires even more "hands on" processing. When
properly done, however, a seismic section provides a wealth of
information not available from any other method.

INTERPRETATION

General Aspects of Reflection Interpretation

The fundamental feature of a reflection seismic section is
the event. An evernt is any sequence cf wavelets which are coherent
across a succession of traces, forming a discernible line. Events
may be reflections or spurious events. They may be flat, dipping,
or undulating; high amplitude and "bright", or fuzzy and barely
coherent. When real events are nicely coherent, the seismic
section has the appearance of a geologic cross-section, with a few
critical differences.
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Types of spurious events include:

¥ multiple reflections, or waves which have traversed a
vertical distance two or more times;

¥ diffractions, or reflections from a small, sharp feature
which scatter in all directions; these take on a
characteristic hyperbola, or diffraction "umbrella";

X coherent noise, such as a steady vibration from off one
end of the line, which stacks in a coherent fashion.

Meaningful geologic results require that reflection events be
converted from seismic travel time to depth. This may be the most
critical aspect of reflection interpretation, as the computed
depth depends entirely on the acoustic velocities used. When
possible, direct measurement of seismic velocity using wells and
downhole geophones provides the most accurate conversion possible.
Refraction velocities are useful, although velocity inversions and
hidden layers can cause problems. Geology can be a good guide to
seismic velocities, especially when coupled with refraction data.
Unconsolidated materials, for example, have a fairly limited range
of velocities. Saturated sediments will show higher velocities
than dry material. Knowledge of the type of bedrock can make a
substantial difference in velocity estimates. Normally, =a
combination of these techniques provides the most reliable depth
conversion.

The travel time of a particular seismic reflection event is
the onset time. This can be very confusing, as the maximum energy
of the event, which is its clearest expression, typicalily occurs 5

to 20 milliseconds after the onset time,.

Survey Interprctation

The final processed seismic reflection sections are shown in
Figures 3 through 7. The numbers across the top are arbitrary
station numbers, and refer to the locations on the plan view maps.
The numbers on the left side are two-wey travel times in
milliseconds (ms), and can be used to convert to depths based on
interpreted velocities. The depth scale on the right is
approximate, and is based on a model of 15 feet of dry sediment
({velocity = 1200 feet/second) cverlying saturated sediments
(velocity = 5000 feet/second). Any deviations from this velocity
distribution will result in depth conversion errors.

B
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Three principal events have been identified on the seismic
sections, based on refraction velocities and background
stratigraphic information. These are, in descending order, the
water table (or top of saturated sediments), the base of an
apparent alluvial channel, and the top of bedrock, probably Sioux
quartzite.

Water table:

A quick interpretation of refraction arrivals indicated a
two-layer model, with a faster layer (5000-6000 ft/sec) at about
15 feet in depth beneath a slower layer (i000-1200 ft/sec). The
faster velocity is similar to that of water {about 5000 ft/sec)
and almcst certainly represents the top of saturated sediments.
The reflector identified in Figures 3 through 7 may actually be a
velocity-corrected refraction arrival, and not a reflector proper.
It is a valid seismic event nonetheless.

Buried channel:

While not as apparent as some channels, there are several
strong indications of this feature. In particular, the
criss-crossing events on Line 3 (Figure 5) are diagnostic of a
trough-shaped feature, the extra limbs resulting from non-vertical
reflections. The trend of the channel is clear, and is
illustrated, along with depth contours, in Figure 2. Because of
the relatively mediocre data quality (due to conditions discussed
above), the interpreted depths are at best rough approximations.
Based on the geologic setting, the channel is probably cut into
preexisting glacial till.

Bedrock reflector:

Figure 1 shows depth contours on the bedrock surface. This is
surprising primarily because of the apparent depth of the Sioux
Formation, which had been expected at about 45 feet. Again, the
mediocre data quality makes the exact onset time difficult to
determine, and these depths may be significantly in error. There
is confirmation of the relative depth of bedrock, however, in the
refraction data. Quartzite typically has a very fast seismic
velocity. In another seismic survey in the Sioux Falls area, MGA
measured velocities of 12,000 “c 18,000 feet/second from the Sioux
Formation. In the present survey, there was no such event
appearing as a refraction arrival at offsets of up to 235 feet.
Using a minimum crossover distance of 240 feet and a velocity of
12,000 feet/second, the shallowest depth for the Sioux quartzite
would be about 90 feet.
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It is possible that bedrock is not a high-velocity material,
either a different formation than anticipated, or a significantly
weathered Sioux Formation. If this is the case, the event shown as
bedrock may be a reflector within the bedrock, perhaps the base of
the weathered zone. If this is the case, both refraction
velocities and the lack of a strong rellector suggest that bedrock
velocities are very clcse to those of the overburden, perhaps 5000
to 7000 feet/second.

Other features:

An interesting event appears on Line 5 (Figure 7) near
station 224. The feature, labeled "buried tank?" is a classic
diffraction "umbrella", resulting from non-vertical reflections
from a point source. Since buried tanks are known to frequent the
site, this is the most likely cause. The drop in the water table
reflector beneath the diffraction represents an increase in travel
time due to a lower velocity above, rather than an actual lowering
of the water table,.

The relatively high level of noise in the shallowest section
(above 20 milliseconds) probably results from scattering from
numerous near surface refractors, such as buried tanks, building
foundations, etc.

CONCLUSIONS

The seismic reflection survey over the Joe Foss Field site
was successful in addressing the major gcals of the project. These
included:

1) Mapping the top of bedrock, apparently substantially
deeper than was originally thought; and

2) Locating a buried alluvial channel in the overburden, as
well as establishing the trend of the channel.

Because of mediocre data quality, the depth estimates are
rough apprcximations only. Well data should be reviewed to better
define thc stratigraphy of the c¢hannel. Follow-up borings may be
helpful for further stratigraph.c information, and possibly to
confirm the depth to bedrock.

The Sioux Falls seismic survey was difficult, both in
acquisition and reduction of the data. Valid results were
obtained, however, and the data will provide information which can
be correlated with existing and future data to further the
understanding of the site.
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Overview of the Seismic Method
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A Brief Overview of

SEISMIC EXPLORATION

Introduction

"Seeing"” with sound is a familiar concept. Bats do it.
Submarines do it. A blind person with a cane does it. In total
darkness we can sense whether we are in a closed or cpen space by
the sound of echoes from our footsteps.

Seismic exploration, in principle, is nothing more than a
mechanized version of the blind person and his cane. In place of
the tapping cane we have a hammer blow on the ground, or an
explosion in a shallow hole to generate sound waves. And we
"listen" with geophones, spring-mounted el:ztric coils moving
within a magnetic field. These coils generate electric currents in
response to ground vibrations. Careful analysis of the received
sound wave can tell us whether it is a direct, surface-borne wave,
one reflected from some subsurface geologic interface, or a wave
refracted along the top of that interface. Each of these waves
tells us something about the geology of the subsurface.

Seismic Reflection

Reflections of sound waves from subsurface boundarics arrive
at the geophones scme measurable time after our source pulse. If
we know the speed of sound ir the earth, we can convert that
seismic travel time to depth. And by measuring the arrival time at
successive surface locations we can produce a profile, or
cross-gection of seismic travel times. A simple concept.

In practice, the speed of sound in earth materials varies
enormously. Dry, unconsolidated sand might carry sound waves at
roughly air velocity, or about 1100 feet per second (fps). At the
other extreme, unfractured granite bedrock has an acoustic
velocity in excess of 18,000 fps. And the more layers there are
between the surface and the layer of interest, the more
complicated the velocity picture.

Various methods are used to estimate subsurface velocities.
In shallow reflection work, the most common means is to use
refraction velocities. Others include lowering a geophone down a
boreuole and measuring direct travel-times from the surface to the
geophone, estimating velocities from known lithologic parameters,
and examining the difference in reflection time at various
horizontal offsets. Each of these methods has its advantages.
Generally, a combination of methods will give the best results.
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Seismic Refraction

When a sound wave crosses an interface between layers of two
different velocities, the wave is refracted. That is, the angle of
the wave leaving *he interface will be altered from the incident
angle, depending on the relative velocities and the incident
angle. Going from a low-velocity layer to a high-velocity layer, a
wave at a particular incident angle will be refracted along the
upper svrface of the lower layer. As it travels, the refracted
wave spawns upgoing waves in the upper layer, which impinge on the
surface geophones. The difference in travel time of this arrival
between geophones depends on the velocity of the lower layer. If
the surface is plane and level, the refraction arrivals form a
straight line whose slope corresponds directly to that velocity.

Sound moves faster in the lower layer than the upper, so at
some point, the wave refracted along that surface will overtake
the direct wave. This refracted wave is then the first arrival at
all subsequent gecphones, at least until it is in turn overtaken
by a wave refracted along a still faster surface. In most cases,
this first arrival is the easiest to identify on any particular
trace. The combination of easy identification and comparitively
simple, straight-line interpretation, makes seismic refraction one
of the more popular shallow geophysical techniques.

Field Procedures

At Minnescta Geophysical Associates,; we usc & Bison
Instruments "GeoPro"” 24-channel scismograph. Input isg recorded
from 24 geophones {(Mark Products L-40, 40-Hertz geophones),
digitized, and stored internally in 8-bit format. The sound pulse
is generated by one of three sources:

1) the Bison Elastic Wave Generator (a rubber-band
accelerated weight drop};

2) the "Buffalo Gun", a device which fires 12-gauge shotgun
blanks in a two-inch diameter, two-foot deep augered hole;

3) a 10 or 12 pound sledgehlammer.
The choice of seismic sources depends on various factors,

including depth of the target horizon, surface conditions, and
ambient noise levels.
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Typically, the 24 geophones are located at equal intervals
{usually from 5 to 20 feet) alcng the profile line. The source
location is usually off end, but may be at some point within the
geophone spresd. The arrangement of source and geophones depends
on the nature of the survey. For seismic reflection work, we
generally take shot records at twelve different locations at
uniform intervals, beginning at one end ending at the center of
the spread. This procedure may vary according to the requirements
of the individual survey.

For refraction work, shots are taken at both ends of the
spread, end often additionally at some distance off either end. In
reflection surveys, refraction shots are sometimes taken at one or
two locations off the opposite end of the geophone spread from the
reflection shots, to complement the reflection data.

Data Processing

A seismic reflection section is, in principle, a series of
seismic traces recorded by a geophone at the same location as the
shot. Since the geophcnes are offset from the shot at varying
distances, each trace must be time-corrected for that offset. The
correction depends on the layer velocities. If the correction is
accurate, a given reflection is moved up the trace to the position
it would have were the source and receiver coincident. Using the
above ficld procedure, twelve individual traces, of various
source-receiver offzests, will have a common midpoint. These twelve
traces, after correction, are cummed tc¢ produce one common depth
point, or CDP trace. The resulting summed traces are then
displayed as a single seismic cross-section.

Each seismic truce generated by the GeoPro contains 959
individual samples. With each shot generating 24 traces, a typical
seismic line may contain several million individual samples.
Clearly, the processing of such volumes of data must be done on a
computer. Until recently, only the oil industry had systems
capable of processing seismic reflection data. At MGA, we have a
system developed by the Kansas Geolcgical Survey for
IBM-compatible microccomputers. Augmented by several programs
developed by MGA, we now have o seismic processing system tailored
to the unique problems encountered in high-resolution seismic
work. We believe this system to be unmatched in the industry.
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Seismic refraction data can be interpreted in several ways.
The simplest approaches assume a series cf plane, dipping layers.
While effective under many circumstances, this method is not
suited to undulating refractors. The Generalized Reciprocal Method
(GRM) of refraction interpretation goes beyond the plane-layer
assumption, producing a cross scction which allows for undulations
in the refracting surface. When possible, we combine GRM with
seismic reflection to produce the most comprehensive
high-resolution seismic interpretation available.

Summar

Seismic exploration is a powerful geophysical technique. In
the petroleum industry it has achieved unparalleled success; very
few explcratory wells are drilled without first acguiring seismic
data. With the advent of microelectronics, seismic reflection is
now available on a smaller, less expensive scale. MGA has the
capability of acquiring detailed, high~resolution seismic images
of the near-surface geology. Aprlications such as environmental
geology, groundwater investigations, structural engineering, and
mining all stand to benefit from seismic techniques. At MCA, we
intend to continue providing the most effective, state-of-the-art
seismic exploraticn available.
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Enclosed with the first copy of this report are a number of
double-sided, high-density floppy diskettes. These contain the raw
field data downloaded directly from the Bison GeoPro 8024, as well
as the final processed data files and processing batch files.

These diskettes are valuable! They represent the output of a
great deal of effort both acquiring and processing the data.
Should this report or any of the displays be lost, they can be
reproduced easily from the enclosed diskettes. Without the
diskettes, the only alternative is to repeat the entire process,

MGA maintains a file of all field data, and can most likely
reproduce these data even in the absence of the enclosed
diskettes. However, we cannot assume responsibility for the safety
of these data. It is in the client’s interest to treat the
enclosed diskettes carefully.
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MINNESOTA GEOPHYSICAL ASSOCIATES

November 2, 1989
Mr. Brian Damiata
SAIC
14062 Denver West Parkway
Golden, CO 80401

Dear Brian:

I had a chance to look over the information you sent for the
Sioux Falls site. After reviewing the field data files, it is
clear that the reflection at the top of the till layer cannot be
resolved from the wave refracted along the water table. Enclosed
is a copy of a field record from line 2, which highlights the
resolution problem. The record is from the northeast end of the
line, which is not near the wells in question, but is cleaner due
to a more homogeneous near-surface.

The water table refraction intercept time is about 19
milliseconds. There appears to be a reflection, perhaps the till
layer, approaching the refraction asymptotically from a
zero-offset time of about 28 milliseconds. As you can see, the
near offsets are obscured by ground roll (muted out during
processing). Beyond the ground roll, the reflection is already
within about 3 or 4 milliseconds of the refraction. Since the
refraction asymptote controls the moveout of the reflection at
greater offsets, the reflection cannot be corrected to an accurate
zero-offset time unless it is separated from the refraction by at
least 10 milliseconds or so at these offsets.

Ground roll is, at present, impossible to eliminate from
shallow reflection data. The filtering achieved by geophone groups
used in the o0il industry doesn’t work in the near-surface regime
due to the non-vertical incidence of waves reflected from shallow
interfaces. Until this and a few other problems can be dealt with,
shallow seismic reflection seems to be limited in resolution to a
minimum of 20 feet or so between interfaces, and more when close
to a boundary between highlyv-contrasting velocities (e.g.
unsaturated to saturated).

Seismic refraction can sometimes bridge the gap in the near
surface. Unfortunately, the till doesn’t seem to have a

significantly higher velocity than the saturated sand above it,
given the lack of a faster refraction on the field records.

Please let me know if I can answer any further questions. I
hope this situation hasn’t caused you undue inconvenience.

Regards,

Philip A. Davis

8616 Xylon Ave. No Suite G @ Brooklyn Park, MN 55445 e (612) 493-3595 Fax 493-3597
B-43
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APPENDIX C:

SOIL GAS/GROUNDWATER PROBE SURVEY,
ON-SITE GAS CHROMATOGRAPHY RESULTS




C/934P/Disk #1 — 6/6/90
NOTICE
This report is a duplicate of a report provided to Science Applications Iternational Corporation

(SAIC) by Tracer Research Corporation. Any mention of ‘Joe Ross Field’ is a typographical error
and should be considered to be ‘Joe Foss Field’.
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Tracer Research Corporation

INTRODUCTION

Tracer Research Corporation (TRC) provided on-site analytical
services in support of SAIC’s Prime Contract with Martin Marietta
at the Joe Ross Field, Sioux Falls, South Dakota. Services were
performed on April 11 through May 2, 1989 under contract to SAIC.
On-site GC services were provided for the analyses of soil cas and
various environmental samples including soil and groundwater.
Samples were collected from the Underground Fuel Storage Area, Base
Fire Training Area, and various other areas.

A total of 107 soil samples, 8 groundwater samples and 5 soil
gas samples were collected by SAIC and analyzed in the field by
TRC. Samples were analyzed for the following compounds:

l,1,1-trichloroethane (TCA)
carbon tetrachloride (CCL4)
trichloroethene (TCE)
tetrachloroethene (PCE)
benzene

toluene

xylenes

total hydrocarbons

The compounds in this suite were chosen because of their suspected
presence in the subsurface based on SAIC’s findings. Xylenes are
reported as the total of three isomers and total hydrocarbons are

approximately C4-C9 aliphatic, alicyclic and aromatic hydrocarbous.
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ANALYTICAL PROCEDURES

To perform on-site analytical work, Tracer Research
Corporation (TRC) set-up a remote laboratory at Joe Ross Field,
Sioux Falls, South Dakota. The lab was equipped with a Varian 3300
gas chromatograph and two Spectra Physics SP4270 computing
integrators. Analytical equipment was set-up to perform
groundwater and soil headspace analysis on samples collected in
conjunction with a drill-rig operation.: Direct 1injection
techniques were also used for groundwater analyses. Electrical
power from the facility was provided (110 volts AC) to operate all
of the gas chromatographic instruments and field equipment.

A Varian 3300 gas chromatograph, equipped with a flame
ionization detector (FID) and an electron capture detector (ECD),
was used for the compound analyses. The ECD was used for the
analyses of TCA, CCL4, TCE and PCE while the FID was used to
analyze for benzene, toluene, xylenes and total hydrocarbons.
Separation of these compounds was achieved by running the samples
on 1/8 inch OD packed columns with OV-101 as the stationary phase.
Nitrogen was used as the carrier gas.

Halocarbon and hydrocarbon compounds detected in samples are
identified by chromatographic retention time. Quantification of
compounds is achieved by comparison of the detector response of the
sample with the response measured for calibration standards
(external standardization). Instrument calibration checks are run
periodically throughout the day as are syringe blanks to check for
contamination in the headspace sampling equipment.

Soil samples were collected by split-spoon or a similar method
and immediately prepared for analysis by TRC 1in the remote
laboratory. Approximately 10 grams of soil and 10 mL of water was
placed in a 40 mL teflon sealed VOA bottle leaving approximately
20 mL of headspace. Each VOA was then shaken vigorously for 30
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seconds before the headspace was analyzed. This allows for the
desorption of volatile compounds from the soil into the water and
then the partitioning of these compounds into the heaaspace of the
vial. Headspace vapor is subsampled (duplicate injections) in
volumes ranging from 1 uL to 2 mL.

The GC was calibrated for headspace analysis by decanting 10
to 20 mL off of the known aqueous standard so as to leave
approximately the same amount of headspace that was in the soil
headspace samples. The bottle was then resealed and shaken
vigorously for 30 seconds. An analysis of the headspace in the
vial determines the Response Factor (RF) which is then used to
accurately estimate soil concentrations. The headspace analysis
technique allows for larger injection volumes.

Detection limits are a function of the injection volume as
well as the detector sensitivity for individual compounds. Thus,
the detection limit varies with the sample size. Generally, the
larger the injection size the greater the sensitivity. However,
peaks for compounds of interest must be kept within the linear
range of the detector. If any compound has a high concentration,
it is necessary to use small injections, and in some cases to
dilute the sample to keep it within linear range. This may cause
decreased detection limits for other compounds in the analyses.
The detection limits range down to 0.003 ug/kg for halocarbon
compounds and 1 ug/kg for hydrocarbon compounds depending on the
conditions of the measurement, in particular, the sample size. If
any component being analyzed is not detected, the detection limit
for that compound in that analysis is given as a “"less than" value
(e.g. <0.003 ug/kg). This number is calculated from the current
response factor, the sample size, and the estimated minimum peak
size (area) that would have been visible under the conditions of
the measurement.
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Tracer Research Corporation

QUALITY ASSURANCE/QUALITY CONTROL PROCEDURES

Tracer Research Corporation’s normal quality assurance
procedures were followed in order to prevent any cCross-
contamination of soil samples.

Glass syringes are used for only one sample per day
and are washed and baked out at night.

Septa through which soil gas samples are injected into the
chromatograph are replaced on a daily basis to prevent
possible gas leaks from the chromatographic column.

. Analytical instruments are calibrated each day by the use
of chemical standards prepered in water by serial dilution
from commercially available pure chemicals. Calibration
checks are also run after approximately every five soil
sampling locations.

. 2 cc subsampling syringes are checked for contamination
prior to sampling each day by injecting nitrogen carrier
gas into the gas chromatograph.

. All sampling and 2 cc subsampling syringes are decontami-
nated each day and no such equipment is reused before being
decontaminated. Microliter size subsampling syringes are
reused only after a nitrogen carrier gas blank is run to
insure it is not contaminated by the previous sample.

c-7
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ONSITE GAS CHROMATOGRAPH DATA SUMMARY
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TABLE C-1. SUMMARY OF TOTAL VOLATILE HYDROCARBONS FROM SOIL HEADSPACE ANALYSIS
AT SOUTH DAKOTA AIR NATIONAL GUARD, JOE FOSS FIELD, SIOUX FALLS, SOUTH DAKOTA

TOTAL TOTAL
VOLATILE VOLATILE
SAMPLE DATE  HYDROCARBON* SAMPLE DATE  HYDROCARBON*
B1-1-5 04/11/89 70 83-2-0 04/14/89 ND
B1-1-10 04/11/89 17000 B3-2-2.5 04/14/89 ND
B1-1-15 04/11/89 56000 B3-2-5 04/14/89 ND
B1-1-20 046/11/89 18000 B3-2-7.5 04/14/89 ND
B1-1-20R2  04/11/89 52000 B3-2-10  04/14/89 ND
B1-1-25 04/11/89 36000 B3-3-0 04/14/89 100000
DRILL H20  04/11/89 ND B3-3-2.5 04/14/89 86000
B1-1-30  04/12/89 30000 83-3-5 046/14/89 5200
B81-1-35  04/12/89 570 B3-3-7.5 04/14/89 9400
B1-1-40  04/12/89 170 B3-3-10  04/15/89 38000
B1-1-45  04/12/89 360 B3-3-12.5 04/14/89 ND
B1-1-50  04/12/89 220 B3-3-15  04/14/89 ND
81-2-5 04/13/89 3o B3 3-17.5 04/14/89 ND
B1-2-10  04/13/89 ND B3-4-0 04/15/89 ND
B1-2-15  04/13/89 200000 B3-4-5 04/15/89 ND
B1-2-20  04/13/89 110 B3-4-7.5 04/15/89 ND
B1-2-25  04/13/89 120000 B3-4-10  04/15/89 ND
B1-2-30  04/13/89 8800 B3-5-0 04/15/89 ND
B1-2-35  04/13/89 830 B83-5-2.5 04/15/89 ND
B1-2-40  04/13/89 ND B3-5-5 04/15/89 6
MW1-5-5  04/16/89 ND MW3-5-5  04/15/89 ND
MW1-5-10  04/16/89 ND MW3-5-10  04/15/89 ND
MW1-5-15  04/16/89 190 MW3-5-15  04/15/89 ND
MW1-5-20 04/16/89 79 MW3-5-25  04/15/89 ND
MW1-5-25  04/16/89 84 BK-2-5 04/29/89 ND
MW1-5-30  04/16/89 36 BK-2-10  04/29/89 ND
MW1-6-5  04/16/89 ND BK-2-15  04/29/89 ND
MW1-6-10  04/16/89 ND BK-2-20  04/29/89 ND
MW1-6-15  04/16/89 0.8 BK-2-25  04/29/89 ND
MW1-6-20  04/16/89 140 BK-3-0.5 04/29/89 ND
MW1-6-25  04/16/89 ND BK-3-5 04/29/89 ND
MW1-6-30  04/16/89 ND BK-3-20  04/29/89 ND
MW1-7-5  04/17/89 ND GP1-100  04/18/89 ND
MW1-7-10  04/17/89 ND GP1-101  04/18/89 ND
MW1-7-15  04/17/89 ND GP1-102  04/18/89 190
MW1-7-20  04/17/89 ND GP1-103  04/18/89 3100
MW1-8-5  04717/89 ND GP1-104  04/18/8%9 1900
MW1-8-10  04/17/89 2500 GP1-105  04/18/89 110
MW1-8-15  04/17/89 38000 GP1-106  04/24/89 k3
MW1-8-20 04/17/89 18060 GP1-107  04/24/89 ND
MW1-8-25  04/17/89 660 GP1-108  04/24/89 200000
MW1-8-30  04/17/89 ND GP1-109  04/18/89 43
MW1-9-5  04/25/89 ND GP1-110  04/18/89 ND
MW1-9-10  04/25/89 ND GP1-111 04/18/89 ND
MW1-9-15  04/25/89 ND GP1-112  04/18/89 ND
MW1-9-20  04/25/89 ND GP1-113  04/18/89 ND
MW1-9-25  04/25/89 ND GP1-114  04/18/89 ND
MW1-10-5  04/26/89 ND GP1-115  04/19/89 32
MW1-10-10  04/26/89 ND GP1-116  04/19/89 ND
MW1-10-15  04/26/89 ND GP1-117  04/19/89 6
MW1-10-20 04/26/89 ND GP1-118  04/19/89 ND
MW1-10-25 04/26/89 ND GP1-119  04/19/89 ND
MW1-11-5  04/26/89 ND GP1-120  04/24/89 ND
MW1-11-10 04/26/89 ND GP1-121 04/24/89 ND
MW1-11-15  04/26/89 ND 6P1-122  046/24/89 230
MW1-11-20 04/26/89 ND GP1-123  04/24/89 ND
MW1-11-25 04/26/89 ND GP1-124  04/24/89 76
MW1-12-5  04/27/89 ND GP1-125  04/25/89 ND
MW1-12-10 04/27/89 ND GP1-126  04/25/89 ND
MW1-12-15  04/27/89 240000 GP1-127  04/25/89 10000
MW1-12-20 04/27/89 2400 GP1-128  04/25/89 230
MW1-12-25 04/27/89 640 GP1-129  04/25/89 7400
MW1-12-30 04/27/89 ND GP1-130  04/25/89 530
MWt-13-5  04/27/89 ND GP1-131 04/25/89 ND
MW1-13-10  04/27/89 ND GP1-132  04/25/89 ND
MW1-13-15 04/27/89 ND GP1-133  04/25/89 ND
MW1-13-20 04/27/89 ND GP1-134  04/25/89 ND
MW1-13-25 04/27/89 ND SG3-1-4  04/13/89 ND
MWi-14-5  04/28/89 ND SG3-2-4  04/13/89 ND
MW1-14-10 04728/89 ND $G3-3-3  04/13/89 ND
MW1-14-15 04/28/89 ND SG3-4-4  04/13/89 ND
MW1-14-20 04/28/89 ND SG3-5-2  04/13/89 ND
MW1-14-25 04/28/89 ND SG3-6-4  04/14/89 2
B3-1-5 04/14/89 11000 SG3-7-4  04/14/89 ND
B3-1-7.5 04/14/89 9200 $G3-8-4  04/14/89 ND
B3-1-10  04/14/89 ND $G3-9-4  04/14/89 ND
83-1-15  04/14/89 ND SG3-10-4  04/14/89 ND

ND - Indicates no analytes weie detecied. * - Units are PPB.
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- 96 South Zuni Billings Great Falls
Chen-Northern, Inc. ~ %sounzeni Biing Greal
e oo Sorngs Pocatelo
. OI0r 1
FAX: 303/744-0210 Dorver 9 Rock Springs
clko Salt Lake City
Evanston San Antonio
Gillette Tn Cities

Glenwood Springs Yakima

June 29, 1989

Subject: Laboratory Testing, Joe Foss field,
Subcontract No. 16-890009-82, SAIC
Subproject No. 1-827-33-769-05

Job No. 1 555 89

Ms. Connie Samson

SAIC

8400 Westpark Drive
McLean, Virginia 22102

Dear Ms. Samson:

As requested, we have performed laboratory testing on soil samples
received April 20, and May 9, 1989 at our Denver laboratory. Testing
consisted of moisture-densities, hydrometer analyses, Atterberg limits
testing, cation exchange capacity, and organic matter content. Testing was
performed in general accordance with ASTM and EPA test procedures as specified
in the contract scope of work.

Test results are shown on Figs. 1 through 4 and on the attached Summary
of Laboratory Test Results, Table I. Copies of laboratory work sheets are
enclosed.

If you have any questions or if we can be of further service, please
call.

Sincerely,

CHEN-NORTHERN, INC.

By AM

Norman F. Lewis
Laboratory Manager

NFL/mg
Rev. By: AJG
Enclosures

A member of the @ group of companies
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HYDROMETER ANALYSIS SIEVE ANALYSIS
TIME READINGS US STANDAF.D SERIES T CLEAR SQOUARE OPENINGS
24 HR 7 HR 10
45 8iiN 15 MIN 60 MIN 19 MIN 4 MIN TMIN 200 10 *50 *4N ‘30 TR | 'R ‘4 . « 1 k!l 56 8"
100 T T T 0
n T +—
< 1
) T [/ I 10
t 17 T
1 .
H T
80 —r - 20
e
1 £
d 1
70 ) & y A D & w
) | Il b & o]
> y 4 ) .
% 60 ; ll 1 . 40“2:
v y 4 s
v v r 1 -
S —— 1 T i
e s0 —17 - 50T
r4 T ) § P4
w Y 1 w
8 40 1 III ) "og
\&J 7 } ‘(f
30 1 =70
v 1 ‘A:
i &
20 T 80
-3
10 - <t T Y
w4 AS n 1
T +
—— ) 1 IR BB + 11 1 111 1 JGRES 501 ;L |00
001 002 005 009 019 037  ui4 148 297 T 590 119 238 476 95 1971 381 62 1271 2
42 20 152
l DIAMETER OF PARTICLE IN MILLIMETERS
AY T T SAND (QRAVEL COBBLES
CLAY TO SIL FINE [ “eDIUM  JCOARSE SINE___ ] COARSE
GRAVEL 4 % saND 93 % SILT AND CLAY 3 %
% %
LQuUID LIMIT PLASTICITY INDEX
SAMPLE OF FROM MW 1 14GT at depth 12-14'
HYCROMETER ANALYSIS SIEVE ANALYSIS
TiME READINGS US STANDARD SERIES I CLEAR SQUARE OPENINGS
24 HR 7 HR 10
45 MIN 15 MIN BOMIN 19 MIN 4 MIN 1 MIN 200 100 “S0 -40 "30 *16 J'B "4 o LN T 3 56" 0
Y00 e
T T =
4 <
90 T + o 0
: > +
) i 4 n g
80 = T y o - 20
. Y A ) |
re ) 4 y A re
+ 7 +
70 L + 4 30
7 *
[a]
g %
@ A Z
7] + L <
; T 71 T o
- T Il ll 1 50a
z : * T s
\6 T - re L w
- b ¢
x 40| * re 600
w r T T @
a 7 T wi
71 a
30 Z 1 { ¢ 70
) 4 4
y A
LS e g
zc II 1 ; re vo
£z T ) ¢
VA -y 1
+ — = 1
10 Y n 90
—— . 1
~+
1 )8 ¢ L ) D ¢ J 11l + nd 11 ) 1 1 JIH1L 1m
001 002 005 009 019 037 074 149 297 1 590 119 k38  a76 952 191 38t 762 1271 200
42 20 152
I DIAMETER OF PARTICLE IN MILLIMETERS J
SAND 3RAVEL
CLAY T [Wg
oSl FINE ] wmeowm  [coarse FINE [ coarse COBBLES
GRAVEL 11 % SAND 85 % SILTAND CLAY L o
% %
LIQUID LIMIT PLASTICITY INDEX
SAMPLE OF FROM MW ) 14GT at depth 17-19'
1 555 89 | Chen-Northern, Inc. GRADATION TEST RESULTS Fig.
CA-2-79

D-2




HYDROMETER ANALYSIS SIEVE ANALYSIS
TIME READINGS U5 STANDARD SERIES ] TLEAR SOUARE OPENINGS
24 MR 7 HR o
JSMIN 15 MIN_ 6OMIN 19MIN AMIN_TMIN_ 200 10 50 40°30 16 |'® 4 . . 1 3 5§ 8"
00 — T — — 0
t 1 ¥ .
%0 ; I ll I 10
1 Il
i w4 ==
ol I 1 20
e -
70 T 11 T 30
T T Ill b4 [o]
2 &0 — + oz
1] + 1 <
‘2 4 ; T :J
2 50 T y e =350 &
g = = ==
8 40 T ya T 60 8
KJ 1 ll, 1 g
30 = 1 + 70
20 vl 80
VA
.
et
10 -+ _— 30
71 + - I
& I v
of 4 X 1T L 111 1 b 1111 I L IIXIT I 100
oo 002 005 009 19 037 ure 149 297 | 590 119 2 38 476 952 191 381 762 127V 200
42 20 152
l DIAMETER OF PARTICLE IN MILLIMETERS
SAND GRAVEL COBBLES
CLAY TOSILT FINE [ Miowm  JCOARSE FINE ]| COARSE t
GRAVEL 21 o SAND 76 % SILT AND CLAY 3 o
% %
LIOUID LIMIT PLASTICITY INDEX
SAMPLE OF FROM MW 1-9 at depth 12-14'
HYDROMETER ANALYSIS SIEVE ANALYSIS
TIME READINGS US STANDARD SERIES l CLEAR SQUARE OPENINGS
24HR 7T HR 10
a3 Min 15 Mty ww v 18 MIN S MING 0 AN 200 100 S0 ey 22 c1g 08 4 1 L 1 KA N
100 ry 0
—— ) | 1 - f
1
90 1 T 0
n :
7~ 1 "
80 Z n + I 20
- { 4. :
76 - I T 0
o — T — T a
z y.s + I + a0
@ Z T I z
7] —< + L + <
g : 2 ==
— > T . 50@
2 >~ . : ¥ =
w ﬁ . b
W A 1
e = T + T &
30 , + + 70
) \ "
+ ~ -
20 + T % 80
) § ) 4
. 1
10 n > 90
+ i
0 - b LI & L de 11 " ) & ) D | 111 + 1 ) | 1 111 ) | ek BLL i ]w
001 002 005 009 019 037 074 149 297 '2590 119 ?2038 476 952 191 381 162 1277 200
4 2 152
l DIAMETER OF PARTICLE IN MILLIMETERS
SAND RAVEL
AY TO SILT
ct St FINE ] wmeoium  Jcoarse FINE | coarse COBBLES
GRAVEL % SAND 27 % SILTANDCLAY 73 &
% %
LIQUID LIMIT PLASTICITY INDEX
SAMPLE OF FROM B 1-2 at depth L42-44'
1 555 89 | Chen-Northern, Inc. GRADATION TEST RESULTS Fig. 2 |

CA-2-79 D-3




~YDROMETER ANALYSIS SIEVE ANALYSIS
TIME READINGS uUS STANDARD SERIE S I Lo AR SQUARE OPENINGS
24 MR T HR N
45 MIN 1S AN 60 MIN 19 MIN 4 MIN TMIN DG 0 *50 "4 "30 A l'ﬂ 4 N 2 £ & 2"
1
00 ' — 0
i 1 — -
=
90 —1 o 10
- — —1
I 1
. rd Y
80 11 T »
p 4 - T™
" A -
v JEY D S
70 T % 30
—
ya + -
0] Z T v
g w £ i — ‘Og
7] " o
1% Y e —
< + — o w
a g0 .- + + 50 &
" z B -
4 1 Z
w e 1 =
g 40 e T T — 50 5
w T T —7 g
30 ——e 70
1 —
— 1
20 T 80
- b
+ 1
10 T — 1 £
— +
0 e 1 )& I I L1 T T:T 1 I + 1 L I11 X i D > 100
001 002 (005 009 019 SRR U 149 $97 0 999 9 S8 476 57 191 18t 762 12:1 200
a? 20 152
[ DIAMETER OF PARTICLE IN MILLIMETERS
SAND JRAVEL coes
CLAY TO SILT TNE_ | MeDium . [COARsE TiNE | COARSE LES
GRAVEL % SAND 8 o SILT AND CLAY 92 o,
% %
LIQUID LIMIT PLASTICITY INDEX
SAMPLE OF FROM B 3-1 at dpeth 2-41
HYDROMETER ANALYSIS SIEVE ANALYSIS
TIME READINGS 15 STANDARD SERIES l TLEAR SQUARE OPENINGS
24 HR 7 HR 10
45 MIN 15 MiN 60 MIN 19 MIN 4 MIN 1 MIN 200 ‘100 *50 *40 "30 16 1'8 ‘4 . ‘. 1~ 3 5 6" o
1 — 0
00 - e
1 1 1
i .
90— —1 ) | Z b 0
4 + — re
—1 + ya T
80 + - 20
e b
—+ L +~
70 A + L 30
¥ 7 +
31 y 4 -
* [0}
2 o e 7 o= Rk
g’, - T 11 1. <
t 7 - -
a T e I =
- - . S0
z e )& E
s} T Z+ 1 G
@ 40 —t- — e 600
o T /I T a
30 3 2 . 70
y . b & +
Y > 1
0 z* T %
£ 1 ) 4
) ¢
10 - — M 90
; T
o i D A D 6B § 4 1 4 < 111 + 1 1 el L L, s 4 L1 i0nll I ‘m
00 002 05" 0 olg 037 074 g 297 T swo 119 T 38 4/6 95 191 381  loz 1271 200
a 20 152
L DIAMETER OF PARTICLE IN MILLIMETERS I
CLAY TO SILT SAND CRVEL COBBLES
FINE 1 meoium  JcoaRse +INE | coarse i
seAvEL 26 % SAND 70 % SILT AND CLAY 4 %
% %
LIQUID LIMIT PLASTICITY INDEX
SAMPLE OF FROM B 3-1 at depth 12-14
1 555 89 | Chen-Northern, Inc. GRADATION TEST RESULTS Fig
CA-2-79 D-4




HYDROMETER ANALYSIS SIEVE ANALYSIS
TIME READINGS S STANDARD SERGE ! CEAR SQUAKRE JPENINGS
24 HR 7 HR a
45 MIN 15 MIN 60 MIN '3 MIN 4 MIN T MIN s aon N0 LA Tt TR L"-( h3 3 5 & 8"
100 — 0
- - o S
v Y b "
R S
90 !1 - L I 10
— = -
v 4 . T ‘}
80 —
71 —— - 1 n
v 4 - -
7 + L T
70 1 b A1 m
)
v L T —_
O T
> 60 Z T e 1 40
* 7 T
5,1 b ——
< ya vL b ¢
% 50 - T + + 50
- . -
4 Z T T
u.‘a >4 & 1
g 40 - T — - 50
T —ps +
by =z T " ~ T
30 gt - + 70
- +
t T
20 -1 —+ 80
+ )
+
10 T + n
. 4
T + L
0 et pEE R —l LI 11 1 L1 1 + 1 L III b S JERED 251 i 100
001 002 uos 009 019 uss G4 149 297 T 590 IRE] 238 476 9952 EX 38 82 1271 200
12 20 152
| DIAMETER OF PARTICLE tN MILLIMETERS
. . SAND RAVEL COBBLES
AY
CLAY TO SIt TINE [~ Mtom  [COARSE TNt ]| CcARSE |
GRAVEL o SAND 2 o SILT AND CLAY 98 %
% Oy
LIQUID LIMIT PLASTICITY INDEX
SAMPLE OF FROM B 3-5 at depth 2-4
HYDROMETER ANALYSIS SIEVE ANALYSIS
TIME READINGS 5 STANDAKD SERIES 1 " LEAR SQUARE OPENINGS
24 HR 7 HR 10
45 MIN 15 MIN 60 MIN 19 MIN 4 MIN 1 MIN "200 T100 ‘50 +4p "30 a1 18 4 N Y v - 3 S 6" o
100 e T
J‘; 1 ol 1
% n: 2t T 0
e Z Y
g 1
1 - T
80 + T - 20
1 4 1
ya - &
+ — +
70 X o= 4 30
+ g +
g : Ih b &) l
z Y 40
7 7 T ;
L y e g
a T I -
— > — * 50
rd 4 'L ¥
o —7 —+ —
40| + Y 60
uwl w s 1
a —t I
B! )
30 + t ’ 70
L T
4 ) &
y s — —1
20 > > + 80
. 1
1
—— + 1
10 s Y + 90
T + L
0% Llr}ﬁ )& » 11 » - — b § + S 1 1. 111 ) i 2 1A BIT 1 100
00 002 005 009 019 037 IO 143 297 1 590 19 B3 416 352 191 381 162 1270 2
a2 20 152
| DIAMETER OF PARTICLE IN MILLIMETERS
CLAY TO SILT SAND GRAVEL COBELES
- § INE ] weowm  Jroarse SINE | COARSE T
GRAVEL 2 % SAND 93 o SILT AND CLAY 5 %
% %
LIQUID LIMIT PLASTICITY INDEX
SAMPLE OF FROM B 3-5 at depth 12-14

PERCENT RETAINED

PERCENT RETAINED

1 555 89 | Chen-Northern, Inc. GRADATION TEST RESULTS Fig.

CA-2-79 D-5




(1

6" SL-7-M4
L
(T DZ-Z1-1MW
£g8°¢ HZ-1 1~ IMW
Le it DZ-01- 1MW
1971 0Z-6-1MH
(dS) pues gL- 211SY{d-NON 9 €6 z 6°L01 L2 yl-21 G5-£49
(H2) Ael)d Hg" ¢ 8z [ 86 2 5 88 #°02 -2 G5-£4
(dS) pues A||3Aeuy 9i- 311SY1d-NON ] 0l 9¢ 9°g¢1 S ¢ i-21 1-£9
Ae > Apues Ajiybiis £9°2 (¥4 64 6 8 168 1762 §-2 1-¢9
(7)) Ae> Apueg AN 61 14 €L Lz S 9l 0°91 wh-Th Z-14
~(MS) pues Aj[aaeay 1z J11Sv|d-NON £ 9/ 1z 6°221 B¢ Hi-21 6- 1MW
~(dS) pues Aj|aAedy L9’ J211SYTd-NON h G8 1l 921 61-11 1941 LMK
(dS) PUES wl- J11SY|d=NON £ €6 U] g i -2l 1941 LW
. SN Svh o0 foo)
- X3IONI %o %o o 09,
3dAL ¥O0H(138 pzm“N.hoo »mw"_-\qos“u ALIDILSY1d ainon 002 ON ONvS 13AvE0 ZA_MMWQ »zmr.uou xma%o oM
HO 10S JINVOHO FONYHIND ONISSvYd AHQ IUNLSION
NO1-4VD S1IWET OY3aH3LLY IN30H3d NOIVOYHD WHNLYN WHNLYN

NOUVIOT 31dNVS

68 955 | "ON qor

S117NS3H L1S3IL AHOLVHOEVYT 40 AHVWNNS

3r1avil

Ul ‘ursyyioN-usy”)

D-6




D-7

Z°1 S1-G-1MW
L°6¢ 5Z-6-¢9
g 1¢ 0-#-¢8
Y 8¢ g Z-¢£-td
9°¢c G-7-£49
L2 0-1-¢t8
0°¢ 5z-z-149
8’ Si-Z-18
LA 5Z-1-149
6°1 Si-1-14d
LE£°¢€ 0Z-£-Y8
0°¢tl G-g-ug
£°0¢ S-£-)8
60°1 §.-7-M%¢
LS6° 0Z-7-48
(%) «bo01/03N xmm.z_ s IAIIS %) (%l (d) (%) (199})
e NaiNoD | alidveva | AUOUSYM | dinon 002 ON ONvs 13O ALISN3Q INIINOD W1d30 o
OINVOHO A0NYHIX]D ONISSVd AHO IUNLSION
NOI-1VD S1IN DY3AH3LLY IN3DY3d NOLLYOYHS IVHNIVN IVHNLYN NOLYOO? 31avevs
68 695 | ‘ON gor
S17NS3H 1S31L AHOLVYHOSBY1 40 AHVYVANNS

tavi

"ou| ‘uisdyyioN-uay))




0Z-8- 1MW
0°¢ Si-L-1MK
€1 0Z-9-1MKW
. (%) (%) (
w8 001/02N X30NI LIWN %) (%) od
t ELE (15d) (%) (100))
JdAL HOOHG 38 - A219veyd ALIDISYd ainon s aNvs 13AvHD ALISNSQ IN3INOD Hidaa 304
HO 10s WYDHO FONYNIXD 1 ouaEHILLY Onissvd Wi NLSION
NOI-1V¥) SN oY Oli3d NOIUVaVHO TvunivN

NOUYIOT 31dNVS

68 955 t "ON qor
S1I7NS3H 1S31L AHOLvVHOEBYT 40 AHVWANS

374avil

"ou| ‘uiayyioN-uay>)

D-8




JOlIUELY RGBS g POt V() 10 ag AWIGA IDEUERY § ey Yulg AJDICRART i ) 20122 emunbip ‘uedopy ‘sauqg yiedisom 0ors I uonei0dio) jeuoneuidiul suonedjddy aouaidg

5 b wnv% GES 619} Alfenpiaipul 18y 1ou 0@ 18yi1aboy uonesy| s . » Austwo) .& N - o w:.a:.:u
12126 vD 0baiQ ues ‘g buprng 1y Sndwe) pzly Buidwies 8uo woj sasAjeue PaIsSanbas Py Yy |2} \ T T T
obog ues pue sisuiejuod adwes jle dnosg g .~ ......:... . §§ 2 - QJQ . v y
- . L ) BWeN pdlun
50086 WrA OnAsleg BES ABM :.mwm.hvmmowwm—_ ‘'saaneasssald aqeondde e 210N G auy I e - e § d‘g& auny | - — - ¢
weos ‘au0z 10 3YIs a|qedndde & PO et
(008 03 “UIPIUS OLe NS Bitames Ss et ayi 01 saidwes HD PI3Y JIe 33UABPRY ¢ " e e —— e
8auag umoys se a1a|dwo) ’
0010 665 (102 ‘SUONDNAISUL 10§ dd D 128l0xd aeg |7 AQ paysinbuijay
2990 N 'SNuigieyd ‘oAU 5/eag () ayl ijnsuo)) .>_CO SJaquunu poylaw ~
Smuesed poylaw yd43 Buisn sasAjeue 1sanbay ‘¢ Aueduio)
OEBLE N1 ‘@bpuneQ * 3y _mmw.,.wwwo_m%m_ ‘jesiun pue 108 yBnosyy auy 0\ ﬁu
abpuyep auo meud "uad 1uodjeq w 318jdwo) ‘g 2 e L awep paiuig
; 0082 $EL (E0L) ‘{Ajuo asn qe|) seale papeys sung ) TRy CiQWQ .% 4 r
20IZT wA BTN .wnqadmw_wﬁ\g 104 1d30xa ApRIdWwOod Wwi0f INO (14 ' ok B ...,.w, Do N * w »::Nc
(812412) uone207 JIVS suononnsu| — o . .
.Xm ﬁm .vo:_.ws_ uswdiyg <€ 1 ‘S13UIRIUOY) JO JBQUINN |E10) aeg [ R Aq panedey aleg ‘\\ “\W ‘\baysifuyay
- I N |1 s[eel [y, Ppz-g-1mp -
[ . |1 32S[ss80 [y, [si-L-1OW i
_ A | VES[S151 | Ny Gz Fi-oW| \19S] _-
[ N[ 135 5kbo| Ny (sl-5-1-mw] J'OS]. .
T
~ N [ 2346 O] ) [Sz-5-€9] \1oS|-, "¢
i | ~ [ 305 |SPEO | Sin | 0-h-€8] 1195
i ok |7 |2 3G | B | P, s2-€-€8| |'9SHLY e
) % AlE3HST8M | wp [ S-Z-23| |95} %X
I ¥ A eIg(os [ M]p| 0-1-€2| 5] .«
i X A 1305 [0ch0 | ©fp f2-7-18| |53 =
) - 3% AL 13LS[6pE0 | )y [S1-2-18] 1195 ], -rroami
a1 J° Fewstoig || * AT T3S [obkl [ W [sz-1- 18| | 'SP ors
T5d g0 a0 {If | | ¥ | |/ 1305 [0t | N, [Si=1-18] 195[i° =ni)
s o JUDZ /8iIS ETY a1 ‘ON aidwes XINeWN ON ..2
__ SNOILONHLSNI 1V103dS z um.J wosqly 213 'L g- Ve 25,
SINIWWOD ‘SNOILVAHISEO 3 ok o I A os:..,a,& aabes
1
I B - —
= ON ‘Od/qor
e — owen soonn | ¥ SEe O GQiws)gzezbis I
N TR P12/3 ssog aqp Towen weloi
SolL~ptt Anmomv auoyy w N W ...M - " UG T BTuuoy 1ebeuew 1osloig
22708 QD "eawq |, | sBEs-g£e (ga9) 115 -ig o o
ET R A - | - $ | — . Fh casq mE ey
ry Al - N L3N ¥ »
208sH 3 woy) BueN fiaieioge m sIpjowesey peisenbey (OWAWQ P43 il

|40 | ebed Iﬂﬂ_ﬂfl. aleq Avedwo) peump-sedorhuz vy o
T _ . . LONRIOGIOD) BUCHEUSNY
. pi103as1 ADO1ISN" 10 UleU? ~ suoRedNddy 80UBS

D-9




(((((

Alenpiaiput 1s1 10u 0@ -1eyleBoy uoneso| Avedund Auwduwo?)
\2126 vI 06aiq upg ‘g Bupng “wing sndwe) pIz Buydwes auo wai} sasAjeue pearsenbas i
obaig ues| pue siaueluon ajdwes |jg dnoig ‘g oo s —
GO0BG YA ‘anangeg ‘BES ABM dmipinN B00VEL ‘saaensassid ajqeddde jje s10N °§ Lo 110 P R T i : A Buwi ]
aness ‘au0z 10 Bys oiqeddde T R . .mt.\q“ : : s
oA | o o s 20 Pt 10 S i
10008 0D "UIPID ‘0L #HNS PH e ‘uMbys 88 9)eIdwio) ; .T "y oo
0010-663 (102} ‘suoponIIsul 10} ddVD 199fod ejeg R ‘ eieQ Ag peysinbutey
7SO0 [N ‘SNWiRieg ‘BAnQ $189S 8UD 8y} YNSUOYD AJUO RIGGIINY POIaw - ¥ )
sweied pouiew vd3 Bursn setAjeus tsenbey ‘¢ / = n\.i_.s
- © ydu, .mmwmw-qmﬂw ‘jeniul pue sioue yBnonp euy ANVW / | e.eV_Ha
OEBLE N1 '30pie0 XL ” 86p1ye0 euo meiq ‘ued tuiodiieq i a1edwo) ‘2 our N =
0052-¥EL (EOL) ‘(Auo @8N qey) $88I8 PepRYS owiL : cYose/ Q 793 O
T0IZZ WA LRI ..%n_...uw.-mﬂcmusa 103 1080X0 ARBIZWIOD WHIO) INO it 'L S \m o
\Q\U&sQ\ uoNed07 aNvs suopansu} \§\ Q
H poyswibunay
nm 3 uu :poyie Juswdiys 'SIOUIBIUOY) JO JOQUINN |10} e1eg P aleg hNT
/
] T VIS @580 [ £k PELI-IMW] 195
409 \ v |V ATS (SZST | R’y - (- W[ o5
—a T TS (9550 | 7Yy Prai- 10| |05
1 T TS [aive 5y [0Eb= (W[ 175
S T = (8T (5 [02- €98 19
So T = (oB [ B [S-5%[ '
§ \ -— aasl VNNw 1S°Q ~ g£hg| |'9s
ket \ = (@5 3L, [ ST-T AD| \'9S
Jj _ R 2 0
Lo \ - |[ogn " loz= 1'9S
e bop | SV-CA9| |
t - | o (h
_ 0 oGz /U eany swg ON oduies wneW | ON nal.mﬂmﬂ
m .
SNOILONYLSNI TVID3dS u 2 | o9 Az - J§ Na
‘SLNIWWOI ‘SNOILVAYIS8O N s (oweN pettig) f j@ny \ S
. . ﬂa - ‘ON ‘Od/aof
AN 18I0 M W qEaH 538 30 oweN 138018
Qwv suoYyd u - » gaﬁ:&é‘l 1eBeueyy 120014
MNNNXW ) AQCDLVAH 2 m, MWN.OnhMWﬂWOMVI:EE:ZoEZL
"URZTS b TP | : & U molg  BS T
: oweN Aoiwoqe] | 'O c%aTS 33 _
) N sileuwniegd pasenbey
ole Amdwo) peump-seiodiil uy ©
=z 07T abed v8-5S-5 eq
2z UONRIOdIOD) PUOHBLISNY
ON ewdiys pi1033y Apoisn) jo ujeyd SUOREINTdy SOUSRS

D-10




‘'ON Wwewdiyg

BEYL SES (6191 Allenpiaipur sy Jou oQ 181880) uonedo) 3 m. .... hvedwo) Aupdwo)
126 v) ‘ofmQ ueg ‘g Buping uieg sndwed yzzy Bundwes auc Woiy $esAjgUR pe1senbas ﬂlm -
oBag ves pue sseuieiuod ejdwes e dnoio ‘9 ARy, a e m -
0086 YA\ 'BNABHOR 'BES AR ..M%m_hvm%wn«._ ‘seAnealosald ejqedijdde (i@ 8lON ‘G owny .zﬁ_.- S 3 -n. 3 ouny SweN paiwig
amees '9UOZ 10 8)8 Bjgeddde w 43 e )
1008 03 “UBPIOD QLZ IS DI I.Hmaoﬁw .ﬁ_. oY) 0) sejdwes DD POt} |8 SOUNIIN i { ' > il ainpubrg
sausg ‘umoys s9 Kedwo?) S Vi w
0010-665 1102) "suoiInAsy 10) JudvD Melod © 0 oweg 0y sieq Aq peysinbuiey
2690 (N ‘Snwiesed ‘aAnQ 1eag suQ 8yl JNSUoY 'AlU0 TGN POYIGW , b
. Ssﬂe. poylsw vg3 Buisn sesiieup 1senbay ‘¢ \ “ Aveduso)
1606 Z8Y 1919 . g mww
‘eBpuyep * wduy Bpy ‘[eniul pue t10ud yBhowp euy
0€8LE N1 ‘oBpuxye * yduy oc&wmam% 8110 meiq ‘ued juiodyeq uj medwo) ‘Z e Dot
_ 00SZ¥EL 1EDL) (A ) sease pepeys | ouny swi) ﬁs 7
T0IZZ WA "uRIIIN %Q...uﬂum.%ﬁew\csﬁ 1o} Eo.L..wo%ahgﬂM..u wnoj 1N 114 ‘'t g \w Q~Q u..mt m
(92213) UORRIOT IVS suopanssuy ; |“\h -
¥3 QA3=] poyew wewdys {02 :8JBUIBIUOY JO 1BQUINY (8101 e1eg swt. aeg
e
! Alrlrlpl Ala Gl=2) 524 |95
_ Pl Wl Ball Wl Wl (pP-2)s5-24] 1
! rlreizgierlrele @irel) |-28] Ivs
! NE VAN -2) 1-£3] 1'% B
] rlalr| Al ] wi-21)19L~-Tily| 1795 .
=z PRERRAE W E1 | T H-TAK| 1
S z Al =12rlrr b2 L7 h 1] |7
X e 7 7272 7272 07 S
SNOILONYISNI TV133dS 5 A m WW m.v q ¢ ‘ .
mpzu:.:ow mzo:(émmmo u 2 ~|2 & m = | (sweN peiung) (imeubis) Jodwes
d [} \T)
v ° m x 1% & "ON ‘0d/qor
- S
4 ~|-.
Py w« » M IV | BT sSsag IS oweN e
3 A4t 2 3 CIPSHUS TGy *oomen ok
, Fis] | SZIB-EZRCEOL] P woud
ka4 W 95 =y | 0 : w dH9 g ovag g meew
ﬁﬂW«tU sweN Al0lei0qw) m P ———— cosal 2 AN P swen
=z J07Z ebeg Wg- S-5 o AURdu0D) PEUMO-88A00W3 LY @
z P1033Yy Apoisnd jo ujeyd SuoREoNddy eoUBS

D-11




55559
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+H1DROMETER
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GRADATION ANALYSIS

LAB NO

WORKSHEET
JOB NO./355-57 PART NO.___ 2 PREP. BY_ZZ DATE_%-/
JOB NAME - 9 A/C Tt Foss Frérn cALc. BY Y ckep. sy
7 .
HOLE 20/ /47 DEPTH _/2:/4 _ SAMPLE NO.
VISUAL DESCRIPTION: b r 0/ 2/ 7/ 5yiey ledd
AUN BY SAMPLE PREPERATION SIEVING TIME
SIEVE SIZE 3 |1 172°°| 3/4° | 3/8" | NO.4 SAMPLE WEIGHTS
OF PAN AND SAVALE WET DAY
WT. OF PAN
Samele 16,7
DRY WT. RETAINED -
DRY WT. PASSING —.0 || 3RREED_. 7.0
% OF TOTAL PASSING - .
(ov | A¢ PASSING j66. &
W% =
fuN By BN SIEVE AND HYDROMETER ANALYSIS SIEVING TIME i
EVIN = —
SIEVE | WEIGHT | WEIGHT | _% OF - W% _ Gl _ P ]
NO. IRETAINED|PASSING | PASSING FACTOR =\ = =_1349 <
s (| <. S | - - MCISTURE DETERMINATION
s - YGRO. | HYDRO.
16 IR e MATERIAL | MATERIALI MOISTURE | SAMPLE
30 (¢)| 24 -2 4S /| bisk no. WANDA
s0 | y3 .0 14 7| wr. weT soL AND DisH >50.2 |so0.61
100 ug S/ 1:_’5/ WT. DRY SOIL AND DISH - 3580 .58
200 | g7 3y |wr. oisH 2410
PAN —— | WT. OF DRY soIL =W 097 ]
TOTAL —— | % MOISTURE 0171 -

aun gy SN

HYDROMETER ANALYSIS

CYLINDEP NO. U SPECIFIC GRAVITY

CISPERSING AGENT Y% /VAPP 03

DISH NO. oatefla= £~89 amount _/2& mt  DATE caLie
TEME. T FYD:
CEOeK | TEsT Time | TEMP.| HYDO | HYR* CORR " *SASRE | BRAISEE
T M - z
7.S7]START mix 2
7.S8] sTop mix é g
———}—0vb—rmin o & 0.050 mm| -
.59 10min (2le0}| 7,515 2 |D > &"‘, 2 d, 0.037 mm
1 £,02] 40min | D),0 . 0 BRI % 5 | 24 7 |v.019 mm|
. [d
g (&] 19min |20.0|7, 0 | 1,9 o " 2.4 7|o.009 mm
2.59| eomin {Z2f.0 £ v | .3 g 2.5 ¢ |6.005 mm
ENF] KON PR A7) K T | R RN (X
qUylasn asmin)l > pi .0 | s 2] QL |* .S “lo.c01 mm
GRAVEL S x sanp e ) STORAGE LOCATION
* CORRECTION INCLLOES TEMP., MINISCUS, AMD DEMLOCIULENT .
DATE IN: SUPERVISOR:
T L-4 (5-85) LOCATION:
D-15




' HYRROMe: =

Yk <
227 JK CORRELTION (NCLLOES TEMP., MENISCUS, AMD DEFLOCLAENT

SUPERVISOR:

-

GRADATION ANALYSIS

LAB NO

WORKSHEET Y
JOB NO. [-555-89 PART NO.__2 PREP. BY_L/. pATE_&7/
JOB NAME - SAIC Toe Foss Field catc. YYD _ckep. svIhn
HOLE MU/ / (CTDEPTH _/7/7 __ SAMPLE NO.
VISUAL DESCRIPTION:
AUN BY - SAMPLE PREPERATION SIEVING TIME
SIEVE SIZE 3" |1 172°c} 374 | 3/8" | NO.4 SAMPLE WEIGHTS
OF PAN AND SAMPLE WET ORY
WT. OF PAN TA
L3uete [62.7
DRY WT. RETAINED .
DRY WT. PASSING B0 | /2.6 ||ONNOED 2.6
% OF TOTAL PASSING (o 1A 137 |l sassn
— NO. 4 MU, )
“ 2 W% =
aun sy_ 2N SIEVE AND HYDROMETER ANALYSIS SIEVING TIME
SIEVE | WEIGHT | WEIGHT | % OF owe 31 - co
NO. |RETAINEDIPASSING pl%gmc FACTOR = T <p.44 - _'_7§$L_
s (M| /4.3 Lz, . MCISTURE DETERMINATION
. - YGRO. .
16 Qu.4 Y, - MATERIAL | MATERIAL ‘u:‘onsmne sﬂfggf’s
30 ()| 8. 39 .| oisu no. SNALL
50 | 2.y 1§ /| wa. wer soL a0 D 2388 | 50.6)
100 | 4S50 10 7| wr.oRy soL A OsH 328§ :
200 | 4%.0 4.3 /| .wT. DisH 242.5
PAN —— | wT. OF DRY sonL = w SodS 7
TOTAL —_— % MOISTURE . 0.5~
aUN BY & N HYDROMETER ANALYSIS
CYLINDEF. NO. ) SPECIFIC GRAVITY _____ CISPERSING AGENT. H% 75323.}
DISH NO. oate_&- b-82 ‘amount __ 12§ mi  DaTE caLe
CERE rest Twe | V| Ik | OB RERB [ v Aok -
€.0)|START mix - £
2,602 STOP mix = g2
w oz
e o_% 0.050 mm| -
= ‘,f,‘—: Lac.
g.03] 1omin |2 o 7,5’15.2_ 2.5 S = U - [0-037 mm
c . o e N
g‘ 06| somin |2f1.0| 7.0 ’ Y g § 3.2 0.019 mm
g2z 19min |21 0|7.D ). |° & | 2.2 “|o.009 mm
x O
9.02| eomin |21 0|7.p / ] ¥ s x| 3T Ac.005 mm
2.2 mmisminieol 6.5 (49 |1 |G 2.¢ /|0.002 mm
<
q.ygl2shasminj2/.0]1 6.515. 2] | DI~ 2.2 “|0.001 mm
oravet LI x sano___ DD _x ciavsimo—_ % |stomace ocation — |

- .

DATE IN:

L-4 (5-85) LOCATION:

D-16
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HYDROMETER

k.’l

GRADATION ANALYSIS

. q-,‘;

' LAB NO

WORKSHEET_
JOB NO. [-555 87 PART NO. PREP. BY DATE
JOB NAME -3¢ Toe Fers Fecld caLc. BY Q/CKED. 8
HOLE#/Q-2 _ DEPTH_/2:/9 ___ SAMPLE NO. —
VISUAL DESCRIPTION: w LI X2, 2 Geutey med [ussd) wrd #ey <@
AUN BY . SAMPLE PREPERATION SIEVING TIME
SIEVE SIZE 3" |1 1s2] 3sa | 378" | NO.4 SAMPLE WEIGHTS
OF PAN AND SAMPLE WET DRY
WT. OF PAN TOTAL
DRY WT. RETAINED SAMPLE %/4
DRY WT. PASSING 3.3 Hg_f_ RETAINED ug./
% OF TOTAL PASSING (1n ﬁf;g 39 . PASSNG a3
Aun sv_ N SIEVE AND HYDROMETER ANALYSIS SIEVING TIME -
s (M| /3.8 S MCISTURE DETERMINATION
16 REN dz - MATERIAL | MATERIAL ‘Mﬂoﬂgfugig SAIPLE
o 3H4.3 2S | oisu no. UNTH
50 | 4u-4 || va. wer soL a0 O 372, & | s0. O
100 y7.8 "(-2(/ WT. DRY SOIL AND DISH . 372.24
200 | 4%-Y 2.7 "].wr. DIsH 2399
PAN —— | wn. oF pAaY soiL = Wi ; $odS V/
TOTAL —— | x MOISTURE | . 0.5
aun gy SN HYDROMETER ANALYSIS |
CYLINDEPR NO. _&—spscmc GRAVITY CISPERSING AGENT. &% / zzz 23
DISHNO. — ______ opATE == AMOUNT ml  DATE CALIR
CER rest Twe | TR | R | OB RN | v || B
Q.0S sTART mix | - :g:
.06 stop mix s 2
—T g_(z; | 0.050 mm| -
3’07] 1.0min |2).0 Z,.S'TS 2-19.7% E :: L_~g4£1 / 10.037 mm
_5\/0 40min | 20.0]| 7.0 )R E § 2.9 |0.019 mm| -
26| 19mn |2].0| 7.0 }, % § :c‘): 2. ~10.009 mm
T {907 eomin |21.0|7.0 |, ). & x| 2Y 46.005 mm
S.22lmsan|Z20|l.5149 | 1.LI5 2.5 - |0.002 mm
7;& 2sh a5 min)X 1. 2 |6.5 |S.2- | ™ & 2.6  [o.001 mm
L loraver DI % savo__Za % ciav-sm 2 __x.  [STORAGE LOCATION

77 3K CORMECTION INCLUDES TEMP., MENISCUS, AND DEMLOCULENT
PR DATE IN:
LOCATION:

SUPERVISOR:
L-4 (5-85)

D-17
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GRADATION ANALYSIS

LAB NO’ —

WORKSHEET .
408 NO. 232737 _ PART No. PREP. BY_£Z DATE_ C-2_
JOB NAME ~SA1C Jpe Frss f ol caLc. BY OF) CKED. BY.
HOLE B /-Z_ DEPTH ZZ2-7%_ SAMPLE NO.
VISUAL DESCRIPTION:
AUN BY SAMPLE PREPERATION SIEVING TME
SIEVE SIZE 3 v 1720c) 3747 3/78° | NO.4 SAMPLE WEIGHTS
OF PAN AND SAMPLE WET DRY
WT. OF PAN TOTAL
SAMPLE
DAY WT. RETAINED -
DAY WT. PASSING RETALNED
% OF TOTAL PASSING 10D || passing
. NO. 4
RUN BY_ QN SIEVE AND HYDROMETER ANALYSIS SIEVING TIME K
s(rd| 9. & Ay | . . MCISTURE DETERMINATION
1€ .0 O]Lp g MAT.E‘RIAL MA'I:ERDAL '».rovlgfz%s SH:SESE'
30 (4| 3.4 Q2% | oisu no. SToL
so | 5.9 &% /| WI. WET SOL AND DSk 3/9.9 | Sp.73
100 | /0 & 79 /| wr. oAy sor anD DsH 313.0
200 | /3.5 N> 7|.wT. oisH 208.9
PAN —— | wn. oF oAy son s w 49.5(, "1
TOTAL — | x mMoIsTuRE | . 14 <
RUN BY QN HYDROMETER ANALYSIS
CYUNDER NO. [ SPECIFIC GRAVITY ______ CISPERSING AGENT: 4% NAPO3
DISH NO. DATE L L AMOUNT m!  DATE CALIB
PSS rest e | T ] 205 | SRR RN |- R B
7 Y START Mix - %
7, Y| sTOP MIx g g
~ et —0z5~min _ 5—2 . 0.050 mm| -
7. Y 1.0min |27 0]237.0(52 31 E ; (4 - |0-037 mm
2.80| 4o0min 121.013/.015.2 2% g § <z /l0.019 mm| -
1306 19mn |200|96.0|5 2 120%]° « | 43 ‘lo.009 mm
Sl eu7)| somin 1Dj.0(23.0]52 1B « | 3( |o.005 mm
3.02{7n s min 0> 0 [)9.0 (49 TIy 115 3% lo0.002 mm
9.3z |25n 48 minj2> 1.0 |17, 2152 1L R & 24 "lo.001 mm
. |omave X SAND— @ | X CLAY-SLI %.  |STORAGE LOCATION
477 3 comECTION WOUDES TEMP, MENISCUS, AMD DEFLOCWLENT ]
LT DATE IN: SUPERV!SOR:
L-4 (5-895) LOCATION:

D-18&




-

GROBVMITION “ANA

MRS

EYDROMETER e e
'JOB NO. /-554-%9 PART NO. PREP. BY_LZ _DATE
JOB NAME - SA/C  Tse Foss F/z/a/ CALC. BY KED.BY _
HOLE B.2-/ _ DEPTH_2-¥4  SAMPLE NO.
VISUAL DESCRIPTION:
AUN BY SAMPLE PREPERATION SIEVING TIME
SIEVE SIZE 3 1 172') 374% 378 | NO.4 SAMPLE WEIGHTS
OF PAN AND SAMPLE WET DRY
WT. OF PAN TOTAL
SAMPLE
DRY WT. RETAINED -
DAY WT. PASSING BETAQED
% OF TOTAL PASSING PASSING
NO. &
W% =
AUN BY. AN SIEVE AND HYDROMETER ANALYSIS SIEVING TIME ~
SIEVE | WEIGHT | WEIGHT | X OF R = W% _ = ) [3
NO. [RETAINED|PASSING | pagsiNG FACTOR === = =00
8 (¢} - - ¥ CISTURE DETERMINATION
v e | HYGRO. | KYORO.
16 2 MATERIAL | MATERIALl ‘moISTURE | SAMPLE
sotepy| 0.0 |00 | oisk no. TPERPL
¢ | 0.4 Q9 |, war. wer sor ano o " [297.05] 0. 60
w00 | 2.6 Q< /| wr. oRY soL AND D 99%.29
200 | 3.9 Q2 {wr. oisw Z40.6
PAN —— | wTm. oF pRY son = w FEAS
TOTAL —— | x moIsTURE | . Y
RUN BY ON HYDROMETER ANALYSIS
CYLINDER NO. 7 speciFic GRAVITY CisPERSING AGENT- LY MALO3
DISH NO. OATEL~ 7~ AMOUNT _/2€ _ mi  DATE caLE
3 ~TRY %oF
CEREN[rest e | | Bk | SRR RN |0 R h
7.8 |START Mix : g
~7,$7 | STOP Mix = g
W Z
—f—tbmin |-/ °«"?’ 0.050 mm| *
—— w b il
7.2 1omin |5,.04&0o |5 0 YOG § ;, 4% “Jo.037 mm
- /
7. sg 4.0 min '2).0 Bgo 69 39% g § (O% JL(:.O'IQ mm| .
=
g. ((| 19min 1210 |3/.0 6 D ?S : w &_)_3 .009 mml
g.53] somin |2/.097.0 <5 D[D)R]|c = A5 Jp.005 mm
3,710 s min oy 0 21 01d DIV RIE "4 /}0.002 mm
g.37 f25n as mnl|2/. 0 |21.0 |5 I[\G ¥ < 2% |0.001 mm
| GRAVEL % SAND—__ DX CcLAY-SLT % STORAGE LOCATION
7 3 CORMECTION MCLUDES TEMP, MENIICUS, AND DEFLOCAENT ]
- DATE IN: SUPERVISOR:
L-4 (5-85) LOCATION:
D-19




hYUHUMtlER

GRADATION ANALYSIS

LAB NO’

WORKSHEET v
JOB NO. _[-555.5¢ PART NO. PREP. BY LL DATE_ L -2
JOB NAME : CALC. avmcxeo.::ﬁ\
HOLE £23-/ DEPTH_Z__._ SAMPLE NO.
VISUAL DESCRIPTION: -2 # 7
AUN BY SAMPLE PREPERATION SIEVING TIME
SIEVE SIZE 3" 1 172 374%™ 378" | NO.4 SAMPLE WEIGHTS
OF PAN AND SAMALE WET ORY
WT. OF PAN TO0T
SQmpt e <49 .3
DRY WT. RETAINED =
DRY WT. PASSING 4.6\ £3.7 BN AOVED £3-T1
/] 7
% OF TOTAL PASSING .
0 124 1 2 ) rasgme 1575
v%:
RUN BY_& SIEVE AND HYDROMETER ANALYSIS SIEVING TIME
SIEVE | WEIGHT | WEIGHT | % Of O W% R R
NO. [RETAINED|PASSING | protinG FACTOR = 5= = e T A
s (| [7-6 yq | - - t4CISTURE DETERMINATION
.4 - HYGRO, HYDRO.
16 | dS. 37 ¢ MATERIAL | MATERIAL MOISTURE | SAMPLE
30(4@ 314 19 | oisk no. FALL
Y./ \c.( WT. WET SOL AND DSH 276.8 |80-74
w0 | 46.8 5. (y | wr.oRv sowL anD DM 37¢.5
200 | Y7.4 4.7 ‘|.wt. pisH Z4/8
AN —— | wT. OF DRY sOIL - w 14 39
TOTAL —— | % MOISTURE | . sl ”
aun 8y (RN HYDROMETER ANALYS 53
CYLINDER NO. —____ SPECIFIC GRA iy CISPERSING AGENT._ 4 % VEbLc3
DISH NOu o DATEM AMOUNT =4 ml  DATE CALI&
- TEMP. T. . S
Gl R I W SR 5 P R e R
7. S3!START mix - 2
(=]
~7. Sly | STOP mix < 2
w oz
——1{ a5, min 0_“2’ 0.050 mmj -
— u o
7,651 1omin [21:.0] 2,552 3 3|5 « 4.9 ¢ |0.037 mm
= w <
758 s0min |2/ .0| 9,0 T ). ‘Q g 5 4,( “|v.019 mm
g./4| 19 min 2l.0o|g.0 / @ % Q : Y, “l0.009 mm
x O
[ 60 min {2) . 0]|7,0 V, ]. % < J‘ﬁf 0.005 mm
_-1 IO hs min [ 22 0 | 620 q(” |\ § I (p ~|0.002 mm
q.4o|25n 45 maj>). 0|60 | S. 2| . <6 u ‘{, 27 [0-001 mm
GRAVEL o2 % sanD % cLav-sum . %. |STORAGE LOCATION
* CORRECTION IMCLOLS TEMP, MENISCUS, AMD DEFLOCULENT .
DATE IN: SUPERV!SOR:
L-4 (5-85) LOCATION:
D-20
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St nueivil BN GRADATION ANALYSIS

WORKSHEET

' LAB NO' —y

JOB NO. L5557 PART NO. Z

JOB NAME AL Tne oy ke /A

PREP. BY_ZA
CALC. B

DATE o2

\Qﬂ_cxeo.ev_m _

HOLE £33 DEPTH_Z-4  SAMPLE NO.

VISUAL DESCRIPTION:

RUN BY

SAMPLE PREPERATION

SIEVING TIME
l SIEVE SIZE 3 {1 72| 374 | 378 | NO.4 SAMPLE WEIGHTS
OF PAN AND SAVALE WET DRY
WT. OF PAN TOTAL
SAMPLE
I DRY WT. RETAINED -
DRY WT. PASSING BETANED |
| % OF TOTAL PASSING PASSING
NO. 4
W% =
I RUN BY gjv SIEVE AND HYDROMETER ANALYSIS SIEVING TIME
SIEVE | WEIGHT | WEIGHT | % OF - W% _ - 0 v
NO. |RETAINED|PASSING | AR SiNG FACTOR = - - B —.-Z——S;-— ’
' 8 (1 - - tCISTURE DETERMINATION
ry: -4 HYGRO. | HYDRO.
16 o/ |UD MATERIAL | MATERIALI'MOISTURE | SAMPLE
' o] 0.2 | SO V] bisH no. SMULT]
so | 4.3 29 | wr. wer soL Ao D 243,y | go. uy
I 100 0.4 OﬁL\A WT. DRY SO AND DISH - L9(.6
200 |2 g9 q.wr. oisu Z4/.0
PAN —— | WT. OF DRY solIL zw dg.11v
l TOTAL — %X MOISTURE . 5y Y
AUN HYDROMETER ANALYSIS
l CYLINDER NO. _‘?;_specmc GRAVITY CISPERSING AGENT. b VRO
DISH NO. DATE - AMOUNT 228  mi  DATE caLs
CLOCK TEMP. | AYC. | HYD.* =
' Time | TEST Tive | TR | A% | Eore™| &2RB " * KR | B,
T T Y| sTaRT mix : £
~7.Cl sToP Mmix =8
' w2
l \_—-—J . i [a] 8 . 0.050 mm|
. = A e
7.S)| 1omin | 21.0lh7.015 2 | 418 o o B ~AP-037 mm
~= - v <
l S| somin | 21.0]370 BN g 5 L5 Ab.019 mm| -
Q.00 19mn |271.0([29.0 D3%|© ;“;-; 4 9 ./]0.009 mm
b
I <€ &) 60 min (2] .0128 N \W g = | 6.005 mm
2.06| 1 s minl2o.0 log):O [H 9 | (L. S 323 40.002 mm
|9.36l25n as mnj2f. 0] (9. 0|52 | 138 ] o¢ V]o.001 mm
l' _ | oraveL % sanD— Sl X CLAY-SLE %. ISTORAGE LOCATION
* COMRECTION WCLUOLS TEMP, MENISCLS, AND DEMLOCULENT .
l = DATE IN: SUPERVISOR:
L-4 (5-85) LOCATION:
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GRADATION ANALYSIS

LAB NO’

. WORKSHEET —_—
JOB NO. /29357 = PART No.__Z PREP. BY_<Z DATE £ .2
JOB NAME 348 Tbe Foss Freld. CALC. BY KED. B

g
HOLE B35 DEPTH_ZZ/¥__ SAMPLE NO.
VISUAL DESCRIPTION: e £, le 710 pses W0yl Jmosst . g€
RUN BY SAMPLE PREPERATION SIEVING TIME
SIEVE SIZE 3* 1y 172t 374" | 3/8°° | NO.4 SAMPLE WEIGHTS
OF PAN AND SAMALE WET oﬁv/
WT. OF PAN TOTAL 6
SAMPLE 3.
DRY WT. RETAINED —
DRY WT. PASSING 4.0 JI8RRGED_ H.0
% OF TOTAL PASSING DL passin
5% 239. 6
W% =
RUN BY_&@N SIEVE AND HYDROMETER ANALYSIS SIEVING TIME -
SIEVE | WEIGHT | WEIGHT | X OF - W% _ = ( 555z
NO. |RETAINED|PASSING J%E'.‘&'a FACTOR =% T B
s(ip| 2.8 9 1 . . 1CISTURE DETERMINATION
: - HYGRO. | HYORO.
16 2.5 49 / MATERIAL | MATERIALl MOISTURE | SAMPLE
30 (40| 27,1 U5 | oisu no.
50 uy. b [ | 7| wor. wer soL ano D 3.0 | <. 43
100 | U7-@ = /LWt oRY sou AND DISH 430.&
200 | U7.% 4 lwr. oisu 24/.9
PAN —— | WT. OF DRY soIL = W NE0.99
TOTAL — | » MoisTuRE .| 2777
RUN BY ON_ HYDROMETER ANALYSIS
CYLINDEP. NO. _ﬁ___specmc cRAVITY CISPERSING AGENT_ AL AL 03
DISH NO. DATE AMOUNT __{2S _mi DATE caL
c%’%%x TesT Tive | TP S5 | EGRa”| &RRB " * AR BRRTSER
7.S%)sTART mix - g
7.59| sToP Mix = 9
w2
~ I ey ars
4 00| 10mn |2/ 0| 750 D35 5 (/7 |0.037 mm
e e—g g < / N
03| 4omin |nr 0|70 |52 ) g€ 5 ¢/ “}o.019 mm
Q 7
qq) 1mie {20.0ls.0 |501)].¥€ |0 (f. " l6.009 mm
x O
(00| 60min |2).0|7.0 5.0 ). % g (./ , |6.005 mm
| 3./5|7h 15 min 124, 0 514D | > § j/o.ooz mm
9,u4ll2sn asmin]2/.0 | 6.8 |S O] | A~ “{0.001 mm
forave O x sano__A2 _x CLav-SLT % |sToRage LocaTioN

L-4 (S-€5)

DATE IN:
LOCATION:

* CORRELTION MQAOES TEMP, NENISCUS, AND OEFLOCLENT

SUPERVISOR:
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COoLORADO
ANALYTICAL SOIL WATER ENVIRONMENTAL
I.ABOHATDHY\
LABORATORY ANALYSIS REPORT
REPORT TO: Norman Lewis LAB NO: 8363
DATE RCVD: 3-21-89
BILL TO: Chen-Northern, Inc. REPORTED: 5~4-89
946 South Zuni
Denver, CO 80223 P.0O. %:

1

—— i o S e vt i s S s D S S S T
2 1 S 2 ]

ANALYSIS REQUESTED:
13 Soils for CEC - (EPA Method 9081)

Chen Job #: 1-535-89
ANALYS1S REPORT:
CEC
Sample 1D: (meq/100q)
B1-1-13 1.9
B1—-1-235 2.4
B1-2-15 0.8
B1-2-25 2.0
83-1-0 22.7
B83-2-35 22. 6
B3-3-2.5 28.4
B3-4-0 31.8
B83-5-2.3 39.7
MW1-5-135 1.2
MWi-6-20 1.3
MW1-7-135 3.0
MW1-8-30 1.1

: MJ%
Data Apfroved for Release by

ArMalysis Supervised by

240 8. Main Street ¢ Brighton, Colorado 80801 e (303)6858-2313
Mailing Address: P.O. Drawer 507, Brighton, CO 80601
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CoLoORrRADO
ANALYTICAL SO WATER ENVIRONMENTAL

LABORATOFIYX

LABORATORY ANALYSIS REPORT

REPORT TO: Norman Lewis LLAB NO: 8444

DATE RCVD: 4-7-89

BILL TO: Chen—-Northern REPORTED: 4-20-89%
96 South Zuni
Denver, CO 80223 P.0. #: 50984
E++ 1+ + 7 2 P 3+ 3+ 3+ 3+ 3 4+ 4+ -+ 13+ ++ ¢+ + 313+ 3+ + 23 + 4+ 3+ 43+ 33 3+ +T 333+ 11T 33 i 3Tty i-t-3i3-3

ANALYSIS REQUESTED:
10 Soil Samples for CEC -~ (EPA Method 9081)

Chen Job #: 1-535-89

AR R A S S S S N I R e E RN ST NI EEEEIESS SRR

ANALYSIS REPORT:

CEC
Sample ID: (meq/100qg)
MI1-9-20 1.5
MW1-10-20 1.3
MW1-11-20 3.8
MW-1-12-20 1.3
BK-2-15 0.9
BK-2-20 1.0
BK-2-25 1.1
8K-3-.03 30.3
8K-3-3 13.0
BK-3-20 3.4

Analysis Supervised by Data Appfioved for Release by

d

240 S. Main Street ¢ Brighton, Colorado 806801 e (303)6859-2313
Mailing Address: R.O. Orawer 507, Brighton, CO 80801
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STANDARD 3
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foaT ;
PEVE DR
FLarE

AN LT INTROLLICT I
CoTImE

Lo LTANT
CEAZLCENMENT TUME riac)
FEF_IZATES

EAZE 37 dop D CORRIIVION

I ™ RN ~

0.0

0,002

S2.0 w7 ©.224
100,0 0.3 0.429
232.0 (A2 0,342

o

1
RELI
MIs-
ML

0.0G2
0,222
0,26
0,840

JETYLENE

O, 002
0,225

0.323
©. 848

e

-

CONCENTRRTION

13.5 L0 Q.067
1
:'. 1
i:
. ]
, i

MEAN
ABS

12.0 .9 0.054
5.2 1.2 0.158
1.7 0.5 LUNIR L
8.4 L.z 0.078
e.4 2.7 0. 040
10.0 1.7 0. 045
| OVER 0.0 1.191
119.2 f.1 0 1 0.50%

21.0 0.2 0.179

27.9 9.3 C.125.

191, 0.9 0.429
79.2

0.006

Bl ar i

0. 067

220.8

G.062

READINGS

0. 054
V. 157
0.0S7T
Q,037
O LTS
0.045
1.191
0.506
0.139
0.125
0.428
0.009
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0,0%4
0,159
0,052
0,038
0.040
0.044
1.191
0,505
0.139
0.126
0.431
0.002
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