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Abstract 

The DOE-RL has agreed with the U.S. Environmental 
Protection Agency and the Washington State 
Departm�nt of Ecology to install groundwater 
. monitoring wells at Low-Level Burial Grounds 
!regulated under the Resource Conservation and 
1Recovery Act (RCRA). DOE-RL has committed to 
:drill " ••• not more than 35 wells ..• no later tha� 
1November 30, 1987. 11 These we 11 s are funded under .. 
:General Plant Projects (GPPs) B-677 and B-678. 

. :This Engineering Study supports both GPPs B-677 
and B-678 by providing a technicar_and co�t basis 
.fo� the selection of design,. me_thods and materials, 
;su1table for the site specific conditions at 
;Hanford. Five technical iss�es were eval�ated: 
:T) materials of _construction, 2) drilling methods, 
•3� well complet1on methods, 4) monito·ring well 
.diameter and 5) borehole diameter and clearance 
:requirements. Due to the early completion date r

:a conservative approach was taken emphasizing 
;proven methods and materials. 

The preferred well construction method utilizes 
cable tool drilling equipment to drill an oversized 
borehole that is temporarily supported by at least 
an 8-in. inside diameter casing. The actual 
monitoring well is constructed inside the borehole 
using 4-in. diameter type 304 stainless steel casing: 
and screen. As the temporary casing is removed, 1 

seal material is added. Alternatives to the 
preferred methods and materials are available that 
:offer potential cost and time savings, but require 1
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EXECUTIVE SUMMARY 

The U. S. Department of Energy-Richland Operations Office (DOE-RL) has 
agreed with the U. S. Environmental Protection Agency (EPA) and the Washington 
State Department of Ecology (WDOE) to install ground-water monitoring systems at 
those Hanford Site Low-Level Burial Grounds (LLBG) that received radioactive 
mixed waste after -November 19, 1980 . The systems are to be installed in 
accordance with Resource Conservation and Recovery Act (RCRA) and Washington 
Administrative Code (WAC) regulations. Regulated LLBG include (218-)W-3A, W-3AE, 
W-4C and W-5 i n 200 West Area, and E-10 and E-128 in 200 East Area. 

Ground-water monitoring systems are required for burial grounds under 
interim status (40 CFR 265, Subpart F). The DOE-RL, EPA, and WDOE have agreed to 
initially limit the installation to not more than 35 monitoring wells by the end 
of November, 1987 as part of the compliance effort to meet RCRA and WAC 
regulations. These initial ground-water monitoring systems are being constructed 
in fiscal year 1987 under General Plant Projects 8-677 and 8-678 for the 200 West 
and 200 East Areas, respectively. Project objectives are two fold: 1) instal l 
independent monitoring systems for each regulated LL8G and 2) characterize the 
hydrogeologic environment to evaluate the adequacy of each independent system in 
mee t ing the requirements of a RCRA compliance system . Based on study results , 
additional work will be proposed, as required to achieve ful l compliance. 

In this engineering study, cert ain technical issues are evaluated with 
respect to monitoring well design and construction methods. The location of 
individual wells that comprise the monitoring system at each LLBG is documented 
i n the compliance plan submitted earlier to EPA and WDOE. The requirement that 
the mon i toring well installation be completed by November 30 , 1987 necessitates a 
conservative , product proven approach being taken in the selection of materi als 
and methods of construct i on . Only techniques_ and equipment that exper ience has 
proven workable and reliable are recommended. Experience gained during these 
projects is anticipated to result in further refinement of the well design and 
construction methods. 

Based on this study's evaluation, the preferred material for well 
construction is type 304 stainless steel casing and screen . Type 304 stainless 
steel has acceptable chemical stability and structural strength to provide 
adequate service for the SO-plus years design life of the monitoring well . The 
preferred size for the monitoring well i s 4-in. inside diamet er casing and 
screen . The preferred well construction method utilizes cable tool drilling· 
equipment t o drill an oversized borehole that is temporarily supported by at 
least an 8-i n. inside diamet er casing . The actual mon i toring wel l is cons t ructed 
inside the borehole . As the temporary casing is removed, a RCRA acceptable wel l 
seal mat eri al is added . The use of ai r rotary equipment is considered an 
al ternative for a limited number of wells . Total est imated cos t for both · 
projects to include 35 wells of not more than 11,000 total feet of drilling is 
Sl , 980,000 . 

A•6400-07 3 . 1 16-8 1) 
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The U. S. Department of Energy - Richland Operations Office (OOE-RL) has 
agreed with the U. S. Environmental Protection Agency (EPA) and the Washington 
State Department of Ecology (WOOE) to install ground-water monitoring systems at 
Low-Level Burial Grounds (LLBG) that have received radioactive mixed waste (RMW) 
after November 19, 1980. The systems are to be i nsta 11 ed in accordance with the 
Resource Conservation and Recovery Act (RCRA) and Washington Administrative Code 
(WAC) regulations. Regulated LLBG in 200 West Area include (218-)W-3A, W-3AE, 
W-4C and W-5. Regulated LLBG in the 200 East Area include (218-)E-10 and E-128 . 
A Part B Permit Application for these LLBG'·s has been submitted by OOE-RL. Until 
the permit is obtained, these LLBG will be operated in accordance with the 
interim status requirements of 40 CFR 265, which specifies in Subpart F the 
requirements for ground-water monitoring systems . 

A consent agreement and compliance order (WOOE 1986) was negotiated with EPA 
and WOOE. A phased approach to obtaining compliance of the regulated LLBG was 
agreed to. For the first phase, the agreement commits DOE-RL to drill " ... not 
more than 35 wells ; nor more than 11 , 000 total feet of well . .. no later than 
November 30, 1987." Accordingly, nineteen wells are planned in f iscal year (FY) 
1987 for the regulated LLBG in 200 West Area under General Plant Project (GPP) 
8-677 at an estimated cost of $1,090 , 000. Sixteen wells are planned in FY87 for 
the regulated LLBG in 200 East Area under GPP 8-678 at an estimated cost of 
S890,000 . Total estimated capital cost for FY 87 compliance activities is 
Sl,980,000. 

1. 2 PURPOSE ANO NEED 

The two main objectives of the General Plant Projects are: 1) install an 
independent monitoring system for the regulated LLBG as specified in the Consent 
Agreement and Compliance Order and 2) characterize the hydrogeologic environment 
to evaluate the adequacy of the independent monitori ng system in meeting the RCRA 
compliance requirements. On the basis of the results obtained, additional work 
wi ll be proposed, as required, to achieve full compliance. Details of the 
monitoring system being implemented under are documented in a compliance plan 
pr epared by DOE-RL (1987) for EPA and WOOE. The compliance plan contains 
i nformation on monitoring well location, well construction materials and desi_gn, 
drilling methods, and characterization work . 

I '--- - - ----------------- ----- -----------' A-6400-07 3 , 1 16 -al) 
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This study supports the compliance plan by providing a technical and cost 
basis for the initial selection of design, methods and materials suitable for the 
site specific conditions at Hanford. Because of the early completion date for 
installation of the 35 wells (November 30, 1987), a conservative approach was 
taken in the selection of materials and methods of construction . Experience and 
information gained from the design, installation and operation of monitoring 
wells at RCRA regulated sites. in the !OOH and 300 areas, and the Non -Radioactive 
Dangerous Waste (NROW) landfill along with open literature information were 
considered in making the final selection. Experience gained from these projects 
and continuing evaluation of alternate materials and methods wi l l be used for 
further refinement in the well design and construction techniques . 

A-6400-073. 1 ( 6-81 l 



Rockwell Hanford Operations 

SUPPORTING DOCUMENT 
!Number 

I SD-RE-ES-037 

IRev. Ltr./Chg. No. 

I Rev. 0 

2.0 RECOMMENDATIONS 

Based on this evaluation, a 4-in inside diameter, type 304 stainless steel 
casing and screen is recommended as the preferred well size and material for 
construction of the first 35 ground water monitoring wells at the 200 Areas RCRA 
regulated LLBGs. The casing and screen must be joined using threaded couplings 
and not welded to minimize galvanic corrosion. Cable tool drilling is the 
preferred method for drilling the borehole. The monitoring well will be 
constructed inside the oversized borehole. Temporary casing with a minimum 
inside diameter of 8-in. will be used during drilling to prevent collapse of the 
borehole. As the temporary casing is removed, sealing material will be added 
between the monitoring well and the wall of the borehole to seal the well. 

The use of schedule 80, flush threaded, casing and screen manufactured of 
polyvinylchloride (PVC) is considered a potential alternative to type 304 
stainless steel. PVC has good to excellent chemical resistance under most 
anticipated Hanford Site conditions, and does not have the potential for galvanic 
corrosion as metal materials have . However, PVC is structurally weaker than 
stainless steel. The use of PVC would require special care and handling during 
construction. There are also unresolved technical issues concerning the long 
term performance of PVC monitoring wells constructed at the depths required . 

Air rotary dril ling is considered a potent ial alternat i ve drilling method . 
Air rotary drilling is significantly faster than cable tool drilling and 
therefore has a potential cost savings . Containment techniques for control of 
radioactive contaminants from air rotary drilling operations must be developed . 
However , past Hanford experience indicates that rotary dr il ling methods have 
difficulty in penetrating the coarse, unconsolidated sediments frequently found 
in the unsaturated zone at Hanford. Because the number of wells at the Hanford 
Si te previously drilled by the rotary met hod is limited, insufficient informa tion 
is available to properly evaluate the capab i lities of new rotary equipment and 
methods . Additional development work would be necessary before ai r rotary 
drilling techniques could be recommended. 

A•6400.07::l . 1 16·8 1) 
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3.0 CONCLUSIONS 

New monitoring wells are required in the 200 Areas to meet the RCRA 
requirements for ground-water monitoring of regulated facilities. The 
recommended monitoring well design and construction methods meet the general 
requirements established in Subpart F of 40 CFR 265 and satisfy technical 
guidance criteria recommended by EPA. Selection of methods and materials were 
based on product-proven experience for Hanford Site specific conditions. 

Alternatives to the recommended well construction material and the drilling 
method are available and offer potential cost and time savings . These 
alternatives need to be further evaluated to ensure they meet the regulatory 
requirements and are suitable for Hanford Site conditions . Testing of the rotary 
drilling method and use of PVC casing and screen at the Hanford Site should be 
considered for selected monitoring wells not part of the RCRA regulated sites to 
develop the experience necessary to qualify these materials and techniques for 
use in RCRA monitoring wells. 

A-6400.0 73. 1 ( 6-81 ) 
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The requirements for interim status ground-water monitoring at hazardous 
waste sites are identified in Subpart F, 40 CFR 265. The requirements for a 
ground-water monitoring system are specified in 40 CFR 265.9l(a): 

"(I) Monitoring wells ... installed hydraulically upgradient . . .. Their number, 
location, and depths must be sufficient to yield ground water samples that 
are: 

(i) Representative of background ground-water quality in the uppermost 
aquifer near the facility; and 

(ii) Not affected by the facility; and 

Page 

9 

(2) Monitoring wells . .. installed hydraulically down gradient .. . at the limit of 
the waste management area. Their number, location, and depths must ensure 
that they immediately detect any statistically significant amounts of 
hazardous waste or hazardous waste constituents that migrate from the waste 
management area to the uppermost aquifer." 

A proposed monito~ing system designed to meet site-specific conditions is 
described in the compliance plan prepared by DOE - RL for submission to EPA and 
WDOE. The compliance plan contains details on monitoring well locations and 
numbers, well construction design and materials, drilling methods, and 
characterization work. This ES supports and provides the technical basis for the 
compliance plan and provides an evaluation of alternate well construction methods 
and materials suitable for Hanford conditions. 

The general requirements for the construction of a monitoring well contained 
in 40 CFR 265.9l(c) specify: 

(1) "All monitoring wells must be cased in a manner that maintains the integrity 
of the monitoring well bore." 

(2) "This casing must be screened or perforated, and packed with gravel or sand 
where necessary, to enable sample collection at depths where appropriate 
aquifer flow zones exist." 

(3) "The annular space (i.e. the space between the bore hole and well casing) 
above the sampling depth must be sealed with a suitable material (e .g. , 
cement grout or bentonite slurry) to prevent contamination of samples and 
the ground water . " 

The above described EPA requirements are only general in nature. The specific 
design of individual monitoring wells or a ground -water monitoring system 

A•6400-07:l. 1 (6-811 
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requires the determination of site-specific conditions and the evaluation and 
consideration of methods, procedures, and materials that meet the special needs 
and conditions of a given site. Various different methods and materials are 
available that may appear suitable but are inadequate for specifi~ conditions 
encountered at Hanford. Evaluation of methods and materials for construction of 
monitoring wells must consider conditions specifically at the 200 Areas of the 
Hanford Site. A general technical explanation of well drilling and completion 
methods is found in Driscoll (1986) and EPA (1985, 1986). 

4.2 HANFORD SITE SPECIFIC CONDITIONS INFLUENCING WELL DESIGN 

Specific conditions at the 200 Areas that influence the selection of 
drilling methods and materials for well construction include: 

o Physical properties of the sedimentary deposits to be drilled 

o Thickness of the saturated and unsaturated zone sediment (controls the 
depth wells are drilled) 

o Geochemical properties of the ground water 

o Presence of radioactive materials 

Each of these topics and the potential impact on method and materials 
selection for construction of monitoring wells will be discussed in the following 
sections. 

4.2 . 1 Geologic Materials 

The geology and stratigraphy in the vicinity of the 200 Areas are summarized 
by Tallman et al. (1979). Two major sedimentary formations are encountered in 
the 200 Areas : the Ringold and the (informal) Hanford formations. Both the 
Hanford and Ringold formations contain gravel units with particle sizes that 
range up to large cobbles and include occasional boulders {Table 1). Drilling 
through units can be difficult, especially in the Hanford formation where the 
material is unconsolidated. Drilling tools can be deflected by the coarse 
materials, resulting in a crooked, unacceptable borehole. Drilling in the 
unconsolidated Hanford formation requires the use of temporary casing to prevent 
collapse of the borehole. Deflection of the borehole may also result in stuck 
casing requiring abandonment of the hole. · 

The Ringold formation is a fluvial deposit laid down by the ancestral 
Columbia River. Four units are identified: upper, middle, lower, and basal. In 
the vicinity of the 200 Areas, the unconfined aquifer generally occurs in the 
middle Ringold unit, and most monitoring wells will be drilled and completed in 
this unit. The middle Ringold unit consists of well-rounded pebbles and cobbles. 
The interstitial spaces are filled by a coarse-to-fine sand and silt matr i x. 
Vari able amounts of cementation occur with the amount generally increasing with 
depth. In the vicinity of the 200 East Area, the lower Ringold unit is missing 
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and the middle Ringold is not distinguished from the texturally similar basal 
Ringold. 

TABLE 1 
PARTICLE SIZE DESIGNATION 

(modified after Wentworth 1922) 

I 
I 
I . I 
I 

PARTICLE 
DESIGNATION 

BOULDER 

COBBLE: 
LARGE 
SMALL 

GRAVEL I 

SAND. 

·I 
I 
I 
I 
I 
I_ 

PEBBLE: 
VERY COARSE 
COARSE 
MEDIUM 
FINE 
VERY FINE 

·1- VERY COARSE 
I COARSE 
I MEDIUM 
I FINE 
I_ VERY FINE 

SILT AND CLAY 

PARTICLE 
DIAMETER 

(mm) 

>256 

256 - 128 
128 - 64 

64 - 32 
32 - 16 
16 - 8 
8 - 4 
4 - 2 

2 - 1 
1 - 1/2 

1/2 - 1/4 
1/4 - 1/8 
1/8 - 1/16 

<1/16 

Page 

11 

The Hanford formation overlays the Ringold formation and comprises most of 
the unsaturated zone. The Hanford formation is a glaciofluvial deposit laid down 
by multiple catastrophic Pleistocene floods . The 200 Areas are located on a 
giant bar formed by a side current of the flood waters passing between Gable 
Butte and Umtanum Ridge . The bar is composed predominantly of sand -sized 
particles, wh ich supports the hypothesis that the sediments were deposited away 
from the main current channel that was presumably located north of the Gable 
Butte-Gable Ridge structure . However, sediments coars en upward to gravel facies, 
which contain pebble-, cobb le- and some boulder-sized part icles. The increas i ng 
particle size suggests either higher water volumes or a shift of the main current 
channel. The Hanford formation is generally unconsolidated. The unconfined 
aquifer includes the lower portion of the Hanford formation in some limited 
locations . 

A-6400-07:J . 1 16-81 ) 



-

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

Rockwell Hanford_Operations 
Number Aw. Ltr./Chg. No. Page 

SUPPORTING DOCUMENT SD-RE-ES-037 I Rev. 0 12 

4.2. 2 Thickness of Saturated and Unsaturated Sediments 

The depth to ground water in the vicinity of the 200 Areas can be evaluated 
from a series of semiannual water-table maps published for the Hanford Site. The 
water table beneath the 200 Areas is influenced by changing waste water disposal 
operations, but the most recent water-table map for June 1986 (Schatz and Jensen 
1986) shows that the water table decreases from approximately 470 to 410 ft above 
mean sea level (msl) from west to east across the two areas . Ground surface 
ranges from approximately 600 to 720 ft above msl in the 200 Areas. In the 
vicinity of the regulated LLBG, depth to ground water will range from 
approximately 200 ft to around 300 ft. 

· Total unconfined aquifer thickness is evaluated from the water-table map and 
the geologic cross sections in Tallman et al. (1979) . In 200 East Area, the 
confining unit is considered to be the Columbia River basalt surface. The 
surface of the basalt generally dips to the south toward the Cold Creek syncline. 
In the vicinity of the 200 East Area regulated LLBG, the basalt surface occurs 
between 350 and 400 ft above msl. The total unconfined aquifer thickness is 
generally less than 100 ft, ranging from approximately 10 to 60 ft . 

In 200 West Area, the confining unit is considered to be the lower Ringold 
unit (Graham, 1981). In the vicinity of the 200 West Area regulated LLBG, the 
upper surface of the lower Ringold unit occurs between 200 and 300 ft above msl 
and the total aquifer thickness ranges between less than 200 ft to almost 300 ft. 

4.2.3 Geochemistry of the Ground Wate~ 

Ground-water chemistry in the Separations Area was summarized by Graham 
(1981). Overall, the unconfined ground water can be classified as a 
calcium-bicarbonate type. However, disposal of aqueous waste water from process 
operations in the 200 Areas have contributed both inorganic and organic 
components and radioactive contaminants to the ground water. Table 2 lists the 
average composition and range in concentration for major constituents within the 
unconfined aquifer at the Hanford Site. The higher end of the concentration 
range in Table 2 for sodium, nitrate and total dissolved solids can generally be 
attributed to a waste water contribution. To the south east of the 200 East 
Area, a gradual change to a sodium-bicatbonate water probably relects mixing of 
waste water with ground water (Graham, 1981). 

Cline et al., 1985 reports detailed chemical analyses of ground water from 
20 wells at the Hanford Site. In addition to the ground-water constituents 
reported in Table 2, for wells in the vicinity of the 200 Areas, the pH ranges 
from 7.0 to 8.5, the temperature ranges from 17 .s0c to 21°c, and the TOC values 
are below 12 mg/L. Data for organic constituents are limited but indicate 
concentrations generally belo·w 1 mg/L. Oxidizing conditions are assumed to be 
prevalent for the unconfined aquifer. Overall, the unconfined ground water 
appears to be a dilute, neutral t o slightly basic solution . 
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AVERAGE COMPOSITION ANO RANGE IN CONCENTRATION 
OF MAJOR CHEMICAL CONSTITUENTS WITHIN GROUND WATER 

IN THE UNCONFINED AQUIFER AT THE HANFORD SITE (GEPHART ET AL., 1979) 

I 
Page 
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ANIONS RANGE (mg.!'.Ll AVERAGE (mg.!'.Ll 
HC03 56 - 314 149 
Cl - 2.7 - 32 11 
S04 2.7 - 99 43 
N03 0.1 - 270 27 
F- 0.1 - 1.3 0. 5 

CATIONS 
Na+ 2.9 - 64 23 
K+ 2.4 - 13 6.2 
ca++ 14 - 92 41 
Mg++ 3.1 - 29 11 
Si02 8.8 - 50 35 
Total Dissolved Solids 203 - 728 347 

4. 2. 4 Radioactive Materials 

Only solid waste is disposed of in the LLBG and the bulk of the waste is 
classified as radioactive waste. Current records indicate approximately 2% of 
the waste is radioactive mixed waste where a hazardous material has been 
radioactively contaminated. Because of the arid climate, the potential for 
migration of contaminants is considered low. However, because drilling 
activities will be conducted at the perimeter of the LLBG, the potential is 
higher that radioactive materials will be encountered. Furthermore, retired 
liquid waste disposal sites which received significant quantities of radioactive 
materials are in the vicinity of most of the LLBG. It is possible that the 
contamination plume from these facilities may be encountered during drilling in 
the unsaturated and saturated sediments. It is necessary that the drilling 
method and we 11 const_ruct ion techniques pro vi de for the contra 1 and containment 
of radioactive contaminated materials encountered. 

4. 2. 5 Conceptual Design for Monitoring Wells 

Characterization of the hydrogeologic environment requires that some wells 
be drilled to the bottom of the unconfined aquifer to determine the geology of 
the site, and to evaluate the vertical hydrologic gradient . At this time, 
mon i toring wells completed in the top of the unconfined aquifer will satisfy the 
requirement for an independent monitoring system . Thus, two well designs are 
considered in this study, i.e. a deep well (primarily for characterization of the 
hydrogeology) and a shallow well (pr imarily for monitoring). Assumptions used to 
evaluate the designs are: 
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Shallow-well design: 

o The water table occurs at a depth of 250 ft below ground surface 

o The borehole is drilled 20 ft below the water table 

o The well is constructed with 15 ft of screen below the water table and 5 
feet of screen above the water table . 

Deep-well design: 

o The water table occurs at a depth of 250 ft below ground surface 

o The bottom of the unconfined aquifer occurs at a depth of 450 ft 

o The deep well is constructed with 10 ft of screen at the bottom of the 
aquifer. 

4.3 TECHNICAL ISSUES 

Five technical issues are evaluated in this engineering study that can 
significantly affect the performance, reliability and cost of the construction 
and long term operation of an acceptable well design for the 200 Areas of the 
Hanford Site. They are: 

o Materials of construction 

o Drilling Methods 

o Well completion methods 

o Monitoring well diameter 

o Borehole diameter and clearance requirements 

Because of the limited time available for completion of the project (November 30, 
1987) and the long design life required, a product-proven, conservative approach 
is preferred in selection of methods and materials rather than one that contains 
elements of research and development. Methods and materials ·that appear to have 
promise but are unproven for Hanford site-specific application are identified and 
the technical merits evaluated for possible future development. Those methods or 
materials initially investigated but rejected as being inadequate or unsuitable 
may be mentioned but are not evaluated further. 
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The casing and screen materials for both the shallow and the deep monitoring 
wells will be evaluated on the basis of the following requirements: 

1. The materials must not chemically react in the anticipated environment.
2. The materials must have the structural strength required for 

installation. 
3. The materials must last for the operational period of the LLBG and for

the 30-yr postclosure period. 

5.2 MATERIAL ALTERNATIVES 

A variety of rigid materials have been used for construction of ground-water
monitoring wells. Barcelona et al. (1983) evaluated the chemical compatibility 
of various rigid materials in 4 different categories of ground-water conditions. 
Rigid materials investigated included Teflon, stainless steel types 304 and 316,
galvanized steel, carbon steel, low-carbon steel and polyvinylchloride (PVC). 
Chemical environments investigated included: buffered weak acid, weak acid, 
mineral acid/high solids, and aqueous/organic mixtures. Barcelona et al. (1983)
rated teflon highest overall followed by stainless steel type 316, stainless 
steel type 304, PVC, low- carbon steel, galvanized steel, and carbon steel. The
overall rating however reflects the materials compatibility in four completely 
different chemical environments. For specific chemical environments, several 
materials may perform equally well. For example, PVC performed as well as Teflon
under buffered weak acid and mineral acid/high solids conditions. Stainless 
steel 316 performed as well as Teflon except under mineral acid/high solids 
conditions. Based on the results of Barcelona et al. (1983), the EPA (EPA 1985) 
recommended the use of Teflon, stainless steel 316, or other proven chemically 
and physically stable materials for those portions of the monitoring well below
the water table. 

The selection of materials for monitoring well construction must be based on
the actual conditions to be encountered at the Hanford Site. The ground-water 
environment at Hanford (see section .4.2.3) is far less aggressive than the 
chemical conditions evaluated by Barcelona et al.(1983). In addition, 
construction of monitoring wells to depths from 200 to 300 ft, or greater, 
requires materials be selected that provide adequate structural strength for both 
installation and long-term performance. Materials that can potentially meet
these performance criteria are stainless steel types 304.and 316, PVC, and 
Teflon. Carbon steels and galvanized steel are unacceptable because of long-term 
corrosion problems encountered in both ground-water and vadose-zone monitoring 
wells at the Hanford Site. 

I 
!. 
! 

I 
i 
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5.2 . 1 Teflon 

Teflon is nearly a chemically ideal well construction material. It has 
excellent chemical stability under most chemical environments , does not absorb or 
adsor~ readily, and has little potential for leaching contaminates to the ground 
water. 

The main disadvantage of Teflon is its lack of structural strength. Under 
stress, Teflon will deform. The threaded sections are particularly vulnerable . 
They can deform and release as the well casing is lowered into the borehole . A 
Teflon screen can also deform because of the weight of casing and reduce or close 
off the screen openings. Installation techniques mitigate, but have not entirely 
resolved the deformation problem. Use of Teflon for casing or screen below a 
depth of approximately 100 ft is not recommended (Barcelona et al , 198!). 

5.2.2 Stainless Steel Types 316 and 304 

Stainless steel (SS) type 316 contains 2-3% molybdenum, which greatly 
improves its resistance to chlorine and sulfur compounds (particularly sulfuric 
acid). For this reason, Barcelona et al . (1983) rated 316 stainless steel 
slightly better than type 304, which is similar to 316 SS in other respects . 
Although buffered weak acid solutions can attack type 304 SS, either type 304 or 
316 SS will exhibit excellent chemical resistance at the pH (7 . 5 to 8.0), low 
temperatures, and low salinities found in Hanford ground water. Although the 
stainless steels will be resistant to chemical attack, galvanic corrosion is a 
potential problem as with all metallic materials if two dissimilar metals (such 
as stainless steel and another metal or welding material) are in contact in an 
electrolytic solution. Galva~ic corrosion is a_problem in tank farms at the 
Hanford Site where stainless steel pipe is welded together, and galvanic 
(cat hodic) protection is required. While threaded cas i ng and screen will be 
used, there is the possibility that galvanic protection will be required to 
prevent corrosion over the long surveillance time period. 

Table 3 provides dimensions and strength data for casing manufactured of 
type 304 stainless steel. Data for nominal 4- in., 5- in., and 6-in. casing is 
listed. Casing made from either type of stainless steel would have excellent 
structural strength and can stand up to the conditions encountered at depths of 
hundr eds of ft. Casing and screen manufactured from stainless steel type 304 is 
readily available in a variety of diameters, indicating its common usage. Ca.sing 
and screens manufactured from stainless steel type 316 require a special order. 

The main disadvantage of the stainless steels is the increased cost compared 
to ot her types of steel and synthetic materi als other than Teflon . Galvan ic 
corrosion is a potential disadvantage but proper well design (using threaded 
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coupling to avoid welding, using the same type of sta i nless steel) should 
minimize this problem. Galvanic corrosion could be eliminated by the addition of 
gal vanic (cathodic) protection . 

5. 2.3 PVC 

The main advantages of PVC material are its availability and relative low cost. 
PVC has good chemical resistance although it can be attacked by organic solvents 
such as ketones, esters, and chlorinated and aromatic hydrocarbons. However, 
organic solvents are not likely t o be encountered in ground-water monitoring 
applications in concentrations high enough to damage PVC. PVC has been shown to 
have the potential to both leach and sorb organic materials from the polymer 
matrix (Barcelona et al. 1983) . Because the standard purging requirements of a 
wel l prior to sampling limits contact time of fresh formation water with the 
monitoring well casing and screen, leaching and adsorbtion are not considered a 
problem. 

Schedule 40 PVC casing is considered to thin to provide the necessary 
structural strength at the depths required . Dimens ions and strengths for 
schedule 80 casing manufactured of PVC are provided i n Table 3. Data for nominal 
4-i n., 5-in., and 6-in. internal diameter casings are listed. 

Casing manufactured from PVC i s significantly weaker than comparable sized 
items manufactured from type 304 stainless steel . (In fact, PVC screen of a 
continuous wire wrap design does not have adequate column strength to support the 
we ight of the rest of the casing at the depths required . ) For instance, the 
jo i nt tensile strength is only 6,000 lb for 4- in. and 5-in. PVC casing compared 
to greater than 80,000 lb for stainless steel. While the listed strengths for 
PVC are sufficient to support the monitoring well during installation, there is 
l i ttle margin if problems develop during installation or the casing has to be 
adjusted in the borehole. 

PVC is a more difficult material to install than stainless steel and 
requires special handling . The performance of PVC is somewhat temperature 
dependent. In cold weather the PVC becomes brittle; in hot weather the mater i al 
can warp. If not properly protected from exposure to sunlight dur i ng storage PVC 
can also suffer degradation. Care must be taken when portland cement based grout 
is used to provide a seal. The cement ' s heat of hydration can soften the PVC, 
causing collapse of the monitoring well. Driscoll (1986) indicates that 
typ ical ly a cement grout should not be more than 2-in. thick to prevent 
deformation and collapse. Cement based grouts should not be used wi th PVC casing 
at depths below 300 feet because a combination of heat and weight could cause 
coll apse . 

The structural strength and flexibility of PVC is also a potential 
disadvantage for long-term monitoring well applications. Driscoll (1986) 
ind i cates that wh i le pl ast ic casing can be set t o depths of 1000 feet , t he 
sel ecti on of any plast i c mater i als for wells deeper than 300 feet should be made 
with caution. As ·a result, while PVC materials may be suitable for the shallow 
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well design, it is probably not acceptable for the deep well design. Driscoll 
(1986) points out that, because of the viscoelastic nature of plastic materials , 
the long-term strength of plastic materials is significantly less than indicated 
by short-term tests. The long-term compressive strength of PVC casing may be 
only one-fifth the value indicated in Table 3. Long-term deformation after the 
well has been completed at the depths required in the vicinity of the 200 Areas 
may reduce clearance sufficiently to prevent used of certain purging or sampl ing 
equipment. 

One problem with schedule 80 PVC casing results .from the current requirement 
for adequate clearance for installation of a submersible pump (Section 8.0). 
Examination of Table 3 indicates that schedule 80, 4-in. PVC casing has an 
internal diameter of 3.826 in .; less than 1/16-in . of clearance is available for 
installation of the currently used submersible pump (outside diameter of 
3.750-in). Deformation of the casing could prevent use of a submersible pump . 
PVC casing of 5-i n. or 6-in. size would provide adequate clearance . However , use 
of larger diameter PVC casing would decrease the cost advantage of PVC monitoring 
wells. Significant additional costs would be incurred for both drilling and 
temporary materials . A 5-in. or 6- in. well casing requires a minimum 10- in . 
temporary casing diameter to provide adequate clearance for installation of 
sealing material (Section 9.0) . 

5.3 EVALUATION OF MATERIAL ALTERNATIVES 

5.3.1 Technical Evaluation 

Criteria 1: The materials must not chemically react in the anticipated 
environment. 

Far the nonaggressive chemical environment anticipated in the ground water 
at the Hanford Site, all four materials will probably perform equally well . 
Teflon, stainless steel types 316 or 304, and PVC will not react with the ground 
water and should not effect the quality of ground -water samples. Galvanic 
corrosion of stainless steel materia l can be mitigated by the use of threaded 
casing and screen. Cathodic protection could be added, if necessary, to 
el iminate galvanic corrosion. 

Criteria 2: The materials must have the structural strength required for 
installation. 

The use of Teflon below a depth of 100 ft. is unacceptable. Structural 
deformation appears to be a significant problem . The use of schedule 40 PVC 
appears to be unacceptable for the same reasons as given for Teflon. Schedule 80 
PVC has adequate strength for well installation at depths to 300 ft, if no 
problems are encountered, and should be acceptable for construction of the 
shallow monitoring well design . Schedule 80 PVC material may not be adequate for 
the deep well design due to long-term deformation. PVC becomes bri ttle in cold 
weather and assembly of the monitoring well during winter months may be 
difficult. During the summer months PVC material would have to be protected from 
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the heat and direct exposure to the sun for extended periods of time. Stainless 
steel types 316 and 304 have the structural strength required for construction of 
both the deep and shallow monitoring well designs. 

Criteria 3: The materials must last for the operational period of the LLBG 
and for the 30-year postclosure period. 

This criteria provides an evaluation over the long-term of the material 
performance addressed in Criteria 1 and 2. Will the material degrade due to 
chemical attack over a long period of time, or will the material deform due to 
physical processes? Teflon will show no degradation due to chemical attack . 
However, structural deformation of Teflon, both in the short-term and the 
long-term, eliminates Teflon for this application. Neither type 304 or type 316 
stainless steel a-re expected to be degradated by chemical attack in the present 
Hanford environment. The potential exists for galvanic corrosion, but this 
problem can be mitigated or eliminated by proper well design or by adding 
cathodic protection. PVC should not show chemical degradation under present 
conditions. Deformation of PVC may be a problem in the long-term, particularly 
for smaller diameter casing where there is already limited clearance for sampling 
and purging equipment. Presently, there is insufficient information to evaluate 
the magnitude of the problem. 

5.3 .2 Cost and Schedule Evaluation 

Approximate list prices for 2-in. and 4-in. internal diameter casings made 
of Teflon, PVC, and stainless steel 316 or 304 are shown in Table 4. Cost in 
dollars per foot are based on 10-ft length casing with flush-threaded joints . 

MATERIAL 

TABLE 4 
COMPARISON OF COST OF CASING 

FOR VARIOUS MATERIALS 

cosrA cosrA 
(2-in . i.d.) (4-in. i.d.) 

Teflon $30 . 00 sao .oo ($100.00) 

316 stainless steel $12 . 00 $25 . 00 

304 stainless steel S8.70 $18.00 

PVC $2.50 S5.00 (S8.00) 

A Cost is dollars per linear foot of casing based on 10-ft lengths with flush 
threaded joint. Schedule 40 for Teflon and PVC (Schedule 80 costs for 4-in. 
tefl on and PVC casing shown in parentheses); Schedule 5/ 40 for stainless steel 
types 316 and 304. 
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Teflon. is the most expensive material. Casing for a 250 ft, 2-in diameter 
shallow well costs $7,500 at list price. A 4-in. diameter casing costs S20,000. 
PVC costs the least, i.e . $625 for the 2- in . and Sl,250 for the 4-in. casing. 
The stainless steels cost between $2,000 and $3,000 for the 2-in., and between 
S4,500 and $6,250 for the 4-in. casing. 

The availability of materials will affect the lead time required in placing 
orders and initiating drilling. The PVC is readily available. Stainless steel 
type 304 is commonly used in the construction of monitoring wells. It is 
reasonably available although the quantities required to complete all wells may 
result in some delay in acquiring all the materials. Teflon casing manufactured 
for monitoring well construction is available, although, like stainless steel 
type 304, the quantities required may result in some delay. Casing manufactured 
of stainless steel type 316 is not commonly available and requires approximately 
12 weeks of lead time. 

5. 4 PREFERRED ALTERNATIVE 

Selecting the proper material for the well casing and screen is key to the 
long term reliability and quality of ground-water samples from a monitoring well . 
Based on this technical evaluation, the preferred material, at the present time , 
is stainless steel type 304 . For anticipated conditions, stainless steel type 
304 has the required chemical stability and structural strength to meet the 
specified criteria. Stainless steel type 316 is not expected to perform better 
under anticipated conditions and costs approximately 50% more. The two main 
disadvantages of stainless steel are the potential for galvani~ corrosion and 
cost compared to plastic materials . The potential for galvanic corrosion can be 
eliminated by the addition of cathodic protection. However, · it has not been 
demonstrated that galvanic corrosion will be a problem with monitoring wells of 
this design and the addition of cathodic protection will increase the cost . At 
present, these wells and simi lar wells recently constructed in the lOOH and 300 
Areas need to be routinely inspected for corrosion. If galvanic corrosion is a 
problem, cathodic protection can be added at a later date. 

Schedule 80 flush threaded casing manufactured of polyvinylchloride (PVC) is 
considered a potential alternative to stainless steel. PVC has a comparable 
chemical resistance under Hanford Site conditions, does not have potential for 
galvanic corrosion and is least expensive. However, until pumps with outside 
diameters less than 3-in . , and acceptable performance have been identified, 5- in . 
or 6- in . PVC casing is required to provide adequate clearance for installation of 
a submersible pump. Larger diameter casings decrease the cost advantage for PVC. 
Because PVC is not as st rong as st ainless steel, PVC casing is expected to 
require speci al handling during well construction . There are also unresolved 
technical issues concerning installation and long-term performance of PVC casing 
at the depths· necessary in the 200 Areas of the Hanford Site. 
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The drilling methods are evaluated on the basis of the following 
requirements: 

1. Drill borehole to 200 to 600 ft in depth. 
2. Drill through unconsolidated sediments consisting of clay, silt, sand 

and gravel (gravel units may include particle sizes to cobble and 
boulder). 

3. Provide sediment samples for characterization. 
4. Do not introduce material into the well or induce material movement in 

the well resulting in contamination of the ground water. 
5. Provide radioactive contamination control. 
6. Provide for removal of temporary casing. 

6. 2 DRILLING METHOD ALTERNATIVES. 

Many methods are available for drilling in unconsolidated materials 
(Driscoll 1986). Three general drilling methods are commonly used · for the 
installation of ground-water monitoring wells: auger, cable tool, and rotary . 

An auger rig with a hollow-stem, continuous-flight drill is the preferred 
equipment for drilling monitoring wells in unconsolidated sediments. A 
hollow-stem auger can quickly bore a hole. The monitoring well is constructed 
inside the hollow stem. As the flights are removed, the sand pack and seals can 
also be emplaced through the hollow stem. Besides being fast, mobile, and 
inexpensive to operate, no drilling fluid is used and the formation and ground 
water are not affected by drilling operations. 

Augers are difficult to use in consolidated formations and are limited to 
shallow depths. Although augers have been able to drill to 300 ft (Driscoll 
1986), in general they are limited to depths of less than 150 feet (Driscoll 
1986; Scalf et al. 1981; Barcelona et ~l. 1983). Drilling is difficult or 
impractical in hard rock, coarse gravel or cobble material and in caving 
format i ans . 

Augers have been tried at the Hanford Site but generally have encountered 
problems penetrating coarse sediments. Auger equipment is not able to drill 
through unconsolidated sand units (heaving or flowing sand) which are also 
encountered. Based on the known capabilities and experience at the Hanford Site, 
the use of auger equipment is not feasible in the 200 Areas. Thus, evaluation of 
drilling methods is limited to the cable tool and rotary methods. 
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A cable tool rig uses a heavy steel bit suspended on a steel cable which is 
raised anq dropped to chisel or pound a hole through the sediment . The bit can 
be a solid steel ch i sel (hard tool) or a hollow tube (core barrel) . If the hard 
tool is used, it breaks up the formation and the material is bailed out of t he 
hole. The core barrel compacts the material inside and is emptied at the 
surface. Generally, the core barrel can be used in the unsaturated zone ; hard 
tooling is required in the saturated zone . Cable tool drilling in unconsolidated 
formations, such as are encountered at the Hanford Site , requires t he use of a 
temporary casing to prevent collapse as the hole is advanced . 

The cable tool method i s almost exclusively used at the Hanford Site wh en 
drilling adjacent to waste disposal facilities and excellent control of 
radioactive contamination i s possible. Cable tool equipment has also been used 
at other locations on the Hanford Site for construction of RCRA monitoring wells 
similar to the preferred des ign proposed by this ES. Cabl e tool equ i pment is 
also reasonably available. 

The disadvantage of the cable tool method is that it is slower t han other 
methods and has been repl aced by the rotary method for most appl i cat i ons . 
Generally at the Hanford Si te, a cable tool rig i s capable of drilling a well at 
an overall rate of 15 ft/ day . 

~.2. 2 Rotary Methods 

For all rotary methods, a drill bit is rotated at the bottom of the ho l e to 
break up the formation. The drill cutt i ngs are then removed by circulat i on of a 
drilling fluid . The vari ous types of rotary equipmen t are di vided pri marily by 
t he nature of the drilling fluid : mud , water or ai r . Some rota ry equ i pment i s 
capable of us i ng any of t he dri ll i ng flui ds interchangeably. A benton i te slurry 
i s used with mud ro t ary equipment to remove the drill cut tings. Water rotary can 
use any source of water, al though water from the aquifer being drilled into (if 
not contaminated) is preferred. Compressed ai r is used with air rotary 
equipment. 

Rotary methods are commonly used for drill _ing water supply wells and for 
ground-water monitoring wells . Rotary rigs are used occasionally at the Hanford 
Si te , i n particular for the drill i ng of characterization wells for the Basalt 
Waste Isolation Proj ect. No experience has been obtained in drilling in are as 
where rad i oact ive contaminat i on is present . 

In add iti on to t he dril l ing fl uid, two di fferent types of dri ve syst ems are 
availabl e: t able dr ive and top head dr i ve . Most ro t ary equipment use a tabl e 
drive to rotate t he dri ll string . The table dr ive i s l ocat ed di rectly over the 
boreho l e at a he ight of 3 to 4 ft. Because of i nterference by t he table drive , 
it is difficul t and impract i cal to remove temporary cas i ng wi t h table dr i ve 
equi pment. With t he top head drive system, the dr i ll st r i ng is rotated by · the 
dr ive, which moves up and down the mas t . Speci al hydraulic equi pment is · 
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available for both driving and pulling temporary casing . Only the top head drive 
equipment is considered for drilling at the Hanford Site. (It may be possible to 
drill the borehole using a table drive rotary and remove the temporary casing 
using cable tool equipment. The use of the rotary would save time in drilling 
the borehole . ) · 

Advantages of the rotary method include the capability of drilling deep 
holes in a variety of diameters. Other advantages include the ability to 
penetrate a variety of materials and a relatively rapid rate of penetration 

. (estimates from 50 to 150 ft/day depending upon conditions). 

The main disadvantage with the rotary method is a lack of techniques for the · 
control of radioactive contamination. Drill cuttings are removed from the 
borehole by the drilling fluid and deposited at the surface. Mud and water 
rotary equipment collect the drilling fluid in a pit to allow settling of the 
cuttings and reuse of the fluid. Air rotary equipment generally deposits the 
drill cuttings at the surface next to the well . If a zone of radioactive 
contamination is encountered it is potentially possible to contaminate the 
drilling equipment and an area around the drilling site. This would be 
especially true of an air rotary. Filter systems may be available or could be 
designed that would minimize this problem. 

A disadvantage with air rotary equipment lies in the potential addition of 
compressor lubricants to the formation being drilled through, as air is used to 
removed the drill cuttings. This disadvantage can be overcome through use of air 
filters and good equipment maintenance. · 

Another disadvantage with all rotary equipment is the difficulty in 
col l ecting representative sediment samples during normal drilling. The geologic 
formation is broken up by the drill bit and blown up the borehole. Samples 
col l ected at the ~urface are representative only of the ~verage sediment 
distribution over some poorly defined depth and no information on small scale 
structure can be obtained. Sediment collected from the unsaturated zone cannot 
be used for measurement of the moisture content . Core samples can be collected 
using rotary equipment, but th i s significantly slows down the drilling rate and 
increases cost. 

Some experience has been obtained using rotary equipment at Hanford. One 
disadvantage is difficulty in drilling straight boreholes in unconsolidated . 
sediment with cobble- and boulder- size particles. Boulders are not penetrated 
but pushed to the side, deflecting the borehole . 
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Either the cable tool method or the rotary method is capable of dr i lling in 
Hanford sediments to the required depths. The rotary method may have diff i cul ty 
maintaining circulat i on of the drilling fluid in coarse, unconsolidated material . 

Criteria 2. Dri l l through unconsolidated sediment consisting of clay, s il t, 
sand, and gravel to boulder-size particles . 

Either the cable tool method or a rotary method is capable of drilling 
through the required formations . The rotary method may have difficulty in 
providing a borehole that is straight and pl umb in very coarse ma t erial. 

Criteria 3. Provide sediment samples for characterization. 

The cable tool method can provide good sediment and moisture samples in the 
unsaturated zone that are representative of the surrounding geologic formatio n 
using a core barrel. In t he saturated zone, sediment sampl es are collected us i ng 
a bai l er and represen t a disturbed materi al . In the saturated zone, sediment 
samples col l ected by rotary equipment are equivalent to those collected by cabl e 
tool equipment using a bailer. 

The rotary methods breaks down the formation wi t h a ro t ating bi t and then 
forces the samples up the casing. The samples are representative only of the 
average sediment di stribut i on being encountered but are si gn ifi cantl y dis turbed. 
Fi ne structure i n t he unsaturated zone cannot be observed and mo i st ure samples i n 
the unsaturated zone cannot be obta i ned . If special ized coring equipment is used 
wi th t he rotary method, excel l ent samples can be obtained. However, obtain i ng 
t he cores significantly reduces the rate of drilling, which greatly increases the 
cost. 

Criteria 4: Introduct i on of contaminating materials into the we l l during 
construction. 

For the cable tool method , a small amount of water may be required during i n 
t he unsaturat ed zone to retain sediment samples i n the co re barrel . Ro tary 
met hods requ i re the i nt roducti on of a drill i ng fl uid t o remove drill cutti ngs . 
Comp ressed ai r rotary equi pment has t he least ef fect on the format ion but air 
must be f i ltered to remove compr essor oi ls . Water rotary equ i pment i ntroduces 
water that may in fl uence the ground -water chemi stry . Mud rotary equ i oment 
introduces bent on i te clay into t he formation that may prove di fficult to remove 
dur i ng we ll develo pment and wh i ch can have a sign i ficant effect on tn ~ ~easured 
concen t rat i on of some aqueous chemical spec i es . 
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The cable tool method has been found, through extensive use at the Hanford 
Site, to provide good control of radioactive contamination. Rotary methods have 
not been used at the Hanford Site in drilling through radioactive contamination, 
and control of contaminants would probably be difficult without specially 
designed equipment. Both mud and water rotary equipment discharge the drilling 
fluid and drill cuttings to a pit. The radioactive contamination would be 
introduced along with the drilling fluid, potentially contaminating a large 
volume of solution that would have to be properly dispqsed of . The air rotary 
discharges the drill cuttings at the surface next to the borehole. The spread of 
airborne radioactive contamination is a possibility with air rotary equipment 
unless suitable filter systems are available or can be developed . 

Criteria 6: Provide for removal of temporary casing. 

Cable tool rigs are capable of pulling back casing, although pulling back in 
certain formations may be difficult. Standard table drive rotary rigs are 
capable of pulling casing but only if a downhole casing hammer can be used in the 
hole. Since the preferred well completion method (see section 7.0) is to 
complete the monitoring well inside the temporary casing, a standard table drive 
rotary equipment cannot be used. Rot-ary rigs equipped with top head drive and an 
external casing hammer can pull casing from the top of the well. 

6.3.2 Cost and Schedule Evaluation 

Cost and schedule comparison for drilling and completing a standard shallow 
well is made between cable tool and air rotary methods. Cost for the mud or 
water rotary equipment would be similar to air rotary if temporary casing is 
used. 

In Table 5, the cost and the time required for drilling and completing a 
standard shallow well are compared. The borehole is drilled to a depth of 270 
ft, 20 ft below the water table. Estimates are made for the average rate of 
drilling in an 8 hour day for the cable tool method and the air rotary method. 
The rate for drilling the borehole using the cable tool method is based on 
experience in well drilling in the 200 Areas. It is assumed that one day is 
required to develop a well (removal of fine sediment in the formation near the 
well screen) drilled by the cable tool method prior to hydrologic testing. T.he 
rate at which a well can be completed (placing final screen and casing, pulling 
back casing and adding seal material) using the cable tool method, is 
approximate, based on limited experience using cable tool equipment at the 
Hanford Site. Two days are required for hydrologic testing whether the well is 
drilled using cable tool or rotary equipment. The rate for drilling the borehole 
using rotary equipment is an average based on known capabilities. It is assumed 
that the rotary equipment can complete a well at the same rate as the cable tool 
method and that 2 days are required to develop the well. Two days are required 
to develop a well drilled by the air rotary method due to the alteration of the 
geologic formation by the pres_surized drilling fluid. This alteration occurs 
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even with the use of air. The costs are for . installation of the well and do not 
include any materials or mobilization charges. Experience obtained at the 
nonradioactive dangerous waste landfill indicates that mobilization charges for 
rotary equipment can add significantly to the cost of the well. 

The estimates indicate that the capital cost for construction of a 
monitoring well may be similar for either the cable tool or the rotary method. 
However, the cost estimate for the cable tool equipment is based on actual 
current experience while no comparable information is available for the rotary 
method. The cost for the rotary method is based on estimated costs and drill ing 
rates. Various factors, particularly the rate at which rotary equipment could 
complete a well, could sign i ficantly change the cost. The advantage of the 
rotary rig is the significantly faster drilling rate, which would result in 
savings in expense cost for drilling support. 

TABLE 5 
COST AND SCHEDULE COMPARISON FOR 

DRILLING STANDARD SHALLOW WEL L DESIGN USING 
CABLE TOOL AND AIR ROTARY METHODS 

CABLE AIR 
TOOL ROTARYA 

ASSUMPTIONS 
8 HOUR DAYS 
DRILL@ FT/DAY 15 75 
COMPLETE@ FT/DAY 20 20 

TIME REQUIRED (DAYS) 
DR ILL TO 270 FT 18 4 
DEVELOP AND TEST 3 4 
COMPLETE 14 14 

TOTAL TIME REQUIRED (DAYS) 35 22 
(HOURS) 280 176 

HOURLY COST (S/HR) 938 150 

TOTAL COST (S X 1000) 26.0 26.4 
COST PER FOOT ($/FT) 96 98 

ATOP HEAD DRIVE AIR ROTARY WITH CASING HAMMER 

8ASSUMING 1 DRIL ~ER AND 1 ASSISTANT PER CABLE TOOL RIG 
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6. 4 PREFERRED DRILLING METHOD 

The cable tool method is the preferred drilling method. The main factor in 
selection of the cable tool method is the ability to control radioactive 
contamination. Available evidence indicates that there has been little or no 
movement of radioactive or hazardous contaminants from the trenches in the LLBG 
(the LLBG have received mainly radioactive materials) . However, since some 
downgradient wells will be located immediately next to trenches, the possibility 
of encountering radioactive contamination must be considered . Of more 
significance is the location of LLBG near both active and inactive radioactive 
liquid waste disposal facilities. It would be possible to intersect the 
radioactive waste plume from a liquid waste site during drilling operations at 
the LLBG. 

The cable tool method is capable of drilling to the depths and through the 
formations to be encountered. The cable tool method also provides adequate 
samples for characterization of sediment distribution and moisture content in the 
unsaturated zone. The main drawback to the cable tool method is the relatively 
slow drilling rate but the overall capital cost does not appear to be 
significantly different (see table 5) than with the rotary method. The cable 
tool method has the ability to pull casing, although the ability to pull the 
required lengths of casing under the conditions to be encountered needs to be 
evaluat ed further . 

The advantage of the rotary methods is the faster drilling rate. The 
requirement for the use of temporary casing and the resultant removal of the 
casing and completion of the monitoring well to some extent reduces the drilling 
advantage. The actual cost of drilling and completing a monitoring well using a 
rotary method is unknown, since at this time, no RCRA-type monitoring wells have 
been constructed at the Hanford Site using rotary equipment. The control of 
radioactive contamination, however, is of prime importance and unless suitable 
filters and controls are developed, rotary rigs should only be used in carefully 
selected areas where no contamination will be encountered. In addition, where 
detailed characterization of the sediment distribution and moisture content is 
important, the cable tool method is preferred. If a rotary rig is used 
exclus ively, a unit with top head drive and a casing hammer is preferred because 
of the ability to pull casing. One possible· alternative that takes advantage of 
the faster drilling rate of rotary equipment is to use a table drive air rotary 
to drill the borehole and use a cable tool rig to complete the well. The . 
limitation of the use of rotary equipment only in selected areas would remain. 
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Requirements for the construction of a monitoring well contained in 40 CFR 
265.91(c) specify that "All monitoring wells must be cased in a manner that 
maintains the integrity of the monitoring well bore hole ." "The annular space 
(i.e., the space between the bore hole and well casing) above the sampling depth 
must be sealed with a suitable material (e .g. , cement grout or bentonite slurry) 
to prevent contamination of samples and the ground water ." 

7.2 WELL-COMPLETION METHODS ALTERNATIVES 

Wells constructed for ground-water monitoring under RCRA must comply with 
requirements signifi cantly different than wells constructed for other 
applications such as use as domestic water supply. The drilli ng of a well 
disturbs the surrounding sediment, which for a well monitoring a hazardous waste 
site, can create a pathway for the movement of contaminants along the outside of 
the monitoring well. The object of the criteria is to construct the mon i tor ing 
well in a manner that will prevent the migration of contaminants to the sampl ing 
zone from the surface or from intermediate zones . 

The only method_ cons idered that ensures an acceptable seal between the 
monitoring well and the surround ing geologic formation requires the construct ion 
of the monitoring well inside an overs ized borehole . The sealing material is 
then placed into the space between the monitoring well and the borehole wall. 
This is the method recommended by the EPA (EPA 1985, 1986) . If the geologic 
formation is sufficiently consolidated to maintain an open borehole , the drill ing 
tools can be removed and the monitoring well easily constructed. Where the 
formation is unconsolidated and wil l collapse into the borehole , temporary casing 
must be used to maintain t he borehole . The mon ito ring well is constructed ins ide 
the temporary casing. As the sealing materials are added, the temporary casing 
is removed. Drilling in the unconsolidated Hanford formation and the 
semiconsolidated Ringold formation requires the use of temporary casing . 

Construction of monitoring wells using this technique is new to the Hanford 
Site. Because of the nature of the geologic materials being drilled through and 
depths drilled, several problems have been encountered at other RCRA related 
projects on the Hanford Site . Temporary casings have become stuck at severa1 
locations and have broken several times. Past experience however, has i ndicated 
that certa in procedures and techniques wil l mitigate these problems. The 
borehole has to be deepened using the drilling tools with the temporary casing 
being tapped down into the borehole. The temporary casing cannot be used to 
drill the borehole . Also, no more than 100 ft of temporary casing of any 
diameter should be in contact with the geologic formation. As the well i s 
deepened, the temporary casing must be telescoped to smaller diameters with 
i ncreas ing depth. Proper tra i ning of the drilling crew will minimize problems . 
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7.3 EVALUATION OF WELL-COMPLETION ALTERNATIVE 

No alternatives to the stated completion method are considered. 

· 7_4 PREFERRED ALTERNATIVE 

The only well-completion alternative is to drill an oversized borehole using 
temporary casing to support the hole. The monitoring well is constructed inside 
the borehole and the sand pack and sealing materials are added to the borehole as 
the temporary casing is removed. 
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8 .1 CRITERIA 

The monitoring well provides access to the ground water to permit sample 
collection and measurement of the water level. The following criteria must be 
met in the selection of monitoring well diameter: 

1. The monitoring well inside diameter must be of sufficient size to 
install dedicated equipment for purging and sampling . 
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2. The monitoring well diameter must be of sufficient size to provide 
access for routine measurement of water level and flexibility for use of 
additional sampling equipment. 

Casing for monitoring wells is generally available in inside diameters 
ranging from 1-1/4 to 6-in . Larger diameters allow easier access for subsequent sampling a_ctivities but cost more in terms ·of materials and drilling labor. The 
goal is to select the minimum sizes required to adequately accomplish current 
sampling and provide flexibility for potential future requirements . Additional 
clearance may be required to provide access for other equipment necessary for 
water level measurements. Evaluation of alternatives for both purging/sampling 
equipment and water-level measurement are discussed in the following sections . 

8. 2 SAMPLING/PURGING METHODS ANO EQUIPMENT ALTERNATIVES 

The primary objective of the monitoring well is to provide access to the 
ground water to permit required sample collection and water-level measurements. Sample collection involves both purging the monitoring well of stagnant water as 
well as collection of representative ground-water samples. 

To purge a well, the standing water is removed until the well is flushed and contains fresh formation water. The amount of purging is dependent upon many 
factors and several common procedures are used (Ford et al. 1984; McNabb and 
Mallard 1980). The procedure used at the Hanford Site requires the purging of 3 bore volumes and the monitoring of pH and specific conductivity until these 
parameters stabilize. 

Requirements for sampling equipment depend on the contaminants being 
analyzed . Since it may be necessary to sample for a variety of contaminants , i t 
is convenient to have the option of using several methods and have the diameter 
of the monitoring well selected accordingly. 

Met hods considered for purging and/or sampling ground water from mon i toring 
wells i nclude bailer , bladder pumps, piston pumps, and submersible pumps. In 
some cases, purging and sampling may be accomplished using the same equipment. 

Bailers are probably the simplest and most flexible method available for 
collecting ground-water samples. Bailers generally consist of a long tube wi th a 
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ball valve on the bottom. The bailer is lowered down the well into the ground 
water, filled, and pulled back out. Bailers provide good water samples for most 
types of components and can be used in a 1-1/4 in . diameter well . Because of the 
depth to ground water, use of a bailer at the Hanford Site for both purging and 
all sampling would be tedious and labor intensive . 

Bladder pumps consist of a flexible tube inside a long rigid housing with 
check valves to control the flow of water and pressurizing gas. Hydrostatic 
pressure forces water into the bladder through a check valve. Compressed gas 
then pressu_ri zes the space between the housing and the bl adder, squeezing the 
bladder and forcing the water out a second check valve and into the discharge 
line . The pressure is then released and the cycle repeated . Because the 
ground-water sample is not agitated, use of bladder pumps are preferred for most 
sampling requirements and especially for volatile organic species . Bladder pumps 
will fit inside a 2-in. diameter well. The operation of the bladder pump is 
affected by the pumping head. At depths to ground water between 200 and 300 ft, 
the discharge rate .of a bladder pump will be signifi cantly less than 1-gal/min. 
and some designs will not work. 

Piston pumps use a piston moving inside a rigid housing instead of a 
flexible bladder to squeeze the water into the discharge line. Compressed air or 
mechanical motion provided by a cable or rod provides power for the piston. 
Piston pumps will generally fit inside a 2-in . diameter well . Performance of 
piston pumps is similar to bladder pumps . However , certain designs using 
mechanical motion are reported capable of discharge volumes of 1 to 2 gal/min . at 
depths between 200 and 300 ft. Use of piston pumps can be an acceptable method 
for sampling volatile organic species if the cycling rate can be reduced to 
minimize agitation of the sample. 

Submersible pumps are commonly used to supply water from domestic wells. 
These pumps use an impeller to force water to the surface. Submersible pumps are 
avai l able that will fit inside a 4-in. diameter well. Discharge rates are 
dependent upon the horsepower of the electric motor, but a 3-hp (4-in. diameter) 
pump pumping against a hydraulic head of 250 ft would be capable of discharging 
approximately 25 gal/min. Because the impeller agitates the ground-water 
samples, submersible pumps may not be suitable for all sampling . 

8.3 WATER-LEVEL MEASUREMENT EQUIPMENT ALTERNATIVES 

A number of methods are available for measuring water levels and include 
stee l tape, electrical tape, air lines, and pressure transducers (see Driscoll 
1986 ). At the Hanford Site, routine water-level measurements are taken using a 
steel tape, supplemented with an electrical tape. Pressure transducers are 
occasionally used during aquifer testing. Steel tape is the most accurate and 
precise method available for measuring water level to measurements of 0.01 ft. 
Other methods are presently limited to measurement of 0.1 ft. 
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To obtain samples, the well must be purged and accessed to allow 
introduction of the required sampling equipment. Consideration is given 
primarily to 2-in . and 4-in. inside diameter casings. Larger diameter casings 
may have to be considered where dedicated sampling equipment and in particular a 
submersible pump is used (EPA, 1986). 

For the deep-well design, 200 ft of water in the casing must be purged for 
each well volume. For a 2-in. diameter casing, purging of 3 well volumes would 
require the removal of approximately 100 gal of water. For a 4-in . diameter 
casing, purging would require the removal of approximately 400 gal of water. 

Bladder pumps and bailers are expected to have practical discharge rates 
less than l gal/min. with a depth to the water table of 250 ft. It would requ i re 
at least 1 hour and 20 minutes to purge the required 3 well volumes from a 2- in 
diameter well, using either of these methods. This is not an acceptable time . 
However, either a bladder pump or a bailer might be used to sample the ground 
water. Bailers would require a minimum 1-1/4- in. diameter well; bladder pumps 
would require a minimum 2-in . diameter well. 

Piston pumps may operate more efficiently at greater depths than bladder 
pumps but the discharge rate is still reduced. Discharge rates of 1 to 2 
gal/min. may be possible with pumping heads of 200 to 300 ft . Piston pumps could 
be used for both purging and sampling if the required capacity is demonstrated . 
Piston pumps would require a minimum 2-inch diameter well. 

Submersible pumps have the capacity to purge a deep well, but require a 
4-in . diameter casing at a minimum. Although a submersible pump can be used for 
some sampling, it may not be suitable for most organic contaminants unless 
special equipment and sampling procedures are implemented. 

One limitation of using a submersible pump in a 4-in. diameter casing is 
that the diameter of currently available submersible pumps constructed of 
nonreactive materials is approximately 3-3/4 in . There is i nsufficient clearance 
between the well casing and the submersible pump for add i tional sampl i ng 
equipment to access the volume beneath the pump. Using a cas i ng diameter larger 
than 4- in . would prov ide sufficient clearance for sampling equipment , but due to 
the depth to the bottom of the aquifer, a single sampling pump, depending upon 
design, may not be capable of pumping from that depth. Although it may be 
possible to run several sampling pumps in series (EPA 1985), such a system would 
have incr eased comp l exity and reduced rel iability. The larger diameter casing 
would also increase the cost of the well installation. e.g., 5-in. diameter 
casing costs 50% more than a 4-in . casing (Table 5). 
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If samples are taken above the submersible pump, the potential exists for 
the volume of water above the submersible pump to remain stagnant during purging . 
It would be necessary to purge this volume with the sampling equipment prior to 
the start of sampling. Although this is not an ideal approach, it may be an 
acceptable alternative. 

For the shallow-well design, only 15 ft of water in the casing must be 
purged for each well volume. For a 2-in. diameter casing, purging 3 well volumes 
would require the removal of approximately 7 gal of water . For a 4-in . diameter 
casing, purging 3 well volumes would require the removal of approximately 30 gal 
of water. 

A bailer would be capable of purging a 2-i n. diameter well. The operation 
would be tedious and labor intensive because of the depth to the water table. 
The potential for contamination of a sample would be high due to the number of 
times the bailer would have to be raised and lowered in each well. Purging a 
4-in. diameter well with a bailer would not be practical . 

Bladder pumps with designs capable of operating at the depths required will 
~ave significantly reduced discharge capacities . However, if a discharge rate of 
1 gal/min is possible, a bladder pump could be used to purge and sample a shallow 
well. 

Piston pumps may have the capacity for both purging and sampling from the 
depths required. Discharge rates would be reduced, but rates of 1 gal/min. or 
greater would be adequate for the requirements. 

Submersible pumps would have the capacity to purge a shallow well very 
quickly but would require a minimum 4.0-in. internal diameter well. A 
submersible pump may not be suitable for the collection of certain types of 
samples . 

Criteria 2: The monitoring well diameter must be of sufficient size to 
provide access for routine measurement of water level and 
flexibility for use of additional sampling equipment . 

Experience has shown that even with existing 6- and 8-in. diameter wells 
with dedicated submersible pumps, water-level measuring equipment and bailers 
have become stuck. The monitoring wells, pump discharge lines, and electrical 
connections are not perfectly straight or centered. Pinch points occur that will 
catch any piece of equipment which is raised or lowered in the well . The larger 
well diameter mitigates but does not eliminate the problem . 

Obtaining water-level measurements in a 2-in. diameter well with a dedicated 
pump would be very difficult, if not impossible, without removal of the pump. 
Fo r a 4-in. diameter well with dedicated pump, water- l evel measurements could be 
made and suffic i ent clearance would be available for additional sampl ing 
equ i pment. The use of 4-in. diameter casing could be improved significantly if a 
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1-1/4-in. diameter drop tube was installed inside the well. The drop tube would 
run from the top of the well into the water and would provide unobstructed access 
for water -level measurements and use of a bailer. 

8.4.2 Cost and Schedule Evaluation 

Table 6 shows the cost per 10-ft section of type 304 stainless steel flush 
jointed casing of a type commonly used for construction of ground-water 
monitoring wells. A significant increase in cost is incurred for any increase in 
casing size. The 4-inch casing is over twice the cost of 2- in. casing; the 5-
inch casing is 50% more expensive than the 4-in. casing. For the 250 ft of 
casing, which is sufficient for the standard design shallow monitoring well, the 
list price for 2-in. casing is $2,165, for 4-in. casing the cost is $4,544, for 
5-in. casing the cost is $6,832. 

Table 6 
Cost for Type 304 Stainless Steel Flush Joint Casing 

in IO-Foot Lengths 
(~ohnson Division Environmental Catalog 1985) 

PIPE PIPE FITTING PRICE % DIFFERENCE 
SIZE Outside Inside COMPARED TO 

Diameter Diameter 1-1/4 in . 
(in.) (in.) 

1-1/4 1.660 1.380 S66.15 

2 2.375 2.067 S86.60 31 

4 4.500 4.026 Sl81. 75 175 

5 5.563 5. 047 $273.30 313 

6 6. 625 6.065 S367.50 456 

While the savings-in-materials costs for casing may appear significant, 
material cost accounts for approximately 10% of the total capital cost for . 
construction of a monitoring well . The relatively small material cost sav i ngs 
available should not significantly influence the technical decis i on with regard 
to the diameter of the monitoring well . 

Cas i ng material of the diameters identifi ed in Table 6 are readily 
available. Assembly of the well in the field would not be significantly impacted 
by larger diameter casing except for the heavier weight of these materials. 
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8.5 PREFERRED ALTERNATIVE 

The preferred well diameter is determined by the requirements of the purging 
and sampling equipment. Purging and sampling equipment are assumed to be 
dedicated to each well. The potential for cross contamination is greatly 
increased if equipment has to be cleaned in the field before use at each well. 
Furthermore, the time required to install and remove equipment would greatly 
increase the operating cost. In addition, although use of a bailer for all 
purging and sampling is considered unacceptable, the option to use a bailer is 
considered desirable. 

The preferred well diameter is 4-in . for the shallow well design. This is 
the minimum technically useful size. Larger diameters would provide greater 
flexibility in obtaining samples or measurements but would significantly increase 
the cost of well construction. Smaller diameters would not provide sufficient 
clearance for routine water level measurements and installation of a submersible 
pump. The option of installing a submersible pump is necessary at this stage of 
well design and development to ensure sample collection can be made in a 
reasonable amount of time. 

The minimum technically acceptable well diameter for the deep well design is 
also 4-in. Only submersible pumps have the demonstrated capacity to purge deep 
wells and they require a well with a minimum 4.0-in inside di~meter. Since the 
deep wells are being constructed, in part, to evaluate the need for monitoring 
the deeper levels of the unconfined aquifer, a 4-in. diameter well is acceptable 
at this time. If the need for additional deep monitoring wells is identified, 
the design for the deep wells should be reevaluated. For routine ground-water 
monitoring with a deep well design, the preferred well diameter would probably 
need to be larger than 4-in. to allow proper installation of additional sampling 
equipment . 

The main uncertainty in the evaluation of the monitoring well diameter is 
identification of reliable pumping equipment with adequate discharge capacity. 
While bladder pumps are normally preferred for sampling, at the depths to ground 
water encountered, bladder pumps will either not function or pump at such a slow 
rate as to be impractical for purging and possibly sampling. Piston pumps, 
especially those where mechanical action is provided by a solid rod, have 
potential discharge rates of 1 to 2 gal/min . at the depths required. This volume 
is adequate for both sampling and purging the shallow well design. However,. 
these pumps are relatively new and their performance and reliability have not yet 
been demonstrated. A test of available pumps is being planned in the near future 
as part of a project to identify suitable well monitoring equipment . Until then, 
it is necessary to provide adequate clearance for installation of a submersible 
pump. It should be noted, however, that a smaller diameter pump would not result 

. in a preferred smaller diameter for the well. Wells smaller than 4-in still do 
not provide adequate clearance for routine water level measurements and limit 
f1exibility in sampling. The preferred monitoring well would still use 4- i n. 
cas i ng with a dedicated 2-in. diameter sampling/ purging oump. 
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It should also be emphasized that the installation of a submersible pump in 
a 4- in . well severely restricts the ease with which other equipment can be 
installed. The discharge column and ele~trical wires will limit, and may 
preclude, adequate clearance for installation of a separate sampling pump and for 
access for water level measurement. Novel designs and special care may be 
required in order to assure adequate performance of 4-in. wells if submersible 
pumps are used. 
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To complete a monitoring well using the preferred method {see section 6.0) 
seal ing material and an artificial sand pack must be placed between the temporary 
cas i ng and the monitoring well. The diameter of the temporary casing must meet 
the following criteria: 

The inside diameter of the temporary well casing must provide sufficient 
clearance for the proper placement of the artificial sand pack and sealing 
materials next to the casing of the permanent well. 

9.2 ALTERNATIVES 

Two methods are commonly used to introduce the artificial sand pack and the 
sealing material into the space between the temporary casing and the monitoring 
well: pouring materials down the annulus, and tremie pipe. Each method has its 
advantages and disadvantages. Both may be used, depending on the material 
placed. The use of the tremie pipe is required, if the material being added is a 
slurry such as a cement grout or bentonite slurry . 

9.2 . 1 Pouring Materials 

Using the pouring method, the dry granular material is simply poured into 
the annular space between the monitoring well and the temporary casing. The 
material falls down the well into place. Slurries or grout cannot be placed 
using this method. Problems include bridging of dry material between the casing 
and the well, and segregation of material on the basis of size. 

Bridging of material can occur across narrow spots between the casings anp 
prevent material from reaching the desired location. Generally a 3- to 5-in. 
difference between the outside diameter of the monitoring well and the inside 
diameter _of the temporary casing is required to minimize bridging (EPA 1986). 
Problems with bridging can be resolved or minimized, by careful measurement of 
the depth of material added, tamping the material down, and by washing dry 
material down the borehole if the material is being placed above the water table. 

Segregation is a problem where granular material settles through a column of 
water. Larger particles settle faster . A 1/8-in. diameter grain will settle in 
one- fourth the time required for a 1/16-in. diameter grain (Driscoll 1986). The 
longer the water column, the more distinct the segregation. 

9. 2. 2 Tremie Pipe 

Emplacement of slurries or grouts must be accomplished using a tremie pipe. 
Bridging of slurries or grouts 'Nill easily occur if poured, and resuit in an 
inadequate and unacceptable annular seal . A tremie pipe consists of 
sma 11 -diameter threaded pipe p 1 aced in the space between the temporary casing and 
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the monitoring well. The bottom of the tremie pipe i s posit i oned at the 
approximate depth the material is to be placed . Depending upon the material's 
t exture, it can then either be poured or pumped down the pipe . The tremie pi pe 
method provides good control on the placement of all materials . The tremie pipe 
i s also the only means of placing a bentonite slurry or cement grout below the 
water table. These materials do not have a sufficient density difference to sink in water . If poured down the well, slurries will not sink , will collect at t he· 
water table, and will build up toward the surface . 

Generally, a tremie pipe of 2-in. diameter or greater is recommended 
(Driscoll 1986) . Although smaller diameters can be used, placement of mater i als 
i s slower . The smaller diameter reduces the rate at which material can be 
introduced. The smaller diameter also results in greater frict ional losses fo r 
fl ow, further reducing the rate at which material can be introduced . Finally , 
the smal ler diameter increases the potential for bridging in the pipe . 
Experi ence at tne Hanford Site indicates that a tremie pipe wi t h an int ernal 
di ameter as small as 1-in. would be adequate for placing of seal materi al . 

9.3 EVALUATION OF ALTERNATIVES 

9.3. l Techn i cal Evaluation 

Benton ite based grout i s the preferred primary seal i ng mat eri al. It avo ids 
the pH pr oblems associated with portland cement based grouts and is easier to 
work with than bentonite slurries or dry bentonite. Since slurries have to be 
placed wi th a tremie pipe, the same minimum clearance must be provided for both 
shal l ow and deep well designs . 

In evaluat i ng the requ i rements for cl earance, it is assumed that a 4-in. 
i nner diameter cas i ng (see section 8. 0) manufa~tured of type 304 sta i nless steel 
(see secti on 5. 0) is preferred for construct i on of the monitoring well. The 
outs ide diameter of 4- in . inner diameter casing is 4.5-in. (Table 2). 

Construction of a monitoring well is not an operation involving close 
t olerances. The monitoring well will not be centered nor is the temporary cas i ng and well perfectly strajght or plumb. In addition, welding of sections of 
t emporary casing reduces the effective inner diameter of the temporary casing. 
Sufficient tolerance for the dimens ions must be allowed to account for th i s lack 
of prec i sion. 

Temporary cas i ng is commonly ava i lable in 6-, 8-, and lO ~i n. inner diameter 
which, if the moni t oring well i s centered , woul d provide clearance of 
approxi mately 0.75-in., 1.75-in . , and 2.75- in. respect ively. A 10-in. temporary cas ing provides a clearance of 2.5 in. or greater, permitting use of a 2- in. 
di amet er tremie pipe as recommended by Driscoll (1986). An 8-in . t emporary 
casing provides clearance of 1.75-in . under ideal conditions. This requires the 
use of a tremi e pi pe wi th an outer di ameter of 1.5- i n. or less. Al though some diffi cu l ty in pump i ng the grout occurs, experi ence ind icates that this sma l l si ze 
pipe would be acceptable. A 6-in . temporary cas ing does not prov ide sufficient 
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A 10-in. and 8-in. inside diameter temporary casing were evaluated because 
they provide clearance for a tremie pipe. To aid in the pull back of temporary 
casing, the casing must be telescoped (reduced) to smaller diameters with depth. 
Experience at the Hanford Site indicates that the temporary casing must be 
telescoped at least every 100 ft to minimize problems during pull back. As a 
result, for the shallow well design drilled to a depth of 270 ft, the casing mus t 
be reduced twice. For a minimum 8-in. temporary casing at the bottom of the 
borehole, 12-in . casing must be used from the surface to the 100 ft depth, the 
casing is reduced to 10-in from 100 ft to 200 ft , and fina l ly the casing is 
reduced to 8-in . from 200 ft to 270 ft. Using 10- in temporary casing to provide 
the minimum clearance results in larger diameter casings for the entire well. A 
16-in. diameter casing is required from the surface to 100 ft while 12-in. casing 
is required from 100 ft to 200 ft. (Because of a change in the way pipe 
dimensions are measured for pipe sizes above 12-in . , 14-in. casing does not 
provide adequate clearance for the required use.) Although temporary cas i ng- can 
be recovered and reused, it is assumed there will be 10% to 20% operational loss . 

The cost of using larger diameter casing is not limited solely to the price 
of casing. Larger casing requires a larger borehole. The cost of drilling the 
borehole can be related to the hole diameter. As a general "rule of thumb", 
drilling costs at the Hanford Site are approximately SS per diameter inch per 
foot drilled. For example, drilling an 8- in. hole costs approximately 540 per 
foot, while a 10-in . hole costs approximately SSO per foot. 

Other costs are incurred drilling larger diameter wells. These costs 
include additional sealing materials and schedule costs because a larger diameter 
hole takes longer to drill (which is why it costs more). However, for the most 
part , the major cost difference is related to the cost of drilling and temporary 
cas i ng. Table 7 compares the difference of these major costs for the "10-in." 
and t he "8 - in . " boreholes for installation of a standard design shallow 4-in. 
moni t oring wel l. To account for the reuse of the temporary casing, 20% of the 
total length of each casing size used is assumed to be purchased new. 

The result of the cost estimate in Table 7 indicates that providing an 
additional 2- i n. of clearance increases the direct cost of drilling the shall.ow 
mon i toring well by at least $4,000, or approximately 25%. The cost increase 
(25%) for the deep monitoring well desing would be comparable. 
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Table 7 
Comparison of Cost for Clearance Alternatives ­

Standard Shallow Well Design 

Assumpt i ons : Drilled to 270 ft 
Casing telescoped at 100 and 200 ft 

ITEM 
Drill 16-in. hole 
16-in. casing 

Drill 12-in . hole 
12- in . casing 

Dr i ll 10- in . hole 
10-in . casing 

Dril 1 8- in . hol e 
8- in . casing 

TOTAL COST 

jlO-in. final size 
I COST !QUANTITY! COST 
1{$/FT}I {FT) I {$) 
I 80 I 1 oo I a, ooo 
I 20 I zoa(loO) I 400 
I I I 
I 60 I 1 oo I 6, ooo 
I 1s 14oa(200) I 600 
I I I 
I 50 I 7o I 3, 500 
I 12 1 s4a(27o) I 648 
I I I 
I 40 I NA I 
I 10 I NA I 
I I I 

$19,148 

I I 8- in. final s i ze 
I !QUANTITY COST 
I I (FT) {FT) 
II NA 
II NA 
II 
11 100 
112oa(lOO) 
II 
11 100 
I I 4oa(200) 
II . 
11 7o 
I I 54a(270) 
II I 

6,000 
300 

5,000 
480 

2,800 
540 

$15,120 

a The number of feet of temporary casing shown is new cas i ng and assumes 
that 20% of the casing has to be replaced for each well. The total amount 
of temporary casing required to construct the borehole is shown in 
parentheses . 

9. 4 PREFERRED ALTERNATIVE 

The preferred alternative is to use 8-in inside diameter temporary casing at 
the completion depth and telescope the casing as required from the surface. It 
is recognized that the clearance available between the monitoring well and the 
temporary casing will require the use of a tremie pipe with a diameter less than 
t he opt imal 2-in . recommended. This will slow the emplacement of the materials 
to some extent but should not affect the confidence in the resulting seal. The 
si gn i f i cant cost savings result i ng from t he use of smaller di ameter cas i ng and 
boreholes justifi es slower placement of sealing materia l s unless sign i ficant 
problems arise . 

A-0400-073 .1 (6-81 1 



- --- ~ ----

Rockwell Hanford Operations 
Number A9V. Ltr./Chg. No. Page 

SUPPORTING DOCUMENT 
SD- RE-ES-037 I Rev. 0 42 

10.0 REFERENCES 

BARCELONA, M. J., J. P. Gibb, and R. A. Miller, 1983, A guide to the Selection of 
Materials for Monitoring Well Construction and Ground-Water Sampling, SWS 
Contract Report 327, Illinois State Water Survey, Champaign, Illinois . 

CLINE, C. S., J. T. Rieger and J. R. Raymond, 1985, Ground-Water Monitoring at 
the Hanford Site, January-December 1984, PNL-5408, Pacific Northwest 
Laboratory, Richland, Washington. 

CODE OF FEDERAL REGULATIONS, Title 40, . Part 265, Environmental Protection Agency 
Interim Status Standards for Owners and Operators of Hazardous Waste 
Facilities, U. S. Government Printing Office, Washington, DC. 

DEPARTMENT OF ENERGY - RICHLAND OPERATIONS OFFICE (OOE-RL), 1987, A Detection­
Level Hazardous Waste Ground-Water Monitoring Compliance Plan for the 200 
Areas Low-Level Burial Grounds and Retrievable Storage Units. U. S. 
Department of Energy, Richland Operations Office, Richland, Washington. 

DRISCOLL, F. G. , 1986, Groundwater and Wells, Second Edition, Johnson Division, 
St. Paul, Minnesota. 

FORD, P. J . , P. J. Turina, and D. E. Seely, 1984, Characterization of Hazardous 
Waste Sites - A Methods Manual: Volume II. Available Sampling Methods, 
Second Edition, EPA-600/4 -84-076 , U. S. Environmental Protection Agency , Las 
Vegas, Nevada. 

GEPHART, R. E., R. C. Arnett, R. G. Baca, L. S. Leonhart and F. A. Spane; 1979, 
Hydrologic Studies within the Columbia Plateau, Washington: An Integration 
of Current Knowledge, RHO - BWI -ST-5, Rockwell Hanford Operations, Richland, 
Washington . 

GIBBS, J . P., R. M. Schuller , and R. A. Griffin, 1981, Procedure for the 
Collection of Representative Water Quality Data from Monitoring Wells. 

GRAHAM, M. J . , 1981, Hydrology of the Separations Area, RHO-ST-42, Rockwell 
Hanford Operat i ons , Richland, Washington . 

McNABB, J. F. , and G. E. Mallard, 1980, Introduction to Subsurface Microbioloqy 
and Sampling Problems, Society for Microbiology Annual Meeting, Miami Beach, 
Florida. 

SCALF, M. R. , J. F. McNabb, W. J. Dunlap, R. L. Cosby, and J . Fryberger , 1981, 
Manual of Ground-Water Samoling Procedures, · U. S. Environmental Protection 
Agency, Ada, Oklahoma. 

SCHATZ , A. l., and E. J. Jensen, 1986, Hanford Sit e Wa t er Table Map - June 1986, 
H-2-38396, Revis i on 21, Rockwell Hanford Operat ions, Richland, Washington. 

I 
i 

I 
I 

' i 

A-6400-07:J.1 16-1!1 I 



· Rockwell Hanford Operations 

SUPPORTING DOCUMENT 
!

Number 

SD~E-ES -037 
!Rev. Ltr./Chg. No. 

I Rev . 0 I 
Page 

43 

TALLMAN, A. M., K. R. Fecht, M. C. Marratt, and G. V. Last , 1979, Geology of t he 
Separation Areas, Hanford Site, South-Central Washington , RHO -ST-23 , 
Rockwell Hanford Operation, Richland , Washington . 

U. S. ENV IRONMENTAL PROTECTION AGENCY, 1985 , RCRA Ground-Water Mon i toring · 
Technical Enforcement Guidance Document - DRAFT . 

U. S. ENVIRONMENTAL PROTECTION AGENCY, 1986, RCRA Ground-Water Monitoring 
Technical Enforcement Guidance Document, OSWER-9950 . 1. 

WASHINGTON DEPARTMENT OF ECOLOGY, 1986, Ecology No. DE 86-133 PCHB No . 86 -44. 
Consent Agreement and Compliance Order, October 1, 1986. 

WENTWORTH, C. K. , 1922, A Scale of Grade and Class Terms for Clastic Sediments , 
Journal of Geology, v. 30. 

' 
, ______________________________ _ _______ 1 

i>.-6 400-07:l. 1 16 -81 l 




