MC: 483-619-356

1996 Technology Drive

Troy, Michigan 48083

(248) 680-5548

Fax (248) 680-5129
Remediation and Liability Management Company, Inc.

May 28, 2004

Mr. Kevin Holdwick

Michigan Department of Environmental Quality
Waste Management Division

P.O. Box 30241

Lansing, Ml 48909-7741

Dear Mr. Holdwick:

" Re: Monitoring Well Abandonment Report

Former Peregrine (US) Inc. (Peregrine) Coldwater Road Facility — Genesee Township, Michigan

This Monitoring Well Abandonment Report (Report) has been. prepared in response to the Michigan
Department of Environmental Quality (MDEQ) letter dated March 1, 2004. The Report documents the
monitoring well search, evaluation, and abandonment activities conducted during March and April 2004
and is being submitted in accordance with the schedule requested by MDEQ.

§ 1.0 BACKGROUND

One monitoring well was installed at the FormerPeregrine, Coldwater Road Facility by General Motors
Corporation (GM)/Remediation and Liability Management.Company, inc. (REALM) as part of the RCRA
program at the Fisher Body Coldwater Plant,-one monitoring well was installed as part of the RCRA
Closure of the Former Coldwatér Road Landfill Facility and Drum Storage Area (DSA), four wells were
installed by GM/REALM as part of the RF| activities at the Former Peregrine Coldwater Road Facility, and
23 monitoring wells were installed as part of previous-property transfer environmental due diligence
efforts by Peregrine (U.S.), Inc. associated with{purchasing the property from GM in 1996. The
environmental due diligence wells were neversurveyed by Peregrine and most of them were installed in
clay. Very little water was present in these wells. A summary of these wells, and the available analytical
data, were provided to MDEQ in the Description of Current Conditions (DOCC) Report prepared in 2000,
as part of RCRA Corrective Action activities at the Former Peregrine Coldwater Road Facility.
Approximate monitoring well locations are presented on Figure 1 and well construction details are
summarized in Table 1. The Site was acquired by REALM in 2000 after Peregrine declared bankruptcy.
For the activities presented in this Report, REALM has sometimes gone back to the original installers to
confirm information on the wells. The wells are described below.

| * Monitoring well B-9 was installed by RMT, on behalf of GM, as part of the RCRA Program at the
S Fisher Body Coldwater Plant. The well installation date is unknown, but would likely have been pre-
1985 since Fisher Body became Fisher Guide in 1985. The well log is presented in Attachment A.

o Twelve wells (MW-1 through 4, MW-6, and MW-8 through 14) were installed by GaiaTech, on behalf
of Peregrine, in August 1996. Wells were not installed at MW-5 and MW-7 because water was not
encountered at these locations. Wells MW-11 and MW-12, located adjacent to the former
Wastewater Treatment Plant west of the Facility, were subsequently abandoned by O’Brien & Gere
(OBG), on behalf of REALM, in 1998. The well logs and abandonment records are presented in
Attachment B.

* Eleven wells (PFW-1 through 6 and PFW-8 through 12) were installed by RMT, on behalf of
Peregrine, in March 1997. No well was installed at PFB-7. The well logs are presented in
Attachment C.
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»  Four monitoring wells (MW-1-02, MW-2-02, MW-3-02, and MW-4-02) were installed by CRA, on
behalf of REALM, as part of the RFI activities conducted in October 2002. The well logs are
presented in Attachment D.

e One monitoring well (DSA-MW-1) was installed by OBG, on behalf of REALM, as part of the Closure
of the Drum Storage Area (DSA) conducted in 2002. The well log is presented in Attachment E.

The construction details and current status of these monitoring wells are summarized in Table 1.

20 WELL ABANDONMENT ACTIVITIES
2.1 TASK 1 — WELL INVENTORY

- Table 1 presents a summary of the monitoring wells installed at the Site. Monitoring wells MW-11 and

MW-12 were not located on the Former Peregrine Coldwater Road Facility but were installed as part of
environmental investigations associated with the property transfer from GM to Peregrine so they have
been included in Table 1. Well logs and abandonment records, if applicable, are presented in
Attachments A through E.

22 TASK 2 - FIELD SURVEY

Figure 1 presents the locations of monitoring wells at the Former Peregrine Coldwater Road Facility. With
the exception of MW-1-02 through MW-4-02; the monitoting well coordinates were not previously
surveyed; however, approximate coordinates were extracted from figures provided by Peregrine. The
approximate monitoring well locations based onthese coordinates were 'identified in the field by a survey
team. The survey team then attempted to_visually locate the monitoring wells. As identified on Figure 1
and Table 1, monitoring wells-B<8, MW-1-02,-MW-2-02, MW<3-02, MW-4-02, MW-1, MW-2, PFW-1, PFW-
2, PFW-4, PFW-9, PFW-10, PEW-11, and PFW-12 were/identified during the field survey and found to be
in good condition. These wells were surveyed for future reference.

23 TASK 3 - LOCATION AND ABANDONMENT OF MONITORING WELLS
23.1 LOCATION OF BURIED WELLS BY EXCAVATION AND ABANDONMENT BY GROUTING

The area surrounding the approximate monitoring well coordinates was excavated for wells that were not
visible. Monitoring wells MW-6, MW-9, MW-10, PFW-5, and PFW-8 were located by excavation, found to
be in poor condition, and could not be rehabilitated. In addition, MW-3 was visible but was not useable
because it had been filled with soil. Therefore, these wells were abandoned by pulling the well casing
and pressure grouting the remaining boring with bentonite slurry (9.5 Ib bentonite / gallon water) using a
tremie pipe in accordance with ASTM D5299-92 (see Attachment F). Work was conducted on behalf of
REALM by Young's Environmental Cleanup Inc. (YECI), under the supervision of CRA. Abandonment
records for these wells are presented in Attachments B and C.

23.2 WELLS FOUND TO BE PREVIOUSLY ABANDONED

The area surrounding the approximate monitoring well coordinates was excavated for wells that were not
visible. The area surrounding the approximate coordinates of monitoring wells MW-8, PFW-3, MW-4, and
MW-13 was excavated but these wells were found to have been previously abandoned.

¢ MW-8 had been abandoned by removing the casing and filling the resulting borehole with bentonite
grout. A grouted borehole was identified at the approximate location of MW-8 during excavation in
this area.
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ATTACHMENT A
MONITORING WELL LOG
WELL INSTALLED BY FISHER BODY (RCRA PROGRAM)
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ATTACHMENT B
MONITORING WELL LOGS AND ABANDONMENT RECORDS
WELLS INSTALLED BY PEREGRINE (STUDY 2)
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LOCATION: Flint, Michigan
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MATERIALS DESCRIPTION

CLIENT NAME _JLL/Peregrine

DATE DRILLED __11/8/88

SURFACE ELEVATION __100 Feet MSLD

TOTAL DEPTH OF HoLE 25 Feet

g
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GaiaTech Inc.
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NELL MN 3 (Page tof 1) CLIENT NAME _JLL/Peregrine
- DATE DRILLED __11/7/98
2 SURFACE ELEVATION 100 Feet MSLD
oo ! —
= e E & TOTAL DEPTH OF HOLE 28 Feet
= x =3 §
i S = <
8 ] N & SYMBOLS MATERIALS DESCRIPTION
i 7 CLT cuLay, i - l
- - N N
/ N
" o 7 % CLAY, SILTY, 10X gravel material, brown to dark gray, no ador N N
- 1 ‘ 2 N
4L % N
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L ] Z CL cutttng wet § ;é
—5 - Z =y
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GaiaTech Inc. JOB NUMBER: 1815-40 LOCATION: Flint, Michigan




MICHIGAN DEPARTMENT OF ENVIRONMENTAL QUALITY

DEC

MONITOR WELL ABANDONMENT RECORD

Sormer Peresrine (us)
steName: __Cold uanir Fgodl Coumy: __(501n€SEL

Section: S SE 4 Towm: 15N Range: =8 MwE_Mw-3

Date Installed: [\ \'l ’% Date Abandoned: Drilling Fim:: __YeC

Well Depth;___ 2D _ft. Screen Depth from TOC: IS . f Water Table Depth from TOC: &l.ﬁ...
Casing Type: Galvanized O PVC B Stainless Steel O ID: &40
Screen Type:. PVC B Stainless Steel [ Length: o f
2" Anoulus Grouted:  Yes 01 No OO from i to ft Grout Type:

4 Annulus Grouted:  Yes O No O from ft. to° f GooutType:
Casing: Pulled &  Cut O DepthBOL: Well Growred?  Yes [~ No O

Grout Type: Bentonite [ Cement = "Grouting Method: Through Casing O Tremic B—Other O (explain)

Cotitnents:

it (s Sifod
ture of Consultast/Engineer Date '
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TOTAL DEPTH OF H

/| | at25tectbelow grond surface very wet

Buoring terminated in z"{;is”s#réfa o

JOB NUMBER: 1815-40

 MATERIALS DESCRIPTION

. LOCATION: Flint, Michigan

| GaiaTech Inc.
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o

Z

i
£

t

t

11
FO

MONITOR WELL ABANDONMENT RECORD

'me&:r W\hﬁ (us)

Site Name: County: G‘E\'\QS@S
Section: _ D SE Vﬂ: Towm: )51\\ Range: __ |2 MwE MW -4

Date Installed: , I‘?b Date Abandoned: gmL Drilling Firm: LLY\\C\&\'OWV\
Well Depth: dS £, Screen Depth from TOC: __|D . Water Tabic Depth from TOC: ﬂh

Casing Type:  Galvanized O PvC @ SminkssSwel D I: ¥ B4 D
Screen Type: pve &’ Stainless Steel I Length: o f
2 Anmulus Grouted: Yes 0 No O from foto ft. Grout Type:

4" Anoulus Grouted:  Yes OO Ne O from f. to £ Grout Type:
Casing: Pulled £  Cut O Dopth BOL: Well Gromed? Yes 1 No O

Grout Type: Bentonite {1 Cement O Grouting Methad: WC&MD Tremic 0 Other O (explain)

R
s
S

Comments:  MW-4 S e | lweved <o have been aloandoned by
rexwwwfaj e msmg and ~Q\ v, e vesuling b@vdm,\g
\)\)\% Sﬂf\\. J J
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BORING MW=5 vesge rorn _ o
- DATE DRILLED _11/5/98
2 SURFACE ELEVATION _{00 Feet MSLD
jrog ! —
= o E @ TOTAL DEPTH OF HOLE __25 Feet
I 2] & ol
- 3 & &
& S = <
= i3] & w3 SYMBOLS MATERIALS DESCRIPTION
" g. g G 7 N f‘f S SILT, FINE SAND, SLIGHTLY CLAYEY, yellow brown, friable, no ador
- 58 02 4
19, 28 N // ol CLAY, 4 inch trash aver clay, slity, dry, very compact, ne odar
L 3‘67 0.4 A )‘( Z CLAY, Gray, as other borings, 5~10% gravel, ng adar, slightly maist
H g, 10 0 -1 %
14, 18 7 ?
'“25 7 ’Z Boring terminated in this strats, no walter
GalaTech Inc. JOB NUMBER: 18i5~40 LOCATION: Flint, Michigan




NELL MN 6 (Page'tot ¥ CLIENT NAME _JLL/Peregrine
- DATE ORILLED _1/5/88
2 SURFACE ELEVATION _ 100 Feet MSLD
jowd i —
= © E o TOTAL DEPTH OF HoOLE 28 Feet
T 3 8 a o TEEEEEem
o X —
& < 2 %
8 @ N @ SYMBOLS MATERIALS DESCRIPTION
i o« ] A ML - ]
‘33 ,?5 C % SILT, clayey, identical to that at mw-7 -
- . N N -
3 N
L : N -
: N
- 9,14, 4.4 T SILT, CLAYEY, VERY COMPACT, same as that at mw-7 N -
21, 28 1P N N
- A .‘ N \ v
__5 \ \ \ ]
/ CL N N
5 N N N i
/] N N
I {1 U N N -
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- .8, 4.4 -
‘2 194 Mic7 A CL CLAY, Gray, slightly silty, very compact, slightly maist § N
L ' / plastic, no odor N B
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" 4 / N
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B N N \ ] IS
/ N N ;
L . % § %\ Ay i
N . % B %
—5 - ? -1
-20 . Z £y -
05 N % =t
- . / Boring terminated in this strate =¥ -
GaiaTech IncC. JOB NUMBER: 1815240 LOCATION: Fiint, Michigan




MICHIGAN DEPARTMENT OF ENVIRONMENTAL QUALITY

DEC

MONITOR WELL ABANDONMENT RECORD

Termer Tereqeive (Us)
steName: _Co\0lu ey Coumy: 6€VLQS€E

Section: _SSE 4 Towm: 15N Range: ___job Mwe:  Mw-b

Date Installed: I\ }S}% Date Abandoned: Drilling Firm: _ NECTA
Well Depth;__ %% ft. Screen Depth from TOC: __\D __f, Water Table Depth frum 10C: 258
Casing Type:  Galvanized O PVC B  SwinlessSwel D ID: 2" @@ D
Screen Type: PVC & Stainless Steel [ Length: 10 f.
9 Annulus Grouted: Yes 3 No O from f to ft. Grout Type:

| 4" Anpulus Grouted:  Yes [INo O from £ o f GroutType:
Casing: Pulled B Cut O Deyth BGL: WellGromed? Yes [ No O

Grout Type: Bentonite [8Cemént L. _Grouting Method: Through Casing U1 Tromic [~ Other O (caplain)

Comnents:

/QV‘*—“L%/U&D s/ o4

j\v/Si?aturc of Consultant/Engineer  Daté

PAERD-Forme/Wellahao fm




BORING MN-7 (Page 10f 4

CLIENT NAME _JLL/Peregrine
DATE DRILLED _11/5/88

GaiaTech Inc.

= 0y
2 SURFACE ELEVATION __100 Feet MSLD
g & € TOTAL DEPTH OF HOLE _25 Feet
= g &
& 2 =]
fa] i3] & YMBOLS MATERIALS DESCRIPTION
i ‘8‘: ? L M L2 MLT  SILT, clayey & sandy, med. brown, na ador, organic mable at tip
g 0,14, 8 § SILT, clayey, very campact, difficult to break apart. no adar
- 24, 28 ? brown to h. gray
i ‘Z’ ?é 24 7 ' f CL CLAY, siity, dry, very compact, na odor, some red and yeliow,
L . i N % brown staining, some gravel fragments
—10 ] ? CL
- 7,8, 1.8 . ‘ % CLAYsame as abave, but more moist, med te dark gray, slightly siity
1, 19 ) ‘ % no @dor, soms gravel ~5%
H5 - ? £
—25 - Z Boring terminated in this strats, NO WATER

JCB NUMBER; 181540 LOCATICN: Flint, Michigan




i,

—

:

NELL M-8 (Page 1of i)

CLIENT NAME _JLL/Peregrine
DATE DRILLED _11/5/88

¥
!

- 15, 25 0

CL

- 13,18 1.8 -

CL

- 8,14 0 -

- 8,17 0

CL

- 12,17 0 oL

H

@

o
i
e ]

&
T T S

GaiaTech Inc.

brawn to gray, no odar

2 Inch trash aver 22 Inch CLAY, slity, less 10X gravel
no odar,

CLAY, Gray, slightly moist, very littl siit, very compact, on ador

GRAYCLAY, same as.above, but more malst, no odor

CLAY(as pfevious but definitely wetter, no odor

CLAY, same clay, some sandy & siity parts

GRAY CLAY, same clay, little siit, moist

JOB NUMBER: 1815-4Q LOCATION: Flint, Michigan

P g
2 SURFACE ELEVATION __100 Feet MSLD
= i -
£ © E & TOTAL DEPTH OF HoLE 30 Feet
u g %] & ot
o x ~— %
& S =] <
(=] m o o3 SYMBOLS MATERIALS DESCRIPTION
i 13, 23 O TIMEATMCT SILT, clayey, dry, compact, some organic materials at top

///il
Zra

1IN AIIIY.
99

7
AT A AP,

 AAIII A s

il EnEnnnnn




MICHIGAN DEPARTMENT OF ENVIRONMENTAL QUALITY

DEC

MONITOR WELL ABANDONMENT RECORD

Fornmer R Y'(Y‘Q,(us)
sieName: (o lduiosky ool Coumty: (SeneSee.

Section: _ S SE'4 Town: __|5 i\\l Range: __ |3 Mw# _WL-O

Date Installe: uls]% Date Abandoned: (L ¥ \yousy_ Drilling Fim: _{un ihoudn
Well Depth: ‘QE} . Screen Depth from TOC: __ {7 &t Water Table Depth from TOC: Nlﬂﬂ

Casing Type: Galvanized O PVC E/ Stainless Steel UJ ID: il > g Sl w !
Screen Type:. PVC Stainless Steel I Length: 10 ft.
2" Annulus Grouted: Yes 0 No O from i to fr. Grout Type:

4” Anoulus Grouted: Yes O No O from ft. to- ft. Grout Type:
Casing;: Pulled B Cut O Depth BGL: Wwell Gromed? Yes 0 No O

Grout Type: Bentonite [J Cement £ Grouting Method: MC&@MG Tremic 0 Other O (explain)

_Comments:_(M0-7> & be lteved o \raog \oee\r\ ammcbnad lﬂu
\rﬁmovw\S‘%\& CaSing aind ﬁ Ltwy “Bhe WL%&Q“(\V\& bD\‘(\f\U
witha \ouw*iom\‘ﬁj\m* - J

MWA@ Ioo

Signature of Consultanthngnwer
PAERD:Forme/Wellahas. S

sy




P g
2
oo 1 o
ot o [
= ¢ &
i 3 a
o o &
o B : M
L 8,8
- 5, 8, s}
__6 7.8
o 8, 8, 3.5
i 7
—0
o 5, 8, 0
A 10, 22
5
- 4,5, 0
i 8. 10
—20
- . 8, 0
I 12, 14
—25
o 7.7, 0
A 14,1
—30
- 0
—35
—40
GaiaTech Inc.

p |
== sampLES

[
= =3

I i i l i H
=] ==

A RO AR

w

NELL MW-8 {Pagetor 1

YMBOLS

CLIENT NAME _JLL/Peregrine

DATE DRILLED _11/4/88

SURFACE ELEVATION __!00 Feet MSLD

TOTAL DEPTH OF HoLE __35 Feet

MATERIALS DESCRIPTION

CL

CL

Cb

CLAY, slightly siity and moist, gray to light brown no odor ‘

8 Inch trash aver 18 inch CLAY, 25% slit, gray, some pebble
no ador, moist

CLAY, Gray, maist, same as above, compact

GRAY CLAY, wet, same as above

CLAY as previous'spoon

W &35 2 n s = LA SN AT AT G, A{l
TR s e e e

GRAY CLAY same clay

S I

GRAY CLAY, same clay

Boring terminated in this strate

JOB NUMBER: 181540 LOCATION: Flint, Michigan




MICHIGAN DEPARTMENT OF ENVIRONMENTAL QUALITY

DEC

MONITOR WELL ABANDONMENT RECORD

Fovnmer Rexe ﬁus
g wer fovegrine ()

Site Name: Coumty: @M@Sﬁ@ﬁ
Section: 5 SE Y4 Towm: S ﬁ Range: o Mwa: NI =-9

Date Installed: |\ {4!% Date Abandoned: Drilling Fim: __ \EC)

Well Depth; __ 3 . Screen Dopth from TOC: _ 2. & Water Tabile Depth from TOCLLO &
Casing Type: Galvanized O PVC &  StainlessSteel 0 ID: 27 @47 O
Screen Type: pvc & Stainless Steel [J Length: o &
2" Anoulus Grouted: Yes 0 No O from & 1o ft. Grout Type:

4" Anoulus Grouted: Yes O0No O from ft. to- ft Grout Type:
Casing: Pulled @  Cut O Depth BGL: Well Grouted? Yes B No O

Grout Type: Bentonite [ Cemetit L.~ Grodting Methad: Throggh Casing [1 Tremic B Other O (explain)

Comments:

QuaSnis ) _slpy

/)Stgnatm*c of Consultant/Engineer  / Date

PAERD:-Forms/Weilahaa fm




NELL MW 10 {Paget of 1 CLIENT NANE _JLL/Peregrine
- DATE DRILLED _11/4/80
2 SURFACE ELEVATION __100 Feet MSLD
= i _
= 8 e 8 TOTAL DEPTH OF HOLE 20 Feet
€I [F} a. wad
- x - o
& S =} z
= & N @ SYMBOLS MATERIALS DESCRIPTION
i ‘% g' o ] +.'[SM] SAND, slight silty, brown, many pebble, maist, no adar I - l
- . - “." § Q
0,1, 0 e NN
] W // CL| CLAY, siight siity, very compact N N
_ ' . N\
2 N D
i ‘80' ?0 3.7 % CLAY, Gay & brown, compact, siightly sity, na ador % HH
i 2% 587 f-‘-/ CL| GRAY CLAY, MOIST, COMPACT 1 [k
R ! . P A with some sandy lenses, slightly WET at tip, no ador 3 .
£ :
| O v |2 =
L ’ 417 A 1=
£ =
—0 1174 =
i (7 =
- g» g- 8.8 GRAY.CLAY, VERY:MOIST, COMPACT, SOME SILTY PARTS =
g GRAY/CLAY, WET, SILTY =
""20 Boring terminated in this sirate
GaiaTech Inc. JOB NUMBER: 1815-4G LOCATION: Flint, Michigan




MICHIGAN DEPARTMENT OF ENVIRONMENTAL QUALITY

DEC

MONITOR WELL ABANDONMENT RECORD

Forneey  FeQrint (US) .
Site Name: Colduoskey cl County: @QMQ SEL

Section: > SE "4 Towm: __{5 N Range: 1 Mw# _MNWA0
Date Installed: 4\]4 }% Date Abandoned: Drilling Firm: _ NEC\
Well Depth; |7 f. Screen Depth from TOC: £ fr Water Tabie Depth from TOC: 5t
Casing Type: Galvanized O PVC &  SminlesStel O ID: 47D
Screen Type: pvC B Stainless Steel [ Length: 10 f.
9" Annulus Grouted: Yes 0 No O from ft to ft. Grout Type:

. 4" Anpulus Grouted: Yes O Ne O from fi.. (Ot ft GroutType:
Casing: Pulled &  Cut O Depth BGL: Well Grom=d? Yes & No O

Grout Type: Bentonite & Cement i Grouting Methad: Wmmﬁ Twmie{%er O (explain)

Comments:

Q\/UML%/U‘D Sy
; /)Signamrcof(:onsukauvangm I'Dae *

PAERD-Forme/Wellahas frm




DEPTH (1)
BLOWS/8~Inch
PID {(ppm)

SYMBOLS

NELL MN""” (Pagerof ¥

CLIENT NAME
DATE DRILLED
SURFACE ELEVATION
TOTAL DEPTH OF HoLE __20 Feet

MATERIALS DESCRIPTION

JLL/Peregrine

1/8/88

100 Feet MSLD

GaiaTech Inc.

o
-

NN NN OO

%]
~

SILT, clayey & slightly sandy ifram sall cuttings

SILT, clayey with fine sand, no odor

SILT, clayey, moist

Boring terminated in this strats

JOB NUMBER; 1815~40

LOCATION: Flint, Michigan

W& 2 5 & 2 2 2 ASIAISIIITIIA/IIAIH,

K PH-}HHH-I’/K////////

A
77,

I




03/08/2004 13:05 FAX 12488814057 O'BRIEN & GERE don2
Filen 4144 007 T4
4144 [ 266774

MICHIGAN DEPARTMENT OF ENVIRONMENTAL QUALITY

DEC

BﬁeNmeww lngﬂﬂ County: éﬁlwﬁg '
Section: /8 Tov: SN Range: _ 1€ MW#: /l .

Date Installed: 4 Date Abagdoged: ZZ—B/L& MMFMWW;%M’
Well Deptt; # 25 . Screen Depth from TOC: V(S & Water Tablc Depth from TOC:v.// £
Casing Type:  Galvanized U pvc A StinlessStee] O Iz 2" M 4D

Soreen Type:. pvC B Stainless Steel: 01 Lengt: _ /0 8,

% Anpufus Grouted: Yes 1 No O from fto ft Grout Type:
Amuwa Yes ONo O from~ 28 f i [ B Grot Type (powewl
Casing: Pulled B Cut O DepthBGL: ) Well Groued? Yes (X No O
Grout Type: Bentonite (1 Cemesit J& Geouting Method: Through Casing LI Tremie £ Other O (explain)

MONITOR WELL ABANDONMENT RECORD

Comments:

/N

Si of ginesr Date
PAERD:FormWeliahia fm




NELL MN ‘2 {Page 1 of 1 CLIENT NANE _JLL/Peregrine
- ‘ DATE DRILLED _11/8/88
2 SURFACE ELEVATION __10C Feet MSLD
e & B 0@ TOTAL DEPTH OF HoLE __25 Feet
x 73] & el
- x e %
[+ % < [ %
% o I w SYMBOLS MATERIALS DESCRIPTION
i 5, 5, 35 7 ‘ ol ML SILT, clayey & slightly sandy, brown, no odor, arganic mable at tip f—
i 8,1 i M N K
' Il \
- L2, 42 K- SILT, clayey, over 8 inch maist clayey fine sand, on odor §
i, 18 Ve N N
A . “ % N
E } N N
- . N R
N N
- v \ %
N N
— : N N
§\\ N
= - § \
N
-0 z"g fggg 41 ¥l SILT, clayey, very hard, 10% ‘gravel, red and yeliow, N _\\:
i 7 Gy % £
- 57, 41 o % TLl  CLAYsity, moist, no odor, =
g, 12 ? 1=
20 ] f E
—25 - 4 Boring terminated in this strats, Ory Hole —
GaiaTech Inc. JOB NUMBER: 1815-40 LOCATION: Flint, Michigan




03/09/2004 13:05 FAX 12488814057 O0'BRIEN & GERE doos
A Tls. 4144 .007% ¢
4144 / 2ht1E 4

MICHIGAN DEPARTMENT OF ENVIRONMENTAL QUALITY

DEC

MONITOR WELL ABANDONMENT RECORD

stanars: (gt PAd_Lawwdl] comy _Coonexee

Section: ég Town: M Range: ZE V MW Zk

i

7 M CHe O
Date Instalted:__ 4 Date Abandoncd: /23/10 Drilling Firm: guwwwgf 5
well Deptt: 7 251t Scrven Depth from ToC: 2 (D fawwmmmpmmmcﬂ_i_;:.

Casing Type: Galvanized O PVC & SainlessSteel O m: 27 X ¢ O
Screen Type:. pve @ Stainless Steel I Length: [0 &
2* Annufus Grouted: Yes 00 No O from ff. o ft. Grout Type:
Muwdz Yes ONo [1 from 775 & (o 2{ & GroatTyps: Comatnd™
caiug:  pulled f  Cut ODephBGLO L Well Gromed? Yes /{ No O |
Grott Type: Bentonite [ Cemens \J§ Grouting Method; Through Casing 11 Tremic K{ Otber O (zaplain) : 1

Wil svenopilen 4 wel memends powwen.
Lipmr grot _poessone CToemieo

Compents?

ey AN Yoty

(VA Sigﬁuvf Cenisultant/Engineer Date
PAERD:Forses/ Wellat acm




7.

SANSIIAI SIS

.

IS

I

NELL MN 13 (Page 1 of § CLIENT NAME _JLL/Peregrine
- DATE DRILLED _11/8/98
H - SURF ACE ELEVATION __100 Feet MSLD
= e E 3 TOTAL DEPTH OF HOLE _25 Feet
X Ul =y o
P X - %
o S a <
[} @M = o SYMBOLS MATERIALS DESCRIPTION
i 1 PATMC] suT,
- 8, 12, 0 -
i4, 18 _ S5
7 CL Siit clayey, dry, yellow-brown, grading Into clay, slightly moist
5 . Z
20 - Z
—25 ] 'Z Baoring terminated in this sirate
GaiaTech Inc. JOB NUMBER: 1815-40 LOCATION: Flint, Michigan




MICHIGAN DEPARTMENT OF ENVIRONMENTAL QUALITY

DEC

MONITOR WELL ABANDONMENT RECORD

'\%mﬁr R nel(us
Site Name: mﬁ&?ﬁ ( ) Conmty: @‘GX\QSQ@
Section: _SSE 4 _ Town: EN Range: i Mwi: M\W-\3

Date Installed: ulbl% Date Abandoned: _wnlpcion  Drilling Fim: _vun Lnowion
Well Depth: Q1S ft. Screen Depth from TOC: {5} ft Water Tabic Depth from TOC: g)

Casing Type: Galvanized O PVC @  SwinlessSteel O ID: 27 = 4 0 o
Screen Type:. pve @ Stainless Steel O3 Length: 10 f %
2" Annulus Grouted: Yes 0 No [0 from £ to ft. Grout Typs: g

4” Annulus Grouted: Yes [INe O from ft. to- . Goout Type:
Casing: Pulled O  Cut 01 Depth BOL: Well Gromed? Yes I No O

Grout Type: Bentonite {0 Cement. LU Groiutting Methad: ThmughCasng Tremic 0 Other O (explain)

s
g
| 3
H
S

Comments: MW 3 1o elteved Yo have been a omcbned by
oy ing e costng and Qiling Yhe resulting o hote
. « B S 8
VN Soil.

PAERD:Forme/Wellabas frm




NELL MN""14 (Page’t of I CLIENT NAME _JLL/Peragrine
- DATE DRILLED _11/7/88
2 SURFACE ELEVATION 100 Feet MSLO
= & B @ TOTAL DEPTH OF HOLE __25 Feet
b g:} o %
& S a2 <
= @ = w SYMBOLS MATERIALS DESCRIPTION
i 7] R til ‘ ..q‘
- - 5 N
// o N N
i 1 1 N N
- 8,18, 0 / CL| CLAY,SILTY, yeliaw brawn, same gravel : N
18, 24 / compact, maist s
- - N
5 ? N
"' N N
7 N N
i . / N N
\
) N
- ] N
N N
_ N N
7 N N
- - s
N R
7 N
-0 - % N N
- 7 é cutting, clay = é
? —5 ] % =1
-0 . % =
"25 . Z Boring terminated in this strate —
_30 -
GalaTech Inc. JOB NUMBER: 1815-40 LOCATION: Flint, Michigan




MICHIGAN DEPARTMENT OF ENVIRONMENTAL QUALITY

DEC

MONITOR WELL ABANDONMENT RECORD

ex R WEUS
Site Name: ‘r@;w& UQOL\’Q;:@(\ ( ) County: 6@\*\@

Section: S SE 4 Towm: BN Range: 129 MWE: _MWw-\4

Date Installed: n/ }% Date Abandoned: Drilling Firm: g{g

Well Depth; 25, . Screen Depth from TOC: __|%) __f Water Table Depth from TOC: _g_j,g___

Casing Type: Galvanized O PVC R  SwimkesSeel 0 I & 470 o

Screen Type: pvc o Statnless Steet [ Length: o f L

2* Annufus Grouted: Yes 00 No O from £ to ftGrout Type: |
|

4 Anpulus Grouted:  Yes [INo O from fi. to ft. Grout Type:

Casing: Pulled 01 Cut O Jiepth BOL: Well Gromed? Yes 1 No O

Grout Type: Beatonite T1 Cement 01 Grotting Methad: WCasktgﬂ Tremic 01 Other O (explain)

Comments: __ Texynox” DU Stocosge. fi\(ﬂk LD%‘P&\ W05
excp oitked Yo &&MYLWM) QR\@Q} bqg and
bsd:@@l Lot iy N A0S
\-@wa\'&d CONCUX &xﬁ\)\,@\% QW»LS Excp vttty
’Mw ) S)to
- ) Signature of Consultant/Engineet Datd '

PAERD:Forme/Wellahas fm




ATTACHMENT C
MONITORING WELL LOGS AND ABANDONMENT RECORDS
WELLS INSTALLED BY PEREGRINE (STUDY 4)

12336Holdwick-21-AttTPs.doc



ENVIRONMENTAL AUDIT REPCRT:

PRIVILEGED DCCUMENT
- ™ LOG OF TEST BORING BORING NO. PFW-1
. - F-203 (R 01-87) SHEETNO. __7__OF__ 7
o PROJECT NAME PEREGRINE FLINT PROJECT NO. 4036.05
o LOCATION FLINT, MICHIGAN INSTALLATION 3-13.97
CONTRACTOR STEARNS DRILLING CO SURFACE ELEV. 99.6
DRILLING METHOD 4.25" HSA BOREHOLE DIA. 8 IN.
" :
; SAMPLING NOTES VISUAL CLASSIFICATION GENE
‘ INTERVAL | RECOVERY (PID AND GENERAL OBSERVATIONS WELL
NO. |[TYPE N IN DEPTH ICONSTRUCT.,
f IR T
v4 - bove (SB edi d
16 SS 23 18 = As above (SP); some medium san , gray
10YR 6/1, wet.
b 80—
17 | ss 40 |24 |’
As above (SP), mostly medium grained.
85— VZI TEAN CLAY (L. )

End of boring at 85 feet,




ENVIRONMENTAL AUDIT REPORT
PRIVILEGED DOCUMENT

WELL CONSTRUCTION DIAGRAM

PROJECT: | Peregrine - Flint

WELL NO.: PFW-1

PROJ. NO: | 4036.05 DATE INSTALLED: | 3-13.97

OBSv.BY: | DPR

CHECKED BY: | —pP{2_

ELEVATION DISTANCE BELOW OR
(BENCHMARK: LOCAL) |ABOVE GROUND (FT.)
101.44 1.8 TOP OF CASING
99.6 GROUND
—24. CEMENT SURFACE PLUG
Grout/Backfill Material:
Berttonite siurry
Grout/Backfill Method-
z Tremie rods
2
B83.1 g
H 68 GROUT
* Bentonte Seal Material:
Bertorvie chips
70 BENTONITE SEAL
18.8__ ] 81.3 TOP OF SCREEN
' E Fiker Pack Matérial:
5.0 § —— Ne. 7 (medium)-sand
& _—
[ —
136 J__ E ; BOTIOM OF SCREEN

86.3 BOTTOM OF FILTER PACK

-— BENTONITE PLUG

Backfill Material:
Net applicable

86.3 HOLE BOTTOM

Notes:

1. CASING AND SCREEN DETAILS:
A) Type Of Pipe:
ZPve

Pipe Schedule: 40

B} Pipe Joints: Flush with O-ring

C) Solvent Used? N T—

D) Screen Type:
Z with machined slots, flush joint

Screen Sict Size: 001"

E) Borehole Diameter: 8
In. From To Ft.

m———

In. From O To 863 Ft

et i

E)\(Surf. Casing Diameter: In. From To Ft.

———— ——— o

2nd Surface Casing; InFrom _____To ____ Ft

G) lInstalled Protective Cover W/ Lock? Yes

2.WELL DEVELOPMENT:

A) Method: Surge/pump with Bremer check vahe

B) Time Spent Developing: 24  Hours

Removed:
Added:

300 _ Gallons
10 Gallens

C) Water

D) Water Clarity Before/After Development:
Before: Opaque, gray
ARer: Slightly turbid (approximately S0 NTU)

F) Odor (Descr. if present) None

3. WATER LEVEL SUMMARY:

A) After Dewveloping: Ft. Below Tap Of Casng

B) Other Date/Time: _3.31-97/1358 BOE Ft.
Other Date/Time: Ft.

Approximately 10 gallons of clean water were added to eliminate a temporary bridge during fiter packing.

i woaamioitt00-04036\05'2 0004036 0Sa THITAIGT G127 AR

P —




g
[,

]

ENVIRONUZNTAL £00T Aazsant
PRIVILES: -
- LOG OF TEST BORING BORING NO.
IM“ F-203 (R 01-87) SHEETNO. _ 1 __OF 2
PROJECT NAME PEREGRINE FLINT PROJECT NO. 4036.05
LOCATION FLINT, MICHIGAN INSTALLATION 3-14-97
CONTRACTOR STEARNS DRILLING CO SURFACE ELEV., 98.5
DRILLING METHOD 4.25" HSA BOREHOLE DIA. 8 IN.
SAMPLING NOTES VISUAL CLASSIFICATION GEN L
INTERVAL | RECOVERY |PID AND GENERAL OBSERVATIONS WELL
NO. |[TYPE|| N IN DEPTH CONSTRUCT
1 SS 26 18 0 55 ~Topsoil, wet. R B
/ SANDY LEAN CLAY WITH GRAVEL -
/ (CL), some fine to coarse sand, little __
- / fine to coarse gravel, slightly plastic, -
7] brown 10YR 4/3 with some dark =
/ yellowish brown mottling, moist, hard s
__’/// (Pp > 4.5). -
2 SS 15 16 0 /
% As aboye (CL), increasing moisture
L] below 3 feet, stiff (Pp = 1.2 10 1.5).
3 Ss 12 16 | 0 "'/>//
5 .._.7/ As abave (CL), some brownish gray
/ mottling, some very stiff areas (Pp =
/,é 2.5).
4 | ss 5 18 | o "g
/ As above (CL), with gray areas.
v % WELL-GRADED SAND WITH CLAY
/ % (SW-SC), fine to medium sand, little
;',‘/» coarse sand, few clay, trace gravel,
—f
5 sS 1 18 / brown 10YR 4/3, wet.
A
7
. gé
/4| As above (SW-SC), 2" to 4" zoge stiff
; j; sandy clay.
2%
o2
6 SS 2 6 /j
‘/“ 5
7
72 S
GENERAL NOTES WATER LEVEL OBSERVATIONS
DATE STARTED 14 MAR 97 WHILE DRILLING ¥ 7.3 ft. bgl
DATE COMPLETED 14 MAR 97 AT COMPLETION X
RIG CME 750 ATV AFTER DRILLING
CREW CHIEF R. BENNETT CAVE-IN: DATE/TIME DEPTH
LOGGED __DPR__ CHECKED _ )Pl WATER: DATE/TIME DEPTH




ENVIRONMENTAL AUDIT REPOS T
PRIVILEGED DCCUMENT -

ﬁ LOG OF TEST BORING BORING NO. PFW-2

Wemr- P23 or-am smETvo. G or 3 |

PROJECT NAME PEREGRINE FLINT PROJECT NO. 4036.05

LOCATION FLINT, MICHIGAN INSTALLATION 3-1497 *
CONTRACTOR STEARNS DRILLING CO SURFACE ELEV. 98.5 ) ‘
DRILLING METHOD 4.25" HSA BOREHOLE DIA. 8 IN.
SAMPLING NOTES VISUAL CLASSIFICATION GENERAL
INTERVAL | RECOVERY |PID AND GENERAL OBSERVATIONS WELL f
NO. |[TYPE N IN DEPTH ICONSTRUCT. {

%’/”; As above (SP-SC), trace clay, dark
ﬁA . yellowish brown 10YR 4/4.

.--..-........--......--......_._..__....'

coarse, trace silt, trace clay, dark
yellowish brown becoming dark grayish
brown @ 13.4’ with black steaks, diesel
hydrocarbon odor.

SANDY LEAN CLAY (CL), some sand,
trace fine to coarse gravel, slightly
plastic, dark grayish brown, moist, hard
(Pp > 4).

End\of boring at 14 feet.

SN N FACRAR




ENVIRONMENTAL AUDIT REFORT:
PRIVILEGED DCCUMENT

WELL CONSTRUCTION DIAGRAM

PROJECT: | Peregrine - Flirt WELL NO.: PFW.-2
PROJ. NO: | 408605 DATE INSTALLED: | 31497 OBSV. BY: | DPR CHECKED BY: ‘DQ&
ELEVATION DISTANCE BELOW OR 1. CASING AND SCREEN DETAILS:
(BENCHMARK: LOCAL] |ABOVE GROUND (FT.) A) Type Of Pipe: Pipe Schedule: 40
{ 101.01 - 2.5 TOP OF CASING ZPve
B) Pipe Joints: Fiush with O-ring
985 GROUND
~—20 CEMENT SURFACE PLUG C) Soivent Used? Noo
r Grout/Backfill Material:
P Same as seal D) Screen Type: Screen Slat Size: 0.01"
P
I 2 with-machined slots, flush joint
i Grou/Backfill Method:
§ ; Poured E). Borehole Diameter: 8 _InFrom 0 To 14 Ft
144 | 2 } In. From To Ft.
H I — GROUT
e B
Bentonite Seal Materiaj: F) Surf. Casing Diameter: In. From To Ft.
Sentonite chips 2nd Surface Casing: In. From To Ft.
g 10 BENTONITE SEAL G)Installed Protective Cover W/ Lock? Yes
86.6-_ mE 11.8 TOP OF SCREEN 2. WELL DEVELOPMENT:
E A) Method: Surgefpump with Bremer check vaive
z _:E : Fiter Pack Material:
25 |3 | . No. 7 (riedium) sand B) Time Spent Developing: 1 Hours
— 1 - —_—
=t
B4 _j_ g —J14.4 BOTTOM OF SCREEN C) Water Removed: 27 . Gallons
L Added: 0  Gallons
14.4 BOTTOM OF FILTER PACK
D) Water Clarity Before/After Development:
- BENTONITE PLUG Before: Opaque, brown
Afer: _Slightly turbid (approximately 100 NTU)
Bacidill Material:
Net applicable F) Odor (Descr. if present) diesel range hydrocarbons
, 84.1 144 HOLE BOTTOM 3. WATER LEVEL SUMMARY:
A} After Developing: Ft. Below Top Of Casing
B) Other Date/Time: _3.31-974045 874 Ft.
Other Date/Time: Ft.
Notes:

Lwpaamip0C-04036\05 20004036 056 04/14/97 3:24 AM



ENVIRONMENTAL AUDIT REPORT:
PRIVILEGED DCCUMENT
L LOG OF TEST BORING BORING NO. PFW-3
Hm~ F-203 (R 01-87) SHEETNO. __1 _OF 2
PROJECT NAME PEREGRINE FLINT PROJECT NO. 4036.05
LOCATION FLINT, MICHIGAN INSTALLATION 3-17-97
CONTRACTOR STEARNS DRILLING CO SURFACE ELEV. 100.3
DRILLING METHOD 4.25" HSA BOREHOLE DIA. 8 IN.
PLING NO
INTERVAL SAMRECOVER\;FESI’ID VISUAL CLASSIFICATION GE\?/EEL
N
NO. [TYPE N IN DEPTH AND GENERAL OBSERVATIONS ICONSTRUCT.
1 SS 49 18 1 0.6 -2 Fill: sand, gravel crushed limestone, s " -
- | upper few inches frozen. : -
/| SANDY LEAN CLAY (CL), some fine s P
7 ;-", to coarse sand, trace fine gravel, slightly . - o
2/ \ plastic, brown 10YR 4/3 with some - o
F./7%1 \gray and dark yellowish brown | - p—
£ 4 \mottling, moist, hard. _ -
2| Ss 17116 | 02 |\ WELL GRADED SAND WiTH CLAY
ij.f '(SW-SC), fie to coarse, dark brown
111 [10YR 3/3/moist.
2 |SANDY LEAN CLAY WITH GRAVEL
/4 (CL), little coarse gravel, dark grayish
/ rown-10YR 4/2, moist, hard.
3 | ss 6 18 | o2 X ? s/r;rgsgm (SM), fine, brown 10YR
% SANDY LEAN CLAY WITH GRAVEL
5 ____/ (CL), sonie fine to coarse sand, little
/ fine 16 coarse gravel, moderately plastic,
/ dark gray 10YR 4/1, moist, very stiff
LA @y = 2.6).
4 | ss 12 20 “7/
7/ As above (CL).
s | ss 14 |24 "7/
% As above (CL), stiff (Pp = 1.3 t0 2.0).
6 | sS 12 |24 10 “?
? As above (CL).
¥
GENERAL NOTES WATER LEVEL OBSERVATIONS
DATE STARTED 17MAR 97 WHILE DRILLING ¥ none observed
DATE COMPLETED 17MAR 97 AT COMPLETION ¥
RIG CME LC 60 AFTER DRILLING
CREW CHIEF M. HEFFERAN ‘ CAVE-IN: DATE/TIME DEPTH
LOGGED __DPR __ CHECKED (PL WATER: DATE/TIME DEPTH




g

ENVIRONMENTAL AUDIT REPORT:

PRIVILEGED DCCUMENT
™ LOG OF TEST BORING BORING NO. PFW.-3
IM“ F-203 (R 01-87) SHEETNO. _ 2 OF__ 3
PROJECT NAME PEREGRINE FLINT PROJECT NO. 4036.05
LOCATION FLINT, MICHIGAN INSTALLATION 3-17-97
CONTRACTOR STEARNS DRILLING CO SURFACE ELEV, 100.3
DRILLING METHOD 4.25" HSA BOREHOLE DIA. 8 IN.
SAMPLING NOTES VISUAL CLASSIFICATION GENERAL
INTERVAL RECOVERY |PID AND GENERAL OBSERVATIONS WELL
NO. ITYPE N IN DEPTH CONSTRUCT.
7 14 24 B
~Es-| POORLY-GRADED SAND WITH SILT S
7 \(s_ -SM), fine, gray, moist. [
/) SANDYLEAN CLAY (CL), some sand, $
7 littledfine to coarse gravel, slightly :
8 15 24 / plastic, dark gray 10YR 4/1, moist,
? Stiff,
/ As above (CL), ‘medium stiff (Pp = 1.0).
9 24 T4
““g As above (CL), (Pp = 0.5).
10 24 “7/
~/4 As above (CL), (Pp = 1.0),
20—
End of boring at 20 feet.




ENVIRONMENTAL AUDIT REPCRT:
. PRIVILEGED DOCUMENT

WELL CONSTRUCTION DIAGRAM

PROJECT: | Peregrine - Flint WELL NO.: PFW-3

PROJ. NO: | 4036.05 DATE INSTALLED: | 31797 OBSV.BY: | DPR CHECKED BY: 'D(’ﬁ

ELEVATION: DISTANCE BELOW OR 1. CASING AND SCREEN DETAILS:

{BENCHMARK: LOCAL) |ABOVE GROUND (FT.): A) Type Of Pipe: Pipe Schedule: 40
100.3 GROUND Zeye

0.5 TOP OF CASING

99.78

B) Pipe Joints: Flush with O-ring

1. CEMENT SURFACE PLUG

C) Solvent Used? —No
Growt/Backfill Material:

Same as seal D) Screen Type: Screen Siot Size: 0.01"
Z with machined slots, flush joint

Grout/Backfill Method:
Poured E) BoreholeDiameter: 8 inFrom 0 To 18 Ft.

10.2 3 In. From To 20 Ft.

- GROUT

Bertontte Seal Material: F)Surt. Casing Diameter: In. From To Ft.
Bertonite chips 2nd Surface Casing: InFrom ____ To ____ Ft
12 BENTONITE SEAL G) instalied Protective Cover W/ Lock? Yes
89.6 10.7 TOP OF SCREEN 2. WELL DEVELOPMENT:
A) Method: None - dry well
Fiter Pack Material:
5.0 No. 7 {medium) sand B) Time Spent Developing: Hours
B4.6 15.7 BOTTOM OF SCREEN C) Water Removed: Gallons
Added: Gallons
15.7 BOTTOM OF FILTER PACK

D) Water Clartty Before/After Dewvelopment:

__“29_‘ BENTONITE PLUG Before:
Afer:
Backfill Material:
Berttanite chips F) Odor (Descr. if present) None
80.3 20 HOLE BOTTOM 3. WATER LEVEL SUMMARY:
A) After Developing: Ft. Below Top Of Casing
B} Other Date/Time: Ft.
Other Date/Time: Ft.
Notes:

i Wpaamip\00-0403605\20004036.05¢ O4/14/57 B:55 A




MICHIGAN DEPARTMENT OF ENVIRONMENTAL QUALITY

MONITOR WELL ABANDONMENT RECORD DEC
er Ferel]e e (US
Site Name: ngm o éood )c'omy Genesee
Section: 5SS E Y Towm: 1S5 N Range: i MWwE: PR3

Date Installed;__3| |7 }CH Date Abandoned: 'k nowon  Drilling Firm: Lon knowein
Well Dept;_|5:] . Screen Depth from TOC: _|©,]  ft. Water Table Depth from TOC: __ &

Casing Type: Galvanized O PVC & Stainless Steel [J ID: 7@ 40
Screen Type: PVC B Stainless Steet O Length: 1O #
2" Annulus Grouted: Yes 0 No O from ft7 to ft. Grout Type:
¥ 4" Angulus Grouted:  Yes LINe O from ft. .\ Oto- ft GooutType:
Casing: Pulled O Cut O Depth BOL: Well Groured? Yes 1 No O
f Grout Type: Bentonite 01 Cemetit\ 0 Grotiting Methiad: Through Casing [1 Tromie 0 Other O (explain)
Crew;

comments: PEO-3 5 e liewed o have beein aloundbned by
*@\Mq\\’he CadinQ withn borvtonck  agrout O




PFW-4 ]

ENVIRCNMENTAL AUDIT REP( 3

PRIVILEGED DOCUMENT '
h TOG OF TEST BORNG BORING NO. PFW-4 %
- F-203 (R 01-87) SHEET NoO. 1 ‘OF 3

PROJECT NAME ~~W PROJECT NO. 4036.05 _
LOCATION W INSTALLATION 3-17-97
CONTRACTOR G CO SURFACE ELEV. 9.8

DRILLING METHOD 4.25" HSA BOREHOLE DIA. 8IN.

T S“‘MRI;L;G NC;,TE‘:ID VISUAL CLASSIFICATION | GENERA|
. E N IN DEPTH AND GENERAL OBSERVATIONS
Concrete. *-
1 | ss 23 18 |02 o] Fil: sand and gravel, few fines, paic e
5] brown, moist. ‘ e
%] SANDY LEAN CLAY WITH GRAVEL D
7 A (CL), some fine to coarse sand, lirde e
77} Tine gravel, slightly plastic, brown e
2] AOYR 4/3 vith pale brown along ,
& om:ionalsﬂtpaxﬁng;mdﬁam:a.
/]| some dark yellowish brown mottling, no
7] odor, moist, bard (Pp > 4).
2| ss 31 |24 | o .
}jﬁ Silt and silty sand stringers at 4.4 feet.
§ / SANDY LEAN CLAY (CL) as above 1o
3 S8 2 24 //_/ 4.4 feet, wet sand parting at 4.8 feet.
/// As above (CL), some dark yellowish
/ brown along fractures, occasional wet
GENERAL NOTES WATER LEVEL OBSERVATIONS
DATE STARTED 17 MAR 97 WHILE DRILLING hv4 none ohserved
DATE COMPLETED 17MAR 97 AT COMPLETION X
RIG CME LC 60 AFTER DRILLING
CREW CHIEF M. HEFFERAN CAVE-IN: DATE/TINME DEPTH
LOGGED DPR __ CHECKED LPL WATER: DATE/TIME _ peDTY




PF-4

ENVIRONMENTAL AUDIT REPORT
PRIVILEGED DOCUMENT

% LWOF TEST BORING BORING NO. PFW-4

F-203 (R 01-87) SHEET NO. 2__OF 3

PROJECT NAME —PEREGRINEFLINT __ pRoJECT No. —4036.05
LOCATION — FLINL,MICHIGAN ~__ INSTALLATION 3-17-97

CONTRACTOR co SURFACE ELEV. 9.8
DRILLING METHOD 4.25" HSA BOREHOLE DIA. 8 IN. _

VISUAL CLASSIFICATION ngmm \L
AND GENERAL OBSERVATIONS

NSTRUCT.
sand partings, very stiff._

A as above (CL).

1] SILTY SAND (5m), brown, wet,
?Iﬂ laminated,

ey
U

74" SANDY LEAN CLAY as above to 7.3
“/ feet, very stiff to hard.

o

i ] SILT (ML), litle clay, few fine sand,
brown with dark yellowish brown
mottling, wet, nonlaminated_

24 SANDY LEAN CLAY WITH GRAVEL
10— / (CL), slightly plastic, dark grayish
/ brown 10YR 4/2 with dark yellowish

7] brown along fractures, moist, very Stiff,
sand partings.
4] SILT (ML), some ciay. fow sand,
] mottled dark grayish brown and dark
A ellowish brown, moist.
SANDY LEAN CLAY WITH GRAVEL
7] (CL), slightly plastic, dark grayish
/ brown 10YR 4/2 with dark yellowish
/ brown along fractures, moist, very stiff,
2] sand partings.
Hl{ SILTY SAND v, fme 1o medium,
LT trace clay, brown, wet.

6 SS 28 24

7] SANDY LEAN CLAY WITH GRAVEL
7 (CL), dark grayish brown, slightly

plastic, 10YR 472, moist, very stiff,

SILT (ML), mottled grays and dark
yellowish brown, moist to wet,
nonlaminated, fractured.




P w ‘—4 g <

ENVIRONMENTAL AUDIT REP‘%}F

, PRIVILEGED DOCUMENT
LOG OF TEST BORING BORING NO. PFW-4 ,
F-203 (& 01-87) SHEETNO. _ 3 OF |
PROJECT NAME mgm E FLINT PROJECT NO. ggs.os
LOCATION INSTALLATION 3—!7—22 5
CONTRACTOR STE ‘ ING SURFACEELEV. »
DRILLING METHOD 4.25" HSA BOREHOLE DIA.
SAMPLING NOTES VISUAL CLASSIFICATION
VAL RECO Y |PID AND GENERAL OBSERVATIONS
NO. |TYPE N | IN DEPTH
T SS 44 24
SANDY LEAN CLAY (CL), brown to R
dark yellowish brown, hard.
SILT (ML), litde clay, few fine sand,
] bmwn. nonlaminated, moist to wet.
SILTY SAND (SM), trace clay, brown
to dark yellowish brown to dark grayish
brown, stratified.
) A SANDY LEAN CLAY (CL), dark
8 | ss 16 |24 > \grayish brown; moist.

SILTY SAND (SM), trace clay, dark

L Brayish brown, wet, stratified.

SANDY LEAN CLAY (CL), some sand,
few fine gravel, medium plastic, dark

gray 10YR 4/1, moist, very stiff Pp =
3.0).

20—

Ead of boring at 17 feet.




PFU-4

ENVIRONMENTAL AUDIT REFR
PRIVILEGED DOCUMED Tom

WELL CONSTRUCTION DIAGRAM
T e HION DIAGRAM

PROJECT: | Peragrine - Flint

WELL NO. PFW.4

PROJ. NO: | 46,05

DATE INSTALLED: | 3-1 797

OBSV.BY: | OPR CHECKED 8Y: >

ELEVATION:
(BENCHMARK: LOCAL)

DISTANCE BELOWOR
ABOVE GROUND (FT. )

GROUND

8.4

TA0ZMr my

o _05 Top oF casme

—l. CEMENT SURFACE PLUG
Wlﬂlﬁﬂ:
Same ax sand
WW.
Powred
~ GROUT
Bantonits Seal Material:
Lo Bentonite chips
7 !Bﬂbﬂ‘rESEAL

8.4 TOP OF SCREEN

Filter Pack Material:
" No. 7 {medum) sand

13.4 BOTTOM OF SCREEN

13.5 BOTTOM OF PLTER PACK

17 BENTONITE PLUG

1. CASING AND SCREEN DETAILS:
A) Type Of Pipe: Pipe Schedule: <0
ZPVC

B) Pipe Joints: Flwhw!h&m
C) Solvent Used? —lo

D) Screen Type: Screen Sict Size: 001"
2w hined siots. fush joint

E) Borehole Dismetar: 8 WnFrom 0 To 15 rFr
3 _InFrom 15 Yo 17__Fr

F) Sut. Casing Dismetor In. From To Ft.

2ndSufaceCasing.  ____ . From To___ R

G) instaied Protective Cover W/ Lock? Yes

2. WELL DEVELOPMENT:

A) Method: —.Gentiybal
B) TimeSnrtDevﬂoping: 1 Hours
C) Water meed:_____]_._}___Gﬂons

Added: G ___ Galkons

D) Water Clarity Before/After Deveiopment:
Before: Clear

-ARer._Sightty turbid (approvimatety SO NTU)

Bacidi Material:
Bertcrite chipe F) Odor (Descr. i present)  None
82.3 ~ 17 HOLE BOTTOM 3. WATER LEVEL SUMMARY:
A) Afer Developing: Ft. Betow Top Of Casing
B) Other DatefTime: S3187TH240 552 Ft.
Other Date/Time: Ft.
Nates:

$ R 2 P S A s it s e



ENVIRONMENTAL AUDIT REPORT:
PRIVILEGED DOCUMENT ¢
m' LOG OF TEST BORING BORING NO. PFW-5
M" F-203 (R 01-87) SHEET NO. 1 OF 2
PROJECT NAME PEREG PROJECT NO. 4036.05
LOCATION FLINT, MICHIGAN INSTALLATION -
CONTRACTOR TEARNS DRILLING SURFACE ELEV. 98.9
DRILLING METHOD 4.25" HSA BOREHOLE DIA. 8IN.
SAMPLING NOTES GEN
AMPL VISUAL CLASSIFICATION ERAL
INTERVAL RECOVERY |PID AND GENERAL OBSERVATIONS WELL
No. ITYPE|[ N IN DEPTH CONSTRUCT.
1 SS 8 20 101 o Fill: mostly medium sand, little fine to o :
Coarse rounded gravel, brown to 15 -
inches, then dark yellowish brown, no e
T odor, moist. ]
2 | ss 9 |22 |oa T Asabove.
%] Fill: fine fo medium sand, dark
yellowish brown, becoming brown and
I wetl'@ 3.7 f1.
Av4
3 SS 2 12 0 "I;:{:: As‘above, dark grayish brown.
5 pe—
4 SS 1 0 As above (based on blow counts and
contents of 8 to 10 ft. sample).
5 ss 2 20 - As above.
7/ SANDY LEAN CLAY (1) medinm N
6 | sS 0 |16 O] plastic. gray. R ’
“A \SILT (ML), dark gray, laminated with
clayey silt and sandy silt, wet.
GENERAL NOTES WATER LEVEL OBSERVATIONS
DATE STARTED 18 MAR 97 WHILE DRILLING ¥ 3.7 ft. bei
DATE COMPLETED 18 MAR 97 AT COMPLETION X
RIG CME LC 60 AFTER DRILLING
CREW CHIEF M. HEFFERAN CAVE- 1Kz DATE/TIME DEPTH
LOGGED __DPR _ CHECKED L ([¥70 A DEPTH




ENVIRONMENTAL AUDIT REPORT:

As above (CL).

PRIVILEGED DOCUMENT
™ LOG OF TEST BORING BORING NO. PFW-5
IM“ F-203 (R 01-87) SHEET NO. 2 OF 2
PROJECT NAME PEREGRINE FLINT PROJECT NO, 4036.05
LOCATION FLINT, MICHIGAN INSTALLATION 3-18-97
CONTRACTOR STEARNS DRILLING CO SURFACE ELEV. 98.9
DRILLING METHOD 4.25" HSA BOREHOLE DIA. 8 IN.
SAMPLING NOTES VISUAL CLASSIFICATION GENERAL
INTERVAL RECOVERY |PID AND GENERAL OBSERVATIONS WELL
NO. [TYPE N IN DEPTH ICONSTRUCT.
SANDY LEAN CLAY (CL), some fine
to coarse sand, few fine gravel, slightly
plastic, dark gray 10YR 4/1, moist, very
7 sS 10 18 — stiff (Pp = 3.0 10 3.7).

5

20—

End of boring at 14 feet.




ENVIRONMENTAL AUDIT REPORT:
PRIVILEGED DOCUMENT

WELL CONSTRUCTION DIAGRAM

PROJECT: | Peregrine - Flint WELL NO PFW.5
PROJ. NO: | 4036.05 DATE INSTALLED: | 3-18-97 OBSV.BY: | DPR CHECKED BY: Wﬁ.
ELEVATION DISTANCE BELOW OR 1. CASING AND SCREEN DETAILS:
{BENCHMARK: LOCAL) | ABOVE GROUND (FT.) A) Type Of Pipe: Pipe Schedule: 40
. 101.29 —a:4 TOP OF CASING Z PVC
B) Pipe Joirts: Flush with O-ring
98.8 GROUND
—2.0. CEMENT SURFACE PLUG C) Solvent Used? Nooo
I Grout/Backfill Material:
: Same as seal D) Screen Type; Screen Slot Size: 0.01"
2 with machined siots_flush joint
i Grout/Backfill Method:
z f Poured E) Borehols Diameter: 8 InFrom 0 To 10 Ft o
7.7 % I‘ 3__inFrom 10 To 14 Ft. :
' | — GROUT
igd B — , | .
Bentonite Seai Material! F) _Surf. Casing Diameter: in. From To Ft.
Bertonite chips 2nd Surface-Casing: In.From _____ 7o Ft.
3 BENTONITE SEAL G) (bstalled Protective Cover W/ Lock? Yes
93.6_ - 5.3 TOP OF SCREEN 2. WELL DEVELOPMENT:
— A) Method: Gently bail
z E Fiter Pack Material:
5.0 % - No. 7 (medium) sand B) Time Spent Developing: 1.5  Hours
—_— 1 — PR -
A — |
88.6 1 - 10.3 BOTTOM OF SCREEN C) Water Removed: 2 Gallons
Added: O  Gallons
10.3 BOTTOM OF FILTER PACK
D) Water Ciarity Before/After Development:
14 BENTONITE PLUG Before: Opague brown
After:  Slightly turbid {approximately 100 NTU)
Backfill Material:
Bentonite chips F) Odor (Descr. if present) None
84.8 14 HOLE BOTTOM 3. WATER LEVEL SUMMARY:
A) ARSI DOWIORING. s FU. Below Tep Of Gasing
B) Other Date/Time: _3-31-97/1306 S77 Ft.
Other Date/Time: Ft.

Notes:

wpaamipjt00-04036\05 0004 036.05¢ 04/ 1497 £:38 AN



MICHIGAN DEPARTMENT OF ENVIRONMENTAL QUALITY

DEC

MONITOR WELL ABANDONMENT RECORD

e Pece hﬁi(
sieName: ol wock ¢ IZQ(Q‘ comy: _CeNESEE
Section: SSE 4 Towm: __ 1D N Range: [ Mwé: _PEW-S

Dute Instaled:_ 31 (97 _ Date Abandoned: Drilling Firm: __ \EC |
Well Depth; _|O.3  ft. Screen Depthfrom TOC: _ 5.3 & Water Table Depth from TOC: 7.6 #.
Casing Type: Galvanized O PVC I Stainless Steel [J D: &40
Screen Type: PVC & Stainless Steel I Leagth: _ (O f
2" Annulus Grouted: Yes 0 No O from ft to ft. Grout Type:

4" Annulus Grouted: Yes O0No [0 from - ft.\ (o ft GoutType:
Casing;: Pulled B  Cut 01 Depth BOL: Well Growted? Yes B No O
Grout Type: Bentonite [&Cement & Groitting Method: Through Casing C1 Tromic @~Other O (explain)

Comments:

;‘SQ‘/M/;L/ W 5_!_(\/0'1
a}uamxcof(:onstdtamlﬁngmer Date

PAERD:Formse/Wellaben fm




ENVIRONMENTAL AUDIT RER%

PRIVILEGED DCCUMENT |
LOG OF TEST BORING BORING NO. PFW-6
F-203 (r O1-87) SHEET NO. 1 OF 2
PROJECTNAME ___ PEREGRINEFLINT _____ PROJECT NO. _4036.05 _ g
LOCATION FLINT, MICHIGAN INSTALLATION ___ 3-18.97
CONTRACTOR STEARNS DRILLING CO SURFACE ELEV. 986
DRILLING METHOD 4.25" HSA BOREHOLE DIA.
SAM G, 1N . VISUAL CLASSIFICATION
VAL RECO Y |PID AND GENERAL OBSERVATIONS
NO. |[TYPE N IN DEPTH : .
#§ Asphalt.
7%
/) Concrete.
1 18 | 9.4 “E_g.;- Fill: medium to coarse sand with coarse
P rounded gravel, few silt, few clay, dark
—-/ SANDY LEAN CLAY (CL), some fine
/ to coarse sand, few fine to coarse
*#] gravel, slightly plastic, brown 10YR 4/3
_/ with some gray mottling, no odor,
2 20 }10.2 ‘/./ moist, bard (Pp > 4.0), fractured.
;2 As above (CL).
3 24 5 "—/
é As above (CL).
4 24 "?
/// As above (CL), dark gray 10YR 4/1
_/ below 7.3 feet, very stiff (Pp = 2.7 10
% 3.5). ,
5 6 "‘/
é As above (CL).
» 4 i
GENERAL NOTES WATER LEVEL OBSERVATIONS
DATE STARTED 18 MAR 97 WHILE DRILLING ¥ none observed
DATE COMPLETED 18 MAR 97 AT COMPLETION ¥
RIG CME LC 60 AFTER DRILLING
CREW CHIEF M. HEFFERAN CAVE IN: DATE/TIME DEPTH
LOGGED DPR CHECKED _ LPL WATER: DATE/TIME DEPTH




PFW-6

ENVIRONMENTAL AUOIT REPOI
PRIVILEGED DGCUMENT

—_—
LOG OF TEST BORING BORING NO.
F-203 (R 01-87) SHEET NO. 2 OF 2
PROJECT NAME -—W PROJECT NoO. _4036.05
LOCATION INSTALLATION __ 3.13.97
% CONTRACTOR STEARNS DRILLING CO SURFACE ELEY. 98.6
: DRILLING METHOD —425"HSA ~ BOREHOLEDIA. _BIN.
SAMPLING NOTES VISUAL CLASSIFICATION
INTERVAL | RECOVERY [PID AND GENERAL OBSERVATIONS
’ NO. [TYPE N IN DEPTH :
16 |24 7
6 ss :// As above (CL), Stff (Pp = 1.4 to0 1.7).
7| ss 17 [ / As above (CL), medium stiff (Pp = 1.0),

| ‘

15
End of boring at 15 feet.




PFW-"

.

L

ENVIRONMENTAL AUDIT RENy
PRIVILEGED GGCuMEY -

WELL CONSTRUCTION DIA GRAM -

PROJECT: | Peregrine - Fiint WELL NO.: PFW-6
PROJNO:|4X605 | DATEWSTAUED: |31897 | omsv.er. OPR CHECKEDBY: | DPR.
ELEVATON: DISTANCE BELOWOR 1. CASING AND SCREEN DETAILS: ; "
BENCHMARK: LOCAL) |ABOVE GROUND (FT,): A) Type Of Pipe: Pipe Schedule: 40
GROUND . . £
se29 | TOP OF CASING
4 ' B) PipelJorts: _Flushwith O-ring
——1. CEMENT SURFACE PLUG
C) Solvert Used? -
‘ Grout/Backsit Material: )

r Sueve as venl D) Screen Type: Screen Siot Size: Q.01

! 2 wih machined siots, fush i e

5 Grout/Bacidil Method: :

P Prured E) Borehole Diameterr 8 in. From 0O To 13 Fr. ¢

> 3 _nFrom 13 To 15 g i

€ . —— GROUT

H Bertonts Seal Material: | F) Surt. Caging Didmeter: in. From To RO

N . —— — — ¢

\9 Bartonits chive 2ndSufaceCasing  ____ in. From To _____Ft ¢

|, ]

7/ BENTONITE sEAL G) “instalied Protective Cover W/ Lock? Yes
ss.sl 87 TOP OF SCREEN 2. WELL DEVELOPMENT: :
e A) Method: Gentiybei
g Fiker Pack Material: :
S50l ¥ Ne. 7 {medum) sang B} Time Spent Devetoping: 02 Hours

4

~

[

]

13.7 BOTTOM OF SCREEN C) Water Removed: 37 __ Gations
’ ' Added: 0 Galons

— 15 BOTTOM OF ALTER PACK .
D) Water Ciarity Before/ARer Davelopment: :
—_— asmorfrem.us Before: Stightty turbid, light brown

Backiit Materiat
Mot spphicabie F} Odor (Descr. if present) None

___15 HOLE BOTTOM 3. WATER LEVEL SUMMARY:

A) AterDeweioping:  (df)  Ft. Below Top Of Casing

B) Other Date/Time: _3-18.-97/1500 dry Ft.
Other Date/Time: 331571320 165 R

Notes:




MICHIGAN DEPARTMENT OF ENVIRONMENTAL QUALITY

DEC

MONITOR WELL ABANDONMENT RECORD

Fovmer ey ;3{7 vﬁ(t&)

steName: __ Collio oy o commy: _(SrEveSEe
Section: 53 € VA: Towm: __|S [_\x_ Range: __ 12 Mw# PEW b

Date Installed; 6!\6]47 Date Abandoned: Driling Firm: ___N| &
Well Depth;___ {5 & Screen Depth from TOC: Z5  ft. Water Table Depth from TOC: Q\ﬁ

Casing Type:  Galvanized O PVC W SuimksSteel 0 I 27 &4 O
Screen Type: e Stainless Steet I Length: 5 ®
9" Annulus Grouted: Yes 0 No O from £ to ft. Grout Typs:

4 Annulus Grouted:  Yes [OJNo O from ft. to £t Grout Type:

Casing: Pulled EI Cut 1 Depth BOL: well Gromed? Yes O No O
Grout Type: Bentonite T Cement Ll Grouting Methad: 'Ihroug“hCasingB Tremic O Other O (explain)

_Comments:_fovaymer Dirpnty Sovege AM ( D%\ Mo, Oyca Joskd
—o &mmxxw\&}ef{ﬁﬂ A5 ‘Qﬁﬁ)tﬁg Cw\r\ bﬁit‘@‘(d Wt
4«4 dcm ol QKDSH Ww-1 oS @upved @vxmrmm‘

WMQ%\"SOE\LCQ\D&\W

PAERD:-Formy/Weilshaa fm



ENWRONME
PHMLEG
LOG OF TEST BORING BORING NO.
- .F*203 (R 01-37) SHEET NO. 1
PROJECT NAME ——FPEREGRINEFLINT ___ prosecT N,
LOCATION FLINT, MICHIGAN INSTALLATION .
CONTRACTOR —STEARNS DRILLINGCO SURFACE ELEV.
DRILLING METHOD 4.25" HSA BOREHOLE DIA .
INTERVAL smmco(zgﬁm VISUAL CLASSIFICATION
o, B[~ N DEPTH AND GENERAL OBSERVATIONS
IS 12 124 I'o ? SANDY LEAN CLAY (CL), some sand,
/ few fine to coarse gravel, slightly
/ plastic, dark grayish brown 10YR 4/2
—+ with some dark yellowish brown and
.uongﬁm:u.moist.hama’p > 4.5)
A (Glacial Ty,
2 | ss 19 |18 | o %,
. ¥4 Asabove (CL), dark gray below 2.5
‘:_.:- feet, Pp'=4.210 4.5).
3 | ss 17 |18 | o 5
: / Asabove (CL).
4 | ss 18 (21 |og ] é ~
] As bove (CL), very siff Pp = 3.2 10
._}4 3.5).
5 | ss 17 (24 | o -] 7/
j As above (CL), Stiff (Pp = 1.4 10 1.7),
6 |ss Y 21 [2]o m-—-—-g{
7 As above (CL). A i
$4 SN
GENERAL NOTES WATER LEVEL OBSERVATIONS
DATE STARTED 19 MAR 97 WHILE DRILLING ¥ none observed
——monecbserved
DATE COMPLETED 19 MAR 97 AT COMPLETION Y
RIG CME LC 60 AFTER DRILLING
CREW CHIEF M. HEFFERAN CAVE-IN: DATE/TIME DEPTH
LOGGED __DPR _ CHECKED  LPL VATER:DATE/TIHE DEPTH




PFu-8

ENVIRONMENTAL AUDIT REPO!|
PRIVILEGED DOCUMENT

% LOG OF TEST BORING BORING NO. FW.

F-203 (R 01-87) SHEET NoO. 2 OF
PROJECT NAME ——W PROJECT NO. 4036.0S5
LOCATION FLINT, M_C_m INSTALLATION 3-19-97
g:m DMG Cco SURFACE ELEV. 101.1
—— 425"HSA

DRILLING METHOD BOREHOLE DIA. SIN.
SAMPLING NOTES VISUAL CLASSIFICATION GENERAL

INTERVAL | RECOVERY PID
NoO. -rypa N IN DEPTH AND GENERAL OBSERVAT!QNS

f

z
:
3

As above (CL).

|

-~
a
—
o
2
o
S YO Ve n‘ TR

Terasens

$tsennne

As abave (CL), medium stiff (Pp =0.5
to 1.0).

o0
a

[l

(%

¥

=]

i

w0
-
~
N
o~
o

]

As above (CL).

I~
D\
s

End of boring at 18 feet,




IH40EMr muo~y AMN -

.:?

CEMENT SURFACE PLUG

Grout/Bacid¥l Matesial:

Same s sesl

Grout/Bacidil Method:

Poured

——  GROUT-
Bentons Seal Material:
Borterite clips

7 _BENTONITE SEAL

3.6 TOP OF SCREEN

Fiker Pacic Miteriat:
Ne 7 (medium) sand

146 BOTTOM OF SCREEN

—14.6 BOTTOM OF FILTER PACK

18 BENTONITE PLUG

Backfil Material:

18 HOLE BOTTOM

Notes:

C) Solvert Used? —

: D) Screen Type: Screen Siot Size: 0.01°
with flush joi
E) Borehoe Diameter: 8 _inFrom O To 18 Fr

3 in. From 16 To 318 Ft.

F) Surf. Casing Dismeter:
-2nd Sudtace Casing:

in. From To Fr.

e 1NV, From To ______ Ft.

G) -Instalied Protective Cover W/ Lock? Yes

2. WELL DEVELOPMENT:

A} Method: None - wel
B) TmSpertD!wbphg: Hours
| © water Removed __ Gajions

Added: Gallons

D) Water Chrity Before/After Deveiopment:
Before:
After:

F) Odor (Descr. if present) None

3. WATER LEVEL SUMMARY:

A} Aher Developing: Ft. Beiow Top Of Casing
B) Other Date/Time: Ft.
Other Date/Time: Ft.

LA m 0B 18 O s s s

ENWRONMENT AU o
‘ DITH
PRIVILEGED ocu.\g,q';
WELL CONSTRUCTION DIA GRAM
M
PROJECT: | Peragrine - Fit WELLNO.:|  prwa
PROJ. NO: | 400605 DATE INSTALLED: OBSV. BY: | DPR _CHECKEDBY:| DR
ELEVATION: DISTANCE BELOWOR 1. CASING AND SCREEN DETAILS: ‘
BENCHMARK: LOCAL) | ABOVE GROUND (FT.): A) Type Of Pipe: Pipe Schedule: 40 .
1011 ' GROUND ZPVC
10079 {4 /__03 ToP oF casine .
n | 8) PipeJoints: _Flush wth Osing _

Sy




MICHBIGAN DEPARTMENT OF ENVIRONMENTAL QUALITY

MONITOR WELL ABANDONMENT RECORD DG&

Former Perestine (uS)
SteName:  Colduostan ad County: G@'\WPS@E’/

Section: 5 S E %4 Towm: _ 5N Range: ek Mwi: Priv-9

Date Installed:_3]19 [47__ Date Abandoned: Drilling Firm: __ eC\ «

well Depth;_ |4 lo  ®. Screen Dopth from TOC: __ 9. ft Water Table Depth from TOC: Qb
Casing Type: Galvanized O PVC &  SuinlessSteel 0 ID: 27 @74 O
Screen Type:. pvc @ Stainless Steet [1 Length: 5. f
2" Annulus Grouted: Yes 0 No 0O from f 1o ft. Grout Type:

4" Annulus Grouted: Yes L0 No O from ft. - ft. Grout Type:
Casing; Pulled B  Cut 00 Depth BOL: Well Groued? Yes B~ No O

Grout Type: Bentonite [ Cemenit. I} Grodting Methad: Throtgh Casing L1 Tremic " Other O (explain)

Comments:

A s Do ) o

Jt’g?x‘fm of Consultant/Engineet Date |

PAERD:Forme/ Wellaban frm




ENVIRONMENTAL AUDIT REPQ,
PRIVILEGED DOCUMENT
LOG OF TEST BORING BORING NO. PFW.9
| - F-203 (R 01-87) SHEETNO. __1 _OF 2
PROJECT NAME PEREGRINE FLINT PROJECT NO. 4036.05
LOCATION FLINT, MICHIGAN INSTALLATION 3-19-97
CONTRACTOR STEARNS DRILLING CO SURFACE ELEV. 98.8
DRILLING METHOD 4.25" HSA BOREHOLE DIA. 8 IN.
SAMPLING NOT
ES VISUAL CLASSIFICATION GENERAL
INTERVAL RECOVERY |PID AND GEN OBSERVATIONS WELL
NO. |TYPE N IN DEPTH ERAL CONSTRUCT. |
Lypss @ 7 22070 /| SANDY LEAN CLAY (CL), some fine - il
.1 1o coarse sand, few fine to coarse . :'g 5
(: gravel, slightly plastic, mottled brown, -
“E#:) dark yellowish brown, and gray, moist, :E
‘4 very stiff to hard, fractured (Glacial -
A Ti). ,
2 | ss B o0 ] As above (CL).
2
—%*{ WELL-GRADED SAND (SW), fine to
FTT coarse, trace silt, trace clay, dark
\yellowish brown 10YR 3/6, moist.
-] \SILT (ML), dark yellowish brown,
3 SS 6 20 0 / oist, laminated,
/// WELL-GRADED SAND (SW), fine to
/ coarse, tracesilt, trace clay, dark
25— ] ellowish brown 10Y R3/6, moist.
%] SANDY LEAN CLAY (CL), fow fine 10
/ coarse gravel, slightly plastic, brown,
__/ moist, stiff (Pp = 1.5), abundant moist
4 SS 5 20 0 /// to wet sand partings below 5 feet
/ (Glacial Till).
/// As above (CL), very stiff (Pp = 2.2).
s | ss g |19 o0 “?
—..:.":.;’_/
= PEAT, black humic material, some plant
/ fragments, no odor.
10—{+] SANDY LEAN CLAY (CL), brown
6 | SS 16 |24 | 0 7] 10YR 4/3 with yellowish brown and
'/// gray mottling and fractures, moist, hard.
GENERAL NOTES WATER LEVEL OBSERVATIONS
DATE STARTED 19 MAR 97 WHILE DRILLING ¥ 5.0 ft bzl
DATE COMPLETED 19 MAR 97 AT COMPLETION X
RIG CME LC 60 AFTER DRILLING
CREW CHIEF M. HEFFERAN CAVE-IN: DATE/TIME DEPTH
LOGGED DPR CHECKED (L WATERz| DATE/TIME DEPTH




ENVIRONMENTAL AUDIT REPORT:
PRIVILEGED DOCUMENT

.&[“ F-203 (R 01-87) SHEETNO. _2 OF 2
PROJECT NAME PEREGRINE FLINT PROJECT NO. 4036.05
LOCATION FLINT, MICHIGAN INSTALLATION 3-19-97
CONTRACTOR STEARNS DRILLING CO SURFACE ELEYV. 98.8
DRILLING METHOD 4.25" HSA BOREHOLE DIA. 8 IN.

SAMPLING NOTES VISUAL CLASSIFICATION GENERAL
INTERVAL | RECOVERY |PID AND GENERAL OBSERYATIONS WELL
NO. [TYPE N IN DEPTH CONSTRUCT.

24 As above (CL), very stiff (Pp = 3.5 to
/ 4.0}, olive brown, continued mottling.
7 | Ss 17 124 | ¢ /

)
“? As above (CL).
7
]
.

8 Ss 37 24 | 0 ‘/

As above (CL), hard (Pp > 4.5), mostly

18 brown 10YR 4/3, gray along fractures.

7

%

As above (CL).

o

9 SS 39 24 0 /
/ As above (CL), fewer fractures.

.

10 | ss 46 24 | 0 ‘"/

%
4
%

7
.

20
End of boring at 20 feet. Original

boring backfilled with bentonite slurry.
Moved 5 feet northwest to install well.




ENVIRONMENTAL AUDIT Rzpor
i 2 P o
PRIVILEGED DOGUMzRT -

WELL CONSTRUCTION DIAGRAM

2
PROJECT: | Peregrine - Flint WELL NO.: PFW.g
PROJ. NO: | 403605 DATE INSTALLED: | 3-19.97 OBSV. BY: | DPR CHECKEDBY:| DML
ELEVATION DISTANCE BELOWOR 1. CASING AND SCREEN DETAILS:
{BENCHMARK: LOCAL) | ABOVE GROUND {FT.) A} Type Of Pipe: Pipe Schedule; O
101.05 2.2 TOP OF CASING Z Bve
B) Pipe Joints: Flush with O-ring
998 GROUND .
—20_ CEMENT SURFACE PLUG C) Sobvent Used? Nao
Grout/Backfill Material:
Same as seal D) Screen Type: Screen Slot Size: 0.01"

2 with machined slots, flush joint

Grout/Backfill Method:
Poured E}\ Borehole Diameter: 8 In.From O To B85 Ft.

In. From To Ft.

9.2

- GROUT

Bentonite-Seal Material: F) Surf. Casing Diameter: In. From To Ft.
Bertonite chips 2nd Surface Casing: in. From To Ft. £
__((5 [BENTONITE SEAL G)\ installed Protective Cover W/ Lock? Yes
94.3 .. 6.7 TOP OF SCREEN 2. WELL DEVELOPMENT:
¥ A) Method: Gently bail
x Fier PackMaterial:
2.5 § Ne. 7 (medum) sand B) Time Spent Developing: 02 Hours
;
318y -..8.2 BOTTOM OF SCREEN C) Water Removed: 15  Galions
Added: ] Gallons
9.2 BOTTOM OF FILTER PACK
D) Water Clarity Before/After Development:
__— BENTONITEPLUG Before: Clear
After: Slightly turbid, light brown
Backfill Material:
Not applicable F) Odor (Descr. if presert) None
91.8 8.2 HOLE BOTTOM 3. WATER LEVEL SUMMARY:
A} After Developing: Ft. Below Top Of Casing
B) Other Date/Time: _3-21-97/1515 dry Ft.
Other Date/Time: _3-31-87/0938 853 Ft.
Notes:
Eupaam pit00-04036 WS 20004036.05d DU14/97 241 AM




ENVIRONMENTAL AUDIT REPORT:
PRIVILEGED DOCUMENT

LOG OF TEST BORING BORING NO. PFW-10
- F-203 (R 01-87) SHEET NO. 1 OF 2
PROJECT NAME PEREGRINE FLINT PROJECT NO. 4036.05
LOCATION FLINT, MICHIGAN INSTALLATION 3-20-97
CONTRACTOR STEARNS DRILLING CO SURFACE ELEV. 100.5
DRILLING METHOD 4.25" HSA BOREHOLE DIA. 8 IN.
PL. NOTES G RAL
SAMPLING NOTE VISUAL CLASSIFICATION ENE
INTERVAL RECOVERY |PID AND GENERAL OBSERVATIONS WELL
NO. [TYPE N IN DEPTH CONSTRUCT.
I 11 15 1 0.1 =1 Fill: fine to medium sand, little coarse e Bt
A \ gravel, dark yellowish brown, moist to e ~
% B
"'/ wet. o :
/] SANDY LEAN CLAY (CL), some fime ]
/ to coarse sand, few fine to coarse . e -
7] eravel, slightly plastic, brown 10YR 473 -
2 12 20 | 0.2 / with some gray mottling along fractures,
? moist, hard (Pp.> 4.5) (Glacial Till).
—/4 As above (CL), very dark gray 10YR
/ 3{T'to olive brown 2.5Y 3/6 to grayish
/ brown 10YR 4/2, stiff to very stiff (Pp
G =15102.5).
3 18 24 | o ?
? As above (CL), brown 10YR 4/3, hard
(AAn / (Pp = 4.4) below 5 feet.
4 29 |24 | o "/,;
/ As above (CL), less gray mottling below
___/4 7 feet.
5 29 |24 | o B
/4 As above (CL), (Pp = 4.0 10 4.5),
/ fracture from 9.2 10 9.8 fi.
6 24 |24 | 0 | OTEL
/4 As above (CL), fracture 11.5 to 11.8.
GENERAL NOTES WATER LEVEL OBSERVATIONS
DATE STARTED 20 MAR 97 WHILE DRILLING S=Z 13.8 ft. bgl
DATE COMPLETED 20 MAR 97 AT COMPLETION X
RIG CME LC 60 AFTER DRILLING
CREW CHIEF M. HEFFERAN CAVE-IN: DATE/TIME DEPTH
LOGGED DPR CHECKED LPL WATERY DATE/TIME DEPTH




ENVIRONMENTAL AUDIT REPC. -
PRIVILEGED DOCUMENT
™ LOG OF TEST BORING BORING NO. PFW-10 |
= F-203 (R 01-87) SHEETNO. __2 _OF 2
PROJECT NAME PEREGRINE FLINT PROJECT NO. 4036.05
LOCATION FLINT, MICHIGAN INSTALLATION 3-20-97
CONTRACTOR STEARNS DRILLING CO SURFACE ELEV. 100.5
DRILLING METHOD 4.25" HSA BOREHOLE DIA. 8 IN.
SAMPLING NOTES VISUAL CLASSIFICATION GENERAL
INTERVAL | RECOVERY |PID AND GENERAL OBSERVATIONS WELL
NO. [TYPE N IN DEPTH CONSTRUCT. |
7 SS 24 272 0 “% As above (CL), areas of dark grayish
7] brown below 12.2 f, very stiff (p =
/ 2.510 3.9).
¥ __./ <--- Wet-sand parting at 13.8 feet.
8 | ss 19 |24 | o0 ?
? As above{(CL), dark gray 10YR 4/1,
15__? SHFE (Pp = 1.7).
9 | ss 14 28 Po "?
? As'above (CL).
10 | ss 13 |24 | o 4

As above (CL).

20
End of boring at 20 feet.




-~

ENVIHUNMENTAL ALDIT REPORT
PRIVILEGED DCCUMENT

WELL CONSTRUCTION DIAGRAM

INC.

PROJECT: | Peregrine - Flint WELL NO: PFW-10
PROJ. NO: | 403605 DATE INSTALLED: | 3-20.97 OBSV.BY: | DPR CHECKED BY:
ELEVATION: DISTANCE BELOW OR 1. CASING AND SCREEN DETAILS:
{BENCHMARK: LOCAL} |ABOVE GROUND {FT.): A) Type Of Pipe: Pipe Schedule: 40
100.5 GROUND L PVC
| 100.08 0.4 TOP OF CASING
A

B) Pipe Joirts: Flush with O-ring

CEMENT SURFACE PLUG

C) Soivert Used? —Na

Grout/Backfill Material:

R Same as seal D) Screen Type: Screen Slot Size: 0.01°
|$ Z with machined slats_ flush joint
g 7 Grout/Backfill Method:
PE Poured E) Borehole Diameter: 8 _in.From L _To 18 Ft
138 p b 3__InFrom 18 _To 20  Ft.
& __— GRoUT
é Bentonite Seal Material: F) °Surf Casing Diameter: In. From To Ft.
g Bentorite chips 2nd Surtace Casing: In.From ___ To Ft,
H
13,0 BENTONITESEAL G)_ InstailedProtective Cover W/ Lack? Yes
86.3 14.2 'TOP OF SCREEN 2. WELL DEVELOPMENT:
A AY Method: Gently bail
g Fiter Pack Materiaf:
25( ¥ No. 7 (medium) sand B) Time Spent Developing: 0.2  Hours
N
838 7 16.7 BOTTOM OF SCREEN C) Water Removed: 15 Gallens
Added: g Gallons
__16.7 BOTTOM OF FILTER PACK
D) Water Clarity Before/After Development:
.20 BENTONITE PLUG Before: Slightly turbid, light brown
After. Clear
Backfill Materiai:
Bentonite chips F} Odor (Descr. if present) None
B0.5 ___ 20 HOLE BOTTOM 3. WATER LEVEL SUMMARY:
A) Afer Developing: Ft. Below Top Of Casing
B) Other Date/Time: 320-97/1145 dry Ft.
Cther Date/Time:  3-31-97/1410 11.67 Ft.
Notes:

Pwpaam pl00-04038 0520004036 05 Q14797 9:25 AM



ENVIRONMENTAL AUDIT REPORT
PRIVILEGED DOCUMENT

H- LOG OF TEST BORNG BORING NO. PFW-11
IM‘ F-203 (R 01-87) SHEET NO. 1 OF 2
PROJECT NAME PEREGRINE FLINT PROJECT NO. 4036.05
LOCATION FLINT, MICHIGAN INSTALLATION 3-20-97
CONTRACTOR STEARNS DRILLING CO SURFACE ELEV. 101.3
DRILLING METHOD 4.25" HSA BOREHOLE DIA. 8 IN.
SAMPLING NOTES GENERAL
SEECVAL | sacoveer [ o
NO. |ITYPE N IN DEPTH ICONSTRUCT. ¢
///§ Asphalt and concrete. o B ¥
N ]
7] Fill: medium sand, dark yellowish T
i 19 18 0 7 \brown, moist.
- / SANDY LEAN CLAY (CL), some fine
/ to coarse sand, few fine to coarse
F4{ gravel, slightly plastic, brown 10YR 4/3
/ with some yellowish brown mottling and
// gray along fractures, moist, hard (Pp >
% 4:5) (Glacial Till).
2 23 24 | o0 ‘Z
3 2 o 0 / As above (CL).
54
SILT (ML), dark yellowish brown,
moist, stratified.
5 [re—
% LEAN CLAY (CL), dark grayish
brown, hard, moist, laminated.
SILT (ML), brown, moist, laminated.
GENERAL NOTES WATER LEVEL OBSERVATIONS
DATE STARTED 20 MAR 97 WHILE DRILLING ¥ 6.9 ft. bel
DATE COMPLETED 20 MAR 97 AT COMPLETION ¥
RIG CME LC 60 AFTER DRILLING
CREW CHIEF M. HEFFERAN CAVE-IN: DATE/TIME DEPTH
LOGGED DPR CHECKED _| EL WATER: DATE/TIME DEPTH




ENVIRONMENTAL AUDIT REPORT:

GQ{‘,{I! ERED A paey T

LOG OF TEST BORING

F-203 (R 01-87)

PROJECT NAME

LOCATION

CONTRACTOR STEARNS DRILLING CO

DRILLING METHOD

_PEREGRINE FLINT

BORING NO.

R S g e s e S ¢

PFW-11

el g

SHEET NO. 2

OF 2

PROJECT NO.

FLINT, MICHIGAN

4036.05

INSTALLATION

4.25" HSA

3-20-97

SURFACE ELEV.

101.3

BOREHOLE DIA.

8 IN.

SAMPLING NOTES

INTERVAL

RECOVERY

NO.

TYPE |

N

PID
IN

DEPTH

VISUAL CLASSIFICATION
AND GENERAL OBSERVATIONS

GENERAL
WELL
CONSTRUCT.

4

S8

SS

SS

19

i

21

14

20 0

24

20

K]

10

"

hras WAk e saiicn
T e
ey ek

n“‘
oo

SILTY SAND (SM), fine, very pale
brown 10YR 7/3, moist.

SANDY LEAN CLAY (CL), gray 10YR
5/1, moist, very stiff.

SANDY SILT (ML), lite fine sand,
gray 10YR 5/1, moist to wet, stratified
and laminated.

As above/ (ML).

POORLY-GRADED SAND (SP), wet.

SANDY SILT (ML), wet.

POORLY-GRADED SAND (SP), wet.

SILT (ML), wet.

SANDY SILT (ML), wet.

POORLY-GRADED SAND (SP), wet.

SANDY SILT (ML), wet.

SANDY LEAN CLAY (CL), some fine
to coarse sand, few fine to coarse
gravel, slightly plastic, dark gray 10YR
4/1, moist, very stiff (Pp = 3.3).

End of boring at 12 feer.




ENVIRONMENTAL AUDIT REPd |
PRIVILEGED DOCUMENT

WELL CONSTRUCTION DIAGRAM

PROJECT: | Peregrine - Flint WELLNO.:|  PFW-11

PROJ. NO: | 4036.05 DATE INSTALLED: | 3-20.67 OBSV. BY: | DPR CHECKED BY: | DR

ELEVATION: DISTANCE BELOW OR 1. CASING AND SCREEN DETAILS:

(BENCHMARK: LOCAL) | ABOVE GROUND (FT.): | A) Type Of Pipe: Pipe Schedule: 40
101.3 GROUND Z Pve

100.98 0.3 TOP OF CASING

B) Pipe Joints: Flush with O-ring

| 1 CEMENT SURFACE PLUG

C) Solvent Used? —De
Grout/Backfill Material:

R Same ax seal D) Screen Type: Screen Slot Size: 0.01°
‘s : 2 with machined siots flush joint
sEt : Grout/Backfill Method:
P Poured E) Borehole Diameter: 8 In.From 0 Te J1 Ft
7.8]p 3 InFrom 11 To 12 Ft.
€ __— GrOUT
p Bentonite Seal Matefial: * | F)_Suff. Casing Diameter: In. From To Ft. %,
g Bertonite chips 2nd Surface Casing: InFrom _____ To Ft. =
6.5 BENTONITESEAL G}~ Installed Protective Cover W/ Lack? Yes 3
T T b
93.2 .. 81 TOP OF SCREEN 2,"WELL DEVELOPMENT:
S A) Method: Gently bail
Fiter Pack Material: ;
2.5 Ne. 7 (mediuim) sand B) Time Spent Developing: 03  Hours
90.7 106 BOTTOM OF SCREEN C) Water Removed: 16 _ Gallons
Added: 0 Gallons
12 BOTTOMOF FILTER PACK '
D) Water Clarity Before/After Development:
. — BENTONITE PLUG Before: Slightly turbid, light brown
ARer: Moderately turbid, light brown g '
Backfill Material:
Not applicable F) Odor (Descr. if present) None e
89.3 ___12 HOLE BOTTOM 3. WATER LEVEL SUMMARY:
A) After Developing:  _{dry) Ft. Below Top Of Casing ¢
B) Other Date/Time: _3-20.97/1400 72 Ft.
Other Date/Time: _3-31-97/1406 1.57 Ft.

Notes:

E:mamwmﬂﬁmmlﬂﬁ.%j 0411497 9:12 AM



PFW-12

ENVIRONMENTAL AupIT REPQOF

PRIVILEGED GOCUMENT
M
LOG OF TEST BORING BORING NO. PFW-12
F-203 (r 01-87) ) SI!EET NO. 1 OF
PROJECT NAME -—-——-w___ PROJECT NO 4036.05
LOCATION % INSTALLATION - 3-21.97
CONTRACTOR M SURFACE ELEV. 1017
DRILLING METHOD -___A_Z_S_ﬁ_m*_____ BOREHOLE DIA . 8IN
SAMPLING NOTES VISUAL CLASSIFICATION ] GENERAL
INTERVAL | RECOVERY [PID AND GENERAL OBSERVATIONS WELL
NO. E N IN DEPTH . NSTRUCT.
y72 R d
X i
1 ss 21 15 12 - Fill: wood blocks.
s /] SANDY LEAN CLAY (CL), some fine
/ to coarse sand, few fine to coarse
7] gravel, slightly plastic, dark prayi
- / brown to brown 10YR 4/3 with
2 (ss N 26 |2 [aa % mottling, moist, very stiff to harg,
; fractures, strong hydrocarbon odor
,4 Asabave (CL), hard, l&hym
3 | ss 28 |24 (233 “?
/ As above (CL), heavy fracturing with
? darkmdprecipimealongwithgxay
4 | ss 23 24 {283 T x//
é As abave (CL).
5 | ss 23 24 | s6 7 //,
//f As above (CL), fewer fractures, dark
/4 grayish brown.
6 | ss 20 |24 [ o | 10 ""?
2
GENERAL NOTES WATER LEVEL CBSERVATIONS
DATE STARTED 21 MAR 97 WHILE DRILLING §.Z 17.8 ft. bpl
DATE COMPLETED 21 MAR 97 AT COMPLETION ¥
RIG CME LC 60 AFTER DRILLING
CREW CHIEF M. HE CAVE-IM: DATE/TIME —e . BEPTH
LOGGED DPR CHECKED _(pL WATER: DATE/TIME nESY




ENVIRONMENTAL AUDIT Repoy
= PRIVILEGED DocUM a0
LOG OF TEST BORING BORNGNO. _ prwgy

F-203 (R 01-87) SHEET NO. 2 _OF 2

PROJECT NAME —PEREGRINEFLINT ___ PROJECT NO. 4036.05 ]
LOCATION W INSTALLATION —321-97 |

CONTRACTOR —STEARNSDRILLINGCO ___ SURFACE ELEV. 101.7

DRILLING METHOD 4.25" HSA : BOREHOLE DIA. - 3IN.

VISUAL CLASSIFICATION GENERA
AND GENERAL OBSERVATIONS WELL

» ¥

As above (CL), no odor.

As above (CL).

WELL-GRADED SAND (SW), fine to
coarse, trace silt, trace clay, yellow to
bmwntodatkgnyandblack.
hydrocarbon edor, moist. ,
SANDY LEAN CLAY (CL), some fine -
to coarse sand, few fine to coarse
gravel, slighity plastic, dark grayish

? brown, moist stiff (Pp = 1.5 t0 2.0)
...l:/ . » - =Y,
54

some sand partings.

| SANDY SILT ML), dark grayish
31| brown, moist.

[

‘10 | S8 8 20 SILTY SAND (SM), dark grayish
brown, wet, some laminated with sandy

silt and clayey silt.

SANDY LEAN CLAY (CL), slightly
plastic, dark gray 10YR 4/1, medium
SUff (Pp = 0.8). moist. /] |
End of boring at 20 fox.

20




PFW~12

ENVIRONMENTAL AUDIT REPORT
PRIVILEGED DOCU:‘;*?ENTL

WELL CONSTRUCTION DIAGRAM
o YL TION DIAGRAM

B1.! 20.2 BOTTOM OF SCREEN

:

—20.2 BOTTOMOF FILTER PACK

— BENTONITE PLUG

—————

Bacidfit Matenal-
ot applicabie

PROJECT: | Peregrine - Flint WELLNO.:| PFw.12
PROJ. NO: | ame.05 DATE INSTALLED: | 3.21.97 O8SV. 8Y: | DPR CHECKED BY- DeR.
ELEVATION: DISTANCE BELOW OR 1. CASING AND SCREEN DETAILS:
{BENCHMARK: LOCAL) |aBOVE GROUND (FT.): A) Type Of Pipe: Pipe Schedule: 4
1017 GROUND ZPve
....101.28 —04 TOP OF CASING
4 : B) PipeJddrts:  Fiush with O-ring
——1 CEMENT SURFACE PLUG )
C) Sotvent Used? —no
_!‘- Grout/Backfit Material:
:! Same as ses D) Screen Type: Screen Slot Size: 0.01°
s ‘ 2 with machined slots, flush joint
Ly Grout/Backfif Method:
Y- Poured E) Borehole Diameter: B IFrom 0 To 195 gt
148); 18 3_wmFom 195 To g
° — GROuT
£ BentonkeSeal Material; ‘| F) Surt. Casing Diarmcter In. From To Ft.
N e mmm——— mtm——
g Berterite chips ad Suface Casing __  in. From To Ft.
M A
135 BENTONITE SEAL G) Instaited Protective Cover W/ Lock? Yes
86.54 15.2 TOP OF SCREEN 2. WELL DEVELOPMENT:
42 A) Method: Gently bail
':‘ Fiker Pack Material:
S50/~ Ne. 7 (mediurm) sand B) Time Spent Developing: 1 Hours
M
G
C) Water

Removed: S8 Galions
Added: (*] Galions

D) Water Clarty Before/After Development:

Before: geague dark grayish brown
After: Stightly turbid {spproimately $00 NT U)

F) Odor (Descr. i present) None

81.5 —20.2 HOLE BOTTOM 3. WATER LEVEL SUMMARY:
A) Afer Deveioping: Ft. Below Top Of Casing
B) Other DaterTime: 324971040 1519 Ft.
Other Date/Time: 3.3 9741418 1521 Ft.
Notes:

B DT W P T PRV I SO
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MONITORING WELL LOGS
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STRATIGRAPHIC AND INSTRUMENTATION LOG
(OVERBURDEN) Page 11
PROUECT NAME: FORMER PEREGRINE FACILITY ‘ HOLE DESIGNATION: MW-102
PROJECT NUMBER: 12636 DATE COMPLETED: Jure 27, 2002
CLENT: GM REALM DRILLING METHOD: 414" HgA
LOCATION: GENESEE TOWNSHIP, MICHIGAN FIELD PERSONNEL: D. DEITNER
SAWVAE
CEPTH HEV
prols STRATIGRAPHC DESCRIPTION & REMARKS . MONTORNGWELL o R e =
ul = E\i 2
TOPOFRISER | 8100 S|z o g/ &
GROUND SURFACE| a0Boo 2 £ g z 2
- mm;mmwmm Q¢
o ?sﬁ.ﬁebmmmgmmm 23 20700 ES?{PQONHE
2 = psol not present af 05 BGS / /
N QLSILTY CLAYS (FILL) face fre ganed serch, taco e / - b oo
i ©mechm grained gravel i, ow plstily, brown, moit % BOREHOLE
. A 80400
4 \__-14"lers sl st 25 BGS / //
o O_&.TYC[AYS(NATNE),Vazekega'msamstane ,
[ 6 1 grained subrounded gavel fm, low plastdy, brown, % 2R e
N moist
N - 1" verical sandens, 2mm ek at 4.8t BGS %
- xr 00
8 -1"sarn‘sllers,sigﬁ'mea&hmisuea&mBGS % SRS I
- % RRER SAND PACK
[ 10 % 3
-wihsandat 1153t 8GS / )
12 ~tr0e sardat 118BGS e zhvevay
~teve gay motingat 1274 BGS : = o
é 14 k
N END OF BOREHOLE @ TS 0RBcS 60
- WELL DETALS
: 16 . Scresned interval:
n 758,006 793,00
10.00 1 15,008 BGS
-~ 18 Length: 5/
i - Diarmeter: 2in
5 X Slot Size: 0010
L N Material: Schechie 40 PYC
Sand Pack
800.00t0 793,008
800 15001 BGS
Matesial: Siica Sand
S
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i
-
i
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STRATIGRAPHIC AND INSTRUMENTATION LOG
, (OVERBURDEN) —_—
PROJECT NAME: FORMER PEREGRINE FACILITY HOLE DESIGNATION: MW-2-02
PROJECT NUMBER: 12636 DATE COMPLETED: June 27, 2002
CLENT: GM REALM DRILLING METHOD: 4-1/4" HSA
LOCATION: GENESEE TOWNSHIP, MICHIGAN FIELD PERSONNEL: D. DEITNER
SAVALE
Prolly STRATIGRAPHC DESCRPTION & REMARKS BEV. NONTORNGWELL
x | 3 |y €
é‘ > [ 3 a
TOP OF RISER | 81098 gl ioig 2
GROUND SURFACE| 80794 Sie |l a
z |z |®}% o
- . 1OPSOL Seipy 80761
- SW.SANDS (FLL), wih medum graed rourdad gravel, 80708 ?:EH";TSOW‘E
- ) taoestaxmaihebnuimgaimwgadedm o
r 7' ootbies 2t 114 BGS . @ 00
_ MPESLT WITH SANDS (FILL), koose, fine grained, poory BOREH
L4 ight brown, &y
C aawcwsm;mmgmm.mm
- grained rounded gravel, i, ow piasicly, brown, maist %GME
—6 -1 lors sandy cay A ASBGS
- P 00
—8 - 70084 A
- a&wmvsmmmmgmmm N B
- mgaedmﬂadga\e&sﬂmmm 3 < SAND PACK
- frown, most :
—10 -15'brs cayey st moist o very maist & 881 BGS
o -3 iers stwih ciay, race sand, moist o very mostat TR
L 12 BGS 2'PVCWELL
N SCREEN @ 00
- -gay,mncamemmama&s
[ .15 lensciayey sita 1351BGS
N 5D OF BOREFOLE @ 1B0tBGS ot
- 16
o 1000 1500KBGS
— 18 Length: St
o Diameter. 2in
: Sict Size: 0010
2 Material: Schedue 40 PVC
N Send Pack
» 79094 79294
N 8001 1500RBGS
e 22 Material: Silica Sand
24
sl
Sk
S
528
Q .
& b
o4
S
O(___30
3
(53 SN
g-
E :'32
gL
gl m
- -
i
g NOTES Wwwmoemvmmmmaﬁvmmrmﬁ
2
i
>
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STRATIGRAPHIC AND INSTRUMENTATION LOG

RA_CORP.GDT 12/2/02

OVERBURDEN LOG 12636.GPJ ¢

(OVERBURDEN) Page 1of1
PROUECT NAME: FORMER PEREGRINE FACILITY HOLE DESIGNATION: MW-3.02
PROJECT NUMBER: 12636 DATE COMPLETED: Jure 27, 2002
CLENT: GMREALM DRILLING METHOD: 414" HSA
LOCATION: GENESEE TOWNSHIP, MICHIGAN FIELD PERSONNEL: D. DEITNER
DEPTH HEV SAVFLE
BGS STRATIGRAPHC DESCRPTION & REMARKS e MONTORNGWELL - —
el |z E
w = Ea a
TOP OF RISER | &1084 2lE|S ;z' &
GROUND SURFACE | 80805 2158 - g
- e ) 5 80772
- SW-SANDS (FLL), and meckm grained rounded grave 8078 EENTONITE
- ) mmmnmmmmmw
- CLSLTY CLAYS (FLL), tace bwith e gaied srch, a1 @ 00
N uaaemdmgairmmﬂadgavdsﬁ?.bupbsﬁdy
= * brown, moist
N - trace mofets 2t 4.8 BGS
[ 2PVCWELL
e CASING
s CL-SLTY CLAYS (NATVE), s e gared s Tocs i 2 & w 00
- n'ed.mgmedm'dedga\.asufbupbsﬂybrmn SRS
- moist SAND PACK
10 -28"kens dayey Sk, moistio very moist 2t 991 BGS o
12 ~2'lens sandy cay, moist b very moist a 1224 BGS T ZPVCWELL - 00
i -broan, homogereas & 1308BGS
14 -gaya 14 2ABGS
N B\D OF BOREHOLE G 150k BGS R
16
N 1000 15000 BGS
— 18 Length: 5&
- Diameter: 2in
- Siot Sze: 0010
- Materia: Schedule 40 PVC
. Sand Pack
= 800050 733050
. 8001 1500tBGS
- Material: Siica Sand
24
%
[—28
%
- 32
— 3

NOTES: MEASURING WEE/ATU\SNAYO'W\(E?E’ERTOWTHB/AWTAEE

i 2




STRATIGRAPHIC AND INSTRUMENTATION LOG

NOTES MWMAWWYGW&WTUOWMAWW&E

, (OVERBURDEN) Page 1 c 1
PROJECT NAME: FORMER PEREGRINE FACILITY HOLE DESIGNATION: MW-4-02
PROJECT NUMBER: 12636 DATE COMPLETED: Jure 27, 2002
CLENT: GMREALM DRILLING METHOD: 41/4" HSA
LOCATION: GENESEE TOWNSHP, MICHIGAN FIELD PERSONNEL: D. DEITNER
SAVALE
Pl STRATIGRAPHC DESCRIPTION & REMARKS ag MONTORINGWELL -
R
=0 I el I g
TOP OF RSER | 81063 slElels =
GROUND SURFACE| 80791 StE L] a
zlz|¥|= &
L TOPSOL. BN X\LOR Qevnpe %, 7
N MEHSANDY SILTS (FILL), koose, fre grained, pootly 7%, Y s
- graced, bown, Y %R,
—2 -1 cotble adt 220 BGS 7 & s 27 - 00
L CL-SILTY CLAY (ALL), frace fre grained sands, face fne o v 8z .
L and coarse graned subrounded gravel, frm, low plassicly, o BOREHOLE
4 trown, moist ,'/'7/41 /:/,;
- 718
- ) ) i
- N mwmmwm@mma - st //3 Z‘:{ 2oy
6 CLSLTY GLAYS (NATIVE), fece e graned rounded / %) iz
n gravels, race e graned sands, fm, kow plasicly, brown / ]
. with gray moting, moist % ) W ® 00
— / < 9
= / : SAND PACK
0 - race oragnic staning & 97BGS /
N -brona 100tBGS %
10 -:;l;ssaﬂysi.&a;echy,mdsmvaymaﬁ.m % 2 PVCWELL
= SCREEN ke 00
o - st broan, homogeneaus & 12 1RBGS
14
i 768
N END OF BOREHOLE @ 1504BGS
L WELL DETALS
L 1 Screened interval:
N 79791 D TR
N 1000t 15008865
- 18 Length: 5t
L. Diameter: 2in
% Siot See: 0010
[ % Matrial: Schedule 40 PVC
N Sard Pack
N 79991 D729
- 8001 15008 BGS
L 20 Material: Siica Sand
— 24
%
sF
N
S
B2
Q—-
-3
o
5%
sk
O e
g—
Ol-32
gl
8l-x
J-
rd
&
o
'3
o]
-
x
i
=
[o]
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ATTACHMENT E
MONITORING WELL LOG AND ABANDONMENT RECORD
WELL INSTALLED BY REALM (DSA)
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SN OPRENSGERE
ENGINEERS INC.

TOP OF CASING

PROTECTIVE STEEL

Flint, Michigan
MONITORING WELL DSA MW—1

5 VoA 5rol/ 4144.007 /0P /mcdutne g

(TOC) ELEVATION 814.30° CASING
/ CEMENT pPAD
GROUND SURFACE
~—T === 1
TS ]
=== RISER PIPE
3 MATERIAL: pyC
= SCHEDULE: 40
— INSIDE DIA: 3
= CEMENT/BENTONITE
= GROUT
T T BENTONITE SEAL
= =
TOP OF SEAL 2 7 =
/ SAND PACK
TOP OF SAND 7 2] |
‘:...‘-‘e :’!.T:S‘
o d s
Scon i SO
oo SLOTTED SCREEN
TOP OF SCREEN __ 9.7 [HT oy MATERIAL: PVC
XmEry SLOT N, {6 ———
CLAY & =
©-7S f+ sand =
Seam Nom
(0-10.7S feet BES
, EHOLE 10~
BOTTOM OF SCREEN  14.7
BOTTOM OF ,
BOREHOLE 25
REALM—Co!dwater Road
MW -0BG-




H

TEST BORING LOG REPORT OF BORING
DSA MW-1
Client: REALM Drill Method: hydraulic probe/HS auger Page 1 of 1
site:  Coldwater Road Landfill Sampler: 5 ft acetate tined sampler Location: at former GB-1 location
Drum Storage Area Hammer: NA
Proj. Loc: Flint, Mi Fall: NA Start Date: 5/10/02
File No.:4144.007 End Date: 5/10/02
oring Company: C Corp. creen ===
Foreman: Pete Goss Riser
Drill Rig: 66DT ATV track-mounted rig - Sand Pack
OBG Geologist: Mike Robison Bentonite
Bent/cuttings it
Stratum | - Field
Depth Change Testing
Below Depth |Blows) Penetr/ *N" |Sample Description General Equip. |PID
Grade | No.| (feet) | /6" | Recovery Value Descript| Installed |(ppm) {
0 0-2' NA Approx 4 ft of fill material (fopsoil-grass surface) placed H
NA on top of former asphalt grade; began continuous sampling o
NA from 5 ft below grade.
NA
» 2 24 | NA i
[ NA
NA
NA
4 4-6' NA asphait 4°
NA gravel base 4.5
1 NA full NA  [Mod. yellowish brown (10 YR 5/4), damp, stiff siity CLAY, little s 5.1
NA grave!
6 6-8" NA
NA
| NA saa, gray mottling, very stiff 7
NA
8 8-10" NA *
NA
| RA
NA
10 2 10-12' NA full NA _ |Dark yeliowish brown (10 YR4/2), moist, fine-medium SAND 10°
NA Mod. yellowish brown (10 YR 5/4), damp, stff GLAY. littie gravel 108"
NA
12 12-14' NA
NA
NA
l NA
14 14-16' NA
NA
3 NA full NA  IMed. Dark gray (N 4), damp, stiff CLAY 15
NA ’
16 16-18' NA
NA
NA
NA
I 18 18-20' NA
NA
NA
NA
20 4 20-22' NA full NA _ IMed. Dark gray (N 4), damp, stiff CLAY 0.0
NA
NA
NA
22 22.24' | NA
NA |
NA
NA £
24 24.26' | NA .
| NA :
EOB @ 25 fbg
26 ’
l Notes:
ubsequent to direct probe sampling, 4.25" 1D hollow-stem augers were used to overdrill borehole to 25 fbg.
denotes top of discrete soit sample interval collected for laboratory submittal.
ubsequent to soil sampling activities a monitoring well was constructed of 2-inch Schedule 40 PVC, No. 10 slot screen 5 ft in length from g.7-14.7 ft below grade.
I ft hydraulic probe macro core sampler used, therefore no blow counts,
saa” denotes "same as above”
il




MICHIGAN DEPARTMENT OF ENVIRONMENTAL QUALITY

i
i

[
|25

MONITOR WELL ABANDONMENT RECORD

Tower Peregiine (us)
steName: __ (o |[dwater Bad Coumy: Gemegeg
Section: 5SS E 4 Towm: 15N Ramge: __ |2 MWw#: DSA Mw-|
Date Installed:_ 5 |10 | T2 . Date Abandoned: Drilling Firm: N\ﬁ
. Well Depth: 4,7} . Screen Depthfom TOC: 9.1 a eramenepmmmc:m
Casing Type:  Galvanized O PV SmimesSteel 0 I 2 & 4O
Screen Type: Pve @ Stainless Steel. [ Lengt: 5. a
2" Anmulus Grouted: Yes 0 No O from R to ft._Grout Type:
4" Annulus Grouted:  Yes OJNo O from .0 w f GooutType:
Casing;: Pulled I Cut I Depeh BOL: Well Gromed? Yes 1 No O
Grout Type: Bentonite 0 Comént -0, Grouting Méthod: Through Casing [ Tremic 0 Other 0 (explain)
Crew:
Comments: TLcvvey Diaon St Q. ( mﬁ/\ Ans_ Oxcaoaieq|

nodle by 5 \?@ > _unc) Ma@\\m bt
Sty clay il GDSA Mw-I s ewwoed Conciugent

WM NS ey ra yakon .
W S’lo)D‘P

Signature of Consultant/Engineer ' Dagd




ATTACHMENT F

STANDARD GUIDE FOR DECOMMISSIONING OF GROUND WATER WELLS,
VADOSE ZONE MONITORING DEVICES, BOREHOLES, AND OTHER
DEVICES FOR ENVIRONMENTAL ACTIVITIES (ASTM D5299-92)
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ﬁ“ﬂ Designation: D 5299 - 92

Standard Guide for

Decommissioning of Ground Water Wells,
Monitoring Devices, Boreholes, and Other Devic

Environmentai Activities

This standard is issued under the fixed designation D 5299: the number immediately following the designation in
original adoption or. in the case of revision, the year of last revision. A number in parentheses indicates the year of last real

superscript epsilon (€} indicates an editorial change since the last revision of reapproval.

1. Scope

1.1 This guide covers procedures that are specifically
related 10 permanent decommissioning (closure) of the
following as applied to environmental activities. It is in-
tended for us¢ where solid or hazardous materials or wastes
are found, or where conditions occur requiring the need for
decommissioning. The following devices are considered in
this guide:

1.1.1 A borehole used for geoenvironmemal purposes (see
Note 1),

1.1.2 Monitoring wells,

1.1.3 Observation wells,

1.1.4 Injection wells (see Note 2),

1.1.5 Piezometers,.

1.1.6 Wells used for the extraction of contaminated
ground water, the removal of floating or submerged mate-
rials other than water such as gasoline or tetrachlorogthylene,
or other devices used for the extraction of soil gas,

1.1.7 A borehole used to construct a ménitoring well, and

1.1.8 Any other vadose zone monitoring device.

1.2 Temporary decommissioning of the above 1s not
covered in this guide.

Note 1—This guide may be used to decommission boreholes where
no contamination is observed at a site (see Practice D 420 for details);
however, the primary use of the guide is to decommission boreholes and
wells where solid or hazardous waste have been identified. Methods
identified in this guide can also be used in other situations such as the
dccommissioning of water supply wells and boreholes where water
contaminated with nonhazardous pollutants (such as nitrates of sulfates)
are present. This guide should be consulted in the event that a routine
geotechnical investigation indicates the presence of contamination at a
site.

Note 2—The term wwell” is used in this guide to denote monitoring
wells, piezometers, Of other devices constructed in a manner similarto a
well. Some of the devices listed such as injection and extraction wells
can be decommissioned using this guide for information, but are not
specifically covered in the text.

NoTE 3—Details on the decommissioning of multiple'screened wells
are not provided in this guide due t0 the many methods used to
construct these 1ypes of wells and the numerous types of commercially
available muhiple—screened well systems. However, in some instances,
the methods presented in this guide may be used with few changes. An
example of how this guide may be used is the complete removal of the
mu\tiple~screencd wells by overdrilling.

1.3 Most monitoring wells and piezometers are intended

P
{ This guide is under the jurisdiction of ASTM Committee D-18 on Soit and
Rock and is the direct responsibility of Subcommittee D18.21 on Ground Water

and Vadose Zone nvestigations.
Current edition approved Sept. 15, 1992, Published fanuary 1993,
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primarily for water quality samplin
or soil gas sampling, Of combinati

vadose Zone
es for

quality. Many wells are relatively small in

(10.1 cm) inside diameter) and al
hazardous chemicals in ground water.
monitoring wells is necessary to:

1.3.1 Eliminate the possibility that the

purposes other than intended,

1.3.2 Prevent migration of contaminants into an aquifer

or between aquifers,

1.3.3 Prévent migration of contaminants in the vadose.,

Zone;

1.3.4 Reduce the potential for

migration-of fuids in the well
1:3.5_ Remove the well from

regulatory requiremnents.

Note 4—The determination of whether
tepresentative water quality sample is not

Examples of when a representative water quality

drop in water level to below the base of the well

functioning properly.

1.4 This guide is intended to provide information for
effective permanent closure of wells so that the physical
provide a means of hydraulic
communication between aquifers or react chemically in 23, -

structure of the well does not

detrimental way with the environment.

1.5 The intent of this guide 1s to provide procedures that
when followed result in a reasonable level of confidence in
the integrity of the decommissioning activity. However, it

may not be possible to verify the integrity

substantially determine the integrity of the

activity.

dicates the year of
pproval. A

g, water level observation,
on thereof, to determine

re used to monitor for’
Decommissioning of

vertical or horizontal -
or adjacent to the well, and "
active use when the well isno,
longer capable of rehabilitation, or has failed structurally; no’
fonger required for monitoring;
viding representative samples ©
samples; O required to be decommissio

no longer capable of pro- -
r is providing unreliable

a well is providing a
defined in this guide.
collected include the piological or chemical clogging of well screens, 2

silting of a tail pipe. These conditions may indicate that a well is not -«

sioning procedure. At this time, methods are not available to

el

diameter (<4-in.

well is used for5

ned; or to meet”™

sample may not be:

screen, or compiete

of the decommis-

decommissioning

1.6 The values stated in inch-pound units are 10 be
regarded as the standard. The SI units given in parentheses use
are for information only. use:
\.7 This standard does not purport [0 address all of the w
safety problems, if any, associated with 115 Uuse. It is the cho

responsibility of the user of this stan

priate safety and health practl
pility of regulatory limitations

prior 10 use.

dard to establish appro
ces and determine the applica ~

guir




calcium sulfate or water,
“blended with the clinker durmg manu

calcmm sulfate or: water or both can be mterground or

‘ e v SRR EE AT depth; a well with. screens in ‘more han one.

Qca; fggg;la ions are in eﬁ‘ect where the 'bien wnh the clinker dunng mannfacture of the cement
» the mgﬂiamﬂs take medem? over this. - Also available as a sulfate-resistant 1
S S iy ~ 3.1.11 cement, API, Cass.fé» i

under: conditions o xtremely hxgh tempe
sures. It can be used with accelerators. and

ort ~ a‘range of well depths and temperatures. No additions of
: for F!Y ASh and RBW or Ca}cmedf retarders other than calcium sulfate, or water, or both, can be
olan for Us a8 a Mmera! Admxxture in POfﬂand' - interground or biended wzth the cknker durmg manufacture

~ Concrete Cement of the'cement.
D420 Guide for Invesnganng and Samplmg 5011 and 3.1.12 cement bond (somc) log——-a borehole geophysma]
“Rock? .o log that can'be used to determine the effecnveness of a
D4380 Test Meth()d for DCDSIIY 0f BentonlnC Slum683 - cement seal of the annular space of awell: i
D 5088 P I‘actlce Or4m€fi'~D%0nmm1natlon Of Fieid Equlp‘ : 31 13- Ckannehng_.the process Qf formlng a vemcal

ment Used at Non—Radwacnve Waste S:tes’

cavity resultmg from a fauity cement JOb in the annular
space‘
14 cu g accelerator—-a

m'a‘tenal added to cement to

3.7 Descrzptzons of T erms. Speczf e to Thzs Standard
- 3.1.1 abandonment—see decommzsszomng '
3 1 2 attapuigzte clay~—-a chain.

il ‘ :

ng (closure)—t he engmeered closure
~or other subsurface monito ng‘(/dewce
thh’ pluggmg materials. Decommxssxem ng :al
S - documenting of all assocxated
ies. A synonym is abandonment,, ;
3.1.17 deconzammatzon—-—the process of moving unde-
sirable ‘physical or chemical constituents, or both, from
equipment to reduce the potential for cross-contammatmn

3 1. 18 fallbackwshnnkage,’ setﬁement or

' 314 blawout—-—a sudden or vmlent \uncon rolled escape
t ,V'ids or gas ‘or both from a borehole. - N

‘ og a borehole geophysxcal Iog used to record
verti 'move ent of ground water and movement of water
i ‘ ‘between formatzons

| a depth of 6000 fi
condmons req re m de

eq ,h:gh early strength T
M ’I‘ ype HI cement Also ‘avail

3. 'cemen API Class G ius,ceme
use from the rface toa depthf
‘used with accelerators or re
‘well depths and temper:

urface t ‘aspeaﬁed dept
’m enai'ma be:ai wed oAl wfreel

r.both, yca be
1 re of the
VAlso available as several sulfate-resxstant types.

~ 3.1.10 cement; API, Class H—this cement is mtended for

. 24 hydraulzc commumcatzon*the migratxon of ﬂmds
'from one zone: to another, . with. reference to:this gui

" use from the s i to adepth of 8000 ft (2438 m). It canbe ~ CSPecially along a casing, grout plug, or through backfill

used with aceelerators or retarders to cover a wide range of
well depths and temperatures. No. addmons other than

materials.

3.1.25 multzple»screened wells—two or. more ‘monitoring
wells situated in the same borehole. ‘These devices can be
fffffffffff either individaal -casing stnngs a n set at a. specxﬁc
zone, or can
: celiectmg

2 Annual Book of ASTM Standards, Vol 04.02. consist of devices with screens with tubing or o
> dnnual Book of ASTM Standards, Vol 0408 fiden devices attached that can colect 2 dxscrete san
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@b D 5299

3.1.26 native material—in place geologic (or soil) mate-
als encountered at @ site. ,

3.1.27 overdrilling—the process of drilling out a well
asing and any material placed in the annular space.

3.1.28 perforation—a slot or hole made in well casing to
Hlow for communication of fluids between the well and the
innular space.

3.1.29 permanent plugging—=2a seal that has a hydraulic
-onductivity that is equivalent or less than the hydraulic
~onductivity of the geologic formation. This term is often
ased with uncased boreholes.

3.1.30 plow layer—the depth typically reached by a plow
or other commonly used earth turning device used in
agriculture. This depth is commonly one to two feet (3mto
61 m) below land surface.

3.1.31 plugging material—a material that has a hydraulic
conductivity equal to or less than that of the geologic
formation(s) to be sealed. Typical materials include portland
cement and bentonite.

3.1.32 pre-conditioning—an activity conducted prior to
placing plugging material into 3 borehole in order to stabilize
the hole.

3.1.33 temporary decommissioning——-the engineered clo-
sure of a well intended to be returned to service at some later
date (generally no more than six months). Temporary
plugging should not damage the structural integrity of the
well. Plugging materials consist of sand, bentonite, or other
easily removed materials.

4. Summary of Guide

4.1 Information is provided on the significance of prop-
erly decommissioning boreholes and wells at sites containing
or formerly containing solid or hazardous waste orf haz-
ardous materials or their byproducts, or that may be affected
by solid or hazardous waste materials or their byproducts in
the future. This guide may be used in situations where water
quality in one aquifer may be detrimental to another aquifer
either above or below the aquifer.
decommissioning activities is t0 permanently decommission
the borehole or monitoring device sO that the natural
migration of ground water or soil vapor is not significantly

influenced. Decommissioned boreholes 'fmd wells should

The primary purpose of

* have no adverse influence on the local environment than the

original geologic setting.

4.2 It is important to have a good understanding of the
geology, hydrogeology, well construction, historic and future
land use, chemicals encountered, and the regulatory environ-
ment for successful decommissioning o occur.

4.3 Various materials suitable for decommissioning
boreholes and wells are discussed, including their positive
and negative attributes for decommissioning. A generalized
procedure is provided that discusses the process from plan-
ning through implementation and documentation. Examples
of typical practices are provided in the appendix.

5. Significance and Use

5.1 Decommissioning of boreholes and monitoring wells,
and other devices requires that the specific characteristics of
each site be considered. The wide variety of geological,
biological, and physical conditions, construction practices,
and chemical composition of the surrounding soil, rock

158

waste, and. ground water precludes the use of a single
decommissioning practice. The procedures discussed in this
guide are intended to aid the geologist or engineer in
selecting the tasks required to plan, choose materials for, and
carry out an effective permanent decommissioning opera-
tion. Each individual situation should be evaluated sepa-
rately and the appropriate technology applied to best meet
site conditions. Considerations for selection of appropriate
procedures are presented in this guide, but other consider-
ations based on site specific conditions should also be taken

into account.

Note 6—Ideally, decommissioning should be considered as an
integral part of the design of the monitoring well. Planning at this early

stage can make the decommissioning activity easier 1o accomplish. See

Practice D 5092 for details on monitoring well construction.

5.2 This guide is intended to provide technical informa-
tion and 1s not intended to supplant statutes or regulations.
Approval of the appropriate regulatory authorities should be
an important consideration during the decommissioning
process.

6. Materials

6.1 <The materials used for construction of a monitoring
well-or other qmonitoring device to be decommissioned in
part determines how it is decommissioned. Various materials
are available for use in plugging boreholes and monitoring
wells: This section provides information on these materials.

6.2 Casing and Screen Materials:

6.2 Various materials are used for well casing and
screen, The most common materials used are: PVC, PTEE,
fiberglass, carbon steel, stainless steel, and aluminum. Typi-
cally, the same material is used for casing and screen ina
well, however, in some instances different materials may be
used in a well to achieve a particular purpose such as
corrosion protection, reduction of material costs, Or im-
proving the integrity of ground water or soil vapor samples.
This guide does not specifically address the use of more than
one type of casing Or screen material used in a well, however,
the same decommissioning methods can frequently be used
when more than one material is used (for example, PVC and
PTFE, or stainless steel and carbon steel) in a well.

6.2.2 In selecting a well decommissioning method, PVC,
PTFE, and fiberglass wells can be decommissioned using
similar methods as all three types of materials tend to be low
in tensile strength and easy to drll out or perforate.
Appendix X1 provides 2 discussion on various procedures
that can be used for the decommissioning of PVC wells and
by reference PTEE and fiberglass wells.

6.2.3 Wells constructed of carbon steel, stainless steel, and
heavy walled aluminum can be decommissioned using
similar methods as these materials tend to have 2 higher
tensile strength that allows for the casing to be removed.
Appendix X1 provides a discussion on various procedures
that can be used for the decommissioning of steel wells and
by reference stainless steel and aluminum wells.

6.3 Plugging Materials: .

6.3.1 Plugging materials should be carefully chosen for
well closure to be permanent. Basic material characteristics
are listed as follows:

6.3.1.1, Plugging materials should not react with contami-
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nants or adversely react with
materials.

6.3.1.2 Plugging materials used in decommissioning wells,
borings, etc. should have hydraulic conductivity (saturated
condition) that is comparable to or lower than that of the
lowest hydraulic conductivity of the geologic material being
sealed.

6.3.1.3 Plugging materials must have sufficient structural
strength to withstand pressures expected from native condi-
tions.

6.3.1.4 Plugging materials must maintain sealing capabil-
ities and not degrade due to chemical interaction, corrosion,
dehydration, or other physical or chemical processes. Mate-
rals should maintain their design characteristics for the
length of time contamination is present at the site.

6.3.1.5 Plugging materials should not be readily suscep-
tible to cracking or shrinkage, or both.

6.3.1.6 Plugging materials must be capable of being

ground water or geologic

placed at the position in the well or borehole in which they

are needed and must have properties that reduce their
unintended movement vertically and honzontally.

6.3.1.7 Plugging materials must be capable of forming a
tight bond and seal with well casing and the formation.

6.3.18 Plugging materials must have properties that elim®
inate leaching or erosion of the material, under the condi:
tions the material will be subjected. These include wvertical or
horizontal movement, or both, or contact with ground water

.. or other existing conditions.

Note 7-~The grain size of plugging material  used inl decommis.
sioning operations conducted in areas whefe thick vadose/'zones-occur
should be coarser than materials used/in(areas where thin vadose zones
or shallow saturated conditions occur,-This is necessary as water is not
transported effectively in coarse-grained materials under negative pore
pressures. Coarse-grained materials should not be used where saturated
conditions are likely to exist during the period of time that-hazardous
materials can be expected to occur at the site. It is (important to
determine the lithology and grain size distribution of mateérials adjacent
to the borehole or well prior to selection of plugging materials.

Note 8—If coarse-grained materials are used to decommission the
borehole or well, a layer of fine-grained material (such as cement or
bentonite, or both) | or 2 ft (.3 or .61 m) thick should be placed at 10 ft

*(3 m) intervals in the borehole in the saturated zone. This layer should

extend 2to 3 ft (.61 10 .91 m) abdve the highest expected level saturation

-Is expected based on historical information on the water table for

unconfined aquifers. A similar thickness of these materials should be
used for confined aquifers. A similar 5-ft (1.5-m) seal of a low-

" permeability material should be placed near the ground surface to

reduce the potential for entrance of fluids at the ground surface.

6.4 Commonly Used Materials—Subsections 6.2 and 6.3
introduced the general criteria that must be evaluated during
the appropriate procedure and
material for plugging a specific well. Because well construc-
tion and local geological conditions are site specific, a wide
variety of materials and procedures may be used to complete
the closure.

6.4.1 Section 6.4 presents a review of the plugging mate-

* rials most commonly used to decommission monitoring

wells. Table | summarizes these materials and lists the most
important considerations (positive and negative) for their
use. A detailed discussion of each material is presented in the
following subsections. :

6.4.2 Portland Cement—Portland cement may be used in
any of 1ts various forms to meet placement, strength”'and
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durability criteria listed in 6.1. The amount of shrinkage o1
settling of neat cement is dependent on the amount of wate;
used. Higher water to cement ratios tend to increase
shrinkage (1).4

6.5 Specification C 150:

6.5.1 Type I—Type | cement, a general-purpose material,
is the most commonly used cement. This material has a
tendency to develop a relatively high heat of hydration when
used in confined situations and has relatively low-sulfate
resistance.

6.5.2 Type II—Somewhat slower strength development
than Type I; however, Type II cement has moderate heat of
hydration and moderate suifate resistance.

6.5.3 Type III—Type Il cement is used when high early
strength is desired. This material is not commonly used in
decommissioning activities because of its ability to quickly
set. Care must be used in working with this material.

6.5.4 Type IV—Type IV cement is used where a low heat
of hydration is desired. It is not commonly used in decom-
missioning activities.

6.5:5 Type V—Type V cement has high resistance to
sulfate, and brine solutions. This material has ultimate
strength development somewhat less than either Types I or
1L :

6.5.6 Type K cement is expansive and can be used to
compensate for shrinkage. This cement is essentially Type 1
or more commionly Type II Portland Cement with additives
to produce‘expansion. It can be of use in plugging situations
where water-tightness is important. Type K cement contains
calcium sulfoaluminate. When mixed with water, the hydra-
tion causes an expansion ranging from approximately 0.05 to
0.20 % (2).

6.6 API Cements (3):

6.6.1 Class A—Class A cement corresponds closely to
ASTM Type 1. This cement is intended to be used from the
surface to a depth of 6000 ft (1828 m).

6.6.2 Class B—Class B cement corresponds closely to
ASTM Type IL. It is intended for use from the surface to a
depth of 6000 ft (1828 m) and is also available as a
high-sulfate resistant variety.

6.6.3 Class C—Class C cement corresponds closely to
ASTM Type IIL 1t is intended for use from the surface to a
depth of 6000 ft (1828 m). It is also available as a high-sulfate
resistant variety.

6.6.4 Class G—Class G cement is intended for use from
the surface to a depth of 8000 ft (2438 m) and can be used
with accelerators or retarders to cover a wide range of depths
and temperatures. The cement is also available as a high-
sulfate resistant variety.

6.6.5 Class H—Class H cement is intended for use from
the surface to a depth of 8000 ft (2438 m). It can be used
with a wide variety of accelerators and retarders to cover a
wide range of depths and temperatures. It is available only as
a moderate-sulfate resistant type.

6.6.6 Class J—This cement is intended for use from a
depth of 12000 to 16000 ft (3658 to 4877 m} where

* The boldface numbers in parentheses refer to a list of references at the end of
the text,
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TABLE 1 Properties of Common Plugging Materials

Plugging Material Description ' Positive Attributes

Negative Attributes

3TM C-50 Portiand

Cement
Mostcommntyusedtypeof Fomsagoodsealmusedwimbmtoni\ems

i

e cement for plugging 10 § % concentration. Commonly available and

can be purchased premixed on-site.

ype i Sirnilar to Type L. but with a Moderate heat of hydration. Moderate resistance

moderate heat of hydration. to sulfate.

Iype W High early strength. May prove useful in situations where high early
strength is needed, such as borehole walis that
have a tendency to collapse.

Type IV Low heat of hydration. May prove useful in situations where 3 low heat
of hydration is required

Type V Similar to Type L with high High resistance 10 sulfate and brine. Low heat of

resistance to sulfate and hydration. ’
brine.

K Expansive cement. Basicalty Type | or Type 1t Portiand Cement with
additions {tricalcium sulfo aluminate for
example) to provide for expansion. Expansion
is generally in the range from 0.05 to 0.20%
Good resistance t0 sulfate attack.

AP 10

Class A Similar to ASTM Type I Canbeusedtoa depth of 6000 ft (1828 m).

Forms a good seal when used with bentonite
in 3 to 5% concentration. Commonly available
and can be purchased premixed on-site.

Class B Similar to ASTM Type . Can be used to depth of 6000 f.(1828'm).
Moderate heat of hydration. Moderate
resistance to sulfate. Available as a high-sulfate
resistant variety.

Class C Similar to ASTM Type it Can be usedtoa depth of 6000 ft (1828 m).
Class G Useful in a wide range of Can beused to a depth of 8000 ft (2438 m).
temperatures and depths Available as 8 sulfate-resistant variety,

through the use of
accelerators o7 retarders.

Class H Useful in a wide range of Canbeusedtoa depth of 8000 (2438 m).
depths and ternperatures Available only as a moderate sulfate type.
through the use of
accelerators of retarders.

Class J intended for use from a depth Has use where extremely high temperatures and
12000 to 16 000 ft (3658 pressures occur.
to 4877 m).
Pozzolanic cement Addition of siicious materials  Good resistance to corrosive conditions and in
1o ASTM Type V of APL reducing the permeability of cement.
Class A cement. .
Epoxy cements Vinyl ester resins. Good chemical resistance 10 acids and bases.

Can use available equipment to place cement.

Bentonite
Pellets Granular bentonite Uniform in size. Easy to use. Produces a low
compressed into 3 tablet permeability seal.
Chips Raw mined montmorilionite in Inexpensive. No mixing equipment required.
the form of chunks a0 ¥ Forms a \ow-permeability seal.
in. (64 10 1.91 m} in size.
Granular Raw mined montmorilionite Can be placed at depth in dry holes. Forms a

crushed and seared to an 8 jow- permeability seal.
1o 20-mesh size.
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High heats of hydration may be 2 problem in pPVC-cased
welis. Can shrink and crack. low-sulfate resistance.
Shotﬂdnotbeused‘mmepfesmoecfstmngaddsorin
jow-pH environments.

Somewhat slower strength development than Type &

e i ;Ganshﬁnkandcrack.Canbedtﬁcumouse.

Shouldmtbeusedinmepresenceofstrongaddsoﬁn

Not a common cement. Can set very quickly before
decommissioning is completed. Should not be used in
the presence of strong acids or in low-pH environments.

Not a common cement. Should not be used in the
presence of strong acids or in low-pH environments.

Uttimate strength is less than Types | and i Expensive;
shwidno\beusedinthepresenoeofstrongaddsorm
jow-pH environments. Can be difficult to use. Can shrink
or crack.

v

High heats of hydration may be a problem in pPVC-cased
wells. Can shrink and crack; low-sulfate resistance.
Shouid not be used in the presence of strong acids or in
jow-pH environments.

Somewhat slower strength development than Type b
expensive. Can shrink and crack. Can be ditficult to use.
Shomdnotbeusedinthe presence of strong acids of in
low-pH environments.

Can set very quickly before decommissioning is compieted.
Shoutdnotbeusedinthepresenceof strong acids or in
jow-pH environments. Can shrink and crack.

Should not be used in the presence of strong acids or in
low-pH environments. Can shrink and crack.

Should not be used in the presence of strong acids or in
low-pH environments. Can shrink and crack.

Shomdmtbeusedmmepresenoeofsuongaddsmm
low-pH environments. Can shrink and crack.

Many types of materials can be used that can result in
variable results.

Very expensive. PoOT chemical resistance 10 chiorinated
hydrocarbons and acetic aid. Should be used only by
experienced personnel. Water accelerates curing, must
use diesel oil to precondition nhole (diesel may increase
contamination of site if hydrocarbons are a concern).

Must be hydrated after placement. Shrinkage may occur
when desiccated or when in contact with high
concentrations of organic compounds (greater than 2 %)
or materials that are strongly acidic or alkaline.
Expensive.

Difficuit to place. Must be hydrated after placement. Less
swelling than beneficiated bentonite. Shrinkage may
occur when desiccated when in contact with high
concentrations of organic compounds (greater than 2 %)
or materials that aré strongly acidic of alkaline.

Difficult to place in holes containing water as it quickly
hydrates. Can pridge in hole. May desiccate when in
contact with high concentrations of organic compounds
{greater than 2 %) or materials that are strongly acidic or
alkaline causing shrinkage.

His g




38

2}

o

(b D 5299

TABLE 1 Continued

Plugging Materia! Description Positive Attributes Negative Attributes
Powdered Pulverized and seared Used with cement to compensate for shrinkage May not be a desirable piugging material in deep vadose
bentonite that passes a {under saturated conditions). Other additives zones due 1o the drying out of the material, resulting in
200- mesh screen. Used as can be used to inhibit swelling, etc. Retards cracking. Difficult to place in holes containing water, as it
driting mud or as an cement set; lowers heat of hydration. quickly hydrates. Can bridge in hole. May desiccate
additive to cement. when in contact with high concentrations of organic
compounds {(greater than 2 %) or materials that are
strongly acidic or alkaline causing shrinkage.
High solids clay Powdered bentonite (200 Does not shrink during curing. Low density May not be a desirable plugging material in deep vadose

grout mesh) mixed with fresh
water to form a slury with
a minimum of 20 % solids
and a density of 9.4 Ibjgal
(1126 Kg/m?3 g/L).

it is hydrated.

reduces formation losses. Forms a low-
permeability seal that stays fiexible as long as

zones due to the drying out of the material, resuiting in
cracking. May desiccate when in contact with high
concentrations of organic compounds {greater than 2 %)
or materials that are strongly acidic or alkaline causing
shrinkage. A low-strength material subject to expansion
under low-pressure differentials such as artesian
conditions.

extremely high temperatures and pressures can be expected
to occur.

6.6.7 Other Cements—Other cements have been devel-
oped that may have applicability in decommissioning activ-
ities. These include the following:

6.6.7.1 Ultralight cements with a slurry density that can
be as low as 6 Ib/gal (719 cm Kg/L). This material can be
made by foaming the cement with nitrogen or through the
addition of hollow glass microspheres between 60 and 315
pm in diameter. The latter forms a sturry of between-9 and
12 Ib/gal (1078 and 1438 Kg/L). Ultralight cements and
microspheres have been reported (4) for” cemént
unconsolidated sands and for plugging cavernous formations
and lost circulation zones. Reference (3)-provided_similar
information on microspheres. Microspheres can also be used
in high-pressure applications when ‘it may be desirable to
limit density increases. Another advantage is the low water/
cement ratio due to the low water absorbency andslow
density (5).

6.6.7.2 Pozzolanic-Portland Cements—These ” céments

. consist of silicious materials that develop into a cement in

the presence of lime and water. Both natural materials of
volcanic origin such as perlites (volcanic ashes), heat-treated
clays, shales, tuffs, opaline cherts, diatomaceous earth and
artificial materials consisting of byproducts from glass facto-
nies, furnace slag, and fly ash have been used (2, 4, 6). The
large variety of materials that can be used as a source for
pozzolans may result in variable results,

6.6.7.3 Pozzolans act to extend cement and decrease
density. The specific gravity of fly ash ranges from 2.3 to0 2.7
(depending upon the source) while portland cement is 3.1 to
3.2 (2). These materials can also provide improved resistance
to corrosive fluids. Table 2 provides a comparison of sulfate
resistance between ASTM Type V cement with and without
pozzolans.

6.6.7.4 The improved resistance to corrosive materials is

accomplished in part as many pozzolans contain zeolites
which have the ability for ion exchange between the corro-
sive material and the alkaline component in the cement (7).
Secondly, the use of pozzolans also decreases cement perme-
ability ‘over time. This occurs as a result of the increased
percentage in hydrated cement containing materials resulting
from the release of calcium hydroxide and the silica com-
bining with lime from the cement to form a stable material
(8).

6.6.7.5 Pozzolans are added to portland cement by adding
74 1b (33.6 Kg) (as fly ash) per sack of cement. If perlites are
used, 2 to 6'% (of bentonite by weight is needed to keep the
perlite from-floating (9). :

6:6.8.Gypsum cements can be used for high early strength
development and their ability to set rapidly. These cements
expand approximately 0.3 %. This cement may have use in
plugging highly permeable formations, Care should be taken
in using gypsum cements due to the solubility of gypsum.

6.6.9 Epoxy Resin Cements—Epoxy (vinyl ester resins)
cements may have applicability in decommissioning wells
and boreholes where corrosive materials may be present (5).

6.6.9.1 Epoxy cement consists of an €poxy base, hardener,
accelerator, and inert filler. Resin viscosity is reduced by the
addition of a nonreactive liquid diluent that also controls
exothermic heat during polymerization. An inert solid filler
such as very fine silica or barite is added to further reduce
reaction heat and increase strength (10).

6.6.9.2 There are several advantages of using epoxy ce-
ments. Reference (11) reports that a stronger bond occurred
between the casing and the formation. Cole also reported
resistance to various chemicals (see Table 3). The cement is
highly resistant to high concentrations of hydrochloric and
sulfuric acid, but is not suitable for use in environments
where acetic acid, chlorinated hydrocarbons, or toluene are
present.

TABLE 3 List of Chemicals Reported Not to Affect Epoxy

TABLE 2 Comparison of ASTM Type V Cement With and Without Cement4
iale A
Pozzolan Materials Chemical Concentration, %
Percentage of . T
Relative Degree of  Water Soluble Sulfate (as SO,) in Hydrqchtoqc acid 30
Cement Type Sulfate Attack  Sulfate (as SO, in Water Samples, Sulfuric acid 25
~ u i “ pom Chromic acid up to 10
- PEm Nitric acid 5
v Severe 0.20t0 2.00 1 500 to 10 000 Hydroxide up to 20
V {plus pozzolan)  Very severe 2.00 or more 10 000 or more Hypochlorite upto B
# See Ref (4). 4 See Ref (11).
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6.6.9.3 This cement is expensive and requires removal of
vater (that reduces settling time) through the use of gelled
ind weighted diesel oil to precondition the hole. The use of
this material may increase contamination at the site, if diesel
oil (hydrocarbons) are 2 concern at the site.

6.6.10 Cement Additives—A number of materials can be
added to cement 10 modify properties t0 meet a specific
need. Cement additives can be used to extend, accelerate,
retard, increase density, control fluid losses, control circula-
tion losses, or reduce friction (4). Several of these materials
have more than one us¢; for example, sodium chloride can
be used to accelerate Of retard cement. The most common
cement additives are discussed in the following subsections.
Figure 1 lists these additives and presents the relative impact
of their use on selected performance criteria.

6.7 Extenders:

6.7.1 Bentonite is the most commonly used material in
modifying cement properties. It can be added to most ASTM
and APl cements. In decommissioning activities, the per-
centage of bentonite added is generally no more than 4 %. It
has the following effects when added to cement (4):

6.7.1.1 Lowers the hydraulic conductivity of the cement;

6.7.1.2 Increases slurry viscosity;

6.7.1.3 Reduces fluid loss to the formation;

6.7.1.4 Provides for a longer pumpability at normal
pressures as a result of delaying strength development;

6.7.1.5 Reduces compressive strength; and

6.7.1.6 Lowers resistance to chemical attack.

6.7.2 Bentonite increases shrinkage as it ties up large
volumes of water that would normally be in(the cement. A

second common extender are pozzolans which have already
been addressed in 6.6.7.2.
6.8 Accelerators:

6.8.1 Accelerators hasten the settling of cement and are -
useful when voids occur, Of when cement plugs are to be .
used in the first pour. Two common materials are used;

calcium chloride and sodium chloride.
6.8.2 Calcium chloride is available as a powder or flake.
Flakes are the most commonly used form, as it is easy to

store and can absorb some moisture without becoming
lumpy (2). Two to four % of calcium chloride by weight is
used to achieve maximum acceleration. The use of calcium
chloride should be considered when a rapid set, a decrease in
viscosity, and early strength are desired.

6.8.3 Sodium chloride can be added between 1.5 to 5%

by weight of cement to reduce setting time. Maximum

acceleration occurs at 2 concentration of 2 to 2.5 % except |

when higher water ratios are used (2)-
6.9 Retarders: '

6.9.1 Sodium chloride can be used to retard the settling of -k
cement as well as aceelerate the setting of cement. Fifteen to fE
seventeen %-salt) (14 to 16 Ib (6.35 to 7.26 Kg) of salt per |

sack) by weight is added to retard cement ).

6.9.2°0Other chemicals (cellulose, lignosulfates) have beenr :

uséd as retarders, but are not appropriate for decommiis-
sioning -Activities without additional information on their
compatibility with waste and their effect on water quality.
Reference (12) indicates that sugar-derived retarders such as:

cellulose lignosulfatesare destructive to cement strength and:
should “not_be used where strength is important. Organic .|
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FIG. 1 Effects of Some Additives on the Physical properties of Cement
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retarders should not be used for decommissioning activities.

6.10 Density Improvers—The density of cement can be
improved to increase hydrostatic pressure. Sand can be used
to increase density without affecting the cement chemically
although additional water is required. Barite has been used,
but may interact with waste and should not be used.

6.11 Fluid Loss Controllers:

6.11.1 Various organic materials such as cellulose can be
used to produce a constant water to solids ratio that may
have applicability when a grout is placed under pressure and
water loss can occur. However, these materials may not be
suitable for decommissioning activities, as they may con-
tribute to contamination.

6.11.2 These organic materials (fibrous materials, cello-
phane flakes) act to block the movement of the grout into the
formation. It is not desirable to use these materials in
decommissioning activities due to their organic content that
may adversely affect water quality and also may not result in
a good plug.

6.12 Friction Reducers (Dispersants):

6.12.1 These materials reduce friction to improve flow
and can be effective when the water cement ratio is reduced.
Reduction of the water cement ratio is a method to decrease

- cement friction. (It is possible to reduce the amount of water

added by using a dispersant (5). These materials (soditim
chloride, polymers, and calcium lignosulfonate) also help to
reduce the energy required to pump the grout. Polymers and

~ calcium lignosulfonate may not be appropriate materials for

decommissioning activity as they may affeét water Quality.
6.13 Bentonite—Bentonite is predominantly composed of
the clay mineral sodium montmorillonite, It has’the ability

1. to absorb large quantities of water and swell'to many times
‘its original size when hydrated,
* flexible. Bentonite clay may be
+ forms to meet placement, strength, and sealing criteria listed

and the material remains
used in any of its various

in 6.3. The amount of shrinkage or settling of 4 bentonite

-.seal is dependent on the percent solids of bentonite, compo-

sition of surrounding formation and its soil moisture. Higher

- ‘water to bentonite ratios increase the likelihood of dehydra-
- tion,

6.13.1 The permeability of bentonite is very low; hy-
I %X 107 cm/s or less can be
achieved. However, bentonite may desiccate in the presence
of high concentrations of some organic chemicals, strong
acids or bases, saline ground water, or when allowed to dry,

‘thereby increasing its hydraulic conductivity. Bentonite is

commercially available in the following forms:

6.13.1.1 Pellets—Pellets are made from granular pow-
dered bentonite that has been compressed into tablets,
commonly Ya to ¥ in. (.64 c¢m to 1.91 cm ) in diameter.
Pellets have a low-moisture content, high density, and
uniform size. Pellets should be composed of additive-free,
high-swelling granular sodium bentonite. Properly placed in
a well or borehole, pellets hydrate and expand creating a low
permeability (1 X 1076 cm/s) plug. Pellets can be used in the
Saturated zone provided the length of the water column is
short. The rate of pour into the hole should not be more than
50 Ib (22.7 Kg) of bentonite in 5 min (1).

6.13.1.2 Preformed Donuts—Commercial preformed do-
nuts consist of compressed bentonite and may have use in
decommissioning activities.
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6.13.2 Chips—Raw mined sodium montmorillonite in
the form of chunks that are V4 to Yain. (6.4 to 1.91 cm) in
diameter. Their angular shape can make it difficult to place
chips to the desired depth in a small-diameter well or
borehole without bridging.

6.13.2.1 Fine-grained materia] resulting from the mechan-
ical breakdown during shipping may cause a problem in the
placement of chips due to clumping. Fines should be
screened through a Ya-in. (6.4-mm) mesh screen before use.

6.13.2.2 The lower affinity for water that chips have allow
them to fall through a water column without rapid hydra-
tion.

6.13.2.3 Chips have applicability in large-diameter
boreholes and when carefully dropped into the -hole to
reduce bridging.

6.13.3 Granular—Raw-mined sodium montmorillonite
without any additives that has been crushed and seared to an
8 to 20-mesh size. This material can be placed at depth in dry
holes but hydrates quickly when placed into water. It often
sticks to wet borehole walls and bridges when placed through
water. ‘Granular material is best suited for use in the
unsaturated zone with enough water added to provide
adequate hydration.

6.13.3.1 Fines can clump when in contact with water (1).
Fines result from mechanical breakdown of the material
during shipping. Granular bentonite should be poured slowly
to reduce the)potential for bridging. In some situations, a
pour rate .not exceeding 50 Ib (227 Kg) in 5 min has been
used successfully (1).

6:134 Powdered—Untreated, seared, and ground
bentonite that passes through a 200-mesh screen. It 1s
designed to be used in drilling fluids {muds) and as an
additive to other plugging materials such as cement.
Bentonite powder slurry can become an effective grout
material when combined with density-increasing additives
and swelling inhibitors. Powdered bentonite should not be
placed in dry form through water as it can bridge and stick to
the borehole walls.

6.13.5 High Solids Clay Grout—This material is a blend
of powdered polymer-free bentonite clays mixed with fresh
water that forms a slurry with a minimum 20 % solids by
weight and a density of 9.4 Ib/gal (1126m? Kg/L). The slurry
sets to a low-permeable plastic grout that generates no heat of
hydration and does not shrink during curing in the presence
of moisture. High solids clay grouts are commonly used for
borehole plugging.

6.14 Other Materials:-

6.14.1 A number of other
plugging:

6.14.1.1 Attapulgite clay (may have applicability when
used with a salt cement grout)S

6.14.1.2 Fire clay

6.14.1.3 Commercial packing materials

6.14.1.4 Packers

6.14.2 These materials are either inappropriate for use in
decommissioning wells or boreholes where hazardous waste
are encountered, or are not well studied for decommis-
sioning wells in hazardous waste situations. Therefore, they

materials have been used for

TS8utton, Fred, Personal Communication, 1990,
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are not discussed in this guide. v
6.14.3 Other materials have been used in the past for

plugging wells and boreholes. Such materials as wooden or
lead plugs should not be used because wood plugs may decay
and lead is a potentially hazardous material. Mechanical
packers composed of steel, plastic, or other materials can be

used to assist in plugging.

7. Procedure

71 The primary purposc of most boreholes and moni-
toring wells is t0 monitor chemical compounds in the soil
and ground water; however, there are other uses for subsur-
face monitoring including the measurement of temperature,
soil gas sampling, Of measurement of geophysical parame-
ters. Use significant care in planning and implementing the
decommissioning activity. It is important to obtain any
required approvals from regulatory agencies, land owners,
responsible parties, and other parties involved with the site.
The following subsections present 2 recommended list of
tasks in order that the decornmissioning activity is success-
fully completed. Several of the steps outlined below do not
pertain to pboreholes and may be omitted.

7.2 Planning:
7.2.1 Records Review—Carefully review all available

records and information relating to use of the monitoring
well, borehole, etc. This review may include the following
information: ‘

7.2.1.1 Review applicable Federal, state, and local regula-
tions relating to decommissioning activities. This\may in-
clude contacting the applicable state or localiagency having
jurisdiction over drilling activities and/preparation of the
necessary documentation to drill (start card), '

7.2.1.2 Collection of drillers’ logs, geophysical logs, well
construction, of geologic logs, including stratigraphy, struc-
tural geology, subsurface information, construction mate-
rials, screened interval, depth, hydraulic gradients (ifcwater
levels are available from other wells for its determination),
legal location, date of installation, and photog,raphs of the
well,
7.2.1.3 Review of analytical chemical data for soil and
ground water over the life of the well, and variations in water
levels over time,

72.1.4 Review of records of the repairs,
other changes made t0 the well during the

well,
7.2.1.5
use,

modifications, or
lifetime of the

Evaluation of historic, current, and planned land

other pertinent data such as discussing site conditions with
local drillers, and

7.2.1.7 While not directly. part of the decommissioning
activity, proper disposal of displaced fluids and other mate-
rials (such as pulled or drilled out casing and cement seals)
should be considered. Some of these materials may be
classified as a hazardous waste under Federal, state, or local
regulations. Conduct a review of these regulations and
appropnate analytical documentation prior t0 classifying a
material as a hazardous waste.

Note $—This information may be summarized in a work plan. A
work plan would also include a description of the site geology and
hydrogeology and the decommissioning method to be used.

72.1.6 Interviews with local workers and collection of .

72.2 Verification of Field Data—The variety and quality
of field practices and reporting require that the well be
inspected to verify the actual field situation prior to decoms
missioning the well. The following list of procedures is
recommended so that the actual condition of the well is
known. Some of the borehole geophysical logs may not be
applicable or may not be available for small diameter 2in
(5.08 cm) or less) holes or wells.

72.2.1 Inspection of well head installation for integrity,

7.2.2.2 Current depth measurement of the casing an
well. (The original depth of the borehole may be differen
than the well.), :

7.2.2.3 Water Quality Sampling and Analysis—A final
water quality sample taken from the well may be required for.
regulatory purposcs;

7.2.2.4 Downhole Inspections—-—lncluding caliper logs to
measure inside diameter; television logs to determine in-well
conditions such as casing breaks, screen size, etc.; gamma
logs to verify geologic information, if not already available;
cement bond logs {sonic) to determine if the casing is firmly
attached to grout (presently available for holes 22 in. (6.35
cm ) or largerin diameter); flow logs (flow meter or spinners)
to determine if i

vertical flow occurs within the casing; and
hydraulic integrity test to determine if the well casing is
intact: '

NoteAD-—~Care should be taken in running any of these tools in
well with'a collapsed or broken casing, or in boreholes that may collapsé
on the tool. Tools with active radioactive sources should not be used
under these circumstances. Conduct downhole inspections only afte
obstractions are remoyed from the well casing or borehole. :

7.7.2.5~Contact local owner, resident operator/observer to’
verify operations at the site. o

7226 Verification of field
bility. Use verified information
the decommissioning activity is correctly
tinue this activity during the field phase and change specifi-
cations as needed. ‘

7.2.3 Review of Decommissioning Options—After the
records have been thoroughly reviewed and verified in the
field, select an appropriate decommissioning procedure.
Evaluate each possible option to determine the most appro- -
priate method for the selection. The following list of evalua- -
tion criteria is recommended: .

72.3.1 The potential for fluid movement from one |-
aquifer into another by means of the borehole or well should

be eliminated.

trained, drillers, equipped with appropriate tools, under the

72.3.2 Materials to be used in plugging must be compat-" bor:
ible with well casing and screen (if left in place), and with mga
subsurface formation and ground water, etc. over the period ar
of time hazardous materials are found at these sites. to*ir

7233 Future land use (as is known at the time of 7.
decommissioning) should be compatible with decommis- be
sioning plans. or,

7.2.3.4 Closure options should be compatible with appli- mat
cable federal, state, and local requirements. pres

7.3 Implementation: lo:

7.3.1 Field Procedure: bé..

7.3.1.1 Satisfactory completion of decommissioning is the % situ
primary purpose of this guide. All work performed on the | us
borehole or well should be completed by competently % br

i Iocut
!
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direction of a geological or engineering professional who is
qualified to certify that the decommissioning is completed
according to the planned procedures and is consistent with
applicable regulations.

7.3.1.2 Approve any modifications to the proposed work
plan and record in writing by the on-site geologist or
engineer (or their representatives) prior to implementation.

7.3.1.3 The geologist or engineer should be on-site during
the field activities to verify that the activities are completed
as planned. Decommissioning operations can be successfully
accomplished by careful planning and documentation (see
7.5). Maintain documentation of decommissioning activities
for the post-closure period or period required by regulations

- (if specified). While regulations may require documentation

years, it is advisable to continue this
lasting as long as hazardous materials

for a period of 30
activity for a period
occur at the site.
7.3.1.4 Remove casing from the ground by either pulling
or overdrilling (see 7.3.7). Depending upon construction, it
may be necessary to leave the casing in place and produce
suitable perforations in the screen and blank casing to allow
for the plugging material to penetrate the annular space and
formation (see 7.3.7). If grout in the annular space can be
verified to be in good condition, the well can be decommis-
blank casing and filling the screened
interval with grout. Verifying the integrity of grout may be
difficult to impossible. If a filter pack is present, it may be

necessary to remove the filter pack after perforating the

casing by washing or overdrilling. Several ‘of ‘the methods
identified in this subsection are briefly. discussed- in the
Appendix X1.

7.3.1.5 If well construction conditions are not adequately
known and the well site contains hazardous materials, it may

- not be appropriate to remove the casing and screen, ds’this

may increase the mobility of hazardaus materials.
7.3.1.6 The borehole or well, or both, may require pre-

--conditioning for decommissioning to be successful. Pre-

conditioning can reduce the potential for sloughing of the
borehole wall if for example, a sodium montmorillonite clay
occurs naturally in the formation and cement is used as the
plugging material. The calcium contained in Portland ce-
ment exchanges with the sodium cation in bentonite clay
decreasing the water contained in the clay and inducing
sloughing. This problem can be significant in sediments or
rocks that are under considerable pressure, causing a loss in
part of the hole, thereby not completely plugging the
borehole and possibly causing loss of all downhole equip-
ment. These conditions are usually known by local drilling
and well servicing contractors who should be contacted prior
to the start of field operations.

7.3.1.7 Preconditioning consists of removing mud from
borehole walls (when mud is used for drilling the borehole),
or stabilizing a borehole prior to placement of the plugging
material. If a drilling mud has been used to drill a borehole,
Preconditioning can involve the circulation of a high-quality,

- low-solids drilling fluid to remove gelled mud from the

borehole and borehole walls prior to plugging. For the above
Situation, a high-quality bentonite or drilling fluid can be
used. If a drilling mud is used as the plugging  material,
Prepare fresh mud. The mud used in drilling contains
cuttings and may also not have suitable properties (13)The

selection and use of material(s) should meet the reqquire-
ments specified in Section 6.

7.3.2 Volume of Plugging Material Required:

7.3.2.1 The geologist or engineer should calculate the
volume of plugging material required for the borehole or well
after first taking into consideration applicable loss of mate-
rial to the formation, voids intersecting the borehole, changes
in borehole diameter, washout zones, and swelling or
shrinkage of material. An approximation of the volume of
material that may be required can frequently be provided by
contacting local drillers or professionals.

7.3.2.2 Loss of plugging material into the formation may
occur rapidly (within minutes) or after several hours or days.
The volume of plugging material required to be on-site
should be at a minimum, enough to fill one borehole
volume, however, it is advisable to have available a min-
imum of 25 to 50 % in excess of the calculated borehole
volume (1, 2). Additional plugging material should be readily

_ available to site personnel under short notice, especially if it
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is common to lose plugging material into the formation or
the material is required for clearing a hole (see 7.3.8.2).

7.3.23 A caliper log is helpful in boreholes or overdrilled
holes to define hole diameter. If this information iS not
available, use an estimate of borehole diameter from the
available well construction specifications. Calculate the
volume of the borehole using the following:

v=g 2L

where:

v = volume,

L~='length of borehole or well to be plugged, and
ri-= radius of hole.

7.3.2.4 Manuals listing the volume of a hole per linear
foot (metre) such as Ref (3) can also be used. These manuals
are available through major deep well cementing service
companies. Assume in the calculations or table used that the
derived volume is the minimum required for actual condi-
tions due to possible loss of plugging material into the
formation. Verify grout emplaced through estimating the
volume of material leaving the hole for holes filled with mud
or water. For all boreholes, measure the volume of material
emplaced and check for the appearance of the material at the
top of the interval grouted or land’s surface, whichever is
applicable.

7.3.2.5 Location of the grout at depth can be difficult
because the top of the grout may not be able to be
distinguished from water or other fluids in the borehole. One
field procedure that has been applied to measure the level of
the grout is to use a wooden sounding block with a weight
attached to the block. The weight should be slightly denser
than the grout.

Note 11—Location of the depth of plugging material in a borehole
or well does not confirm that the plug has performed its intended
purpose. Plugging materials may not have adhered to the walls of the
borehole or well or may have heen bypassed from the target zone.
Therefore, placement of plugging materials is highly dependent upon
proper preparation of the hole.

7.3.2.6 In areas where coarse materials are encountered,
or considerable fracturing or solution openings occur, two or
three times the calculated volume of material may be
required to fill the hole. In extreme cases such as in some
Karst''terrains where large conduits may exist, it may be
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difficult to plug 2 well or borehole. In these situations,
packers can be used to isolate critical intervals for filling with
plugged materials above Of below the karstic formations.
Packers may also be used to isolate critical intervals within a
well or borehole throughout the entire depth.

7.3.3 Quality of Water Used for Grout—Grout must be
carefully mixed using water of a known chemical quality.
The quality of the water must be compatible with the
grouting material and not introduce contamination into the
subsurface. For cement, water used should be free of silt,
organic matter, alkali compounds, and have a total solids
content of 500 mg/L or less (14). The grout should be

weighed using 2 mud balance.

Note 12—Thicker grout greater effectiveness in

plugging highly permeable materials oF materials with large voids, but

may be very difficult to pump through a grout pipe. Less viscous
mixtures are €asy {0 pump, but may be 100 mobile, have greater
shrinkage, and take longer to set if additives 10 compensate these
problems are not added.

73.4 Mixing of Cement and Bentonite On-Site—Both
cement and bentonite can be mixed on site. Cement can aiso
be purchased from a contractor and delivered premixed on
site, provided the water used is of known and acceptable
quality.

7.3.5 Use of Curing Accelerators—-—Curing accelerators can
be used to hasten the initial set time for cement from 610 8
h to perhaps 2 of 3 h, provided the accelerator (typically
calcium chloride, sodium chloride, aluminum powder, oF
gypsum) does not degrade the cement or;react with, the
environment. The use of these materials_may also require
approval by regulatory authorities.

7.3.6 Decommissioning of Boreholes:

713.6.1 To achieve an effective seal, the borehole should
be free of debris and foreign matter that may restrict. the
adhesion of the plugging materials to the borehole wall. Clear
boreholes of excessive mud filtercake, or gelled mud (if used)
and any bridges resulting from the removal of temporary
casing, or when noncohesive materials (such as sand and
gravel) are
during decommissioning activities.

7.3.6.2 One method commonly used for effective removal
of these materials is to advance a small grout pipe to the
bottom of the borehole by use of water or a high-quality
bentonite slurry and flush the hole. Flushing is continued
until the blockage is removed, OF noncohesive formations are
stabilized. Use at least two borehole volume of maternials. If
the flushing fluid returning to the surface contains poten-
tially hazardous materials, it may be necessary to place this
material into containers for proper disposal.

7.3.6.3 As soon as the borehole is prepared, pump plug-
ging material slowly through a grout pipe to displace the
flushing fluid. Inject grout starting from the bottom of the
hole, forcing other fluids upward. Complete grouting slowly
o prevent channeling of the grout around any undesirable
material remaining in the hole. Complete this operation in
one continuous operation. Raise the grout pipe when
pumping pressure increases significantly, of when undiluted
grout reaches the surface. Regularly sample and evaluate
overflowing grout for weight, presence of foreign material, o
other changes. When the overflowing grout is similar to that

encountered that can leadtoa collapsed borehole

being pumped down the hole, the plugging is considered
complete.
7.3.6.4 Grout pipes
practical for field operations to reduce the
pressure. Cut the lower end of the pipe at
for the side discharge of the grout. Side discharge reduces the
potential for erosion of the borehole wall. Typically, heavy-
walled PVC (Schedule 40 or greater) Of thin-walled steel pipe
is used for grouting purposes. Use caution while grouting
deeper holes in order that downhole pressure does not exceed
the rupture strength of the grout pipe. :
7.3.6.5 Grouting of shallow auger holes or other boreholes

where grout pumping equipment is not readily available may

by placing grout through a side discharge
the top. As the

be accomplished
grout pipe that has a funnel attached to
grouting progresses, slowly raise the pipe.
using this procedure, as the low placement pressure may not
completely fill or flush undesirable materials from the
borehole. This procedure is only recommended when the
entire borehole depth is 10 to 15 ft (3 to 4.6 m) or less.

7.3.6.6 Small diameter
difficult to_plugi'A small diameter
grout pipecan be used,
may. be required or less viscous
necessary, :

NotE \(3--It is important to avoid hydrofracturing or
shallow holes in unconsolidated materials when pressure
general rule to avoid hydréfracturing is

(metre) of overburden.) In some instances, the
teduced further.

7.3:6. 1) A conservative method
imum pressure 1§ as foliows:

Pm =(0.733 — 0.433 Sg)d
where:

Pm = pressure Of fluid injected at wellhead, 1b/in? (

Kg/em?),

Sg = density (specific gravity) of the plugging material +-
(grout) (unitless), and

d =depth measured for the surface 10 the opening of the
grout pipe (metres) feet. .

Hydrpfracturing typically occurs during start-up of restart of

grouting.

7.3.6.8 Inject grout at the bottom of the hole, displacing

grout, loose formation materials, and borehole

.. ward. Slowly pump grout to avoid channeling. Do this in oné
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continuous operation. Raise the grout pipe when grout can
no longer be easily forced from the pipe into the hole of
when undiluted grout reaches the top of the hole and flows
out. Sample and weigh this material. The weight of the grout
returning to the surface should be the same as the grout
pumped into the hole.

737 Control of Elevated Formation Pressures—QOcca-
sionally, a borehole or well may penetrate a formation that 18
under confined conditions (artesian head), or from which 2
gas is being released, under pressurc. (Gas bubbling upwar
through the grout may result in open channels, or increas®
the permeability of the grout.) When this condition 1
encountered, sealing of the borehole requires that the grout
pressure be maintained greater than the formation pressur
Uhtil initial grout set OCCUTS. The “ghut-in-pressure” of the

should be the largest diameter thatis
required pumping . - |
an angle to allow

Take care when -

(<2-in. (5.08 c¢cm-mm)) holes are -

(Ye-in. (1.9 cm-mm)) © §
however, high-pumping pressures. .. ..
plugging materials may be .

blowout in = |2
grouting. A~
to restrict pumping pressure 10 -
about _0:6 1b/in? 042 Kg/cm?) of hydraulic pressure for each foot
pressure used must be -

(15) of calculating max-

fluids up-’

for, .
attited
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the oot
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formation can usually be determined by use of pressure gages 7.3.7.3 Only after testing results confirm that the seal is
attached to a casing that has been pushed or driven into the effective, is it advisable to complete the permanent closure or
confining unit. This casing must be tightly sealed to prevent removal of the near (or above) surface casing,

'fiﬁ"ping leakage around its annulus; (Separate packers or casing 7.3.7.4 Measure any fgllback or settlement of the grout
o llow grout, or both, may be required to prevent leakage around  surface (whether by gravity or under pressure) that occurs
1ces the the casing.) after grout emplacement to the nearest foot and record.
Eravy. 7.3.7.1 Several procegiures may be used to balance the Correct any fallbgck with native or imported materials to
& pipe formation pressure until the initia] set of the grout has grade, or to a specxﬁec{ depth below grade, such as below the
Jﬁd‘uting occurred. (See Fig. 2.) The procedure most often used to plow layer. The depth is based on existing and proposed land
- exceed contain the pressure is to use a sufficient column of grout. If  use and regulatory requirements.

' additional head pressure is required, increase the unit weight 7.3.8 Decommissioning of Wells and Other Monitoring
7 10les of the grout by the addition of sand, densifying additives  Devices
sle may (barite, or hematite) or decreasing the water cement ratio. 7.3.8.1 This discussion has applicability in decommis-
scharge | Another alternative commonly used is to pump the grout sioning ground water monitoring and injection wells and soil
. the through a check valve into the casing until the top of grout  gas monitoring wells, neutron probe access tubes, lysimeter
éi;ﬁ,,vhen reaches the desired elevation. Maintain pressure above the and tensiometer and installations, and similar devices. Ap-
nay not grout by use of compressed air, or by use of a simple  pendix X1 should be consulted for additional information.

= standpipe filled with water. If the standpipe procedure is 7.3.8.2 1t is desirable to remove all existing well construc-

used, pump grout through a tremie pipe extending through  tion materials such as screen, casing, filter pack, seal, and
the water to prevent dilution. grout from the hole to reduce the potential for the formation

7.3.7.2 After the initial grout set has occurred (minimum  of a vertical conduit to occur at the contact between casing
< 24 h), the sustaining pressure (above atmospheric pressure) _and) annular seal; reduce the potential of these materials
- may be released. However, record the air pressure (or fluid interfering with the decommissioning operation; decrease the
1. level) in the air filled casing above the grout frequently for potential of a reaction between the materials used; or to
|- several days to verify that no leakage is occurring. If gas\(of . minimize the reaction with the native materials or ground

.1 any variety) is present in the formation, analyze a sample of \~ water. In situations where well materials are removed and
.. the air from the casing above the grout. Care should be taken »* borehole collapse occurs, redrill the borehole following the
- under these conditions, as explosive or hazardous conditions guidance provided in 7.3.6.
‘|- may be present. Methane, the most commonly produced gas; 7.3:8.3) Steel casing may be removed using jacks to free

“|.1 Is odorless, colorless, toxic, and extremely-flammable. Safety’ ~ casing-from the hole followed by lifting the casing out by
| precautions are advised. using a drill rig, backhoe, cranes, etc. of sufficient capacity. If
g max- -
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the annular space has been cemented over a long distance,
this method may not be readily used unless a poor contact
occurs between the casing and borehole. Small lengths of
cement (typically less than 10 ft (3 m)) can be removed along
with the casing if the drill rig has sufficient lifting capacity.
When the casing cannot be removed, perforate the casing
and screen using 2 suitable tool. This is necessary as
encrustation or corrosion of the screen can block or com-
pletely close openings. A wide variety of commercial equip-
ment is available for perforating casings and screens. Due to
the diversity of application, consult an experienced con-
tractor prior to selection of the technique. A minimum of
four rows of perforations several inches (millimetres) long
and a minimum of five perforations per linear foot (metre) of
casing Or screen is recommended.

7 3.8.4 Remove steel casing by overdrilling (overreaming)
the casing. Overreaming can be done using an overreaming
tool (see Fig. 3). Select a pilot bit that is nearly the same size
as the inside diameter of the casing. The reaming bit should
be slightly larger than the borehole diameter to remove all
well construction materials and a small amount of native
material. As drilling proceeds, the casing, grout, bentonite
seal, filter pack, and other well materials are destroyed and
returned to the surface. In situations when the grout in the
annular space can be verified to be in good condition, it may
be very difficult to remove casing and grout and grout can be
left in place by pressure grouting the screened interval and
casing. Verifying the integrity of the grout can be difficult:

73.8.5 PVC and other low tensile strength materials

Reomer

Mud/Grout Port

(="

Drilloble Casing

AACATALLELRAAR VIR

FiG. 3 Over Drilling by Mud Rotary Procedure

generally cannot be removed by pulling if they have been
properly cemented into place. Overdrilling is necessary to
remove these casing and screen materials.

7.3.8.6 A hollow stem auger equipped with outward

facing carbide cutting teeth with a diameter 2 to 4 in. (50.8 to :

1016 cm ) larger than the casing may be used for overdrilling.

Place the lead auger over the casing and rotate downward |
(see Fig. 4). The casing guides the cutting head and remains

inside the auger. When the full diameter and length of the
well has been penetrated, the casing and screen can be
retrieved from the center of the auger. It is important to use
outward facing cutting teeth in order that the cutting tool
does not sever the casing and drift off center. An alternative
is to install a steel guide pipe inside the well casing so that the
augers can be centered.6 Firmly attach this temporary

working pipe to the inside of the casing by use of a packer, or -

other type of expansion Or friction device. When the auger
reaches full depth and the well materials have been removed,

pump plugging materials through the hollow stem as the

augers are withdrawn.

Note 14—Local regulations may allow leaving the PVC casing in

place, if a good annular seal exists, or just removing blank casing if the

integrity of (the annular seal can be documented. It is generally difficult
to document a good annular seal (tight fit, no fractures or channels) -

withiout the use of a cement bond log or similar method. A cement bond

Jog cannot be run in small diameter wells (less than 2.5 in. (6.35 cm) in ;
diameter) because a small diameter tool is not currently available. Also, ©

this:method is not reliable for PVC casings.

73.8.7 After removal of the casing, decommissioning can

becompleted.in accordance with 7.3.6.

6-Baker, Robert, Personal Communication, Layne Environmental, 1990.

Dritiabie Cusing

FIG. 4 Over Drilling by Hollow Stem Auger Procedure
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NoOTE 15—Wells with a maximum depth of 10 10 I5ft(3104.6 m)
can be removed by overdrilling, or when possible by pulling the casing

material into place,

7.4 Decontamination of Downhole Equipment:

7.4.1 If hazardous waste or other contaminants occur at
the site, decontaminate all tools placed into the borehole or
well prior to entry (see Practice D 5088). Follow state and
local regulations, if applicable. A hot water pressure wash or
steam cleaning are examples of two typical decontamination
methods. Other methods such as the use of solvents followed
by rinsing with clean tap water and allowing equipment to
air dry may also be acceptable. Also.contain water and other
materials used for decontamination for chemical analysis to
determine proper disposal methods.

7.4.2 Do not flush grout pipes out with water while in or
above the hole. Conduct all cleaning operations aboveground

and manage appropriately as a hazardous or nonhazardous

situation depending upon chemical analytical data on the
site.

7.5 Documentation:

7.5.1 Inspection Records—The primary purpose of

records of field work is to provide that appropriate measures.

have been taken so that the borehole or monitoring wéll is
permanently decommissioned in a manner that minimizes it
from being a conduit for fluid, water, or vapor migration,
Properly decommissioned boreholes and wells should-have
no adverse influence on the local envifonment than the
original geological setting,

7.5.2 Narrative Report—Maintain ‘the narrative report of
activities as a permanent record-of the decommissioning
activities and include the full set of field activities including:

7.5.2.1 Decommissioning date,

7.5.2.2 Personnel (with listing of company representation,
including phone number and address),

7.5.2.3 Source of decommissioning method,

7.5.2.4 Step-by-step procedures used in the field,

7.5.2.5 Record of all measurements made, depths encoun-

tered, types and volume of fluids pumped and photograph
before and after, and

7.5.2.6 All other pertinent information that is requirec
based on site conditions or regulatory requirements, An
problems encountered should also be documented in detajl

8. Report

8.1 At the completion of field work, present a formal
report to document the entire procedure used in the decom-

in detail the following items as a minimum:
8.1.1 Background Information:
8.1.1.1 Location of the borehole/well,
8.1.1.2 Purpose of the borehole/well,
8.1.1.3 History of the borehole/well,
8.1.1.4 Chemical parameters and concentrations present
during the active life of the well and at the time of plugging;
and
8.1.1.5 Information collected prior to the inspection
record.
8.1.2 Testing Prior 1o Decommissioning:
8.1.2.1 Site characterization (if applicable),
8.1.2.2 Physical testing (depth, structural condition, etc.),
8.1.2.3 Chemical testing results (last chemical analysis for
record), and
8.1.2.4 Geophysical logging results (if any).
1.3 Decommissioning Design Procedure:
k3.1 “Rationale for selection of method used, and
.2 Presentation of a decommissioning plan.
Field Implementation:
I Description of activities,
2 Variance from plan, and
4.3 Result of testing and measurements.
8.1.5 Confirmation—Statement of regulatory compliance,
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APPENDIX

(Nonmandatory Information)

X1. EXAMPLES OF SUCCESSFUL MONITORING WELL DECOMMISSIONING PRACTICES

X1.1 This appendix covers a general discussion of field
procedures that have been used to decommission monitoring
wells. These procedures are presented to provide technical
guidance to assist in the development of decommissioning
wells or boreholes. Local regulations may not allow imple-
mentation of some procedures. Two subsets of procedures
steel casing and the second for
lower tensile strength casing materials (plastic).

X1.2 Steel Casing:

X121 Condizion-—?ropcriy grouted steel casing and
screen, difficult to pull casing: ,

X1.2.11 Suggestion—Pressure pump plugging materials
into well to above aquifer, place 3-ft (:91-mm) plug of plastic
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material (bentonite plug) above rigid plug then complete
with rigid plugging material to surface. Place a PVC or
neoprene plug or packer, located at the base of the rigid
(cement) material to reduce the co-mingling of fluids due to
different specific gravities. Complete decommissioning at
surface according to local regulations.

X1.2.12 Alternative—Perforate steel casing and screen to
allow plugging material t0 come into contact with the
annular space and formation,

X1.2.1.3 Advantage—If (when) casing material corrodes,
the continually plastic bentonite plug will continue to
provide a suitable sealing zone.
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X1.2.2 Condition—Steel well materials, that are remov-
ble:

X1.2.2.1 Suggeszion«—Pull screen and casing, then redrill
sorehole to original depth using slightly larger diameter drill
sit than the borehole. Complete closure by pressure sealing
he borehole by grout pipe from bottom to top.

X1.2.2.2 Advantag __Casing and annular materials are
completely removed and replaced with sealing matenal of
equal or lower permeability (saturated zone) than the native
geologic materials.

X1.2.3 Condition—Shallow screened well
permeable sand or gravel aquifer:

X1.23.1 Suggestion—-——Pull the casing and screen (grout
also, if possible) then redrill the borehole to original depth.
Completion should be by pressure sealing to the surface.

X1.2.3.2 Advantage—The possibility of hydraulic con-
nections with the surface is greatly reduced.

X1.2.4 Condition—Steel casing and screen set into highly
permeable formation (such as fractured limestone) that
results in lost fluid circulation during drilling or decommis-
sioning procedures:

X1.24.1 Suggestion—-Fill highly permeable section with
quick setting cement grout (addition of calcium chloride), or
coarse gravel to base of casing, or hang «cement basket” at
base of casing. Complete decommissioning with plugging
materials pumped into place,
permanent plastic seal.

X1.2.4.2 Advantage———Extremely permeable or highly cav=
ernous materials may not be able to be filled sufficiently to
allow closure similar to other Cases. In such: situations;
prevention of vertical migration of fluids-to_or from that
zone is the primary purpose of decommissioning.

X1.3 Low-Tensile Strength Materials (that is, PVC, ABS,
PTFE): »

X1.3.1 Condizion——Properly constructed well that has a
sealed annulus from the surface to the top of screen:

X1.3.1.1 Suggestions—-—?ressure grout in place after perfo-
rating the entire casing so that the screen and gravel pack are
filled with grout; or over-ream the well using a drill bit
than the

completed into

diameter that 1s a minimum Of slightly larger
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diameter of the annular space.

X1.3.2 Condition—Annulus is not permanently sealed
and casing/screen cannot be pulled:

X1.3.2.1 Suggeszion-—Overdrill casing, screen and filter
pack with a hollow stemmed auger or
method. Remove casing from bottom to top as augers are
removed.

X1.3.2.2 Advantage—Complete well structure is re-
moved. Grouting materials provide no avenuc of fluid or gas
migration after decommissioning.

X1.33 Condition—Annulus seal questionable; casing
screen cannot be pulled:

X1.3.3.1 Suggestion——-Usc rotary tools equipped with
pilot bit. Large portion of bit must be equal to or larger than
diameter of original borehole. Drill out casing, annular
material, to depth of well. Pressure seal after tools are’
removed.

X13.32 Advantage—Complete well structure * is 1€~
moved. Grouting materials do not provide pathways for fluid
or gas migration after decommissioning.
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X1.3.4.1 Suggestion—Use pulling rig equipped with
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bottom to*1op: (This method may have applicability for
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procedures.

X135 Condition—VYadose zone monitoring devices such
as lysimeters, tensiometers, neutron access holes, and similar
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X13.5.1 Suggestion—Drill out the device and backfill as
suggested in 73.8.5 and 7.3.8.6. (See also
text.)
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