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1.0 INTRODUCTION

During 1981-1982 FMC Corporation

retained E.A. Hickok and Associates to install 18

groundwater monitoring wells on property south and southwest

of the Northern Ordnance plant in Fridley, Minnesota.

Chemical analysis of samples collected from these wells and

from plant production wells revealed low concentrations of

organic materials, primarily 1,1 ,2-Trichloroethene (TCE), in

the groundwater system.

In January 1983, FMC retained

Conestoga-Rovers & Associates Limited (CRA) to install and

sample three additional ground monitoring wells. In late

January, FMC submitted to, and received approval from, the

Minnesota Department of Health for well installation

specifications prior to commencing well construction. This

report details the installation and sampling of the three

wells.

1 .
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2.0 WELL LOCATIONS

A total of three 4-inch diameter

groundwater monitoring wells were installed at locations as

detailed in Figure 1. Well 33 was installed north of the

Northern Ordnance plant on property owned by the United

States Navy. Well 34 was installed north and west of the

Northern Ordnance plant on property owned by FMC

Corporation. Well 35 was installed west of the South Study

Area on property owned by the Minneapolis Water Department.

2
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3.0 WELL INSTALLATION

3.1 SPLIT SPOON SAMPLING

Split spoon sampling was conducted at

each well location prior to well installation. Samples

were collected at 5-f06t intervals from the ground surface

to bedrock at Well 34 and Well 35, and to a depth of 100

feet at Well 33.

ACME 75 truck mounted drill rig

equipped with rotary head and 8-inch diameter hollow stem

augers was used to advance the boreholes to the desired

sampling depths. Three-inch diameter, stainless steel

split spoon sampling tools, driven with a 140-pound hammer

dropped through a distance of 30 inches were used to obtain

soil samples through the saturated zone. Two-lnch diameter

stainless steel split spoon sampling tools were used to

obtain samples between the top of the water table and

existing ground.

A bentonite slurry drilling fluid was

used to maintain the borehole through the saturated zone.

Geologic record samples were retain~d

for the full depth of each borehole at 5-foot intervals.

Grain size analysis was performed on soil samples collected

3
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from the saturated zone in order to determine the

appropriate slot size for the well screen.

Upon completion of sampling,

boreholes were left open pending well installation.

Mr. R. Karls of the MPCA was

present and observed all split spoon sampling and

installation of monitoring wells.

Borehole logs for the split spoon

sampling are contained in Appendix A.

3.2 MONITORING WELL INSTALLATION

3.2.1 General

All wells were installed using a

Midway 1500 rotary air-mud drilling rig equipped

with an a-inch diameter tri-cone rotary drilling

bit. Wells were installed in the boreholes from

which split spoon samples were collected.

4
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3.2.2 Method of Installation

Four-inch diameter schedule 40

iron pipe, threaded and coupled with reamed and

drifted couplings was used as a riser. Johnson

4-inch diameter x 0.010 inch slot galvanized low

carbon steel screens were installed between the

top of the water table and the first encountered

clay soil strata as determined from the split

spoon sampling logs.

The screens were packed at the

bottom of the casing using neoprene K packers

and the native granular soils allowed to

collapse around the screen.

The annular space between the

riser casing and the borehole wall was

backfilled with drill cuttings for a distance of

10 feet above the screen. The remaining annular

void was backfilled to ground surface with a

neat portland cement grout.

The upper end of the well casing

was fitted with a lockable cap. All keys were

given to Mr. D. Hildre (FMC NOD) at the

completion of the sampling program.

5
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SURVEY

WELL DEVELOPMENT

All wells were field surveyed for

location and elevation during the second week of

February.

Well development times and volumes

are presented on Table 2. Well development details are

presented on Figure 3.

CONESTOGA·ROVERS & ASSOCIAlES LIMiTED
6

Details of a typical well

installation are illustrated on Figure 2.

Physical details of the three installed wells

are presented in Table 1.

All wells were developed using

compressed air. A 1-inch galvanized iron pipe was

installed to the bottom of the well screen and

compressed air at a pressure of 30 psi was pumped into

the screen. The wells were developed until the

effluent stream appeared to be clear.

3.4

3.3
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WATER TABLE

4" 11l JOHNSON GALVANIZED LOW
CARBON STEEL WELL SCREEN
WITH 0.010 INCH SLOTS

4" 11l SCH. 40 IRON PIPE

NEOPRENE K PACKER

DRILL CUTTINGS
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33 837.1
,

810.6
t~

764.6 813.60

34 835.8 809.3 ' -z" 7 784.3 813.77
, I

S·~

35 832.1 805.6
7~'

770.6 808.22
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Water elevations were recorded February 7, 1983

TABLE 1

'Groundwater(1)
Elevation

Elevation of
Base of Screen

Elevation o'f
Top of Screen

MONITORING WELLS DETAILS

Elevation of
Top of Casing

Well
No.

( 1)
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TABLE 2
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WELL DEVELOPMENT DETAILS
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Well
No.

33

34

35

Screen
Length
(it. )

46

25

35

Well
Volume
(g al • )

34.6 .

20.8

26.6

Pumping
Rate

(g .p.m.)

30

30

4

Pumpipg
Duration

(min. )

60

87

140

Volume
Pumped
(gal.)

1 ,800

2,610

560
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figure 3

WELL DEVELOPMENT DETAIL
FMC Northern Ordnance Plant
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4.0 GROUNDWATER SAMPLING

4.1 SAMPLE COLLECTION

well 34, well 35 and production

well 2 were sampled on January 28, 1983. Well 33 and

production well 1 were sampled on January 31, 1983.

Well 33 and production well 2 were resampled on

February 4, 1983.

Production well 1 was sampled by

drawing the sample directly from a tap ahead of the

well head pump into the sample containers while Well 2

was sampled with a submersible pump. All other wells

were sampled using a 2-inch diameter, 4-foot long

copper bailer. The bailer was cleansed with an

acetone-hexane-acetone-distilled water rinse prior to

sample collection.

Wells 33, 34 and 35 were purged by

bailing four to five well volumes prior to sample

collection. Production well 2 had approximately one

well volume purged by stainless steel submersible pump

prior to the January 28 1983 sampling, and

approximately three well volumes purged by submersible

pump prior to the February 4 1983 sampling. The tap at

production well 1 was allowed to flow fully open for

approximately ten minutes prior to sample collection.

7

CONESTOGA-ROVERS & ASSOC~ArES LIMITED



I
I
I
I
I
I
I
I
I
I
I
I
I
'I
I
I
I
I
I

Mr. M. Ayers of the MPCA was

present on January 31, 1983 and collected four 40-ml

replicate samples from each of production well 1 and

well 33. Ms. t. Thorvig of the MPCA was present on

February 4, 1983 and collected four 40-ml replicate

samples from production well 2.

4.2 SAMPLE HANDLING AND SHIPMENT

Samples were collected in prepared

containers provided by the FMC Princeton, New Jersey,

analytical laboratory. Each sample was containerized

and stabilized as detailed in Table 3.

In addition, for each sample a

field blank was collected by running 1 gallon of "Super

Q" de-ionized water through the bailer and collecting

the water in a precleaned glass jar.

After collection, sample container

lids and caps were taped securely. The containers were

then placed in coolers with ice and ice packs and

shipped under a chain of custody protocol to the

Princeton laboratory by a commercial courier service.

Chain of custody records are

presented within Appendix C.

8

CONESTOGA-ROVERS <It ASSOCIATES LIMiTED



I
I
I
I
I
I
I
I

I
.1
.1
I.
),

I
~I
~l

TABLE 3

SAMPLE CONTAINERIZATION AND STABILIZATION

PARAMETER SAMPLE CONTAINER COOLED TO STABILIZATION VOLUME

Volatiles Clear glass with 4°C 4 to 6 x 40ml
tef ion lined cap

Semi-Volatiles Amber glass with 4°C 1 gallon
teflon lined cap

Pesticides Amber glass with 4°C 2 x 1 quart
teflon lined cap

Total Phenol Wide mouth clear 4°C H2S04,pH<2 1 quart
glass with teflon·
lined cap

Total Cyanide Plastic bottle 4°C NaOH,pH>12 1 quart

Metals Plastic bottle 4°C 1 quart

Field Blank Clear glass with 4°C 1 gallon
teflon lined cap

CONESTOGA·ROVERS & ASSOCIATES LIMITED



CHEMICAL ANALYSIS

All well samples were analysed for

the Priority Pollutants and selected conventional

parameters. Analytical results are presented in Table 4.

For all wells excepting well 33,

methylene chloride, TeE, l-l-dichloroethane and

1,2-dichloroethylene were reported present in low ppb

concentrations.

For the priority pollutant

analysis, the semi-volatile organic fraction was not

reported as detectable in any well sample with the exception

of total phenol which was reported as present in wells 2,

33, and 34 at concentrations between 5 and 10 parts per

billion (ppb).

CONESTOGA·ROVE~S& ASSOCIATES LIMITED9

TCE concentrations were reported

as 300,000 ppb and 45,000 ppb and xylene isomer

concentrations were reported as 1000 ppb and 100 ppb for the

two samples collected at well 33. Detection of other

volatile organic compounds was not possible due to

inte~ferences resulting from the elevated TCE

concentrations.
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Reported concentrations of heavy

metals were within the range of normal groundwater values
I

for all samples collected and analyzed. ~,~'

Frank A. Rovers, P. Eng.

Richard G. Shepherd, P. Eng.

All of Which is Respectfully Submitted,

CONESTOGA-ROVERS & ASSOCIATES LIMITED

I
:1'
I
I'
I,
I
I
I
I
I,
'I
'I
I
I
I
1
I
I
I



I'
~I:

,I;
I"'.-
I
I
:1
I
I
I
I
~I

I
I
I
'I
'I
I
I

APPENDIX A

SPLIT SPOON SAMPLING

BOREHOLE LOGS
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11. WELL iii:AD CDMPL8TIOII None
10 Pltl... odaptar :!o Bueatnt offaet

9. STATIC WANil IJ>YEL

12. Well grouted!

Deptll: rroa. rt. [U, rt.

lb. LGE

10 OoJOelltic

20 1ITh;att on

JOTut Well

I
Date of Completion

50 n. 1-29-83
h---"':O""-----------J------------5.

10 Cable tool

10HollOW rod.

:KJ RotlLr'Y

I d. SCR&EII

50a

I'llOM

Sketch ~ or veIl locaUon.

COLOR

E

, r .
."·--r:-~- "1"'". , '.-

.. ~ -1- - .". i
:-_,._..l,~ '_-,-

I : I ','
'1 - -I- ~ ..

Shov exact location of veIl 10 section grid \11th X.
N

rroa. ft. to=======~I't~. ~

~-_--__....::--- ---'-+---_--_+ -+---+__---jJl:J3-:.'N;;.;:are;:;;.'i:t--;.;;:o;;;W';;c~.;oO((lpo;;;.;;.;jI:iibLl.;-;;c:Ooo;;;tu...;I;i~;ti'"c;~--

~O J.t "lJ ....,.,ej :'"".1 ··f] _
1------------------+-----~_+__--_l_---+---_r_1i'16;:.-CWiijAi1TER'E.R>IlELml.hcC:aOllwTRAi'iiAC=i'(.iiiRi"5S'(C:EEJrK'l'l Fif;;.'!.', .. ----- ._-----------

s

I,
~llff'iw~

2. rQRMATIOlI LOG

Sand

I
I
t
,I
I
I
'1
'I
I
I
I

s·

ThiD vell vu drilled under !.":! ;I:;-, .. ,Uct.icn :llht :.:"t::; ~ep()rt is true to

I
15. REMARXS. ErEVATION. SOURCE 0' DATA, etc.

if "..JMi. 172

'"dr...-.1:5306 ~~~h\'!;l '/ 7: i cl«~ 1_M:i~n .._..J.. 5343

SI~·#k4i~~4f~i.f;--D.t •• -Zl- -/ ~ -£:;,
Mark Stodola

I
~~ '-- It_;\P_O_RT_A_N_T_:_F_IL_E_'_N_IT_H_D_E_ED_-_'_N_E_LL_O_'i_-.'I'_I_:x_,.-_.__,;_·__--'-' :t&ll:e of Driller

7/74 JOH



Distance ~d Direction

I STATE Of MINNESOTA HINNESO'rA UNIQU.' .".

[£PNlllefT,OF_H_EAL_lll__....,===---'-_.,.,==::-;;==r;;;:="'II;~~,......:T~~~O~~~S:~:W~~~;~.~!~S~~}~.O~;~_~~O:~;;;D=;;;;;-==-;,-;";;or;:;;;-"a_ .._r_Saop__I..__-=====:1=2=:7=3=:6=3~==1. LOCATIOK or WXLL..&. __

<:0;;.<;....---- 1l"1''''':I°O ~ ,ISoeUODH_erl'l'ovnahIPH-.rIRonPH_.r 3. PRFi.t701l1(~~N:n Engineering & Testing Inc.)
'I fI.orS. E.orW'. A~.... d

froll Road IntenectiOQll or Stnet Addreu and City of V.ll Location '+ouO N. E. River Roa
Minneapolis, Minn.

7~ Industry

f{] Commercial

_____t.ype

IODD\lll

llD _

g.'p.m.

GAt leut 12" above
srade

.-,0 _
--------------

til'

3D _
Cu. Tdo. _

it.

It.

---------------

I
Dat.e of Completion

rt. 1-29-83
---------j

10 Driven

f\.~ Bured

(1(~1 l'over Auger

o Ai r CondJ tianin@:

~ _M~~go~~_I!g __We~~ _

______di.rectioo

Yo" 0 lIoD

None
20 15....,ot off•• t

ft. oInd

ft. and

t"t. 0 below 0 above Dat.e MeuW'od, _
la.nd surface

4Q Reverse

s[] A.lr

6(J Jet<ed

gg reo DHo

'1'breaded~l

BlaeJL

:OJet

~del NUD'ber _

_____t.ot

.... u disinfected upon comphtlon'!'

I HEIGHT: Above/Selow

Welded 031 Surfac:e rt.

XJ
2

2

5
Galv. 01

__...:4'--__1•. to,_-==__ ft. depth Weight 10.86' Ibo.l(t.

lag N.at co.nt 20 aootooh.e

~OHollCN' rod

~RotlU"Y

T. CASING
DUH.

5.
10 Cable tool

n. WEI.L IU:AD CONI'L6'TI05

rt. atter

IG. PUllP None

9. STATIC WATER I.EVEI.

12. Well grovtedT

13. Nearest Dource of po••ible contamint,liun

______1•. to ._rt. depth

o.ptll. rrc.., ft. to f,t.

Material ot drop pipc .• _.• _

'I'n~: lO~ub_rslble

Len"ll. ,.( Jrop piP'O .__ Jl. ("I.p .......:llY. -J'g.p.m.

Manu.facturer's l'il!Ulll! . _

4, IlEI.I. DEPnl (e_leUd,

60'

t'rom ft. to. t't.

b. LSE

to Domeat.lc

20 Irrigation

3D Teet Well

1U. nJJU'1D. ,",v"," \001,", lOI1d oW'f"".

_____t't,. after hra. pwq)log .PS.p.o.

In. to, ft. dep't.b Drive Shoe! Yea__ UO__

Il"'-~,-~S~C~REEH~-~==:::':''':::======:~r-;o::r-o::-:p::-:e-:'.''.::-:O:;l::-e-------------
_e Je.hnson froll ft. to ft.

Type Galvanized DIo._--",4,-:"c-=1.-__'__

10 35 1
Slot/Cauze =o- Len~b,__~.::;."'-I"'TT"'Ic.""'G<SI:----

Set bet...en~ ft ••nd~ It.

TO

o 60

Sketch IMp of vell location.

HARDNESS or
PO_TIOIICOlDR

8l!CtiOO grid wit.b X.

I'OIlNlTIOII LOG

E

. ,.. T,
, j' 'o"".--'-~ ---;-. 1

-"I •. -
, .

Sand

. - '-1
r-

I

._L_~~ _~-:-

Show C.l:act location or veIl in

H

I---------------+-------+-----i~--- --

I'
II

I'
I' 2.

I
I
<I
I
I
I
II'
'I,
I
I
I

'Ibis veil vas drilled unrler ::.:; oll.: i:H.1lcti.:)tl ..... ·<li ~ni~ report I:: true to

172

the best of Cf lmovledl1e IUlJ 1,,:·I:,:f.

DON STODOLA WELL DRILLING CO., INC.
is. REMARKS. E1£VATIOlI. SOURCE OF OATA. etc.

I:

Name of Uriller

Mark StodolaI I.\\PORTANT: FILE WITH DEcO· WELL OWNER COpy

AddrellD 15306 Higll\J.l~.' 4

7/74 lOH



.1

1- OiatClCG and D1rectim from Road Intersections 0.,.

r..

7~ Industry

a(] Commerc1CL1

ft.

{] ~i r Coodi tioning

6{2LHQnitoring Wells

{] Public ,,,,,ply

'lbreadedK] 1

Blae"

Set betveen ft. and

77'

20IrrigaUOA

:(] Te.t Well

5.
10 Celli. tool 40 Reverse 70 Driven 100 0

""

20 Hollow rod. s[] Air C: bored llO
~ Rotary 6[J Jetted r;D Pover Auger

1. CASING
DUH.

Ib. WE

10 Do....Ue

TO

77o

I'RON

Sketch IUp ot vell locaUon. 14. WELL DEP'nt (cOlllP1eted)

IWlDIIESS 0'
FORMA.TIOII

COLOR

E

r
'",":.

1
PORMATIClIt LOG

"" -1- -

Sand

II

Show extlCt location or vell 1n soctioo l"'1d. vith X.

N

2.

I HElGHT: Above/Below

Welded 0 i Surtace r<.

Kl~ Galy. 01
__4'-- 10..0._---=3:...1=-__rt. d.pUl IWdgbt 10.86 Ib.Jr<.

______10. to. ft. d.eptb

~-----------------+-------4----4---+---1~~~~===~1:0:.~t:o======n'~I~_~I~- N_~
I~· SCR&KII lor open bole

_.,__J::,-:;o...,ll,.:.n_s_o-::n_---,,-__ rrOll rt. to

'l'fpe.__G_a_1_v_a_n~i_z_e-d-----oh._...:4~11_=-- ._

Slot/Gau.... 1_0 [.engtb._~4=6:..,1====- _
- FITTINCS,

I
.1
I

I'
ft. and ft.

fl. and 't.
9. STATIC WATER ~L

_____t"t. a.tter hra. pumpioS, --'g.p.lII..

.u. ru" \OU"" land • ..,.r .

rt. 0 b.low 0 ello..
lanl1 surface

g.p ••.hr&.. pUl:lping('to ••n.er
I
I
'.

11. \IEI.L JU:AI) CONPlErIOII n V 11~

lO Pitl••• adaptor 20 Suement ol'taet

12. W.ll groutod1

a At lout 12" above
Ill'ade

Depth: rrOZll' tt. to. ,rt.

l i- .:-_-JL------~L----l--J~--J1ji::;;;;n.;<;rr;. ...~;;~~~;;;~r't. to. tt.13......... t .0..,.<0 or poaslbl. coo,•..;;:;;;,;;:;n--------------

_____f.eet direction

"Jell disinfected upon completiC>n?

_____,.YPO

30_. _
Cu. yde. _

'1•• 0 :100

20 &en tooi Lol£:x'Ueat ce.ent

I

,.
h. PUMP None

Ilale llllOto.J.led

Manufacturer's :4t>.me •••. ..- --_ .... -.-----------
P-tldel !iwl1Oer _ .L,' yc.lt.:i _

Len~til or ,trop pipe .__. ~',.. '"'.J ... .:I ~.j . ~.p.lll.

-t-----+----

Matorinl "'f Jrop pipe _

'!'ype: 10 SubJaeTr. i L 10

....... ---------
.,[] Rccjpro":,Hin~

-.(. I ' :,L,': t"u...a: ·0 _
-' - ...---------

tile best ot rq kr\""Ile,ir,t' ''','~ ;·."1:;:(.

h---=:===-'""""'==-==::-::-:~U~••~.~••~O<JO'ld=-~.;",~.!.!t:.....l.if~""~.de=d.-I..-----'----...L.--..jOONSTOOOLA WELL DRTU.ING CO 0)
15. REMARKS. I::IZVATIOli. SOURCE Of' DATA, etc. -------L::".;;!-;;j;!-.:-

I:
This veIl vas drt 110·1 c..-:. :.:: ·:,ri~hU.:t. '1.:.~ :,:li~ ~port is tr~ to

Add"S:i-!230_~!~~gl,\:."· ~/

~ U'j""'.' (7sl"".~4t?.~:L.t.,.~·.<..::..J.-~".ted -I" ..p
Aut.bori :elJ Til: l' ro.!:.> C:ll :'r.: .., ;',

Mark StodolaI IMPORTANT: mE WITH DEED - WELL OWNER COpy ~a.-:;e or Ol""i ller
7/74 JOM



STRATIGRAPHIC AND INSTRUMENTATION LOG

PROFILE MONITOR SAMPLE PENETRATION
>-

INSTALLATION TEST- I-
Z J: 0 BLOWS I FOOT

J:Q
Q. et:: 0
~ ILl ILl l1.

I-~ STRATIGRAPHY et:: CD Q. "-(!)
Q.> :::E >- en
ILl ILl DESCRIPTION S. REMARKS ~ ::> I-

~o -l et:: Z 0
ILl I- -l 20 40 60 80
~ en CD

0-5 Dark Brown Sandy Fill 1 R

5-6 Medium Brown Sand 1 R

10-11 Medium Brown Sand - Dry 1 R

15-16/ Medium Brown Sand - Dry 1 R

20- 21 1 Medium Brown Sand - Dry 1 R

25-261 Coarse Brown Sand - Wet 1 R

30-31 1 Medium Brown Silty Sand 1 R

35-36 1 Medium Brown Silty Sand 1 R

40-41 Gray Brown Wet Silty Sand 1 R

45-46 Gray Brown Wet Silty Sand 1 R

50-51 Gray Brown Wet Silty Sand 1 R

55-56 Coarse Brown Sand 1 R

60-61 Medium Brown Sand· 1 R

65-66 Medium Brown Sand 1 R

70-71 Coarse Sand with Gravel 1 R

75-76 Stiff Brown Clay 1 R

80-81 Stiff Brown Clay 1 R

85-86 Stiff Brown Clay 1 R

90-91 Stiff Brown Clay 1 R

95-96 Brown Silt 1 R

100-101 Brown Sandy Silt 1 R

\l STATIC WATER LEVEL

HOLE TYPE: _4_'_'....:..lO_W_e_l_l _

LOCATION: u. S. Navy Property TOP OF PIPE ELEVATION: _.......:::8..:::3..:..7..:.. ..:::1'-"".f.=e.=e..:::t:--_

DATE COMPLETED: January 24, 1983

GEOLOGISTIENGINEER: . D. Robinson

GROUND ELEVATION: _

HOLE N9: _...:W...:e::..:l::..:l::........:3:....:3=-- _

CONESTOGA-ROVERS & ASSOCIATES LIMITED

~ WATER FOUND

FMC Corporation

o GRAIN SIZE ANALYSIS

CLIENT:

PROJECT NAME: _F_M_C_N_o_r_t_h_e_r_n_O_r_d_n_a_n_c_e_D_1._·V_1._·S_1._·o_n__

JOB N2 : __1_0_8_5 _

I
I

I
Ii
I
I,.
,,-

I
,I
'I
I,
I'
I··
I
I,
I'



STRATIGRAPHIC AND INSTRUMENTATION LOG

PROFILE MONITOR SAMPLE PENETRATION
>-

INSTALLATION TEST.... ~

Z :I: 0 BLOWS/FOOT0.
:I: Q <t 0::: 0

0::: W W u..
~~ STRATIGRAPHY (!) CD 0. .......
0.> ::E >- (J)
Ww DESCRIPTION & REMARKS ~ ::l ~

~o -l 0::: Z 0
W ~ -l 20 40 60 BO
~ (J) a:l

0-1 Topsoil & Cinders

5-7 Medium Brown Sand - Dry 1 R

10-12 Medium Brown Sand - Dry 1 R

15-17 Medium Brown Sand - Damp 1 R

20-22 Medium Brown Sand - Damp 1 R

25-271 Med, Brown Sand-Wet Silt @26,5 1 R

30-32 1 Medium to Coarse Sand 1 R

35-37 1 Coarse Sand & Grave~-Some Cobb es 1 R

40-421 Silt with Gravel 1 R

45-47 Coarse Gravel-I' Clay Layer 1 R

50-52 Medium Stiff Gray Clay 1 R

55-57 Medium Stiff Gray Clay 1 R

60-62 Sandy Gray Clay 1 R
.

65-67 Sandy Gray Clay 1 R

70-72 Sandy Gray Clay 1 R

75-77 Fine Silty Sand 1 R

80-82 Wet Silt 1 R

85-87 Gravel with Silt 1 R

90-92 Brown Medium Sand 1 R

95-97 Brown Medium Sand 1 R

100-10 Brown Medium Sand

101 Yellow Sandstone 1 R

105-10 Yellow & Red Sandstone 1 R

TOP OF PIPE ELEVATION: ---'8;...;3;...;5;...;,;...;8'-- _

HOLE N2: __W_e_l_l_3_4 _

DATE COMPLETED: January 21, 1983

GEOLOGIST/ENGINEER: D. Robinson

GROUND ELEVATION: _

CONESTOGA-ROVERS &. ASSOCIAlES LIMITED

'V STATIC WATER LEVEL

3" S.S,

." WATER FOUND

FMC Corporation

o GRAiN SIZE ANALYSIS

LOCATION : _N_,_W_,_C_o_r_n_e_r_P_l_a_n_t_S_i_t_e _

PROJECT NAME: _F_M_C_N_o_r_t_h_e_r_n_O_r_d_n_a_n_c_e_D_i_v_i_s_i_o~n__

JOB N2 : __1_0_8_5 _

CLIENT:

HOLE TYPE: 4"0 Well- 8" Hollow

I
II
I;,

I,

I
I
I'
I,.

I,
v·

t
v'



STRATIGRAPHIC AND INSTRUMENTATION LOG

PROFILE MONITOR SAMPLE PENETRATION
>- INSTALLATION TEST- ....

Z :I: 0 BLOWS/FOOTCL.
0 c( Q::; 0

:I:- Q::; llJ llJ lL......... STRATIGRAPHY (!)
II) CL. '-CL.~ ~ >-

llJllJ DESCRIPTION 0 REMARKS ~ :;:) .... (/)

~o ...J Q::; Z 0
llJ .... ...J 20 40 60 80
~ (/) II)

0-5 Brown Medium Sand 1 R

5-7 Brown Medium Sand 1 R

10-12 Brown Medium Sand 1 R

15-17 Brown Medium Coarse Sand 1 R

20-22 Brown Medium Coarse Sand 1 R

25-271 Coarse Brown Sand 1 R

30-32 1 Moist Sand with Clay 1 R

35-37 1 Moist Sand with Clay 1 R

40-421 Moist Sand with Clay 1 R

45-46 Gray Medium Sand, Moist 1 R

50-51 Silt with Gravel 1 R

55-56 Coarse Brown Sand 1 R

60-61 Stiff Brown Clay 1 R

65-66 Stiff Brown Clay 1 R

70-71 Coarse Brown Sand 1 R

75-76 Medium Brown Silty Sand 1 R

80-81 Medium Brown Silty Sand 1 R
,

85-86 Coarse Brown Sand with Silt 1 R

90-91 Medium Brown Sand ,1 R

95-96 Medium Brown Sand 1 R

100-10 Medium Brown Sand 1 R

105-10 ) Brown Silty Sand 1 R

1l0-1l Coarse Gravel with Stones 1 R

115-11 ) Medium Brown Sand 1 R

120-12 Yellow Sandstone 120.3' 1 R

HOLE TYPE: .....;4:...."----::0----:..:W-=e.=1.=1 _

LOCATION: Minnesota Water Works Property TOP OF PIPE ELEVATION: _~8i..:3~2'-L,-=1 _

HOLE N2: Well 35

DATE COMPLETED: January 22, 1983

GEOLOGIST/ENGINEER: D. Robinson

GROUND ELEVATION: _

CONESTOGA-ROVERS & ASSOCIATES LIMITED

\J STATIC WATER LEVEL... WATER FOUND

FMC Corporation

o GRAIN SIZE ANALYSIS

CLIENT:

PROJECT NAME: _F_M_C_N_o_r_t_h_e_r_n_O_r_d_n_a_n_c_e_D_i_v_i_s_i_o_n__

JO B N 2 : __1_0_8_5 --'- _

I'
I
I)
I,
,I
II
I,
I

I
I

I
I

'.'

;1
I
I

v

1\
','
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APPENDIX B

CHAIN OF CUSTODY

CONESTOGA-ROVERS & ASSOCIATES LIMiTED



~
I

_ ......'_ .. ·.fiIIJI ....
-CHAIN OF CUSTODY RECORD &ANALYTICA'r-REP~ . \

REQUESTER: DATE: \\2.8 'i? ~
PLANT LOCATION: \-'\~~~=>""'>- \-"\ ,\oJ~

SITE DESCRIPTION: CS~~'~G \",...h::..........S. 3S, ~~. ~7~~~ L.

I. FIELD DATA

'. . .". ". '..." . - C Cotporation
Environmental Analytical Services

Center Technical Department
Route 1 at Plainsboro Road

Princeton, New Jersey 08540

-
Weather

sam~er _ Wet/Dry
:i:> \Z... ~.t=?~ .-:l '£CL"",

l

Temp. °C
o

pH Flow (GPO) Other Notebook Initials

CHAIN OF CUSTODY Na~ ~

.t
1

O~ \LG

Field Stab./Storage

J?U'7- ''''..)..

Sample
, Ci'-l[)

Time
,C\ ..~~

Begin
Date· Tim Anal~~s Requested
I l.t i'~ 173D ~l?iLL~:>

~--------
1Jji~n '3~-'--------, 2 1~ _

....

Sampl e
Size

Date

SJ kl. '£'"$

Soc,."
:3 !, 5"cc t,,~

\~~Z>771f:.!h
I

Desc ri pt ion
\,J r..;,;v-Q.

l4"

c:s~~

SO\L-

Sampl e Code

.wLI..l- ~==--__
Q).'t\ \ c\

~G.L.~ '?J&;

CSt-::!. f'J..;:.J T

I I. SAMPLING

III.

Sample # Analyses

Sample
Cert ifi cat ion

Accept/Qualify

Lab
Stab./
Stora.9-~_

Analyst
Notification
Init i a1s . Da te

AnalY5"is
Begun

Date' Time
Data

mg.L- 1 Notebook

V. Copies to: VI. Lab. Supervisor Date __

DISTRIBUTION: White - Return to Requester - Canary - Retained by Analytical - Pink - Retained by Requester



,. - .. .. - •. ~ ... - . .... \..... ..
CHAIN OF CUSTODY

RECORD
PROJECT N2. I PROJECT NAME I

1,I"'\9..c:::.. ~hc. \--,\ .. ~~o'-< ....

-FMC FMC Corporation
No/thern Ordmll1ce Division
4800 East River Road
Minnei'lpolis Minnesota 55421
(612) 5719201 Telex 29 0432

SAMPLE SEQ. DATE TIME SAMPLE LOCATIONN2. N2.

I\...'r.: A 9....~./

SAMPLER'S 8 S::2
SIGNATURE > I SIGN) SAMPLE TYPE

III
0:......

OZ
.4

01 ...
Z Zo

u

,
\

REMARKS

=~~==:ml:!!~rmm~~------ --- --------
TOTAL N2. OF CONTAINERS

RE L·INQUISHED BY I DATE/TIME "Ii'VEO BY /. ); RELINQUISHED BY' DATE / TIME RECEIVED BY'

rn~C§) c:;;::-: ,lSi &jl/e, ~} I® l (J ,,/I! rn I @
I SIGN) I I 2 '>ti.A I~)~ I SIGN I I SIGN I

RELINQUISHED BY: DATE/TIME FU'CEIVED/BY. RELINQUISHED BY •• DATE/TIME RECEIVED BY:

[}] I @ [i} I ®I SIGN) (SIGN) ( SIGN) (SIGN)

RELINQUISHED BY' DATE/TIME RECEIVED BY' RELINQUISHED BY' DATE/TIME RECEIVED BY'

rID I ® rID I (1)(SIGN) (SIGN) (SIGN) I SIGN I

METHOD OF SHIPMENT' SHIPPED BY' RECEIVED FOR LABORATORY' DATE /TIME

I
(SIGN I



.. -_ ~_ .. - ........ -
-FMC FMC Corporallon

CHAIN OF CUSTODY Northern Ordnance Division
PROJECT N2. . PROJECT NAME • 4000 East Rivp,r Rond

RECORD \cca5 r:n.c... k \t-.)..,lQ::\~OL.~~.
Minnea.r,0lis Minnesota 55421
(612) 519201 Telex 29 0432

SAMPLER'S ~ ~
en
a:

SIGNATURE '-.
......

SAMPLE TYPE o! . REMARKS
I SIGN) <f

0; ~ i

SAMPLE SEQ.
ZZ

DATE TIME SAMPLE LOCATION
0

N2. N2.
u

u.13 , '/31 J5l ~ \/-ku- 3.~ 1J~h:tL- C~. G .l,~ kl ~ ,~~<> (-

,~G,~.. ~~ ~Ck't I

.2 - Q\ ""S"~ ... I\-..lVll. 2-

\ ~ w .\.-_ J-\o..~ C'....c..<Yl. \

2~A.,r .. Qu~~ 'Z-

\ .c;tI.~ ~"A-..l... 1
,lot.. "2. 1- ' h/)"8) W6-u-t ,. .. G.- Lo k\ V\A... ~ <-, bA... A~l?J2It 1

7 Q\ :5>~ .. r-.. ""'1 z....

, uJ~h~ LI'Ml \

7- ~""-A~<.Qv~e,. L.

:ij£~tJffi~~i~~:}~~!1i~~~~t~t1f~~f~k~t~~f~11~~It\{fl~~~l~t&fJ~ri.~~!~!~i~Y~~:~~11f:. TOTAL N!L OF CONTAINERS "'Z..<. :t~~iJ{~~w~:~~f~~~~1~~~~;W;r~~-

RE~HED ~ )ATE/TIME IlEIVEdBV/ iJ;// RELINQUISHED BY' DATE / TIME RECEIVED BY •

. ~ I )} I '~'9
III I ®[) I SIGN) . 2 '''f-I (IvtN~ I SIGN I I SIGN I

RELINQUISHED BY' DATE/ TIME RtJEIVED BY •. RELINQUISHED BY: • DATE/TIME RECEIVED BY:

rn I @ [1] I ®I SIGN) ISIGN I I SIGN) (SIGN I

RELINOUISHED BY· DATE/ TIME RECEIVED BY: RELINQUISHED BY: DATE/TIME RECEIVED BY.

[ID I ® lID I 0I SIGN) (SIGN) I SIGN) I SIGN I

METHOD OF SHIPMENT' SHIPPED BY: RECEIVED FOR LABORATORY' DATE /TIME

I
I SIGN)



----_._~ .. - .. -CHAIN OF CUSTODY RECORD &ANALYTICAL REPORT \
REQUESTER: DATE: \ \ "" JI-=i]=-~-=--__

PLANT LOCAT ION: '"" q.) \J ~c."". ~ .,..;l..-}

SITE DESCRIPTIOfT:-i?Q~>;lc','_:> \_.Jc;~ -.J L
l
~~"",~Le-?f. Wc;...... ~,3/\ I ~s

I. FIE L0 DATA

"-.-'.. _ T CiFMC Corporation
Environmental Analytical Services

Center Technical Department
Route 1 at Plainsboro Road,

Princeton, New Jersey 08540

-
'I nit i a1sNotebookOtherFlow (GPO)pHT.emp. °C

-O'S

Weather
Wet/Dry
'"o~~\

Sampler
~, ~<-R>l"''':i.'::'

II. SAMPLING
Sample Code

~ 2 ~~ ~~
I

~S

Description

~b'1.. ~~'t-.::..

Sample Begin
Size Date·Time Analyses Requested Field Stab./Storage

VM.,6{

~~:~~por'tation 7:(-1:m~22:- ·
Tra ns porta t ion //
Laboratory '~.-------

IV. LABORATORY CONTROL &ANALYSIS

CHAIN OF CUSTODY
........--.... r;--Nama, Date

Notebook
Data

mg.L- 1

Sample

Analys'is
Begun

Date·Time

Time
7,~1

Analyst
Notification
Init i a1s· Da te

ITi,l~>

Lab
Stab./
Stora.9..~,_

Sample
Certification

Accept/Qua1ifyAnalysesSample #

I I 1.

V. Copi es to: VI. Lab. Supervi sor Date _

nrC;TRTRIJTTON: Whitf> - Rf>tllrn to Rp(JIlP"tpr - r.ilnilrv - Rf>tilinf>d bv Analvtical - Pink - Retained bv Reauester



- .. - .. .. '... - - _.. - ........... - -
-FMC FMC Corporation

CHAIN OF CUSTODY . Norlhern Ordnance Division
PROJECT N2. PROJECT NAME I . 4800 Epsl River ROCld

RECORD ~·Y\·c 'hQ~s
Minneapolis Minnesota 55421
(612) 5719201 Telex 29 0432

" ... ,. ... ':"' "-

SAMPLER'S ~ <-~. III
Q:

SIGNATURE 4= ..... - ... w

(SIGN I
SAMPLE TYPE o:!: REMARKSct

' ..
SAMPLE SEQ.

01 %

. DATE TIME SAMPLE LOCATION
%0

N2. N2.
u

't.\Ut-~ I ·,jt/lr~ '-L\~~~~ \ bAc...... 7A - A

2. Q...,j),,~c::.. \ '-'l .~. JJ..' \ c... \J \~">

\ ~~ ~~-'
,\

\ \

zlt/IJ} A'":7
'-' -

"~.Lz.. ?
I ,. .......

"Z-"L.-

~i&~~1t.1 1ff.~!~1~~ 1~$.~t~~l1 1~f§.It\ThB; :~R1t111~IWil~I~:~i~~f1 TOTAL N2. OF CONTAINERS ~~~t;i1tJf!i!qjf~)Wli~~t,ltJ::'~'::"').\~. ,~~. :- { >::)'.

RE L1NQUISHED~ DATE/TIME RECEIVED BY: ~ELlNQUISHEDBY' DATE / TIME RECEIVED BY.

-tl.I·[iJ.,G - ® rID I @d l,f
:J (SIGN) I SIGN) I SIGN) I SIGN)

RELINQUISHED ~/? DATE/ TIME RECEIVED BY I RELINQUISHED BY' • DATE/TIME RECEIVED BY:
//"--z.,

~
~~ .. ;/ I @ [1J I ®(SIGN) ,-:;" (<. (SIGN) I SIGN) (SIGN)

RELINOUISHED BY: DAfE="~~E RECEIVED BY: RELINQUISHED BY: DATE/TIME RECEIVED BY.

lID I ® [§] I 0(SIGN) (SIGN) I SIGN I I SIGN)

METHOD OF SHIPMENT I SHIPPED BV: RECEIVED FOR LABORATORY' DATE /TIME

~6J ./. I
I SIGN)



--~-~_ ... CHAIN OF CUSTODY RECORD &ANALYTICAL REPORT

REQUESTER: C, CZ 1. A
PLANT LOCATION:'\::'"'.M.c.. \--\~\.., h~

SITE DESCRIPTION: ~6lC <1.,2 I Z.
I. FIELD DATA

.. - _..
DATE: 7./1/j-,:>

FMC Corporation
Environmental Analytical Services

Center Technical Department
Route 1 at Plainsboro Road

Princeton, New Jersey 08540

-
Sampler

'CD C1..f >:-~~

Weather
Wet/Dry
b ...cl ...,

\

pH Flow (GPO) Other Notebook Initials

,/

I I. SAMPLING
Sample Code

,-!.~~,- '!> ':>
w&-<-- z.

Desc ri pt ion
,~&:-...~ - C"~-f...

"'-\ .:\~~ .' G..t'Jl.f1O.

Sample Begin
Size Date·Time Analyses Requested Field Stab./Storage /

~
.f:? rid/)\. 1~!Jr.

~C1 tTYIP"
:;7 "llliJ,;'~ It/tD---------

Notebook
Data

mg.L- 1

Sample

Analysis
Begun

Date·Time

Time

Analyst
Notification
Init i a1s' Da te

Date
.:;./ 'I /; ~

Lab
Stab./
Stora.9..~_

Sample
Cert i fi cat ion

Accept/QualifyAnalyses

X \~4/ .~ Jr ---.;0 ~ ~ , .. - -
I_~ J ""J?/» t. j) <=::;._

.---~ \.:::.\.2\.__ c ! '\-.", .<7. 0. ~."., _ \

Sample #

Name
Field
Transportat i on
Transportat ion, ---------------Laboratory

IV. LABORATORY CONTROL &ANALYSIS

III. CHAIN OF CUSTODY

V. Copies to: VI. Lab. Supervisor Oate. _
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