14496 Sheldon Road, Suite 200, Plymouth, Michigan 48170
Telephone: (734) 453-5123 Fax: (734) 453-5201

www.CRAworld.com
CONESTOGA-ROVERS
& ASSOCIATES

March 3, 2014 Reference No. 058505

Mr. Shawn Wenzel

Project Manager

Wisconsin Department of Natural Resources (WDNR)
Remediation & Redevelopment Program

2514 Morse Street

Janesville, Wisconsin 53545-0249

Dear Mr. Wenzel:

Re: Revised Scope of Work (SOW)
General Motors, LLC (GM) Janesville Assembly Plant
BRRTS # 02-54-560205
1000 General Motors Drive
Janesville, Wisconsin

On February 7, 2014, Conestoga-Rovers & Associates (CRA) received a letter dated February 3, 2014
from you entitled “Site Investigation Work Plan Approval for the GM Janesville Assembly Plant.”
According to the letter, the Wisconsin Department of Natural Resources (WDNR) agreed with the
proposed scope of work (SOW) presented by CRA in the May 13, 2013 Site Investigation Work Plan
(Work Plan) for the above-referenced property (Site). Further, recommendations for additional
investigation and revisions to future data submittals were detailed in the letter.

CRA has prepared this letter to submit a revised SOW and to provide the additional requested
information.

1.0 Revised SOW

Additional sampling was requested in the North Tank Farm area near former soil boring locations GB7,
GB8, GB9, and former monitoring well location MWO0S.

The SOW has been revised as follows:

e One shallow monitoring well (MW-26S) will be advanced in the vicinity of former off-Site soil boring
location GB8 (located between GB7 and GB9).

e Asecond shallow monitoring well (MW-27S) will be advanced near former off-Site shallow
monitoring well MWO08.
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e These monitoring wells will be installed to a depth approximately 20 ft bgs and screened at an
interval straddling the water table as detailed in Section 5.0 of the Work Plan dated May 13, 2013.

e During their installation, soil samples will be collected from both MW-26S and MW-27S. Soil
samples will only be collected from depths above the water table. One soil sample will be collected
for laboratory analysis from the shallow depth interval of 0 to 2 ft bgs from each boring. A second
soil sample will be selected for laboratory analysis from the interval exhibiting the highest evidence
of impact (visual, olfactory, or elevated photoionization detector [PID] readings) or from the soil
interval immediately above the water table, to confirm the horizontal extent of impact, if any. If
evidence of impact is observed, a third soil sample may be selected from the next "clean" interval
below the evidence of impact to characterize the vertical extent of impact.

e Soil samples will be submitted for laboratory analysis of Target Compound List (TCL) volatile organic
compounds (VOCs) (including 1,2,4-trimethylbenzene [TMB] and 1, 3, 5-TMB) and TCL semi-volatile
organic compounds (SVOCs) by the methods presented in Section 5.0 of the Work Plan dated
May 13, 2013.

e Monitoring wells will be constructed with 2.0-inch inner diameter (ID), Schedule 40 polyvinyl
chloride (PVC) riser with a 10-foot long PVC well screen. Monitoring wells will be installed in
accordance with the applicable GM field method guidelines (FMGs) (FMG 3-1 Well Construction
Materials, and FMG 3-2 Overburden Wells) and the Chapter NR 141, Wisconsin Administrative Code
(Wis. Adm. Code) requirements included in Attachment A.

e The monitoring wells will be developed in accordance with ch. NR 141, Wis. Adm. Code and
WDNR guidance, a minimum of 12 hours following monitoring well installation.

e One round of groundwater samples will be collected from newly installed monitoring wells MW-26S
and MW-27S one week following well development.

e One round of groundwater samples will be collected from existing monitoring wells MW2, MW4,
and MWS5 installed by others and located in the North Tank Farm area. Groundwater samples will
only be collected if the wells are determined to be intact and not damaged beyond repair.

e One round of groundwater samples will also be collected from all other existing perimeter
monitoring wells at the Site, as indicated in the Work Plan dated May 13, 2013.

e Groundwater samples will be analyzed for TCL VOCs (including 1,2,4-TMB and 1,3,5-TMB), TCL
SVOCs, and Target Analyte List (TAL) metals (less earth metals) by the methods presented in
Section 5.0 of the Work Plan.

The proposed sample locations are presented on Figure 1. A summary of the revised proposed sampling
and analysis plan is presented in Tables 1 and 2.
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The following presents an approximate schedule for implementation of the activities detailed in
Section 5.0 of the Work Plan and the revised SOW presented above:

e Subcontractor procurement, project planning and coordination — 2-3 weeks

e Utility clearance — 1 day

e Borehole advancement, associated soil sampling, and monitoring well installation — 1 week
e Groundwater sampling — 2 weeks

e Laboratory analysis of soil and groundwater samples — 2-4 weeks following receipt of samples at the
laboratory

e Database/Data Validation — 2-3 weeks following receipt of final laboratory analytical data from the
laboratory

e Preparation of the Site Investigation Report — 4-6 weeks following data validation

Field activities are tentatively planned to commence in April/May 2014 (weather dependant). Submittal
of the Site Investigation Report would then be available in September 2014.

2.0 Wisconsin Department of Agriculture, Trade and Consumer Protection Storage Tank Registry
Database

At the request of the WDNR, the Wisconsin Department of Agriculture, Trade and Consumer Protection
Storage Tank Registry Database listings for the Site were reviewed by CRA and GM, and determined to
accurately represent the current status of all tanks associated with the Site. A summary of the tank
listings is presented in Table 3. The locations of tanks currently in use/containing product are presented
on Figure 2.

Revisions related to the presentation of data in tables and on figures will be completed and corrected
versions will be included in the next submittal to the WDNR.
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Should you have any questions on the above, please do not hesitate to contact us.
Yours truly,

CONESTOGA-ROVERS & ASSOCIATES

Martha F. Thompson, PE

JC/sp/1/Det.
Encl
cc: Kim Tucker-Billingslea, GM

Stew Hebel, GM

Steve Song, ENVIRON
Mark Nielsen, ENVIRON
Kevin Long, ENVIRON
Renee Sandvig, ENVIRON
Glenn Turchan, CRA
Tom Kinney, CRA

Julie Charlton, CRA
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TABLE 1

PROPOSED SOIL SAMPLING AND ANALYSIS PLAN
GM JANESVILLE ASSEMBLY PLANT
JANESVILLE, WISCONSIN

Page 1 of 1

Cumulative Cancer Risks Above 10 '5, Noncancer His above 1, or Occupational Sum of Fractions above 10 2 p d
ropose
j . . . Total No. o .
Sample Area Rationale . Cumulative Cancer Occupational Sum of . Number of Soil | Proposed Soil Boring No. f Depth Interval(s) Selected for Laboratory Analysis @ Analytical Parameters
Media Parameter . Noncancer HI . Exposure Scenario . Samples
Risk Fractions Borings
Central section of High Assess potential for vapor 2-Methylnaphthalene Industrial Vapor 0-2 ft bgs VOC
SBS55 Frame Stack Unload =55 PO P Soil yinap 4E-04 1E+01 9E-02 : P 1 SB-1-14 3 Highest PID reading
. . intrusion exposure Naphthalene Intrusion Pathway . SsvoC
Conveyor Pit Project Next clean interval
Central section of High 0-2 ft bgs
& Assess potential for vapor . Benzene Industrial Vapor . g . VvOoC
B57 Frame Stack Unload . . Soil 7E-04 4E+01 2E-02 . 1 SB-2-14 3 Highest PID reading
. . intrusion exposure Naphthalene Intrusion Pathway . SvoC
Conveyor Pit Project Next clean interval
Assess construction worker Construction Worker 0-2 ft bes
S4, 56, 510, S11 North Tank Farm Soil Ethylene glycol No exceedance 5E+01 (max) NA 4 SB-3-13 - SB-6-14 12 Highest PID reading VoC
contact exposure Contact Pathway ,
Next clean interval
0-2ftb
S1,S2,S5, 57,512, Assess exposure . @) . &S .
North Tank Farm . Soil Ethylene glycol No exceedance No exceedance No exceedance Unknown 6 SB-7-14 - SB-12-14 18 Highest PID reading VOC
S13 concentrations .
Next clean interval
. Maintenance Worker
Suburban Primer Assess maintenance Borehole and Construction 0-2 ft bgs
B6-93 . worker and construction 3) SVOCs 3E-4 (max) No exceedance NA 1 SB-13-14 3 Highest PID reading SvoC
Surfacer Project - Area A Water Worker Contact .
worker contact exposure Next clean interval
Pathway
Assess exposure , ] 0-2 ft bes ) VOC
GB8 North Tank Farm @ Soil NA No exceedance No exceedance No exceedance NA 1 MW-26S 3 Highest PID reading
concentrations . SvocC
Next clean interval
0-2 ft bgs
Assess exposure . . . VOoC
MWwWO08 North Tank Farm ) Soil NA No exceedance No exceedance No exceedance NA 1 MW-27S 3 Highest PID reading
concentrations . SvVOC
Next clean interval
TOTAL NUMBER OF BORINGS 15
TOTAL NUMBER OF SOIL SAMPLES 45
Notes:
(2) Soil borings will be advanced to an approximate depth of 20 ft bgs
The actual concentrations at soil sample locations S1, S2, S5, S7, S12, and S13 (North Tank Farm) are unknown and
(2) therefore it could not be determined if an unacceptable cumulative cancer rick or noncancer HI has resulted from these
areas.
(3) Borehole water risk estimate indicates potential soil issue due to assumed impact of suspended solids.
(4) Sample requested by the Wisconsin Department of Natural Resources (WDNR) via letter dated February 3, 2014.
ft bgs feet below ground surface
HI Hazard Index
PID photoionization detector
SVOCs semi-volatile organic compounds
VOCs volatile organic compounds

CRA 058505Wenzel-1-T1-T2



TABLE 2

PROPOSED GROUNDWATER SAMPLING AND ANALYSIS PLAN
GM JANESVILLE ASSEMBLY PLANT
JANESVILLE, WISCONSIN

Cumulative Cancer Risks Above 10 '5, Noncancer His above 1, or Occupational Sum of Fractions above 10 2

, . . Proposed Monitoring Well | Total No. of .
Sample Area Rationale . Cumulative Cancer Occupational Sum of 3 Analytical Parameters
Media Parameter . Noncancer HI . Exposure Scenario No. Samples
Risk Fractions
Assess potential vapor Xylenes Non-Industrial Vapor voc
MW-10S North Tank Farm . p P Groundwater Naphthalene 2E-05 3E+00 NA . P NA 1 SVOC
intrusion exposure Intrusion Pathway 1)
TAL Metals
Evaluate potential
MW-15 - MW-95 mi ravt'oL:\ of IOro ndI ater voc
i i undw
MW-11S - MW-25S Property Boundaries fontaminaiion at the Groundwater NA No exceedance No exceedance No exceedance NA NA 31 svocC
MW-1D - MW-7D . TAL Metals
property boundaries
Evaluate potential
. V, ! P ! 1,2,4-Trimethylbenzene, Industrial Vapor Intrusion VOoC
) migration of groundwater . .
MW2, MW4, MW5 North Tank Farm contamination at the Groundwater 1,3,5-Trimethylbenzene, 4E-05 1E+02 No exceedance and Non-Industrial Vapor NA 3 SVOC
. Xylenes Intrusion Pathway TAL Metals
property boundaries
Industrial Vapor Intrusion,
Maintenance Worker and
Construction Worker VoC
Assess exposure Borehole VOCs -
GB8 North Tank Farm . 3) 1E-01 (max) 9E+03 (max) 1E+00 Contact, Non-Industrial MW-26S 1 SvoC
concentrations Water Naphthalene )
Vapor Intrusion, and TAL Metals
Non-Industrial Outdoor Air
Inhalation Pathway
vVoC
Assess exposure
MWO08 North Tank Farm . 3) Groundwater NA No exceedance No exceedance No exceedance NA MW-27S 1 NYe]e
concentrations
TAL Metals
TOTAL NUMBER OF GROUNDWATER SAMPLES 37
Notes:
(1) TAL metals is included as part of the Site boundaries evaluation
(2) Existing monitoring wells were installed by others and will only be sampled if they are determined to be intact and not damaged beyond repair
(3) Sample requested by the Wisconsin Department of Natural Resources (WDNR) via letter dated February 3, 2014.
BTEX benzene, toluene, ethylbenzene, and xylenes
ES Enforcement Standard (Chapter NR 140, Wisconsin Administrative Code)
HI Hazard Index
NA not applicable
SVOCs semi-volatile organic compounds
TAL Target Analyte List
TMB trimethylbenzene
VOCs volatile organic compounds

CRA 058505Wenzel-1-T1-T2
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Notes:
(1)

(2)
(3)

TOS

TABLE 3

STORAGE TANK INVENTORY
GM JANESVILLE ASSEMBLY PLANT

JANESVILLE, WISCONSIN

Wisconsin Department of Agriculture, Trade and Consumer Protection Storage Tank Registry Database Listings &

Tank No. Tank Type
888312 AST
649988 AST
649995 AST
649996 AST
1054010 AST
1054011 AST
1054012 AST
211059 AST
211060 AST
211064 AST
211065 AST
211066 AST
211145 AST
919893 AST
919894 AST
1040089 AST
211063 AST
211061 AST
211062 AST
919895 AST
886628 AST
886634 AST
211092 AST
764444 AST
764445 AST
885454 AST
334480 usT
334481 usTt
334482 UST
334483 UsT
334484 uUsT
334940 usT

Capacity
(gallons)

1,000
320
285
320
285
320
320

19,000
30,000
30,000
30,000
30,000
12,000
12,000
12,000
550
12,000
15,000
12,000
15,000

1,000

120
10,000
300
300
120
10,000
10,000

1,000
500

7,500
300

Contents

Diesel
Diesel
Diesel
Diesel
Diesel
Diesel
Diesel
Diesel
Chemical
Chemical
Unleaded Gasoline
Unleaded Gasoline
Chemical
Hazardous Waste/Interface
Chemical
Diesel
Chemical
Empty
Empty
Empty
Diesel
Diesel
Waste/Used Motor Oil
Diesel
Diesel
Diesel
Other
Other
Unleaded Gasoline
Unleaded Gasoline
Leaded Gasoline
Fuel Qil

Status

In Use

In Use

In Use

In Use

In Use

In Use

In Use

TOS

TOS

TOS

TOS

TOS

TOS

TOS

TOS

TOS

TOS
Closed/Cleaned
Closed/Cleaned
Closed/Cleaned
Closed/Removed
Closed/Removed
Closed/Removed
Closed/Removed
Closed/Removed
Closed/Removed
Closed/Removed
Closed/Removed
Closed/Removed
Closed/Removed
Closed/Removed
Closed/Removed

Facility ID

638701
652239
652239
652239
652239
652239
652239
652239
652239
652239
652239
652239
652239
652239
652239
652239
652239
652239
652239
652239
638424
638424
652239
652239
652239
652239
57907
57907
57907
57907
57907
652239

Listed Address

210 ACADEMY DR
1000 GENERAL MOTORS DR
1000 GENERAL MOTORS DR
1000 GENERAL MOTORS DR
1000 GENERAL MOTORS DR
1000 GENERAL MOTORS DR
1000 GENERAL MOTORS DR
1000 GENERAL MOTORS DR
1000 GENERAL MOTORS DR
1000 GENERAL MOTORS DR
1000 GENERAL MOTORS DR
1000 GENERAL MOTORS DR
1000 GENERAL MOTORS DR
1000 GENERAL MOTORS DR
1000 GENERAL MOTORS DR
1000 GENERAL MOTORS DR
1000 GENERAL MOTORS DR
1000 GENERAL MOTORS DR
1000 GENERAL MOTORS DR
1000 GENERAL MOTORS DR

203 S ACADEMY ST

203 S ACADEMY ST
1000 GENERAL MOTORS DR
1000 GENERAL MOTORS DR
1000 GENERAL MOTORS DR
1000 GENERAL MOTORS DR
1000 GENERAL MOTORS DR
1000 GENERAL MOTORS DR
1000 GENERAL MOTORS DR
1000 GENERAL MOTORS DR
1000 GENERAL MOTORS DR
1000 GENERAL MOTORS DR

CRA Tank ID ?

Current Status

In Use

In Use

In Use

In Use

In Use

In Use

In Use
TOS/ no product
TOS/ no product
TOS/ no product
TOS/ no product
TOS/ no product
TOS/ no product
TOS/ no product
TOS/ no product
TOS/ no product
TOS/ no product
Closed/Cleaned
Closed/Cleaned
Closed/Cleaned
Closed/Removed
Closed/Removed
Closed/Removed
Closed/Removed
Closed/Removed
Closed/Removed
Closed/Removed
Closed/Removed
Closed/Removed
Closed/Removed
Closed/Removed
Closed/Removed

Wisconsin Department of Agriculture, Trade and Consumer Protection Storage Tank Registry Database (http://apps.commerce.wi.gov/ER_Tanks/ER-EN-TankSearch.htm), accessed on February 19, 2014.

Active storage tank locations are presented on Figure 2 included in the Revised Scope of Work (SOW).
Locations only provided for tanks currently in use or containing product.

Not applicable
Temporarily Out of Service.

CRA 058505-Wenzel1D-T3-Final

On-Site Location *

Wastewater Building
Powerhouse
Clarifier Building
Storm Water Building
North Fire Pumphouse
South Fire Pumphouse
South Fire Pumphouse
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Field Method Guideline 3-1 — Well Construction Materials
Field Method Guideline 3-2 — Overburden Wells
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WELL CONSTRUCTION MATERIALS

INTRODUCTION

In environmental subsurface investigations, the information used to evaluate subsurface
conditions often relies heavily on the installation of quality groundwater monitoring wells. The
application and use of the proper well construction materials to the specific well installation is
crucial to obtaining representative and reliable groundwater samples.

The two general types of wells are groundwater monitoring wells and pumping (also referred to
as recovery, extraction, or withdrawal) wells. The specific use of a groundwater well dictates the
types of materials used to construct it.

This FMG outlines the general types and use of well construction materials and considerations
involved in selecting appropriate materials for specific well installation applications. Installation
of these materials are described in detail in the specific well installation FMGs listed below.

PROCEDURES REFERENCED

e FMG 3.2 - Overburden Wells.

e FMG 3.3 - Top of Bedrock Wells.
e FMG 3.4 - Deep Bedrock Wells.
e FMG 3.5 - Pump Wells.

e FMG 3.6 - Piezometers.

EQUIPMENT DESCRIPTIONS

Well Screen

Well screen is the portion of the well pipe that contains appropriately sized openings and allows
groundwater to enter the well. The screen materials used in groundwater monitoring wells are
crucial to ensuring the installation of an efficient, productive, and durable groundwater well.
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The diameter of the well screen is generally dependent upon the application of the well. For
monitoring wells used in groundwater level measurements and groundwater sampling, screen
diameter will generally be 2.0-inch inner diameter (ID) flush-threaded screen segments
(piezometers are typically 1.0-inch inner diameter but may be 2-inch also). These screen
segments are typically available in 10-foot lengths. Four-inch diameter or larger well screens are
usually reserved for recovery or production well applications where larger diameters permit
greater groundwater withdrawal rates. Larger diameter wells also allow a well to serve additional
functions such as housing oil recovery systems.

Screen material will be either thermoplastic Schedule 40 Poly Vinyl Chloride (PVC) (ASTM
D1785, ASTM D2665, ASTM F480) or Schedule 5 Type 316 stainless steel, depending primarily
on the depth of the well and the groundwater quality (degree and nature of contamination).
Shallower depths and generally low levels of contaminants in groundwater allow for PVC
applications, whereas greater depths and severely degraded groundwater quality, or the presence
of free-phase oils or solvents, may necessitate stainless steel due to its greater strength and
resistance to chemical degradation. It should be noted that PVC and stainless steel are
appropriate for the vast majority of environmental applications, and are generally accepted by
regulatory agencies. Well materials other than PVC or stainless steel should be used only in
certain instances, to be determined and approved by the Project Manager on a case-by-case basis.

Certain applications such as investigation of inorganic (metals) concentrations in groundwater, or
the presence of low pH (acidic) conditions, may preclude the use of stainless steel wells.
Stainless steel, which contains molybdenum in addition to its iron content, may leach out metal
compounds which could lead to misleading groundwater analysis results.

PVC may likewise leach out or degrade specific thermoplastic elements of its composition which
may compromise the well integrity or groundwater analyses. PVC generally performs well in
acidic groundwater conditions; however, it may degrade in the presence of certain organic
compounds such as ketones, aldehydes, or chlorinated compounds in high concentrations.
Certain additives to the P\VC may also affect groundwater quality.

Well screen slot sizes and well screen type will also be consistent for groundwater monitoring
wells. Screen slot size is typically 0.010 inches; 0.020-inch slot size may be more appropriate for
coarser formation materials or where the well may serve as a recovery well for free-phase oils.
For monitoring applications, slot type should be either factory machine-slotted or
continuous-wrap slotted. Perforated, bridge-slotted or louver-slotted well screens are generally
not acceptable for most environmental applications and should be avoided.

Screen slot sizes may vary from these two sizes when used in production or recovery (pumping)
well applications where the need to maximize groundwater withdrawal is essential. In such
cases, screen slot sizes can be manufactured to exact specifications for a particular well based on
particle size analysis results and formation transmissivity or permeability.
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Well Riser Pipes and Casings

Well riser pipe is a solid extension of the well screen that extends from the screen up to the
surface. The riser pipe protects the well screen, prevents outside groundwater from entering the
well, and allows groundwater pumped from down in the open interval to be routed up through
the well to the surface.

Well riser pipe should be of the same material and size as the well screen described above. In
instances to be determined and approved by the Project Manager on a case-by-case basis only,
differing materials may be approved for use in the same well (e.g., stainless steel well screen
connected to PVC riser). Well risers should extend to the surface and should either be cut at
grade in flush-mount completions or as an approximately 3-foot stickup to be covered with a
steel protective casing.

Well riser pipe sections shall be flush-threaded and fitted with neoprene, rubber, or other
appropriately constructed, durable o-rings to properly seal the threaded pipe joints. Glues or
cements are not to be used in well construction.

In installations of bedrock monitoring wells, which have an open rock monitoring interval and a
permanent well casing that extends from bedrock to the surface, the permanent casing (or casings
in telescoping wells) shall be made of carbon steel or low-carbon steel (greater than 0.8 percent
carbon and less than 0.8 percent carbon, respectively). The well casing should be a minimum of
4 inches in diameter (at least 4 inches diameter for the innermost casing).

On sites wells where dense, non-aqueous phase liquid (DNAPL) is present or may be a concern,
in screened wells it is advisable to install a collection sump on the base of the well below the
well screen to collect infiltrated DNAPL for possible measurement and/or sampling. Sumps
should be installed as a 1- to 5-foot section of solid riser material with a sealed bottom placed
below the well screen.

Sand Packs

The filter pack, or sand pack, installed in a well replaces formation material immediately around
a well with a more permeable material (sand). The sand pack separates the well screen from the
formation, increases the hydraulic diameter of the well, and prevents fines (silt or clay) from
entering or clogging the well screen.

Sand pack of an appropriate size shall be utilized based on the well screen slot size being used.
Sand pack size should be chosen so that the majority of the sand (sand pack has inherent
variation in its particle grain size distribution) is larger than the screen slot size while sized small
enough to prevent deleterious amounts of formation fines from entering the well through the sand
pack. Screen slot sizes of 0.010-inch and 0.020-inch typically use a sand pack such as Morie or
U.S. Silica No. 1, No. 0, No. 00N, or equivalent.
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Sand pack shall be washed silica sand with a silica content of at least 95 percent. Sands should
meet one or more of the following requirements: NSF 61, AWWA B-100, ANSI, or equivalent
standards for uniformity and chemical inertness. In cases to be determined and approved by the
Project Manager on a case-by-case basis only, differing sand pack materials may be approved for
use in a well. Sand packs used for production and recovery wells with larger screen slot sizes
will use larger particle sized sand packs of the same type and quality. The slot size and sand
pack size for recovery wells should be chosen based on results of formation grain size
distribution analysis.

Seals

Bentonite and grout seals are installed above the sand pack to isolate the monitoring interval and
prevent groundwater from infiltrating into the well screen from other water-bearing zones. Seals
also prevent migration of backfill or formation materials downward into the sand pack.

Bentonite is the generic name for a group of a naturally occurring clay minerals
(montmorillonites) that come in a variety of forms: pellets, chips, granulated, or powdered. This
material is commercially available as "Wyoming Bentonite”. When hydrated it swells to many
times its original volume and forms an ultra-low permeability clay seal.

Bentonite chips or pellets are generally used to create a seal immediately above the sand pack.
The chips/pellets are dropped inside the augers or well casing by hand down through the water
column onto the top of the sand pack. Care must be taken to prevent "bridging" of the bentonite
particles in the casing above the target zone. Measurements of the depth to the top of the seal
must be obtained during installation of the seal to ensure its proper position and thickness. In the
absence of significant water in a casing or borehole, potable water must be added to hydrate the
bentonite. The bentonite seal will be allowed to set for a minimum of one-half hour, in order to
hydrate properly, before additional seals (grout) are applied. Once the bentonite has set for
one-half hour the grout seal may be placed, as described below.

In saline groundwater environments, such as where ocean water may infiltrate the monitoring
interval, a zeolite-based seal material may be used, as saline conditions may hamper the
performance of bentonite pellets.

Portland cement grout (grout) forms a concrete-like seal that can be more manageable than
bentonite (e.g., able to be pumped through a water pump). Grout is generally placed on top of
the hydrated bentonite seal to form a solid cement seal around the well riser up to the surface. In
certain circumstances, only under approval of the GM Project Manager, soil cuttings may be used
to backfill the borehole in lieu of grout.

The grout mixture will consist of one 94-pound bag of Portland cement and 3 to 5 pounds of
powdered bentonite added per sack of cement. Two pounds of calcium chloride may also be
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added (under certain conditions, e.g., very cold days) to accelerate the setting time of the grout,
as well as to increase the dry strength of the grout. The grout will be thoroughly mixed with
6.5 gallons of potable water per sack of cement. Grout is generally placed using either the tremie
or Halliburton grouting methods. These are described in the specific well installation FMGs.

Protective Casings and Surface Seals

Once the well screen, riser, and all seals have been placed to ground surface, the well riser must
be protected. This includes protection from vehicles, damage, surface water infiltration, and
weather. This is typically accomplished using either a flush-mount roadbox or a stickup casing.

Flush-mount roadboxes are circular steel casing segments with a heavy-duty steel lid with
locking bolts. These units are widely available and come in a number of diameters and lengths,
depending on the well diameter. A stickup protective casing is generally a length of carbon or
stainless steel pipe with a locking top.

For a typical 2-inch monitoring well, the roadbox should be at least 6 inches in diameter; a
stickup casing should be at least 4 inches in diameter. A roadbox should be at least 12 inches in
length (they are typically 16 to 18 inches long) and is installed flush with the ground surface. A
stickup casing should be at least 5 to 6 feet long such that approximately 2.5 to 3 feet is below
ground surface and 2.5 to 3 feet is protruding above grade. In wells where a permanent steel
casing is installed (serves as the well riser pipe) and brought to the ground surface, it may be
used as the protective casing provided it is equipped with a semi-permanent, metal, locking cap
or cover that can be affixed to the steel casing.

Flush-mount installations should have at least the last 18 inches of the open borehole filled with
coarse sand, placed up to ground surface to allow drainage of surface water infiltration down
through and out of the roadbox. This also prevents infiltrating surface water from accumulating
up over the top of the well riser and draining down into the well. This sand drain is not necessary
in the locking cap stickup casings.

Both roadbox and stickup casings must be secured in the ground with concrete, which also serves
as a surface seal.

In areas of high vehicle traffic activity, protective steel bollards should be installed. This is
typically a vertically oriented, concrete-filled, steel pipe (minimum 4 inches diameter) cemented
at least 3 feet into the ground, acting as a "guard rail" for the well casing and preventing it from
being damaged by vehicles. Three bollards should be placed around a well to provide adequate
protection.
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EQUIPMENT/MATERIALS

e Drilling equipment.

e Well screen and riser materials.
e Sand pack.

e Bentonite pellets/chips.

e Powdered bentonite.

e Portland cement.

REFERENCES

ASTM D1785-99, Standard Specification for Poly(Vinyl Chloride) (PVC) Plastic Pipe,
Schedules 40, 80, and 120.

ASTM D2665-00, Standard Specification for Poly(Vinyl Chloride) (PVC) Plastic Drain, Waste,
and Vent Pipe and Fittings.

ASTM F480-00, Standard Specification for Thermoplastic Well Casing Pipe and Couplings
Made in Standard Dimension Ratios (SDR), Schedule 40 and Schedule 80.

ASTM A53/A53M-01, Standard Specification for Pipe, Steel, Black and Hot-Dipped,
Zinc-Coated, Welded and Seamless for Ordinary Uses.

Campbell, M.D., and Lehr, J.H., Water Well Technology, McGraw Hill, 1973.

Cold Weather Concreting, ACI Committee 306, Materials Journal, Volume 85, Issue 4, July 1,
1988.

Driscoll, Fletcher G., Groundwater and Wells, Johnson Filtration Systems, Inc., 1986.
Freeze, R. Allen, and Cherry, John A., Groundwater, Prentice-Hall, 1979.

USEPA, 1986, RCRA Groundwater Monitoring Technical Enforcement Guidance Document,
Office of Solid Waste and Emergency Response, 1986.
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REMEDIATION TEAM FIELD METHOD GUIDELINE NO.: FMG 3.2
REAL ESTATE & FACILITIES EFFECTIVE DATE: APRIL 6, 2011
GENERAL MOTORS

REVISION NO.: 0 REVISION DATE:

PROCEDURES FOR OVERBURDEN MONITORING WELL
INSTALLATION

INTRODUCTION

This procedure describes procedures for the installation of overburden groundwater monitoring
wells.

PROCEDURES REFERENCED

* FMG 1.3 — Utility Clearance

* FMG 2.2 — Drilling Techniques

* FMG 3.1 — Well Construction Materials
* FMG 3.7 — Well Development

* FMG 9.0 — Equipment Decontamination
* FMG 10.0 — Waste Characterization

EQUIPMENT/MATERIALS

The following lists the equipment and materials used for the installation of overburden wells.

1.

Site Plan, Field Sampling Plan, and/or Work Plan, with proposed soil boring/monitoring well
locations.

Personal protective equipment (PPE) as required by the site-specific Health and Safety Plan
(HASP).

Drilling equipment appropriate for the site and investigation objectives.

Well construction materials appropriate for the intended use of the groundwater monitoring
well. FMG 3.1 — Well Construction Materials outlines the general types and use of well
construction materials, and considerations involved in selecting materials for specific well
applications.

Water level meter.
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Weighted tape measure, graduated in tenths of a foot.

Electronic water level probe.

Locks and keys for locking the completed groundwater monitoring wells.

A heavy-duty folding ruler for measuring soil sample recovery and noting stratigraphic

changes.

10. Permanent marker for labeling the well cover or casing.

DRILLING PROCEDURES

FMG 2.2 — Drilling Techniques presents descriptions of various drilling methods that are
available, including rotosonic, direct-push, hollow-stem auger, rotary spun casing, and dual-wall
reverse circulation air techniques. Regardless of the method chosen, the following procedures
will be followed:

FMG 3.2

Construct a temporary decontamination pad from plywood sheets, 2 X 6 boards and 6-
millimeter (minimum thickness) plastic capable of fitting the drill rig. An alternate
containment structure may be used as long as it is suitable to contain the decontamination
waste material.

Drilling and sampling equipment will be decontaminated prior to drilling, between
samples that are being collected for laboratory analysis, and prior to leaving the site in
accordance with the FMG 9.0 — Equipment Decontamination.

No oils or grease will be used on equipment introduced into the borehole.
Environmental grade grease may be used to lubricate drill threads.

Drilling-generated waste materials will be characterized in accordance with FMG 10.0 -
Waste Characterization.

The depth to the target interval may be determined from an existing adjacent monitoring
well/boring or from information obtained from sampling the borehole. The criteria for
determining the target interval to be monitored will be presented in the Project Work
Plan. Typically, an 8-inch diameter borehole will be advanced to the target interval,
although a larger- or smaller-sized borehole may be necessary based on the objectives of
the groundwater monitoring program. For example, a larger diameter sand pack may be
desirable to limit the mobilization of particulates from the soil column in response to
sampling activities, or a smaller diameter well and sand pack may be practical due to
access limitations.

Unless otherwise approved, a minimum annular space of one inch should be maintained
between the well casing and the borehole casing or augers to facilitate proper placement
of the sand pack and seal materials and to minimize the chance for “bridging” of the
materials.

In instances where the borehole is advanced deeper than the target interval, a hydrated
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bentonite pellet seal will be installed to bring the bottom of the boring to within 6 inches
of the target interval. Six inches of filter sand will then be placed above the bentonite
seal prior to installing the well to prevent the introduction of clay particles into the well.

e In some areas where the water table is known to be at or near the top of bedrock, the base
of the overburden well may be installed at the top of bedrock.

WELL INSTALLATION

The well installation procedures presented below are the recommended guidelines. Due to
variations in subsurface conditions, changes in these well installation guidelines may be
necessary (e.g., to accommodate installation of the protective casing in instances where the water
table is very shallow, or to properly monitor a thin water bearing unit). Typical flush-mount and
above-grade overburden monitoring well installation details are presented on the attached
figures: FMG 3.2-02 - Typical Flush Mount Overburden Monitoring Well Installation, and FMG
3.2-03 - Typical Above Grade Overburden Monitoring Well Installation.

Well construction materials are discussed in FMG 3.1 — Well Construction Materials. Well
screen lengths of 5 or 10 feet are typically used; however, other screen lengths may be applicable
depending on subsurface conditions. Water table monitoring wells will be constructed with the
screen straddling the water table, and with approximately 7 feet of a 10-foot well screen or 3-feet
of a 5-foot well screen extending below the water table. The screen placement should allow for
fluctuation in groundwater levels, and well screen lengths may need to be increased if
groundwater is known to fluctuate more than a few feet.

Once the target well depth is reached, a pad of sand is placed below the base of the well screen
and the well materials are placed in the borehole. As the augers or drill casing are slowly
removed, sand filter pack is placed in the annular space around the well screen and casing from
the base of the screen to approximately 2 feet above the screen. A shallow water table may
necessitate a shorter sand pack. The filter pack shall consist of clean, uniform, well-rounded
silica sand of an appropriate size based on the screen slot size being used and the soil particle
size in the screened interval, as specified in the work plan and/or dictated by site conditions. The
types of sand used as filter pack are discussed in detail in FMG 3.1 — Well Construction
Materials.

A hydrated bentonite seal with a minimum thickness of 2 feet is placed above the sand pack. If
the water table elevation is at least several feet above the top of the sand pack, a 2-foot thick
(minimum) layer of bentonite pellets will be placed above the sand pack using a tremie pipe. No
coated bentonite pellets will be used in monitoring well drilling or construction. The seal will be
hydrated and allowed to set for approximately 45 minutes. Granular or flaked pH-neutral
bentonite will be hydrated and used for seals placed above the water table. The types of sealing
and grouting materials are discussed in detail in FMG 3.1 — Well Construction Materials.

During the placement of the sand pack and bentonite seal, a weighted tape will be employed to
provide constant measurements and help prevent bridging. Above the bentonite seal, Portland
cement grout containing three to five percent bentonite will be tremied into place. If the total
FMG 3.2
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well depth is 20 feet or less, the bentonite seal may be extended to the base of the surface seal.
The augers or drill casing will be gradually pulled during the addition of the filter pack, bentonite
seal and cement-bentonite grout seal.

Accurate measurements of the material depths will be made during installation. The volume of
materials needed will be calculated and compared to the actual volume used. Materials used and
depths of placement will be recorded on FMG 3.2-01 — Overburden Well Installation Report.

The well casing will be secured with a vented lockable cap. If the well is located in a high traffic
area, the casing will be protected by a flush-mounted roadway box installed with a sand drain
and set in a concrete seal. It is recommended that the surface seal extend a minimum of three
inches outside the well casing, to allow for a proper seal and to resist damage from frost. A
lockable gripper plug will top the inner well casing. Alternatively, in low traffic areas, the well
casing may be cut above grade and completed with 4- or 6-inch diameter steel protective,
lockable, casing with approximately 3 ft of stick up, set in a concrete surface seal. Details
regarding the type of appropriate well covers and concrete surface seals are contained in FMG
3.1 — Well Construction Materials.

After installation, the monitoring well will be labeled with the well identification and a reference
point for water level and depth measurements will be marked on the inner well casing. The well
will also be locked unless deemed unnecessary by the GM Remediation Team Project Manager.
Locks placed on site monitoring wells should be keyed alike and made of material that is
resistant to corrosion such as heavy-duty aluminum alloy with a chrome-plated hardened steel
shackle, brass tumbler, and double steel locking mechanism (e.g., American Lock® brand locks
or similar). The well will be allowed to sit for at least 24 hours prior to well development to
allow grout to harden, in accordance with FMG 3.7 — Well Development. Following installation,
tie-in measurements to a minimum of two nearby site features will be made and recorded.
Monitoring wells will generally be surveyed following their installation.

DOCUMENTATION OF WELL DESIGN AND CONSTRUCTION

The following information regarding the design and construction of each well will be recorded
on the form FMG 3.2-01 — Overburden Monitoring Well Installation Report, or equivalent:
e Date/time of installation;
e Drilling method,
e Surveyed well location;
e Borehole diameter and well diameter;
o Well depth;
e Screened Interval;
e Casing materials;
e Screen materials and design;
FMG 3.2
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e Screen slot size/length;

e Filter pack material/grain size;

e Sealant materials (percent bentonite);

e Sealant materials (Ibs/gallon of cement);
e Sealant placement method,;

e Surface seal design/construction;

e Type of protective well cap; and

e Detailed drawing of well.

EQUIPMENT CLEANING

Drilling equipment and well materials (casing and screen) will be cleaned using high-pressure
steam-cleaning equipment and potable water, in accordance with FMG 9.0 — Equipment
Decontamination.  Drilling equipment will be cleaned prior to use on the site, between
monitoring well locations, and at the completion of the drilling program, prior to leaving the site.

DISPOSAL METHODS

All Investigation-Derived Waste (IDW), including water generated during decontamination
procedures will be handled in accordance with the site waste disposal plan, and FMG — 10.0 —
Waste Characterization.

REFERENCES

1. American Society for Testing and Materials (ASTM) (1991), Standard D1452-80, “Practice
for Soil Investigation and Sampling by Auger Borings”, Annual Book of ASTM Standard,
Section 4, Volume 04.08.

2. American Society for Testing and Materials (1991), Standard D5092, “Practices for Design
and Installation of Ground Water Monitoring Wells in Aquifers”, Annual Book of ASTM
Standard, Section 4, VVolume 04.08.

3. Environmental Protection Agency (1986), RCRA Ground-Water Monitoring Technical
Enforcement Guidance Document, OSWER-9950.1.
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4. Environmental Protection Agency (1987), A Compendium of Superfund Field Operations
Methods, EPA/540/P-87/001.

5. Driscoll, Fletcher G., Groundwater and Wells, Johnson Filtration Systems, Inc., 1986.

6. Environmental Protection Agency (1988), Guidance for Conducting Remedial Investigations
and Feasibility Studies Under CERCLA, Interim Final, EPA/540/G-89/004.

7. Freeze, R. Allen, and Cherry, John A., Groundwater, Prentice-Hall, 1979.
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Chapter NR 141
GROUNDWATER MONITORING WELL REQUIREMENTS

NR 141.01 Purpose. NR 141.15 Drilling methods and fluids.

NR 141.03  Applicability. NR 141.16  Cross contamination.

NR 141.05 Definitions. NR 141.17 Disposal and decontamination.

NR 141.055 Borehole protection. NR 141.19 Borehole diameter

NR 141.06  Soil testing. NR 141.20  Aquifer test or recovery wells.

NR 141.065 Well location. NR 141.21  Well development.

NR 141.07  Well casing. NR 141.23  Well and borehole construction documentation.
NR 141.09  Well screen. NR 141.25 Abandonment requirements.

NR 141.10 Tremie pipes and sealing procedures. NR 141.27  Driven point wells.

NR 141.1 Filter packs. NR 141.29 Temporary groundwater monitoring wells.
NR 141.13  Sealing requirements. NR 141.31  Special circumstances and exceptions.

NR 141.01 Purpose. The purpose of this chapter is to (5) “Bedrock” meanghe solid rock underlying any loose sur
establishminimum acceptablstandards for the design, installaficial material such as soil, alluvium or glacial drift. Bedrock
tion, construction, abandonment and documentation of grouridcludesbut is not limited to limestone, dolomite, sandstone, shale
watermonitoring wells. These rules are adopted under28is. andigneous and metamorphic rock.

160and227, Stats. (6) “Bentonite” means a clay consisting @t least 85%

History: Cr.RegisterJanuary1990, No. 409f. 2—-1-90;correction made under i i i ita i ilahi i
5.13.93 (2m) (b) 7.. StateRegisterMarch, 2000, No. 531 ?:rﬂlqir.nmontmorlllonlte. Bentonite is availabie the following

NR 141.03 Applicability. ~Thischapter applies to all per (&) “Bentonite powder” mear200 mesh pure bentonite, with
sonsinstalling and abandoning groundwater monitoring vaeis  out additives.
boreholedor purposes regulated by the department underGth. (b) “Bentonitegranules” means 8 mesh pure bentonite,-with
281, 283 289 291, 292, 293 or 299, Stats., or in permits, plan out additives.
approvalsjicenses or ordeissued under those chapters. Inaddi () “Bentonite pellets’means commercially manufactured
tion, this chapter applies to afiersons installing groundwatergp|etsmade bycompressing pure bentonite, without additives,
monitoringwells and boreholes in fulfillment of terms of a €onjnto forms greater thab,” in size.

tractwith the department. All wells and boreholes installed for “ ; e ;
purposesegulated by the department under this chapter shall ﬁgéﬁe:ﬁg}%ﬂﬁg gg’ﬁ%nﬁ?g avr\}isthc C?L:Tt] 255&:323; processed angular
abandonedccording to SNR 141.25 All other wells and bore . ! . . .

9 (7) “Bentonite— cement grout” means a mixture with the ratio

holesshall be abandoneatcording to the provisions of dNR L=
812 9 P of 5 pounds of bentoniteith 94 pounds of Portland cement and

Note: Additional requirements concemnisgil testing and groundwater sampling 8+2 gallons of water from a known safe and uncontaminated
arelocated in other chapters regulating wastewater and solid and hazardous waeirce.

disposalsee chsNR 110, 206, 213 214, 508 512 and the 600 and 700 series. “ [P " ; ;
History: Cr. Register January1990, No. 409eff. 2-1-90; amRegister June, (8) Bemqnlte fine sand slurry m‘?ans .a mixture with the

1991,No. 426 ef. 7-1-91; correction made under s. 13.93 (2m) (b) 7., Seagis- Minimum ratio of 50pounds of bentonite with 100 gallons of

ter, Septemberl995, No. 477corrections made under s. 13.93 (2) 7., Stats., waterfrom aknown safe and uncontaminated source and 10-25%

RegisterMarch, 2000, No. 531 sandby volume for a mud weight ofllpounds per gallon.

NR 141.05 Definitions. In this chapter: (9) “Borehole” means aircular hole deeper than it is wide,

(1) “Air rotary drilling” means a drilling method whereby th(?(/:}((;nstructedn earth material for the purpose of either instaldng
a

boreholeis advanced using a circular rotating action applied to ell or obtaining geologic or groundwater related data. Boreholes

string of drilling rods which have a difsed dischaye bit attached ealso“referf’ed to as d”"hOIeS'_ - .

to the bottom of the rods. Pressurized air is forced through the drjl (10) “Clay” means an inganic soil with lowpermeability

ling rods and cools the drilling tocdid removes the cuttings fromcharacteristicand a plasticity index of 7 or more.

the borehole. (11) “Coarsesand” means a well sorted sand with a predomi
(2) “Annular space seal” means the following: nantgrain size between 4.76mm and 2.0mm as established by the

() For wells constructed with filter packs, it is the materidf™fied soil classification system. . .
placedabove the top of the filter pack or the filter pack seabup ~ (12) “Concrete” means a slurry mixture with a ratio of 94

the surfaceseal and between the well casing and the adjacd¥undsof cement, equal volumes of dry sand and gravel and 5 to
formation: or 6 gallons of water from a known saded uncontaminated source.

(b) For wells constructed into bedrock formations and withoJlhe ratio of sand and gravel to cement may not exGegaits to
well screens, it is thenaterial placed from the bottom of the e.
enlargedborehole up to the surface seal, between the well casing(13) “Department” means the department of natural
andthe adjacent formation. resources.

(2m) “Aquifer test well” meansa well installed to provide  (14) “Driven point well” means a well constructed by joining
informationon the hydraulic conductivitgransmissivitystorage @ drive point with lengths of pipe and driving the assembly into the
coefficient,capture zone, specific capacitydius of influence or ground with percussion equipment or by hand, without first
otherphysical parameters of an aquijféefined geologic unit, or rfemovingmaterial below the 10 foot depth.
water bearing formation through the imposition ofastained (15) “Filter pack” means the sand, gravel or both placed in

stresson the aquifer by removal of water directcontact with the well screen.
(3) “ASTM” means american society for testing and materi (16) “Filter pack seal” means the sealinwaterial placed in
als. the annularspace above the filter pack and below the annular
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spaceseal to prevent the migration of annudpace sealant into  (33) “Purge” means an actiothat removes water from the
thefilter pack. well, commonly accomplished by using a pump or bailer

(17) “Fine sand” means a well sorted sand with a predominant (33m) “Recoverywell” means a well intended and designed
grainsize between .42mm and .074mm, as establisihéioe uni  to capture and remove contaminated groundwater or non-—
fied soil classification system. aqueougphase liquids from the subsurface.

(18) “Granularbentoniteslurry” means a thoroughly blended (34) “Rotary wash drilling” means drilling method whereby
mixture of up to 30 pounds of untreated bentonite powder addewtaltemporary casing is advanced into the borehole by driving.
to 100 gallons of water from a known safe and uncontaminatati selected intervals, the temporary casing is cleaned out using
sourcewith a minimum of 100 pounds of untreated bentonitetary drilling tools by pumping clean water through the rod to
granulesmixed togetheby a \énturi-hopper mud mixer or other flush out accumulated cuttings. This drillirgethod is also
equivalenthigh shear mixer known as wash bore or wash down drilling.

(19) “Gravel” means an unconsolidated material with the pre (35) “Sand-cemengrout” means a mixture of cement, sand
dominantgrain size being between 76.2mm and 4.76mm, agdwater in the proportionf 94 pounds of Portland cement, one

establishedy the unified soil classification system. cubicfoot of dry sand and 5 to 6 gallons of water from a known
(20) “Groundwater’means any waters of the state, as definéféand uncontaminated source. _ _

in 5.281.01 (18) Stats., occurring in a saturated geoldgimna (36) “Sediment’means any solid material dropping from-sus

tion of rock or unconsolidated material. pensionin water including clay silt, sand and gravel sized par

(21) “Groundwater monitoring well” means any cased ticles. . - .
excavationor opening into the ground made by digging, boring, (37) “Solid stem auger drilling” means a drilling method
drilling, driving, jetting orother methods for the purpose of detervherecontinuous flighting is welded onto a solid stpipe. The
mining the physical, chemical, biological or radiological preperflighting carries drill cuttings to the surface as the flighting is
ties of groundwater Groundwater monitoring wells may berotatedand pushed down into the earth. The borehoteciated
piezometersyater table observation wells or both. by a cutting bit located at the tip of the lead auger

(21m) “High-solidsgrout” means shoroughly blended mix ~ (38) “Specific gravity” means the weight of a particular-vol
ture of water from a known safe angicontaminated source with UMe of substance compared to drightof an equal volume of
untreatecbentonite, without additives, which has been apprové¥fter at a reference temperature.
by the department. (39) “Surge” means an action causing water to moayadly

(22) “Hollow stem auger drilling” means a drilling methodn @nd out of the well screen, thereby removing material from
wherecontinuous flighting is welded to a hollow stem pipe. Thi1€ surrounding aquifer

flighting carries drill cuttings to the surface as the flighting is (40) “Temporary groundwater monitoring well” means any
rotatedand pushed down into the earth. groundwatemonitoring well in place for less than 60 days.

(23) “Inside diameter” means the horizontal distabegween  (41) “Top of bedrock” or “top of firm rock” means at least
theinner walls of a well casing, hollow stem augetremie pipe. 70%of the drill cuttings being either:
(24) “Medium sand” means a well sorted sand with a predom (&) Angular rock fragmentss in the case of crystalline rock;
inantgrain size betwee2.0Omm and .42mm, as established by ther
unified soil classification system. (b) Rock fragments composed of individual grains or rock par
(25) “Montmorillonite” meansa group of expanding lattice ticlesthat are cemented together to form an aggregate as opposed
clay minerals of the general formula:zBAl 2Sis010(OH), o H,O,  to a single sediment particle.
whereR means one or more cations of sodium, potassium, magne(42) “Tremie pipe” means a pip® hose used to install well
siumor calcium and where Al means aluminum, Si mesdliton, constructionmaterials in an annular space or a borehole.
O means oxygen and H means hydrogen. (43) “Unconsolidatedmaterial” means that material found
(26) “Mud rotary drilling” means a drilling method wherebyabovefirm bedrock, composed of single sediment particles; indi
aborehole is advanced by usiagircular rotating action applied vidual grains or rock fragments. Unconsolidated material
to a string of drilling rods whicthave a diused dischaye bit includesbutis not limited to claysilt, sand, gravel, loess, peat and
attachedo the bottom of the string. A bentonite and water mugrganicsoil.
slurry is used to provide borehole stabjlitycool the bitand to  (44) “Unified soil classification system” means the soil desig
carry cuttings to the ground surface. nationsystem based on the physical properties of thedswit}
(27) “Neatcement groutineans a slurry mixture with a rationoped from theairfield classification system in 1952 and adopted
of 94 pounds of Portland cement mixed with 5 to 6 gallons bf the American society for testing and materials in stanigstd
waterfrom a known safe and uncontaminated source. methodD2487-83.

« ; T BTH ; Note: A copy of this publication is available for inspectaithe ofices of the
(28) PerCUSSIOndn”mg means a d“”mg method using departmenbf natural resources, the secretary of state, and the legislative reference

cabletool drilling machine or a drilling methoahereby the per  bureauand may be obtained for personal use from the American Societysiing
manentor temporary well casing driven, or is set into a boreholeandMaterials, 1916 Race Street, Philadelphia, Pennsylvania 19103.

andthen driven. (45) “Water table” means the surface of unconfined greund
(29) “Permanentgroundwater monitoring well’” means anyWaterwhere the water pressure is equal to atmospheric pressure.
groundwatemonitoring well in place for 60 days or longer (46) “Water table observation well” means agyoundwater

(30) “Piezometer’ means a groundwater monitoring well,monitoringwell, in which the screen or open borehole intersects
sealechelow the water table, installed for the specific purpose 8fvater table, which is installed for the specific purpose of deter

determiningeither the elevation of the potentiometric surface dpining either the elevation of the water table or the physical,
the physical, chemicalbiological or radiological properties of chemical biological or radiological properties of groundwater at

groundwaterat some point within the saturated zone or both. thewater table or both. _ o
“ . . " o . " Note: Construction of a typical water table observation well is depicted in Figure
(31) “Potentiometric surface” or “piezometric surface” 1

meansan imaginary surface representthg total head of ground  (47) “Well” means any borehole or other excavation or-open
waterand is the level to which water will rise in a well. ing in the ground deeper than it is wide constructed for the purpose
(32) “Psi” means pounds per square inch. of obtaining or monitoring groundwater
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(48) “Well depth” means the distance frahe ground surface als shall be requested. All PVC casing materials shall meet
to the bottom othe well screen or to the bottom of the open holeational sanitation foundation standard 14 and ASTM D1785

whena well screen is not used. specificationsfor any one of the following celtlassifications:
(49) “Well volume” means the volume of water contained iA2454-B,12454-C11443-B, 14333-D, 13233 or 15223-B. All
the well casing and the filter pack. casingshall have a minimum inside diameter of 1.9 inches. In

History: Cr. Register,January1990, No. 409f. 2-1-90; am. (7), (8) and (18), unconsolidatedjeologic formations, all wells less than or equal
cr. (2m), (21m) and (33mRegistey June, 1991, No. 42éf. 7-1-91; correctionin  to 100 feet in depth shall be constructed of at least schedule 40
(20)made under s. 13.93 (2m) (b) 7., Stakegistey March, 2000, No. 531 PVC casing and F:;.“ wells greater than 100 feedépth shall be

NR 141.055 Borehole protection.  If a borehole ideft constructedof at least schedule 80 PVC casinGroundwater
open,protective measures shall be taken to prevenonehole monitoringwells shall be installed with well casing nager than
from acting as a conduit for contamination or becoming a safé@y*~inch inside diameter Groundwater monitoring wells shall
hazard. havea vented cap except as provided iNR.141.13 (4) (h)

History: Cr. Register January1990, No. 409eff. 2-1-90. (2) Rererenck. The listed national sanitation foundation and
. . e . . ASTM references are available for inspection atiffiees of the
_ NR141.06 Soil testing. Specific soil sampling and test gepartmentf natural resources, the secretary of state, and the leg
ing procedures are specified in other chaptetated to wastewa jgative reference bureau and may be obtained for personal use
te’(‘gatgdsse%“i s%gdngazzo%rg&u;;V;Szt%o%ﬁ?o%zﬁelssfscIlmes' from the National Sanitation Foundatic®%75 Plymouth Road,
o€ > VL J - P.O.Box 1468,Ann Arbor, Michigan 48106, and the American
Histary: Cr. Registey January1990, No. 408eft. 2-1-0. Societyfor Testing and Materials, 1916 Race Str&dijadelphia,

NR 141.065 Well location. (1) Monitoring wells Pennsylvania9103.
installed where prior department approval is required shall be (3) AssemsLy AND INsTALLATION. All casing couplingshall
installed at the locations indicated on plans and specification® constructed of flush threaded joinSolvent welded joints may

approvedoy the department prior to installation. not be usedwithout prior written approval by the department. The
(2) Following installation of the wells, an as—built plamap ~ casingshall be centered in the borehole.
shall be submitted specifying the exact vertical dmdizontal (4) INsSPECTION. Prior to usethe casings and couplings shall

location of the wells. All monitoring well locations shall bepeinspected for cuts, deformations, gougksep scratches, dam

reportedto the department on a plan map drawa $pecific scale. agedends and other imperfectionsny casing or coupling hav
Themap shall indicate structubmundaries, property boundariesing such a defect may not be used.

anynearby surface waters and a north arr@ie plan shall sShow  History: Cr. Register January1990, No. 409%ef. 2-1-90; am. (LRegistey June,
thewells in relation to each otheo property and structure bound 1991,No. 426 ﬁif- 7-1-91;correction in (2) made under s. 13.92 (4) (b) 6., Stats,
aries,and toa common reference point on a horizontal grid sy&evister March 2011 No. 663.

tem. The origin of the grid system shall be located according to

latitude and longitude or according to the state plane coordinate NR 141.09 Well screen. (1) SeeciFicaTions. All perma
system. The exact vertical location of the top of the well casingentgroundwater monitoring well screens shall be constructed of
shallbe referenced to the nearest benchmark for the national terialwhich is nonreactive witlthe constituents in soils and
detic surveydatum to an accuracy of 0.01 feet. This plan m oundwatemt the monitoring location. T_he weltreen may not
shallshow the exact location of thiestalled well on a horizontal ©€hand cut and may not be wrapped wilfer cloth. The well
grid system which is accurate to within one foot. Direction gicreerslot size shall be ;lzed to retain at_Ieast 90% qf the grain size
groundwatefflow shall be indicated. In addition, an 8.5-i of the collapsed formatiomased on a sieve analysis, when col
11-inchsite map drawn to scaéecording to the horizontal grid lapsedformation is used as filter pack material otegist 90% of

systemshall be submitted showing the location of wells and strut€ grain sizeof the filter pack, based on a sieve analysis, if mate
tureson the site. rial other than collapsed formation is usedel\screens on water

],able observation wells may not exceed f&gt in length. Wl
screendn piezometers installddr the purpose of determining
the elevation of thepotentiometric surface may not exceed 5 feet

(3) Thewell casings for wells constructed in a floodplain o
floodway shall terminate a minimum of 2 fesbove the regional
flood elevation for the well site.

History: Cr.Registey January1990, No. 409f. 2-1-90; am. (2)Register June, n Iength' X
1991,No. 426 ef.. 7-1-91. Note: Well screens for wellstherthan the water table observation wells and
piezometersdentified above may vary in length.
NR 141.07 Well casing. (1) SpeciFicaTions. All perma (2) AsseMBLY AND INSTALLATION. All well screens shall be

nentgroundwater monitoring wells shall be constructedi@f permanentlyjoined to the well casing by flush threadeidts. All
polyvinyl chloride (PVC) well casingnaterialsexcept in situa joints shall be watertight. All well screens shalldentered in the
tionswhere the rock, soil or groundwater may react with PVC, tmorehole. Monitoring wells installed in bedrock using apen
which case an approvahder sNR 141.31for alternative materi boreholemay be constructed without a well screen.
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Figurel.
Typical water table observation well and piezometer construction details.
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History: Cr. Register January1990, No. 409eff. 2-1-90; am. (1)Register June, 1991, No. 42éf. 7-1-91.
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NR 141.10 Tremie pipes and sealing procedures. (c) When a tremie pipe is used, the bottom end shall be kept
(1) MaTerIALS. The tremie pipe used for the placemergeasflant submergedn the sealant material throughout the sealing process.

materialsshall be one of the following materials: (d) The sealant material shall be brought up to the ground sur

(a) Metal pipe, face seal. The densitf the sealant material in the annular space

(b) Rubber—covered hose reinforced with braided fiber or ste®lborehole at the bottom of the ground surface seal shall be the
andrated for at least 300 psi, or sameas the density of the sealant material being plagey.set

(c) Thermoplastic pipe rated for at least 100 psi including: tling of the sealant material shall be toppef of

1. Polyvinyl chloride (PVC) (e) Tremie pipe - gravity As depicted in Figure 2, sealing

2. Chlorinated polyvinyl chloride (CPVC), materialmay flow by gravity through a funnel or hopp=an

3. Polyethylene (PE), nectedto a tremie pipe. The tremie pipe shall be lowered to the

4. Polybutylene (PB), and .bottomof.the annular space or borehole to be sealed an.d the seal

5. Acrylonitrite butadiene styrene (ABS). ing material placed from the bottom uphe end of the tremie pipe

shallbe kept submeed in the grout or slurry at all times.
(2) Procebures. This subsection describes department P 9 g v

approvedsealant placement methods when a tremie pipe is used() "émiepipe = pumped. As depicted in Figure 3, the sealing
() The estimated and actual volume of sealing matesiad madterialshall be placed by a pump through a trepi into the
shallbe calculated and reported to the department annularspace or borehole. r@mie pipes used for the placing of

. . . _pumpedslurry or grout shall be fitted with a J-hook end or a
(b) The sealant material shall be placed in one Cont'nuo(lr'l%sedend with side dischge ports.

operationin such a manner as to not disturb the integrity of the fil'\ote: The 3-hook end or closed end with side disphaorts of the tremie pipe
ter pack and seal. will direct the flow of the materials to the side or upward
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Figure2.
Conductor (tremie) pipe — gravity method
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Figure 3.
Conductor (tremie) pipe — pumped method

Grout Pipe
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Permanent Well Casing Pipe
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History: Cr. Register January1990, No. 409eff. 2-1-90; am. (2) (d) and (fRegister June, 1991, No. 42&f. 7-1-91.

NR 141.11 Filter packs. All permanentgroundwater in bedrock maye constructed with filter packs. When used, the
monitoringwells installed irunconsolidated material and used fofilter pack shall be the only material in contact with the well
the collection of water quality samples shial constructed with screen. The estimated and actual volume of filter pack material
filter packs. Permanent groundwater monitoring wells installecdsedshall be calculated and reported to the department. AH com
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mercially prepared filter packs installed in permanent groundwholeis less than 25 feet or in areas where the depth to water table

ter monitoring wells shall meet the requirements in ¢Lp. All  isless than 7 feet. For water tableservation wells constructed

other filter packs shall meet the requirements in &Jb. in areas where the depth to water table is less than 16 feet, the filter
(1) SreciFicaTions. The filter pack shall be a well sorted; sil Packseal shall be reduced to 2 feet of bentonite to allow for the

ica based sand or gravel. The sand or gravel used for filter pak@@uiredamount ofannular space sealant to be placed. For water
shallbe hardand durable and shall have an average specifie gra@ble observation wells constructed in areas where the depth to
ity of not less than 2.50. The sand and gravel shall be visibly fiéatertable is less than 7 feet, the required filter pack seal may be
of clay, dust and micaceous andjanic matter Notmore than 5% reducedo allow for the required amount of annular space sealant
of thesand or gravel shall be soluble in a 10% hydrochloric aci@l be placed.

solution. Thin, flat or elongated pieces of gravel, the maximum (b) Installation. A tape measure, measuring rodsamilar
dimensionof which exceeds 3 times the minimum dimensiordeviceshall be used to ensure that the filter pack seastalled

may not constitute morthan 2% of the material by weight. Theovertheproper depth interval. The tape measure, measuring rod
filter pack for wells installed in unconsolidated material shell or similar device shall be carefully raised and lowered while the
sizedto retain at least 50% of the surrounding formation based filter pack seal material is being placed to identify bridging. If
asieve analysis. In formations which are predominanthasiit bridging occurs the filter pack seal material shall be tamped into
clay, the filter pack shall be a fine sand. In bedrock, the filter papkace,surrounding the wettasing, using a measuring rod or simi
shallbe a medium or coarse sand or gravel. Crushed limestoaedevice. When a tremie pipe is used to place the filter pack seal
dolomiteor any material containing clay or any other material thitte procedures of $\R 141.10 (2)shall be followed. Bentonite

will adversely impact on the performancetha monitoring well pellets,bentonite chips or bentonite granules shall be hydrated in
may not be used as filter pack. 2 foot lifts asplaced in the borehole when placed above the water

(2) INSTALLATION. The filter pack shall extend from 6 inchedable.
beneattthe bottom of the well to 2 feet above the top of the well (2) ANNULAR SPACESEAL. (&) Specifications.All permanent
screen. For water table observation wells constructed in areggoundwatemonitoringwells shall be installed with an annular
wherethe depth to water table is less than 7 feet, the required filgaceseal designed to achieve a permeability of 1 x 10-7 centime
packheight above the top of the well screen may be reduced ttes per second or less. For permanent groundwater monitoring
inchesto allow for the required amount of annular spsealant wells constructed with filter packs, the annular space seal shall
to be placed. d ensure that the filter pack is installed evenly suextendfrom the filter pack seal to the ground surface seal and shall
roundingthe well screen and casing over greper depth inter beat least 2 feet in length. For water table observation wells con
val, a tape measure, measuring rogiorilar device shall be used structedin areas where the depth to water table is less than 7 feet,
to measure the heigbf the filter pack. The tape measure, meaheannular space seal shall be bentonite granules. For monitoring
suringrod or similar device shall be carefutiyised and lowered wells constructed into bedrock formatiormd without well
while the filter pack is being installed to identify bridging. Ifscreensthe annular space seal shall extend from the bottom of the
bridging occurs the filter pack material shall be tamped into placayterborehole to the grourslirface seal and shall be at least 2 feet
surroundingthe well screen and casing, using a measuring rodiorlength. Sealant materials may not contain additives. These
similar device. requirementsnay be met by:

(3) CoLLarseroRmaTIoN. Collapsed formatiomay be used , e The depertnient e o ecommend o est cement grout o cement
as filter pack material if the collapsed formation will limit the-pas
sageof formation fines into the well screen and either an artificial " g
filter pack cannot be installed or the formation grain size is gre Ialamm angl ty_pel of mrc])nlton?g well except wheite depth to
thanor equal to fine sand sized grains. The grain size distributi water ta g Is less than 7 feet.
of the collapsed formation shall be such that at 18@%t of the 2. Bentonite sand slurry may be used as an annular space seal
formationwill be retained by the well screen based on a sieve ar@iitin any type of monitoring well except where the depth to the
ysis. Analysis ofthe collapsed formation for specific gravity angvater table is less than 7 feet.
particlesize shalbe performed and documentation shall be sub 3. Bentonite pellets, bentonite chips or bentonite granules
mitted to the department to support its use as an acceptable fitbery be used to seal the annular space under the following-condi
pack. Following review of the submitted information, tthepart  tions:
mentmay require new welttonstruction if the collapsed forma  a. Bentonitegranules may be used when there is no standing
tion analysis is not consistent with the filter pack specificationgyaterin the well above the filter pack and the totedll depth is
History: Cr. Registey January1990, No. 40%f. 2-1-90; am. (1) to (3Register, |ess than 25 feet or the depth to water table is less than 7 feet.

June, 1991, No. 426eff. 7-1-91. . . R . .

b. Bentonite chips with diameter nodar than 3/8 inch or
g bentonitepellets may be used when the depth of standing water in
thewell is less than 30 feet and the total depth of the annular space
water monitoring wells shall meet the requiremeatshis see sealis less than 50 feet excephere the depth to the water table

tion. The calculated and actual volume of sealant material ud&dess than 7 feet. _
for the filter pack seal and annular space seal shall be reported to4. High-solids grout approved by the department, bentonite—
the department. cemenigrout or neat—-cement grout may be used to seal the annular

(1) FILTER PACK SEAL. (a) Specifications. All permanent spacein which a bentonite filter pack seal has been placed except

groundwatemonitoring wells installed with filter packs shall bewherethe depth to the water table is less than 7 feet.

constructedwith a filter pack seal. For all water table observation (b) Installation. 1. When bentonite chips with diameter no
wells and piezometers, the filter pack seal shall exteridep largerthan 3/8 inch, bentonite pellets or granules are used to seal
upwardfrom the top of the filter pack arghall consist of 2 feet theannular space, they may eitherdueired freely down the bore

of clean fine sand. When high-solids grout, granular bentonftgle or added through a tremie pipe, providedshecifications
slurry, bentonite—cement grout or neat cement grout is ustieasOf par (a) are met. When a tremie pipe is used to place the annular
annularspace sealant, 5 feetlméntonite shall be placed on top oSpacesealanthe procedures of BIR 141.10 (2) (aand(b) shall
theclean fine sand seal. Bentonite chips no greater than 3/8 igfollowed.

in diameter or bentonite pellets shall be used for seals placed 2. When grouts or slurries are used to seal the annular space,
belowthe water table. Bentonite granules may be used for sethls material may be poured freely down a tremie pipe or pumped
whenthere is no standing watabove the filter pack and the bere down a borehole with the use of a tremie pipe, provided the-speci

1. Bentonite granules slurry may be used asreularspace

NR 141.13 Sealing requirements.  All materials an
proceduresised in the installatioof seals for permanent ground
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fications of par(a) are met. For wells 100 feet in depth or greatés located in a floodplain, the protective cover pspall be water

the sealant material shall be pumped down the borehole with tight. The departmennay require additional protective devices,
useof a tremie pipe. When a tremie pipe is used to plaee suchas ringsof brightly colored posts around the well, as neces
annularspace sealant the procedures ®fR.141.10 (2shall be sary. Weep holes or vents may be used in protective cover pipes.
followed. (4) GROUND SURFACESEAL AND FLUSH MOUNTED PROTECTIVE

3. When any slurry or grout is used, there shall be a 12-h@@VERPIPE. (a) Ground surfaceseal. All permanent groundwater
periodbetween the time the annular space seal is installed andrritoringwells with a flush mounted protective cover pibill
time the protective cover pipe is installed\ny settling in the be constructed with a concrete ground surface seal. The ground

annularspace seal shall be toppefilméfore the protectiveover —surfaceseal shall extend to, but not beyotiu total depth of the
pipeis installed. flush mounted protective cover pipeThe ground surface seal

: : . shallbe installecaround the flush mounted protective cover pipe
cap4' The top of the well casing shall be covered wiatective and may not be placed between the flush mounted protective

3G coverpipe and the well casing.
(3) GROUND SURFACE SEAL AND PROTECTIVE COVER PIPE. (a) (b) Flush mounted mtective cover pipeThe flushmounted
Ground surface seal. All permanent groundwater monitoring r

- . otectivecover pipe may be installed only in high vehicular-traf
wells shall be constructed with a bentonite or concrete ground s areas and may not be installed in areas subject to poading

faceseal. The ground surface seal shall extend to a minimumggf,ing * The flush mounted protective coteelid shall havehe
60inches below the land surfa@md the top shall be sloped awaXNording “monitoring well” on its outer surface. Flush mounted

from the well casing. If bentonite is usebe top of the surface otectivecover pipes shall be installed through an impervious
seal shall terminate 2 inches below the land surface and shallQg,cesuch as asphalt aoncrete. If an impervious surface does
coveredwith top soil or native soil tprevent drying out. The o exist one shall be created which will support the weight of the
groundsurface seahall be installed around the protective covefagfic in thearea. The flush mounted protective cover pipe shall
andmay not be placed between the protective cover pipe and @isistof a watertight metal casing with an insitlemeter at least
well casing. If themonitoring well depth is such that both a mini 4 jhches greater thahe inside diameter of the monitoring well
mum 2 foot annular space seal and a minimum 5 foot ground sdhsing. The flush mounted protective cover pipe shall be one con
faceseal cannot both be placed, the ground sudaeémay be tjnyousmetal piece or 2 metal pieces which are joined with a con
shortened. tinuousweld. The flush mounted protective cover pipe shall be
Note: Certain soilsare prone to frost heave and the department does not-reco\minimum of 12 inches in length. There nis/no more than 8
mend use of concrete as a ground surface seal in these situations. inchesbetween the top of the mohitoring well casing and the top
. (b)f Protectllve cover p:pgghe Erotelctlve_coal_er pipe sEaII eﬁ” of theflush mounted protective cover pipe after installation. The
sistof a metal casing at leadinches lager in diameter than the g,,sh mounted protective cover pipe shall have an exterior flange
well casing with a locking capThe protective cover pipe shall o g5, The flusimounted protective cover pipe may not extend
extendfrom the bottom of the ground surface seal to a.m'n'm“gﬁzondthe annularspace seal. The flush mounted protective
of 24 inches above the ground surface except as provided in Uyerpipe or themonitoring well shall have a locking mechanism.
(4). There may be no more than 4 inches between the top of i monitoring well installed within anflush mounted protec
well casing and the top of the protective cover pipe. The protgge cover pipe shall have a watertight cap.
tive cover pipe shall always e_Xtend above the tdﬂne_’fwe" cas Note: Figure4 depicts 2 typical flush mounted protective cover pipes after-instal
ing. For water table observation wells constructed in as@se lation. _ o o
the depth to water table is less than 7 feet, the required length %‘ggﬁ;v&f‘o\‘jﬁer;orefﬁ{;ﬁ; Ct’r’]e'zugfo‘:j"r':'das'ﬂr'f”aége;g;‘lb'"Za“ontbé flush mounted
protectivecover shall be reduced and may extend through the P PP g :

g . oud Note: After removing the watertight cap and prior to taking a pressure head mea
annularspace seal or into the filter pack. If the monitoring welurement waiting period is recommended to enable the water level to stabilize.
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Figure 4.

Two typical flush mounted protective cover pipes after installation.
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drilling muds, mixed with water from a knoveafe and uncen

History: Cr.Register,January1990, No. 409%f. 2-1-90; am. (1), (2) (a) (intro.), taminatedsource, may be used drilling fluids. The water used
1.2.and 3. and (b) 1. and 4. o, r and recr(2) (a) 4., r(2) (a) 5. and 6., £64),  for drilling shall be stored in such a manner as to prevent contami
nationof the clean waterThe department may requitkemical

RegisterJune, 1991, No. 42@f. 7-1-91.

NR 141.15 Drilling methods and fluids. Thedriling  analysisof the water used to produce drilling fluids. Hamiehet

methodshall introduce the least possible amanfiforeign mate  lubricants,used with air rotary drill rigs, may not be used for
rial into the borehole, produce the least possible disturbance toitts$alling groundwater monitoring wells. If air is used as a drilling

formationand permit the proper construction and developmientfluid, the air shall be filtered by a coalescing air filtdwater is

the required diameter well. Only awater from a known safe
sourcefree of bacterial and chemical contaminatiofentonite
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347 DEPARTMENT OF NATURAL RESOURCES NR 141.21

used,the source of the water shall be reported. Drilling fluid-addivork to be performed at theite. The start of the 65 day review
tives may not be used without prior written department approvaeriod will not begin until a complete application is received by
History: Cr. Register January1990, No. 409eff. 2-1-90. the department. All requests fapproval shall be in writing,
exceptthat for situations that require immediate response, an
NR 141.16 Cross contamination.  Precautions shalle approval may be requested verbally and an advanced verbal
takento prevent cross contamination of aquifers or uncontamipprovalmay be granted by the department and followeditp
natedzones. awritten confirmation. Aquifer test wells or recovery wells may
History: Cr. RegisterJune, 1991, No. 42éf. 7-1-91. be used for pressure heatbnitoring or water quality monitoring
only with the approval of the department. All aquifer test and

‘NR 141.17 Disposal and decontamination. (1) All " recoverywells shall be abandoned according tiR.141.25and
drill cuttingsand fluids and sge and wash waters from boreholgjocumentediccording to SNR 141.23

and groundwatemonitoring well construction and development note: See chNR 812for additional requirements that apply to aquifer test wells
shallbe disposed of in a manner approved by the departmentandrecovery wells.
(2) All boreholeand groundwater monitoring well construc History: Cr. Register June, 1991, No. 42@ff. 7-1-91; corrections made under
. . . s.13.93 (2m) (b) 7., StatRRegister March, 2000, No. 531
tion and development equipment shall be decontaminbayed
washingand triple rinsing or high pressure hektaning to pre

vent cross—contamination of boreholes or groundwater menitor NR 141:21. Well development. ~ All permanent ground
ing wells. water monitoring wells shall be developed according to the

History: Cr. Register January1990, No. 409ef. 2-1-90. requirement®f section. Wlls sealed witlyrout or slurry shall be
developedafter a minimum waiting period of 12 hours after instal
NR 141.19 Borehole diameter . (1) BOREHOLES IN lationis completgd. The goal of.well d.evelopmen't !s to produce
UNCONSOLIDATED GEOLOGIC FORMATION. For all permanent Waterfree of sediment and all drill cuttings and drilling fluids.
groundwatemonitoring wells in unconsolidated geologic forma (1) WELLS THAT CANNOT BE PURGED DRY. All permanent
tions, the borehole diameter shall meet the following requirgroundwatemonitoring wells that cannot be gad dry shalbe
ments: developeddy the following procedure:

(a) If hollow stem augers are used, their inside working diame (a) Alternately suge and puge the well for a minimum of 30
ter shall be at leastZ inches greater than the inside diameter afiinutes. The sge and puge cycle shall consist of several min
the permanent well casing. utesof suging followed by severahinutes of puging to remove

(b) If solid stem augers are used, their outside diameter stia# material collecting in the bottom of the well. Thegsug shall
beat least 4 inches greater than the inside diameter pktinea  moveformationwater in and out of the well screen. Thegguy
nentwell casing. shallbe accomplished by using either a bailer ogeiniock or by

(c) If an air or mud rotary method is used, the borehole dianféumping the well suficiently to cause a drawdown and then
ter shall be at least 4 inches greater than the inside diameter ofilwing the well to recover and repeating the process.
permanentvell casing. If a temporary outer casing is used, theNote: When a suge block is used, care should be taken to avoid drawing the
insidediameter of the temporary outer V\Hﬂsing shall be at least annularspace seal m.aterlal into the filter pack or we.II screen.

4 inches greater than the inside diameter of the permanent wel() After the final suge and pue cycle is completed, the well

casing. The temporary outer casing shall be pulled astimailar  shall be pumped or bailed until 10 well volumetwater are
spaces being sealed. removedor until the well produces sediment free watérsedi

Note: The dual-tube or triple—tube reverse rotary systems are rotary methodgnent free water is not obtained any remaining sediment shall be

(d) If percussion methods, including thetary wash, wash removedfrom the bottom of the well. 8l volumeshall be calcu

downand wash bore methods, withtemporary outer casing arelatedin the following manner:
used, in unconsolidated geologic formations, the indidmeter V1+ V2 = well volume
of the temporary outer casing shall be at least 4 inches greater thaQ, = yolume of water in well casing
theinsidediameter of the permanent well casing. The temporary )
outercasing shall be removed during the sealing ofateular V. = H(Ql> H
space. 1 2 1

(2) BOREHOLESIN BEDROCK GEOLOGIC FORMATIONS. For all V5 = volume of water in filter pack
permanengroundwater monitoring wells installei@eper than 2

feet past the top of the bedrock, the borehole diameter shall meet D 2 D, :
the following requirements: V,=NIIH, (73) >
(a) If an air or mud rotary method is used to construct the-moni
toring well, the requirements of sufd) (c) shall be followed. N = porosity of filter pack
(b) If percussion methods are used to construatnibeitoring D1 = inside diameter of well casing

well, the requirements of sufl) (d) shall be followed.

D, = outsi iameter of well in
History: Cr. Register January1990, No. 409eff. 2-1-90. 2 outside diameter of well cas 9

D3 = diameter of borehole

NR 141.20 Aquifer test or recovery wells.  The instal Hi = height of water column
lation, location and construction of any aquifer testl or recov H, = length of sand used in filter pack and fine sand filter
erywell installed for a purpose regulated by the department unggfck seal or the height of the water column in water table
ch. 160, 281, 285 289, 291, 292, 293 or 299, Stats., shall be jpservation wells.
approvedby the department program responsible for overseein ote: There are 7.48 gallons per cubic foot
work at the site prior to installation. Unless anotivee period H _ height of water column '
is specified by lawthe department shall complete its review and | '+ 9 . .
makea determinatioron all applications for approval within 65  Hz2 = length of filter pack or the height of the water column
businessdays after receipt of the complete application fdn water table observation wells.
approval. Applications may be included with other submittals for
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NR 141.21 WISCONSINADMINISTRATIVE CODE 348

CALCULATION OF WELL VOLUME

IN WATER TABLE OBSERVATION WELL IN PIEZOMETER

D,

Water level in well

*

O iid

Filter pack seal

2

Water level in well

»

Filter pack seal

3

“Hy H,

H,

(2) WELLS THAT CAN BE PURGEDDRY. All permanent ground (2) All permanent groundwatenonitoring wells installed
watermonitoring wells that can be mged dry shall be developed after February 11990 shall be labeled with labels supplied by the
ina manner which limits agitation by slowly ging the well dry  department.

Wells which can be pged drymay not be sged and no water 3y Al porehole construction data shall be reported to the

may be added to the well. ' ; : .
History: Cr.RegisterJanuary1990, No. 409ef. 2-1-90; am. (intro.), (1) (a) and departmenusing forms and instructions supplied by the depart

(b) and (2)Register June, 1991, No. 42éf. 7-1-91. mentwithin 60 days after construction. The completegdort
_ shallinclude thefollowing data: the results of any soil tests done
NR 141.23 Well and borehole construction docu - andadescription of the soil structure, soil cqlorottling, mois

mentation. (1) All permanent groundwater monitoring wellture content, layering, jointing, lenses, fracturegamic matter
constructiorshall be reported to the department, using forms agfld voids and any other information deemed necessary by the

instructionsprovided by the department, within 60 days after thgepartment. The constructor shall report any decontamination
well has been installed. The completed repbsll include the proceduresised between borehole installations.

following information: History: Cr. Register January1990, No. 409ef. 2-1-90; am. (1) (h), renum. (1)
(&) Well location, (i) to (j), ct (1) (i), Registey June, 1991, No. 42&f. 7-1-91.
(b) Well casing material and installation procedures, .
(c) Well screen materials and installation procedures, - NR141.25 Abandonment requirements.  Thefollow-
(d) Filter pack materials and installation procedures, ing requirementsapply to the abandonment of all boreholes

greaterthan 10 feet deep or which intersect a weable and all
groundwatemonitoring wells. The department may require, by
orderor other appropriate means, that any borehole or monitoring
well be abandoned. The department shall consider the following

(e) Sealing materials and installation procedures,
() Drilling methods and fluids used for installation,
(g) Borehole diameter

(h) Well development procedures, factorsin determining whether a borehole or monitoring well

(i) Sieve analysis, and shouldbe abandoned: purpose, location, groundwater gLedjey

() Any other information deemed necesshyythe depart andcondition of the well or borehole potential for groundwater
ment. contaminatiorand well or borehole construction.
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349 DEPARTMENT OF NATURAL RESOURCES NR 141.31

(1) TIMELINES FOR ABANDONMENT. (&) A borehole shall be groundwatemonitoring wells which argreater than 4 inches in
abandoneavithin 3 working days after its use has been discentiniameterand less than 250 feet deapd the depth of standing
ued. wateris less than 150 feet.

(b) Any permanengroundwater monitoring well no longer  (3) SEALANT SETTLEMENT. Any settling of the sealant material
being used to gather information on geologic or groundwatehallbe topped df Sealing material may be terminated 30 inches
propertiesshall be abandoned within 60 days afteusis has been below the groundsurface in agricultural areas to avoid interfer
discontinued. encewith agricultural activities. A nativeoil plug shall be placed

(c) Any groundwater monitoring well found by the departmer@in top of the settled sealing material in such cases.
to be acting as a conduit for groundwater contamination shall be(4) AsaNDONMENT DOCUMENTATION. All borehole angerma
abandonedvithin 15 working days aftewritten notification by nent groundwater monitoring well abandonments shall be
the department. reportedto the department within 60 days of the abandonment

(d) Any groundwater monitoring well constructed after Febridorms supplied by the department. In addition to the information
ary 1, 1990 not meeting the requirements of this chapter shallrieguiredon the form, the person performing the abandonment
abandonedand replaced with a monitoring well meeting thehallreport any decontamination procedunsed between bore
requirement®f this chapter or any department apprayrainted hole and well abandonments.
underthis chapter within 60 dayafter installation of the noncom  History: Cr. Register January1990, No. 409efl. 2-1-90; am. (2) (b), (2) (d) 1.
plying well or 15 days after written notification by the departmefft 3 2"d (3)Register June, 1991, No. 42@f. 7-1-91.
thatthe well is noncomplying.

(2) ABANDONMENT PROCEDURES. (a) Boreholes. Any bore
hole intersecting the water table greater than 10 feet deep
whoseuse has been discontinued, shall be abandoned accor
to the requirements of pdd).

(b) Monitoring wells — impermeable annular space seals.

NR 141.27 Driven point wells. Drivenpoint wells with
galvanizedsteel drivepipes and contaminant compatible well
'@creensnay be used as permanent groundwater monitoring wells

r‘Lﬁ'ior department approval is obtainedrit®n documentation
shallbe supplied to the department prior to installation indicating:

permanengroundater monionng wel known be consiucted (1) Thatthe el s to be used only forwter table clevation
with an impermeable annular space seal shall be abandom%cfi

accordingto the requirements of péd) after the protective cover I’eSU?tr;('j screen material will not interfere with the analytical

pipe and ground surface seal have been removed and the well ca% . . . .
ing cut of at least 30 inches below the ground surfatiee well 2) Thatthe well will not provide a conduit for contaminants

casingmay be completely removed during abandonment by puiP enter the groundwater; and
ing the well casing, overdrilling around the casing and théh (3) Thatinformation onsubsurface stratigraphy is not needed.
ing the well casing out of the ground or by drilling out the wel cadh situations where subsurface geologic information is needed, a
ing completely If the well casing is to be removed, the well shafieparatdorehole shall be constructed to collect the required data.
be sealed as the casing is removed. History: Cr. Registey January1990, No. 409eff. 2-1-90.

(c) Monitoring wells — permeable annulapace seals and
wellsin waste agas. A groundwater monitoring well not known
to be constructed with an impermeable annular space seal'§]

NR 141.29 Temporary groundwater  monitoring
Is. Temporary groundwater monitoring wells may be

thewell casing. The well casing shall be pulled oithe ground 1 1S installation. All temporary monitoring wells shall be aban
asthe well is ?illed according tc?the requi?ements of (1%)' donedin accordance with BIR 141.25within 120 days after their

. . - installation.
(d) Sealing equirements.Boreholes and groundwater moni History: Cr. Register January1990, No. 409ef.. 2-1-90.

toring wells shall be abandoned by complete filling with neat
cementgrout, bentonite—cement grout, sand—cement grout, con

creteor bentonite—sand slurrnyWhen a tremie pipe is used to plac?l) The de ; i
; . partment may require or approve more restrictive or
the sealing material, the procedurafss.NR 141.10 (2shall be  5y¢ernativewell material, assemblynstallation, development or

followed. A tremie pipe shall be used to abandon groundwatgf ,nonment ifhe contaminant concentrations or geologic set
wells and boreholes greater than 30 feet in depth or with stand require alternative constructiorPrior written approval is

water Groundwater monitoring wells and boreholes grethtar ; ; ; ; P
100 feet in depth shall beealed with a tremie pipe—pumpec{;gﬂ;es?gﬁ;gg?ny alternative materials are used in monitoring

method. Bentonite may be used as a sealing material without t e(z) Exceptionsto the requirements of this chapter may be

usegf aBtersg:ﬁtg'pre ;mld er th%follovxgr}grcoll)w dr']tc'jor:rﬁ nt of bor approvedby the departmergrior to installation or abandonment.

' granu'esiay be used for abandonment ol BOréa, oy ception request shall state the reasemscompliance with
holesand groundwater monitoring wells less than 25 feet deep 4 e requirements is infeasible. The department may €ondi
whenthere is no st_andmg water above th_e f||t§r pack seal. tionally approve an exceptioby requiring materials or proce

2. Bentonite chips no greater than 3/8 inchliameter or ben  jyres'which safeguard against contamination and result in
tonite pellets may be used for abandonment of boreholes gfiéyndwatemonitoring well construction which is substantially
groundwatemonitoring wells less than 50 feet deep anditfigth  equivalent to the requirements of this chapfeailure to comply
of standing water is less than 30 feet. with the conditions of an exception voids the departngent’

3. Bentonite chips no greater than 3/8 inchiameter or ben approvalof the exception.
tonite pellets may be used for abandonment of boreholes andistory: Cr. Register January1990, No. 409ef. 2-1-90.

NR 141.31 Special circumstances and exceptions.
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