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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 MW08.  
 
The SOW has been revised as follows: 
 

 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).   

 A second shallow monitoring well (MW‐27S) will be advanced near former off‐Site shallow 
monitoring well MW08.   
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 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.   

 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.   

 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. 

 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.  

 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. 

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

 One round of groundwater samples will be collected from existing monitoring wells MW2, MW4, 
and MW5 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.   

 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. 

 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: 
 

 Subcontractor procurement, project planning and coordination – 2‐3 weeks  

 Utility clearance – 1 day 

 Borehole advancement, associated soil sampling, and monitoring well installation – 1 week  

 Groundwater sampling – 2 weeks 

 Laboratory analysis of soil and groundwater samples – 2‐4 weeks following receipt of samples at the 

laboratory 

 Database/Data Validation – 2‐3 weeks following receipt of final laboratory analytical data from the 

laboratory 

 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

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

Media Parameter
 Cumulative Cancer 

Risk
Noncancer HI

Occupational Sum of 
Fractions

Exposure Scenario

SB55
Central section of High 

Frame Stack Unload 
Conveyor Pit Project

Assess potential for vapor 
intrusion exposure

Soil
2-Methylnaphthalene

Naphthalene
4E-04 1E+01 9E-02

Industrial Vapor 
Intrusion Pathway

1 SB-1-14 3
0-2 ft bgs

Highest PID reading 
Next clean interval

VOC
SVOC

B57
Central section of High 

Frame Stack Unload 
Conveyor Pit Project

Assess potential for vapor 
intrusion exposure

Soil
Benzene

Naphthalene
7E-04 4E+01 2E-02

Industrial Vapor 
Intrusion Pathway

1 SB-2-14 3
0-2 ft bgs

Highest PID reading 
Next clean interval

VOC
SVOC

S4, S6, S10, S11 North Tank Farm
Assess construction worker 

contact exposure
Soil Ethylene glycol No exceedance 5E+01 (max) NA

Construction Worker 
Contact Pathway

4 SB-3-13 - SB-6-14 12
0-2 ft bgs

Highest PID reading 
Next clean interval

VOC

S1, S2, S5, S7, S12, 
S13

North Tank Farm
Assess exposure 
concentrations

Soil Ethylene glycol No exceedance No exceedance No exceedance Unknown (2) 6 SB-7-14 - SB-12-14 18
0-2 ft bgs

Highest PID reading 
Next clean interval

VOC

B6-93
Suburban Primer 

Surfacer Project - Area A

Assess maintenance 
worker and construction 
worker contact exposure

Borehole 
Water (3) SVOCs 3E-4 (max) No exceedance NA

Maintenance Worker 
and Construction 
Worker Contact 

Pathway

1 SB-13-14 3
0-2 ft bgs

Highest PID reading 
Next clean interval

SVOC

GB8 North Tank Farm
Assess exposure 
concentrations (4) Soil NA No exceedance No exceedance No exceedance NA 1 MW-26S 3

0-2 ft bgs
Highest PID reading 
Next clean interval

VOC
SVOC

MW08 North Tank Farm
Assess exposure 
concentrations (4) Soil NA No exceedance No exceedance No exceedance NA 1 MW-27S 3

0-2 ft bgs
Highest PID reading 
Next clean interval

VOC
SVOC

TOTAL NUMBER OF BORINGS 15
TOTAL NUMBER OF SOIL SAMPLES 45

Notes:

(1) Soil borings will be advanced to an approximate depth of 20 ft bgs

(2)

(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

The actual concentrations at soil sample locations S1, S2, S5, S7, S12, and S13 (North Tank Farm) are unknown and 
therefore it could not be determined if an unacceptable cumulative cancer rick or noncancer HI has resulted from these 
areas. 

Depth Interval(s) Selected for Laboratory Analysis (1) Analytical ParametersSample Rationale
Proposed 

Number of Soil 
Borings

Proposed Soil Boring No. 
Total No. of 

Samples
Area
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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

Media Parameter
 Cumulative Cancer 

Risk
Noncancer HI

Occupational Sum of 
Fractions

Exposure Scenario

MW-10S North Tank Farm
Assess potential vapor 

intrusion exposure 
Groundwater

Xylenes
Naphthalene 2E-05 3E+00 NA

Non-Industrial Vapor 
Intrusion Pathway 

NA 1
VOC

SVOC
TAL Metals (1)

MW-1S   -  MW-9S
MW-11S   -  MW-25S

MW-1D  -  MW-7D
Property Boundaries

Evaluate potential 
migration of groundwater 

contamination at the 
property boundaries

Groundwater NA No exceedance No exceedance No exceedance NA NA 31
VOC

SVOC
TAL Metals

MW2, MW4, MW5 (2) North Tank Farm

Evaluate potential 
migration of groundwater 

contamination at the 
property boundaries

Groundwater
1,2,4-Trimethylbenzene, 
1,3,5-Trimethylbenzene, 

Xylenes
4E-05 1E+02 No exceedance

Industrial Vapor Intrusion 
and Non-Industrial Vapor 

Intrusion Pathway
NA 3

VOC
SVOC

TAL Metals

GB8 North Tank Farm
Assess exposure 

concentrations  (3)
Borehole 

Water
VOCs

Naphthalene
1E-01 (max) 9E+03 (max) 1E+00

Industrial Vapor Intrusion, 
Maintenance Worker and 

Construction Worker 
Contact, Non-Industrial 

Vapor Intrusion, and
Non-Industrial Outdoor Air 

Inhalation Pathway

MW-26S 1
VOC

SVOC
TAL Metals

MW08 North Tank Farm
Assess exposure 

concentrations  (3) Groundwater NA No exceedance No exceedance No exceedance NA MW-27S 1
VOC

SVOC
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

Analytical ParametersSample Area Rationale
Proposed Monitoring Well 

No. 
Total No. of 

Samples
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Tank No. Tank Type
Capacity 
(gallons)

Contents Status Facility ID Listed Address

888312 AST 1,000 Diesel In Use 638701 210 ACADEMY DR A In Use Wastewater Building
649988 AST 320 Diesel In Use 652239 1000 GENERAL MOTORS DR B In Use Powerhouse
649995 AST 285 Diesel In Use 652239 1000 GENERAL MOTORS DR C In Use Clarifier Building
649996 AST 320 Diesel In Use 652239 1000 GENERAL MOTORS DR D In Use Storm Water Building

1054010 AST 285 Diesel In Use 652239 1000 GENERAL MOTORS DR E In Use North Fire Pumphouse
1054011 AST 320 Diesel In Use 652239 1000 GENERAL MOTORS DR F In Use South Fire Pumphouse
1054012 AST 320 Diesel In Use 652239 1000 GENERAL MOTORS DR G In Use South Fire Pumphouse
211059 AST 19,000 Diesel TOS 652239 1000 GENERAL MOTORS DR -- TOS/ no product --
211060 AST 30,000 Chemical TOS 652239 1000 GENERAL MOTORS DR -- TOS/ no product --
211064 AST 30,000 Chemical TOS 652239 1000 GENERAL MOTORS DR -- TOS/ no product --
211065 AST 30,000 Unleaded Gasoline TOS 652239 1000 GENERAL MOTORS DR -- TOS/ no product --
211066 AST 30,000 Unleaded Gasoline TOS 652239 1000 GENERAL MOTORS DR -- TOS/ no product --
211145 AST 12,000 Chemical TOS 652239 1000 GENERAL MOTORS DR -- TOS/ no product --
919893 AST 12,000 Hazardous Waste/Interface TOS 652239 1000 GENERAL MOTORS DR -- TOS/ no product --
919894 AST 12,000 Chemical TOS 652239 1000 GENERAL MOTORS DR -- TOS/ no product --

1040089 AST 550 Diesel TOS 652239 1000 GENERAL MOTORS DR -- TOS/ no product --
211063 AST 12,000 Chemical TOS 652239 1000 GENERAL MOTORS DR -- TOS/ no product --
211061 AST 15,000 Empty Closed/Cleaned 652239 1000 GENERAL MOTORS DR -- Closed/Cleaned --
211062 AST 12,000 Empty Closed/Cleaned 652239 1000 GENERAL MOTORS DR -- Closed/Cleaned --
919895 AST 15,000 Empty Closed/Cleaned 652239 1000 GENERAL MOTORS DR -- Closed/Cleaned --
886628 AST 1,000 Diesel Closed/Removed 638424 203 S ACADEMY ST -- Closed/Removed --
886634 AST 120 Diesel Closed/Removed 638424 203 S ACADEMY ST -- Closed/Removed --
211092 AST 10,000 Waste/Used Motor Oil Closed/Removed 652239 1000 GENERAL MOTORS DR -- Closed/Removed --
764444 AST 300 Diesel Closed/Removed 652239 1000 GENERAL MOTORS DR -- Closed/Removed --
764445 AST 300 Diesel Closed/Removed 652239 1000 GENERAL MOTORS DR -- Closed/Removed --
885454 AST 120 Diesel Closed/Removed 652239 1000 GENERAL MOTORS DR -- Closed/Removed --
334480 UST 10,000 Other Closed/Removed 57907 1000 GENERAL MOTORS DR -- Closed/Removed --
334481 UST 10,000 Other Closed/Removed 57907 1000 GENERAL MOTORS DR -- Closed/Removed --
334482 UST 1,000 Unleaded Gasoline Closed/Removed 57907 1000 GENERAL MOTORS DR -- Closed/Removed --
334483 UST 500 Unleaded Gasoline Closed/Removed 57907 1000 GENERAL MOTORS DR -- Closed/Removed --
334484 UST 7,500 Leaded Gasoline Closed/Removed 57907 1000 GENERAL MOTORS DR -- Closed/Removed --
334940 UST 300 Fuel Oil Closed/Removed 652239 1000 GENERAL MOTORS DR -- Closed/Removed --

Notes:

(1)

(2) Active storage tank locations are presented on Figure 2 included in the Revised Scope of Work (SOW).
(3) Locations only provided for tanks currently in use or containing product. 
-- Not applicable

TOS Temporarily Out of Service.

TABLE 3

STORAGE TANK INVENTORY
GM JANESVILLE ASSEMBLY PLANT

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.

Wisconsin Department of Agriculture, Trade and Consumer Protection Storage Tank Registry Database Listings (1)

Current Status On-Site Location  (3)

JANESVILLE, WISCONSIN

CRA Tank ID (2)
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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 

 

 FMG 3.2 - Overburden Wells. 

 FMG 3.3 - Top of Bedrock Wells. 

 FMG 3.4 - Deep Bedrock Wells. 

 FMG 3.5 - Pump Wells. 

 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. 

 

32-17300-2-FMG-3-4.doc
33-17300-2-FMG-3-5.doc
34-17300-2-FMG-3-6.doc
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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 PVC 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 

 

 Drilling equipment. 

 Well screen and riser materials. 

 Sand pack. 

 Bentonite pellets/chips. 

 Powdered bentonite. 

 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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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. 

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

(HASP).  

3. Drilling equipment appropriate for the site and investigation objectives. 

4. 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.   

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

7. Electronic water level probe. 

8. Locks and keys for locking the completed groundwater monitoring wells. 

9. 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:    

 

 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. 

 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 
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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: 

 

 Date/time of installation; 

 Drilling method; 

 Surveyed well location; 

 Borehole diameter and well diameter; 

 Well depth; 

 Screened Interval; 

 Casing materials; 

 Screen materials and design; 
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 Screen slot size/length; 

 Filter pack material/grain size; 

 Sealant materials (percent bentonite); 

 Sealant materials (lbs/gallon of cement); 

 Sealant placement method; 

 Surface seal design/construction; 

 Type of protective well cap; and 

 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. 
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Chapter NR 141

GROUNDWATER MONITORING WELL REQUIREMENTS

NR 141.01 Purpose.
NR 141.03 Applicability.
NR 141.05 Definitions.
NR 141.055 Borehole protection.
NR 141.06 Soil testing.
NR 141.065 Well location.
NR 141.07 Well casing.
NR 141.09 Well screen.
NR 141.10 Tremie pipes and sealing procedures.
NR 141.11 Filter packs.
NR 141.13 Sealing requirements.

NR 141.15 Drilling methods and fluids.
NR 141.16 Cross contamination.
NR 141.17 Disposal and decontamination.
NR 141.19 Borehole diameter.
NR 141.20 Aquifer test or recovery wells.
NR 141.21 Well development.
NR 141.23 Well and borehole construction documentation.
NR 141.25 Abandonment requirements.
NR 141.27 Driven point wells.
NR 141.29 Temporary groundwater monitoring wells.
NR 141.31 Special circumstances and exceptions.

NR 141.01 Purpose.   The purpose of this chapter is to
establish minimum acceptable standards for the design, installa-
tion, construction, abandonment and documentation of ground-
water monitoring wells.  These rules are adopted under chs. 281,
160 and 227, Stats.

History:  Cr. Register, January, 1990, No. 409, eff. 2−1−90; correction made under
s. 13.93 (2m) (b) 7., Stats., Register, March, 2000, No. 531.

NR 141.03 Applicability.   This chapter applies to all per-
sons installing and abandoning groundwater monitoring wells and
boreholes for purposes regulated by the department under ch. 160,
281, 283, 289, 291, 292, 293 or 299, Stats., or in permits, plan
approvals, licenses or orders issued under those chapters.  In addi-
tion, this chapter applies to all persons installing groundwater
monitoring wells and boreholes in fulfillment of terms of a con-
tract with the department.  All wells and boreholes installed for
purposes regulated by the department under this chapter shall be
abandoned according to s. NR 141.25.  All other wells and bore-
holes shall be abandoned according to the provisions of ch. NR
812.

Note:  Additional requirements concerning soil testing and groundwater sampling
are located in other chapters regulating wastewater and solid and hazardous waste
disposal, see chs. NR 110, 206, 213, 214, 508, 512 and the 600 and 700 series.

History:  Cr. Register, January, 1990, No. 409, eff. 2−1−90; am. Register, June,
1991, No. 426, eff. 7−1−91; correction made under s. 13.93 (2m) (b) 7., Stats., Regis-
ter, September, 1995, No. 477; corrections made under s. 13.93 (2m) (b) 7., Stats.,
Register, March, 2000, No. 531.

NR 141.05 Definitions.   In this chapter:
(1) “Air  rotary drilling” means a drilling method whereby the

borehole is advanced using a circular rotating action applied to a
string of drilling rods which have a diffused discharge bit attached
to the bottom of the rods.  Pressurized air is forced through the dril-
ling rods and cools the drilling tools and removes the cuttings from
the borehole.

(2) “Annular space seal” means the following:
(a)  For wells constructed with filter packs, it is the material

placed above the top of the filter pack or the filter pack seal up to
the surface seal and between the well casing and the adjacent
formation; or

(b)  For wells constructed into bedrock formations and without
well screens, it is the material placed from the bottom of the
enlarged borehole up to the surface seal, between the well casing
and the adjacent formation.

(2m) “Aquifer test well” means a well installed to provide
information on the hydraulic conductivity, transmissivity, storage
coefficient, capture zone, specific capacity, radius of influence or
other physical parameters of an aquifer, defined geologic unit, or
water bearing formation through the imposition of a sustained
stress on the aquifer by removal of water.

(3) “ASTM”  means american society for testing and materi-
als.

(5) “Bedrock” means the solid rock underlying any loose sur-
ficial material such as soil, alluvium or glacial drift.  Bedrock
includes but is not limited to limestone, dolomite, sandstone, shale
and igneous and metamorphic rock.

(6) “Bentonite” means a clay consisting of at least 85%
sodium montmorillonite.  Bentonite is available in the following
forms:

(a)  “Bentonite powder” means 200 mesh pure bentonite, with-
out additives.

(b)  “Bentonite granules” means 8 mesh pure bentonite, with-
out additives.

(c)  “Bentonite pellets” means commercially manufactured
tablets made by compressing pure bentonite, without additives,
into forms greater than 1⁄4� in size.

(d)  “Bentonite chips” means commercially processed angular
fragments of pure bentonite, without additives.

(7) “Bentonite − cement grout” means a mixture with the ratio
of 5 pounds of bentonite with 94 pounds of Portland cement and
8.5 gallons of water from a known safe and uncontaminated
source.

(8) “Bentonite − fine sand slurry” means a mixture with the
minimum ratio of 50 pounds of bentonite with 100 gallons of
water from a known safe and uncontaminated source and 10−25%
sand by volume for a mud weight of 11 pounds per gallon.

(9) “Borehole” means a circular hole deeper than it is wide,
constructed in earth material for the purpose of either installing a
well or obtaining geologic or groundwater related data.  Boreholes
are also referred to as drillholes.

(10) “Clay”  means an inorganic soil with low permeability
characteristics and a plasticity index of 7 or more.

(11) “Coarse sand” means a well sorted sand with a predomi-
nant grain size between 4.76mm and 2.0mm as established by the
unified soil classification system.

(12) “Concrete” means a slurry mixture with a ratio of 94
pounds of cement, equal volumes of dry sand and gravel and 5 to
6 gallons of water from a known safe and uncontaminated source.
The ratio of sand and gravel to cement may not exceed 3 parts to
one.

(13) “Department” means the department of natural
resources.

(14) “Driven point well” means a well constructed by joining
a drive point with lengths of pipe and driving the assembly into the
ground with percussion equipment or by hand, without first
removing material below the 10 foot depth.

(15) “Filter pack” means the sand, gravel or both placed in
direct contact with the well screen.

(16) “Filter pack seal” means the sealing material placed in
the annular space above the filter pack and below the annular
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space seal to prevent the migration of annular space sealant into
the filter pack.

(17) “Fine sand” means a well sorted sand with a predominant
grain size between .42mm and .074mm, as established by the uni-
fied soil classification system.

(18) “Granular bentonite slurry” means a thoroughly blended
mixture of up to 30 pounds of untreated bentonite powder added
to 100 gallons of water from a known safe and uncontaminated
source with a minimum of 100 pounds of untreated bentonite
granules mixed together by a Venturi−hopper mud mixer or other
equivalent high shear mixer.

(19) “Gravel” means an unconsolidated material with the pre-
dominant grain size being between 76.2mm and 4.76mm, as
established by the unified soil classification system.

(20) “Groundwater” means any waters of the state, as defined
in s. 281.01 (18), Stats., occurring in a saturated geologic forma-
tion of rock or unconsolidated material.

(21) “Groundwater monitoring well” means any cased
excavation or opening into the ground made by digging, boring,
drilling, driving, jetting or other methods for the purpose of deter-
mining the physical, chemical, biological or radiological proper-
ties of groundwater.  Groundwater monitoring wells may be
piezometers, water table observation wells or both.

(21m) “High−solids grout” means a thoroughly blended mix-
ture of water from a known safe and uncontaminated source with
untreated bentonite, without additives, which has been approved
by the department.

(22) “Hollow stem auger drilling” means a drilling method
where continuous flighting is welded to a hollow stem pipe.  The
flighting carries drill cuttings to the surface as the flighting is
rotated and pushed down into the earth.

(23) “Inside diameter” means the horizontal distance between
the inner walls of a well casing, hollow stem auger or tremie pipe.

(24) “Medium sand” means a well sorted sand with a predom-
inant grain size between 2.0mm and .42mm, as established by the
unified soil classification system.

(25) “Montmorillonite” means a group of expanding lattice
clay minerals of the general formula: R.33Al2Si4010(OH)2 � H2O,
where R means one or more cations of sodium, potassium, magne-
sium or calcium and where Al means aluminum, Si means silicon,
O means oxygen and H means hydrogen.

(26) “Mud rotary drilling” means a drilling method whereby
a borehole is advanced by using a circular rotating action applied
to a string of drilling rods which have a diffused discharge bit
attached to the bottom of the string.  A bentonite and water mud
slurry is used to provide borehole stability, to cool the bit and to
carry cuttings to the ground surface.

(27) “Neat cement grout” means a slurry mixture with a ration
of 94 pounds of Portland cement mixed with 5 to 6 gallons of
water from a known safe and uncontaminated source.

(28) “Percussion drilling” means a drilling method using a
cable tool drilling machine or a drilling method whereby the per-
manent or temporary well casing is driven, or is set into a borehole
and then driven.

(29) “Permanent groundwater monitoring well” means any
groundwater monitoring well in place for 60 days or longer.

(30) “Piezometer” means a groundwater monitoring well,
sealed below the water table, installed for the specific purpose of
determining either the elevation of the potentiometric surface or
the physical, chemical, biological or radiological properties of
groundwater at some point within the saturated zone or both.

(31) “Potentiometric surface” or “piezometric surface”
means an imaginary surface representing the total head of ground-
water and is the level to which water will rise in a well.

(32) “Psi” means pounds per square inch.

(33) “Purge” means an action that removes water from the
well, commonly accomplished by using a pump or bailer.

(33m) “Recovery well” means a well intended and designed
to capture and remove contaminated groundwater or non−
aqueous phase liquids from the subsurface.

(34) “Rotary wash drilling” means a drilling method whereby
metal temporary casing is advanced into the borehole by driving.
At selected intervals, the temporary casing is cleaned out using
rotary drilling tools by pumping clean water through the rod to
flush out accumulated cuttings.  This drilling method is also
known as wash bore or wash down drilling.

(35) “Sand−cement grout” means a mixture of cement, sand
and water in the proportion of 94 pounds of Portland cement, one
cubic foot of dry sand and 5 to 6 gallons of water from a known
safe and uncontaminated source.

(36) “Sediment” means any solid material dropping from sus-
pension in water, including clay, silt, sand and gravel sized par-
ticles.

(37) “Solid stem auger drilling” means a drilling method
where continuous flighting is welded onto a solid stem pipe.  The
flighting carries drill cuttings to the surface as the flighting is
rotated and pushed down into the earth.  The borehole is created
by a cutting bit located at the tip of the lead auger.

(38) “Specific gravity” means the weight of a particular vol-
ume of substance compared to the weight of an equal volume of
water at a reference temperature.

(39) “Surge” means an action causing water to move rapidly
in and out of the well screen, thereby removing fine material from
the surrounding aquifer.

(40) “Temporary groundwater monitoring well” means any
groundwater monitoring well in place for less than 60 days.

(41) “Top of bedrock” or “top of firm rock” means at least
70% of the drill cuttings being either:

(a)  Angular rock fragments, as in the case of crystalline rock;
or

(b)  Rock fragments composed of individual grains or rock par-
ticles that are cemented together to form an aggregate as opposed
to a single sediment particle.

(42) “Tremie pipe” means a pipe or hose used to install well
construction materials in an annular space or a borehole.

(43) “Unconsolidated material” means that material found
above firm bedrock, composed of single sediment particles, indi-
vidual grains or rock fragments.  Unconsolidated material
includes but is not limited to clay, silt, sand, gravel, loess, peat and
organic soil.

(44) “Unified soil classification system” means the soil desig-
nation system based on the physical properties of the soil devel-
oped from the airfield classification system in 1952 and adopted
by the American society for testing and materials in standard test
method D2487−83.

Note:  A copy of this publication is available for inspection at the offices of the
department of natural resources, the secretary of state, and the legislative reference
bureau and may be obtained for personal use from the American Society for Testing
and Materials, 1916 Race Street, Philadelphia, Pennsylvania 19103.

(45) “Water table” means the surface of unconfined ground-
water where the water pressure is equal to atmospheric pressure.

(46) “Water table observation well” means any groundwater
monitoring well, in which the screen or open borehole intersects
a water table, which is installed for the specific purpose of deter-
mining either the elevation of the water table or the physical,
chemical, biological or radiological properties of groundwater at
the water table or both.

Note:  Construction of a typical water table observation well is depicted in Figure
1.

(47) “Well”  means any borehole or other excavation or open-
ing in the ground deeper than it is wide constructed for the purpose
of obtaining or monitoring groundwater.
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(48) “Well  depth” means the distance from the ground surface
to the bottom of the well screen or to the bottom of the open hole
when a well screen is not used.

(49) “Well  volume” means the volume of water contained in
the well casing and the filter pack.

History:  Cr. Register, January, 1990, No. 409, eff. 2−1−90; am. (7), (8) and (18),
cr. (2m), (21m) and (33m), Register, June, 1991, No. 426, eff. 7−1−91; correction in
(20) made under s. 13.93 (2m) (b) 7., Stats., Register, March, 2000, No. 531.

NR 141.055 Borehole protection.   If a borehole is left
open, protective measures shall be taken to prevent the borehole
from acting as a conduit for contamination or becoming a safety
hazard.

History:  Cr. Register, January, 1990, No. 409, eff. 2−1−90.

NR 141.06 Soil testing.   Specific soil sampling and test-
ing procedures are specified in other chapters related to wastewa-
ter and solid and hazardous waste disposal facilities.

Note:  See chs. NR 110, 206, 214, 508, 512, 600 through 685.
History:  Cr. Register, January, 1990, No. 409, eff. 2−1−90.

NR 141.065 Well location.   (1) Monitoring wells
installed where prior department approval is required shall be
installed at the locations indicated on plans and specifications
approved by the department prior to installation.

(2) Following installation of the wells, an as−built plan map
shall be submitted specifying the exact vertical and horizontal
location of the wells.  All monitoring well locations shall be
reported to the department on a plan map drawn to a specific scale.
The map shall indicate structure boundaries, property boundaries,
any nearby surface waters and a north arrow.  The plan shall show
the wells in relation to each other, to property and structure bound-
aries, and to a common reference point on a horizontal grid sys-
tem.  The origin of the grid system shall be located according to
latitude and longitude or according to the state plane coordinate
system.  The exact vertical location of the top of the well casing
shall be referenced to the nearest benchmark for the national geo-
detic survey datum to an accuracy of 0.01 feet.  This plan map
shall show the exact location of the installed well on a horizontal
grid system which is accurate to within one foot.  Direction of
groundwater flow shall be indicated.  In addition, an 8.5−inch by
11−inch site map drawn to scale according to the horizontal grid
system shall be submitted showing the location of wells and struc-
tures on the site.

(3) The well casings for wells constructed in a floodplain or
floodway shall terminate a minimum of 2 feet above the regional
flood elevation for the well site.

History:  Cr. Register, January, 1990, No. 409, eff. 2−1−90; am. (2), Register, June,
1991, No. 426, eff. 7−1−91.

NR 141.07 Well casing.   (1) SPECIFICATIONS.  All perma-
nent groundwater monitoring wells shall be constructed of new
polyvinyl chloride (PVC) well casing materials except in situa-
tions where the rock, soil or groundwater may react with PVC, in
which case an approval under s. NR 141.31 for alternative materi-

als shall be requested.  All PVC casing materials shall meet
national sanitation foundation standard 14 and ASTM D1785
specifications for any one of the following cell classifications:
12454−B, 12454−C, 11443−B, 14333−D, 13233 or 15223−B.  All
casing shall have a minimum inside diameter of 1.9 inches.  In
unconsolidated geologic formations, all wells less than or equal
to 100 feet in depth shall be constructed of at least schedule 40
PVC casing and all wells greater than 100 feet in depth shall be
constructed of at least schedule 80 PVC casing.  Groundwater
monitoring wells shall be installed with well casing no larger than
a 4−inch inside diameter.  Groundwater monitoring wells shall
have a vented cap except as provided in s. NR 141.13 (4) (b).

(2) REFERENCE.  The listed national sanitation foundation and
ASTM references are available for inspection at the offices of the
department of natural resources, the secretary of state, and the leg-
islative reference bureau and may be obtained for personal use
from the National Sanitation Foundation, 3475 Plymouth Road,
P.O. Box 1468, Ann Arbor, Michigan 48106, and the American
Society for Testing and Materials, 1916 Race Street, Philadelphia,
Pennsylvania 19103.

(3) ASSEMBLY AND INSTALLATION.   All casing couplings shall
be constructed of flush threaded joints.  Solvent welded joints may
not be used without prior written approval by the department.  The
casing shall be centered in the borehole.

(4) INSPECTION.  Prior to use, the casings and couplings shall
be inspected for cuts, deformations, gouges, deep scratches, dam-
aged ends and other imperfections.  Any casing or coupling hav-
ing such a defect may not be used.

History:  Cr. Register, January, 1990, No. 409, eff. 2−1−90; am. (1), Register, June,
1991, No. 426, eff. 7−1−91; correction in (2) made under s. 13.92 (4) (b) 6., Stats.,
Register March 2011 No. 663.

NR 141.09 Well screen.   (1) SPECIFICATIONS.  All perma-
nent groundwater monitoring well screens shall be constructed of
material which is nonreactive with the constituents in soils and
groundwater at the monitoring location.  The well screen may not
be hand cut and may not be wrapped with filter cloth.  The well
screen slot size shall be sized to retain at least 90% of the grain size
of the collapsed formation, based on a sieve analysis, when col-
lapsed formation is used as filter pack material or at least 90% of
the grain size of the filter pack, based on a sieve analysis, if mate-
rial other than collapsed formation is used.  Well screens on water
table observation wells may not exceed 15 feet in length.  Well
screens on piezometers installed for the purpose of determining
the elevation of the potentiometric surface may not exceed 5 feet
in length.

Note:  Well screens for wells other than the water table observation wells and
piezometers identified above may vary in length.

(2) ASSEMBLY AND INSTALLATION.   All well screens shall be
permanently joined to the well casing by flush threaded joints.  All
joints shall be watertight.  All well screens shall be centered in the
borehole.  Monitoring wells installed in bedrock using an open
borehole may be constructed without a well screen.
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Figure 1.
Typical water table observation well and piezometer construction details.

History:  Cr. Register, January, 1990, No. 409, eff. 2−1−90; am. (1), Register, June, 1991, No. 426, eff. 7−1−91.
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NR 141.10 Tremie pipes and sealing procedures.
(1) MATERIALS.  The tremie pipe used for the placement of sealant
materials shall be one of the following materials:

(a)  Metal pipe,
(b)  Rubber−covered hose reinforced with braided fiber or steel

and rated for at least 300 psi, or
(c)  Thermoplastic pipe rated for at least 100 psi including:
1.  Polyvinyl chloride (PVC)
2.  Chlorinated polyvinyl chloride (CPVC),
3.  Polyethylene (PE),
4.  Polybutylene (PB), and
5.  Acrylonitrite butadiene styrene (ABS).

(2) PROCEDURES.  This subsection describes department
approved sealant placement methods when a tremie pipe is used.

(a)  The estimated and actual volume of sealing material used
shall be calculated and reported to the department.

(b)  The sealant material shall be placed in one continuous
operation in such a manner as to not disturb the integrity of the fil-
ter pack and seal.

(c)  When a tremie pipe is used, the bottom end shall be kept
submerged in the sealant material throughout the sealing process.

(d)  The sealant material shall be brought up to the ground sur-
face seal.  The density of the sealant material in the annular space
or borehole at the bottom of the ground surface seal shall be the
same as the density of the sealant material being placed.  Any set-
tling of the sealant material shall be topped off.

(e)  Tremie pipe − gravity.  As depicted in Figure 2, sealing
material may flow by gravity through a funnel or hopper con-
nected to a tremie pipe.  The tremie pipe shall be lowered to the
bottom of the annular space or borehole to be sealed and the seal-
ing material placed from the bottom up.  The end of the tremie pipe
shall be kept submerged in the grout or slurry at all times.

(f)  Tremie pipe − pumped.  As depicted in Figure 3, the sealing
material shall be placed by a pump through a tremie pipe into the
annular space or borehole.  Tremie pipes used for the placing of
pumped slurry or grout shall be fitted with a J−hook end or a
closed end with side discharge ports.

Note:  The J−hook end or closed end with side discharge ports of the tremie pipe
will  direct the flow of the materials to the side or upward
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Figure 2.
Conductor (tremie) pipe — gravity method
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Figure 3.
Conductor (tremie) pipe — pumped method

History:  Cr. Register, January, 1990, No. 409, eff. 2−1−90; am. (2) (d) and (f), Register, June, 1991, No. 426, eff. 7−1−91.

NR 141.11 Filter packs.   All permanent groundwater
monitoring wells installed in unconsolidated material and used for
the collection of water quality samples shall be constructed with
filter packs.  Permanent groundwater monitoring wells installed

in bedrock may be constructed with filter packs.  When used, the
filter pack shall be the only material in contact with the well
screen.  The estimated and actual volume of filter pack material
used shall be calculated and reported to the department.  All com-
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mercially prepared filter packs installed in permanent groundwa-
ter monitoring wells shall meet the requirements in sub. (1).  All
other filter packs shall meet the requirements in sub. (3).

(1) SPECIFICATIONS.  The filter pack shall be a well sorted, sil-
ica based sand or gravel.  The sand or gravel used for filter packs
shall be hard and durable and shall have an average specific grav-
ity of not less than 2.50.  The sand and gravel shall be visibly free
of clay, dust and micaceous and organic matter.  Not more than 5%
of the sand or gravel shall be soluble in a 10% hydrochloric acid
solution.  Thin, flat or elongated pieces of gravel, the maximum
dimension of which exceeds 3 times the minimum dimension,
may not constitute more than 2% of the material by weight.  The
filter pack for wells installed in unconsolidated material shall be
sized to retain at least 50% of the surrounding formation based on
a sieve analysis.  In formations which are predominantly silt and
clay, the filter pack shall be a fine sand.  In bedrock, the filter pack
shall be a medium or coarse sand or gravel.  Crushed limestone,
dolomite or any material containing clay or any other material that
will  adversely impact on the performance of the monitoring well
may not be used as filter pack.

(2) INSTALLATION.  The filter pack shall extend from 6 inches
beneath the bottom of the well to 2 feet above the top of the well
screen.  For water table observation wells constructed in areas
where the depth to water table is less than 7 feet, the required filter
pack height above the top of the well screen may be reduced to 6
inches to allow for the required amount of annular space sealant
to be placed.  To ensure that the filter pack is installed evenly sur-
rounding the well screen and casing over the proper depth inter-
val, a tape measure, measuring rod or similar device shall be used
to measure the height of the filter pack.  The tape measure, mea-
suring rod or similar device shall be carefully raised and lowered
while the filter pack is being installed to identify bridging.  If
bridging occurs the filter pack material shall be tamped into place,
surrounding the well screen and casing, using a measuring rod or
similar device.

(3) COLLAPSED FORMATION.  Collapsed formation may be used
as filter pack material if the collapsed formation will limit the pas-
sage of formation fines into the well screen and either an artificial
filter pack cannot be installed or the formation grain size is greater
than or equal to fine sand sized grains.  The grain size distribution
of the collapsed formation shall be such that at least 90% of the
formation will be retained by the well screen based on a sieve anal-
ysis.  Analysis of the collapsed formation for specific gravity and
particle size shall be performed and documentation shall be sub-
mitted to the department to support its use as an acceptable filter
pack.  Following review of the submitted information, the depart-
ment may require new well construction if the collapsed forma-
tion analysis is not consistent with the filter pack specifications.

History:  Cr. Register, January, 1990, No. 409, eff. 2−1−90; am. (1) to (3), Register,
June, 1991, No. 426, eff. 7−1−91.

NR 141.13 Sealing requirements.   All materials and
procedures used in the installation of seals for permanent ground-
water monitoring wells shall meet the requirements of this sec-
tion.  The calculated and actual volume of sealant material used
for the filter pack seal and annular space seal shall be reported to
the department.

(1) FILTER PACK SEAL.  (a)  Specifications.  All permanent
groundwater monitoring wells installed with filter packs shall be
constructed with a filter pack seal.  For all water table observation
wells and piezometers, the filter pack seal shall extend 2 feet
upward from the top of the filter pack and shall consist of 2 feet
of clean fine sand.  When high−solids grout, granular bentonite
slurry, bentonite−cement grout or neat cement grout is used as the
annular space sealant, 5 feet of bentonite shall be placed on top of
the clean fine sand seal.  Bentonite chips no greater than 3/8 inch
in diameter or bentonite pellets shall be used for seals placed
below the water table.  Bentonite granules may be used for seals
when there is no standing water above the filter pack and the bore-

hole is less than 25 feet or in areas where the depth to water table
is less than 7 feet.  For water table observation wells constructed
in areas where the depth to water table is less than 16 feet, the filter
pack seal shall be reduced to 2 feet of bentonite to allow for the
required amount of annular space sealant to be placed.  For water
table observation wells constructed in areas where the depth to
water table is less than 7 feet, the required filter pack seal may be
reduced to allow for the required amount of annular space sealant
to be placed.

(b)  Installation.  A tape measure, measuring rod or similar
device shall be used to ensure that the filter pack seal is installed
over the proper depth interval.  The tape measure, measuring rod
or similar device shall be carefully raised and lowered while the
filter pack seal material is being placed to identify bridging.  If
bridging occurs the filter pack seal material shall be tamped into
place, surrounding the well casing, using a measuring rod or simi-
lar device.  When a tremie pipe is used to place the filter pack seal
the procedures of s. NR 141.10 (2) shall be followed.  Bentonite
pellets, bentonite chips or bentonite granules shall be hydrated in
2 foot lifts as placed in the borehole when placed above the water
table.

(2) ANNULAR SPACE SEAL.  (a)  Specifications.  All permanent
groundwater monitoring wells shall be installed with an annular
space seal designed to achieve a permeability of 1 x 10−7 centime-
ters per second or less.  For permanent groundwater monitoring
wells constructed with filter packs, the annular space seal shall
extend from the filter pack seal to the ground surface seal and shall
be at least 2 feet in length.  For water table observation wells con-
structed in areas where the depth to water table is less than 7 feet,
the annular space seal shall be bentonite granules.  For monitoring
wells constructed into bedrock formations and without well
screens, the annular space seal shall extend from the bottom of the
outer borehole to the ground surface seal and shall be at least 2 feet
in length.  Sealant materials may not contain additives.  These
requirements may be met by:

Note:  The department does not recommend the use of neat cement grout or cement
mixtures in fractured formations because they may impact water quality.

1.  Bentonite granules slurry may be used as an annular space
sealant in any type of monitoring well except where the depth to
the water table is less than 7 feet.

2.  Bentonite sand slurry may be used as an annular space seal-
ant in any type of monitoring well except where the depth to the
water table is less than 7 feet.

3.  Bentonite pellets, bentonite chips or bentonite granules
may be used to seal the annular space under the following condi-
tions:

a.  Bentonite granules may be used when there is no standing
water in the well above the filter pack and the total well depth is
less than 25 feet or the depth to water table is less than 7 feet.

b.  Bentonite chips with diameter no larger than 3/8 inch or
bentonite pellets may be used when the depth of standing water in
the well is less than 30 feet and the total depth of the annular space
seal is less than 50 feet except where the depth to the water table
is less than 7 feet.

4.  High−solids grout approved by the department, bentonite−
cement grout or neat−cement grout may be used to seal the annular
space in which a bentonite filter pack seal has been placed except
where the depth to the water table is less than 7 feet.

(b)  Installation.  1.  When bentonite chips with diameter no
larger than 3/8 inch, bentonite pellets or granules are used to seal
the annular space, they may either be poured freely down the bore-
hole or added through a tremie pipe, provided the specifications
of par. (a) are met.  When a tremie pipe is used to place the annular
space sealant the procedures of s. NR 141.10 (2) (a) and (b) shall
be followed.

2.  When grouts or slurries are used to seal the annular space,
the material may be poured freely down a tremie pipe or pumped
down a borehole with the use of a tremie pipe, provided the speci-
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fications of par. (a) are met.  For wells 100 feet in depth or greater
the sealant material shall be pumped down the borehole with the
use of a tremie pipe.  When a tremie pipe is used to place the
annular space sealant the procedures of s. NR 141.10 (2) shall be
followed.

3.  When any slurry or grout is used, there shall be a 12−hour
period between the time the annular space seal is installed and the
time the protective cover pipe is installed.  Any settling in the
annular space seal shall be topped off before the protective cover
pipe is installed.

4.  The top of the well casing shall be covered with a protective
cap.

(3) GROUND SURFACE SEAL AND PROTECTIVE COVER PIPE.  (a)
Ground surface seal.  All  permanent groundwater monitoring
wells shall be constructed with a bentonite or concrete ground sur-
face seal.  The ground surface seal shall extend to a minimum of
60 inches below the land surface, and the top shall be sloped away
from the well casing.  If bentonite is used, the top of the surface
seal shall terminate 2 inches below the land surface and shall be
covered with top soil or native soil to prevent drying out.  The
ground surface seal shall be installed around the protective cover
and may not be placed between the protective cover pipe and the
well casing.  If the monitoring well depth is such that both a mini-
mum 2 foot annular space seal and a minimum 5 foot ground sur-
face seal cannot both be placed, the ground surface seal may be
shortened.

Note:  Certain soils are prone to frost heave and the department does not recom-
mend use of concrete as a ground surface seal in these situations.

(b)  Protective cover pipe.  The protective cover pipe shall con-
sist of a metal casing at least 2 inches larger in diameter than the
well casing with a locking cap.  The protective cover pipe shall
extend from the bottom of the ground surface seal to a minimum
of 24 inches above the ground surface except as provided in sub.
(4).  There may be no more than 4 inches between the top of the
well casing and the top of the protective cover pipe.  The protec-
tive cover pipe shall always extend above the top of the well cas-
ing.  For water table observation wells constructed in areas where
the depth to water table is less than 7 feet, the required length of
protective cover shall be reduced and may not extend through the
annular space seal or into the filter pack.  If the monitoring well

is located in a floodplain, the protective cover pipe shall be water-
tight.  The department may require additional protective devices,
such as rings of brightly colored posts around the well, as neces-
sary.  Weep holes or vents may be used in protective cover pipes.

(4) GROUND SURFACE SEAL AND FLUSH MOUNTED PROTECTIVE
COVER PIPE.  (a)  Ground surface seal.  All permanent groundwater
monitoring wells with a flush mounted protective cover pipe shall
be constructed with a concrete ground surface seal.  The ground
surface seal shall extend to, but not beyond, the total depth of the
flush mounted protective cover pipe.  The ground surface seal
shall be installed around the flush mounted protective cover pipe
and may not be placed between the flush mounted protective
cover pipe and the well casing.

(b)  Flush mounted protective cover pipe.  The flush mounted
protective cover pipe may be installed only in high vehicular traf-
fic areas and may not be installed in areas subject to ponding or
flooding.  The flush mounted protective cover’s lid shall have the
wording “monitoring well” on its outer surface.  Flush mounted
protective cover pipes shall be installed through an impervious
surface such as asphalt or concrete.  If an impervious surface does
not exist one shall be created which will support the weight of the
traffic in the area.  The flush mounted protective cover pipe shall
consist of a watertight metal casing with an inside diameter at least
4 inches greater than the inside diameter of the monitoring well
casing.  The flush mounted protective cover pipe shall be one con-
tinuous metal piece or 2 metal pieces which are joined with a con-
tinuous weld.  The flush mounted protective cover pipe shall be
a minimum of 12 inches in length.  There may be no more than 8
inches between the top of the monitoring well casing and the top
of the flush mounted protective cover pipe after installation.  The
flush mounted protective cover pipe shall have an exterior flange
or lugs.  The flush mounted protective cover pipe may not extend
beyond the annular space seal.  The flush mounted protective
cover pipe or the monitoring well shall have a locking mechanism.
The monitoring well installed within any flush mounted protec-
tive cover pipe shall have a watertight cap.

Note:  Figure 4 depicts 2 typical flush mounted protective cover pipes after instal-
lation.

Note:  An exterior flange or lugs will aid in the stabilization of the flush mounted
protective cover pipe within the ground surface seal.

Note:  After removing the watertight cap and prior to taking a pressure head mea-
surement a 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.

History:  Cr. Register, January, 1990, No. 409, eff. 2−1−90; am. (1), (2) (a) (intro.),
1., 2. and 3. and (b) 1. and 4. and (3), r. and recr. (2) (a) 4., r. (2) (a) 5. and 6., cr. (4),
Register, June, 1991, No. 426, eff. 7−1−91.

NR 141.15 Drilling methods and fluids.   The drilling
method shall introduce the least possible amount of foreign mate-
rial into the borehole, produce the least possible disturbance to the
formation and permit the proper construction and development of
the required diameter well.  Only air, water from a known safe
source free of bacterial and chemical contamination or bentonite

drilling muds, mixed with water from a known safe and uncon-
taminated source, may be used as drilling fluids.  The water used
for drilling shall be stored in such a manner as to prevent contami-
nation of the clean water.  The department may require chemical
analysis of the water used to produce drilling fluids.  Hammer drill
lubricants, used with air rotary drill rigs, may not be used for
installing groundwater monitoring wells.  If air is used as a drilling
fluid, the air shall be filtered by a coalescing air filter.  If water is
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used, the source of the water shall be reported.  Drilling fluid addi-
tives may not be used without prior written department approval.

History:  Cr. Register, January, 1990, No. 409, eff. 2−1−90.

NR 141.16 Cross contamination.   Precautions shall be
taken to prevent cross contamination of aquifers or uncontami-
nated zones.

History:  Cr. Register, June, 1991, No. 426, eff. 7−1−91.

NR 141.17 Disposal and decontamination.   (1) All
drill  cuttings and fluids and surge and wash waters from borehole
and groundwater monitoring well construction and development
shall be disposed of in a manner approved by the department.

(2) All  borehole and groundwater monitoring well construc-
tion and development equipment shall be decontaminated by
washing and triple rinsing or high pressure heat cleaning to pre-
vent cross−contamination of boreholes or groundwater monitor-
ing wells.

History:  Cr. Register, January, 1990, No. 409, eff. 2−1−90.

NR 141.19 Borehole diameter .  (1) BOREHOLES IN

UNCONSOLIDATED GEOLOGIC FORMATION.  For all permanent
groundwater monitoring wells in unconsolidated geologic forma-
tions, the borehole diameter shall meet the following require-
ments:

(a)  If hollow stem augers are used, their inside working diame-
ter shall be at least 2 ¼ inches greater than the inside diameter of
the permanent well casing.

(b)  If solid stem augers are used, their outside diameter shall
be at least 4 inches greater than the inside diameter of the perma-
nent well casing.

(c)  If an air or mud rotary method is used, the borehole diame-
ter shall be at least 4 inches greater than the inside diameter of the
permanent well casing.  If a temporary outer casing is used, the
inside diameter of the temporary outer well casing shall be at least
4 inches greater than the inside diameter of the permanent well
casing.  The temporary outer casing shall be pulled as the annular
space is being sealed.

Note:  The dual−tube or triple−tube reverse rotary systems are rotary methods.

(d)  If percussion methods, including the rotary wash, wash
down and wash bore methods, with a temporary outer casing are
used, in unconsolidated geologic formations, the inside diameter
of the temporary outer casing shall be at least 4 inches greater than
the inside diameter of the permanent well casing.  The temporary
outer casing shall be removed during the sealing of the annular
space.

(2) BOREHOLES IN BEDROCK GEOLOGIC FORMATIONS.  For all
permanent groundwater monitoring wells installed deeper than 2
feet past the top of the bedrock, the borehole diameter shall meet
the following requirements:

(a)  If an air or mud rotary method is used to construct the moni-
toring well, the requirements of sub. (1) (c) shall be followed.

(b)  If percussion methods are used to construct the monitoring
well, the requirements of sub. (1) (d) shall be followed.

History:  Cr. Register, January, 1990, No. 409, eff. 2−1−90.

NR 141.20 Aquifer test or recovery wells.   The instal-
lation, location and construction of any aquifer test well or recov-
ery well installed for a purpose regulated by the department under
ch. 160, 281, 285, 289, 291, 292, 293, or 299, Stats., shall be
approved by the department program responsible for overseeing
work at the site prior to installation.  Unless another time period
is specified by law, the department shall complete its review and
make a determination on all applications for approval within 65
business days after receipt of the complete application for
approval.  Applications may be included with other submittals for

work to be performed at the site.  The start of the 65 day review
period will not begin until a complete application is received by
the department.  All requests for approval shall be in writing,
except that for situations that require immediate response, an
approval may be requested verbally and an advanced verbal
approval may be granted by the department and followed up with
a written confirmation.  Aquifer test wells or recovery wells may
be used for pressure head monitoring or water quality monitoring
only with the approval of the department.  All aquifer test and
recovery wells shall be abandoned according to s. NR 141.25 and
documented according to s. NR 141.23.

Note:  See ch. NR 812 for additional requirements that apply to aquifer test wells
and recovery wells.

History:  Cr. Register, June, 1991, No. 426, eff. 7−1−91; corrections made under
s. 13.93 (2m) (b) 7., Stats., Register, March, 2000, No. 531.

NR 141.21 Well development.   All permanent ground-
water monitoring wells shall be developed according to the
requirements of section.  Wells sealed with grout or slurry shall be
developed after a minimum waiting period of 12 hours after instal-
lation is completed.  The goal of well development is to produce
water free of sediment and all drill cuttings and drilling fluids.

(1) WELLS THAT CANNOT BE PURGED DRY.  All  permanent
groundwater monitoring wells that cannot be purged dry shall be
developed by the following procedure:

(a)  Alternately surge and purge the well for a minimum of 30
minutes.  The surge and purge cycle shall consist of several min-
utes of surging followed by several minutes of purging to remove
the material collecting in the bottom of the well.  The surging shall
move formation water in and out of the well screen.  The surging
shall be accomplished by using either a bailer or surge block or by
pumping the well sufficiently to cause a drawdown and then
allowing the well to recover and repeating the process.

Note:  When a surge block is used, care should be taken to avoid drawing the
annular space seal material into the filter pack or well screen.

(b)  After the final surge and purge cycle is completed, the well
shall be pumped or bailed until 10 well volumes of water are
removed or until the well produces sediment free water.  If sedi-
ment free water is not obtained any remaining sediment shall be
removed from the bottom of the well.  Well volume shall be calcu-
lated in the following manner:

V1 + V2 = well volume
V1 = volume of water in well casing

V1 � ��D
2
1�

2

H1

V2 = volume of water in filter pack

V2 � N���H2��D
2
3�

2�D2

2
�

2�
N = porosity of filter pack
D1 = inside diameter of well casing
D2 = outside diameter of well casing
D3 = diameter of borehole
H1 = height of water column
H2 = length of sand used in filter pack and fine sand filter

pack seal or the height of the water column in water table
observation wells.

Note:  There are 7.48 gallons per cubic foot.

H1 = height of water column
H2 = length of filter pack or the height of the water column

in water table observation wells.
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(2) WELLS THAT CAN BE PURGED DRY.  All permanent ground-
water monitoring wells that can be purged dry shall be developed
in a manner which limits agitation by slowly purging the well dry.
Wells which can be purged dry may not be surged and no water
may be added to the well.

History:  Cr. Register, January, 1990, No. 409, eff. 2−1−90; am. (intro.), (1) (a) and
(b) and (2), Register, June, 1991, No. 426, eff. 7−1−91.

NR 141.23 Well and borehole construction docu -
mentation.   (1) All permanent groundwater monitoring well
construction shall be reported to the department, using forms and
instructions provided by the department, within 60 days after the
well has been installed.  The completed report shall include the
following information:

(a)  Well location,
(b)  Well casing material and installation procedures,
(c)  Well screen materials and installation procedures,
(d)  Filter pack materials and installation procedures,
(e)  Sealing materials and installation procedures,
(f)  Drilling methods and fluids used for installation,
(g)  Borehole diameter,
(h)  Well development procedures,
(i)  Sieve analysis, and
(j)  Any other information deemed necessary by the depart-

ment.

(2) All  permanent groundwater monitoring wells installed
after February 1, 1990 shall be labeled with labels supplied by the
department.

(3) All  borehole construction data shall be reported to the
department using forms and instructions supplied by the depart-
ment within 60 days after construction.  The completed report
shall include the following data: the results of any soil tests done
and a description of the soil structure, soil color, mottling, mois-
ture content, layering, jointing, lenses, fractures, organic matter
and voids and any other information deemed necessary by the
department.  The constructor shall report any decontamination
procedures used between borehole installations.

History:  Cr. Register, January, 1990, No. 409, eff. 2−1−90; am. (1) (h), renum. (1)
(i) to (j), cr. (1) (i), Register, June, 1991, No. 426, eff. 7−1−91.

NR 141.25 Abandonment requirements.   The follow-
ing requirements apply to the abandonment of all boreholes
greater than 10 feet deep or which intersect a water table and all
groundwater monitoring wells.  The department may require, by
order or other appropriate means, that any borehole or monitoring
well be abandoned.  The department shall consider the following
factors in determining whether a borehole or monitoring well
should be abandoned: purpose, location, groundwater quality, age
and condition of the well or borehole potential for groundwater
contamination and well or borehole construction.
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(1) TIMELINES FOR ABANDONMENT.  (a)  A borehole shall be
abandoned within 3 working days after its use has been discontin-
ued.

(b)  Any permanent groundwater monitoring well no longer
being used to gather information on geologic or groundwater
properties shall be abandoned within 60 days after its use has been
discontinued.

(c)  Any groundwater monitoring well found by the department
to be acting as a conduit for groundwater contamination shall be
abandoned within 15 working days after written notification by
the department.

(d)  Any groundwater monitoring well constructed after Febru-
ary 1, 1990 not meeting the requirements of this chapter shall be
abandoned and replaced with a monitoring well meeting the
requirements of this chapter or any department approval granted
under this chapter within 60 days after installation of the noncom-
plying well or 15 days after written notification by the department
that the well is noncomplying.

(2) ABANDONMENT PROCEDURES.  (a)  Boreholes.  Any bore-
hole intersecting the water table or greater than 10 feet deep,
whose use has been discontinued, shall be abandoned according
to the requirements of par. (d).

(b)  Monitoring wells − impermeable annular space seals.  A
permanent groundwater monitoring well known to be constructed
with an impermeable annular space seal shall be abandoned
according to the requirements of par. (d) after the protective cover
pipe and ground surface seal have been removed and the well cas-
ing cut off at least 30 inches below the ground surface.  The well
casing may be completely removed during abandonment by pull-
ing the well casing, overdrilling around the casing and then pull-
ing the well casing out of the ground or by drilling out the well cas-
ing completely.  If the well casing is to be removed, the well shall
be sealed as the casing is removed.

(c)  Monitoring wells − permeable annular space seals and
wells in waste areas.  A groundwater monitoring well not known
to be constructed with an impermeable annular space seal or
located in an existing or planned future waste disposal or treat-
ment area shall be abandoned by removing the protective cover
pipe and the ground surface seal and then completely removing
the well casing.  The well casing shall be pulled out of the ground
as the well is filled according to the requirements of par. (d).

(d)  Sealing requirements.  Boreholes and groundwater moni-
toring wells shall be abandoned by complete filling with neat
cement grout, bentonite−cement grout, sand−cement grout, con-
crete or bentonite−sand slurry.  When a tremie pipe is used to place
the sealing material, the procedures of s. NR 141.10 (2) shall be
followed.  A tremie pipe shall be used to abandon groundwater
wells and boreholes greater than 30 feet in depth or with standing
water.  Groundwater monitoring wells and boreholes greater than
100 feet in depth shall be sealed with a tremie pipe−pumped
method.  Bentonite may be used as a sealing material without the
use of a tremie pipe under the following conditions:

1.  Bentonite granules may be used for abandonment of bore-
holes and groundwater monitoring wells less than 25 feet deep and
when there is no standing water above the filter pack seal.

2.  Bentonite chips no greater than 3/8 inch in diameter or ben-
tonite pellets may be used for abandonment of boreholes and
groundwater monitoring wells less than 50 feet deep and the depth
of standing water is less than 30 feet.

3.  Bentonite chips no greater than 3/8 inch in diameter or ben-
tonite pellets may be used for abandonment of boreholes and

groundwater monitoring wells which are greater than 4 inches in
diameter and less than 250 feet deep and the depth of standing
water is less than 150 feet.

(3) SEALANT SETTLEMENT.  Any settling of the sealant material
shall be topped off.  Sealing material may be terminated 30 inches
below the ground surface in agricultural areas to avoid interfer-
ence with agricultural activities.  A native soil plug shall be placed
on top of the settled sealing material in such cases.

(4) ABANDONMENT DOCUMENTATION.  All borehole and perma-
nent groundwater monitoring well abandonments shall be
reported to the department within 60 days of the abandonment on
forms supplied by the department.  In addition to the information
required on the form, the person performing the abandonment
shall report any decontamination procedures used between bore-
hole and well abandonments.

History:  Cr. Register, January, 1990, No. 409, eff. 2−1−90; am. (2) (b), (2) (d) 1.
to 3. and (3), Register, June, 1991, No. 426, eff. 7−1−91.

NR 141.27 Driven point  wells.   Driven point wells with
galvanized steel drive pipes and contaminant compatible well
screens may be used as permanent groundwater monitoring wells
if  prior department approval is obtained.  Written documentation
shall be supplied to the department prior to installation indicating:

(1) That the well is to be used only for water table elevation
measurements or to monitor for parameters for which the well cas-
ing and screen material will not interfere with the analytical
results;

(2) That the well will not provide a conduit for contaminants
to enter the groundwater; and

(3) That information on subsurface stratigraphy is not needed.
In situations where subsurface geologic information is needed, a
separate borehole shall be constructed to collect the required data.

History:  Cr. Register, January, 1990, No. 409, eff. 2−1−90.

NR 141.29 Temporary groundwater  monitoring
wells.   Temporary groundwater monitoring wells may be
installed according to less stringent standards than specified for
permanent groundwater monitoring wells.  Any temporary moni-
toring well construction shall be approved by the department prior
to its installation.  All temporary monitoring wells shall be aban-
doned in accordance with s. NR 141.25 within 120 days after their
installation.

History:  Cr. Register, January, 1990, No. 409, eff. 2−1−90.

NR 141.31 Special  circumstances and exceptions.
(1) The department may require or approve more restrictive or
alternative well material, assembly, installation, development or
abandonment if the contaminant concentrations or geologic set-
ting require alternative construction.  Prior written approval is
required before any alternative materials are used in monitoring
well installation.

(2) Exceptions to the requirements of this chapter may be
approved by the department prior to installation or abandonment.
An exception request shall state the reasons why compliance with
the rule requirements is infeasible.  The department may condi-
tionally approve an exception by requiring materials or proce-
dures which safeguard against contamination and result in
groundwater monitoring well construction which is substantially
equivalent to the requirements of this chapter.  Failure to comply
with the conditions of an exception voids the department’s
approval of the exception.

History:  Cr. Register, January, 1990, No. 409, eff. 2−1−90.
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