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SECTION 33 20 00

WATER WELLS
04/ 08
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NOTE: This guide specification covers the
requirenents for drilling of water supply wells in
addition to extraction, and injection wells at
hazardous, toxic, and radi oactive waste (HTRW
sites, and furnishing and installing the punp, and
associ ated testing.

Edit this guide specification for project specific
requi renments by addi ng, deleting, or revising text.
For bracketed itens, choose applicable itens(s) or
i nsert appropriate information.

Remove information and requirenments not required in
respective project, whether or not brackets are
present.

Conmment s and suggestions on this guide specification
are wel cone and should be directed to the technica
proponent of the specification. A listing of
techni cal proponents, including their organization
designation and tel ephone nunber, is on the Internet.

Recommended changes to a UFGS should be subnmitted as
a Criteria Change Request (CCR
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PART 1 GENERAL
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NOTE: TO DOMLOAD UFGS GRAPHI CS

Go to http://ww. wbdg. or g/ ccb/ NAVGRAPH gr apht oc. pdf .

DRAW NGS
Drawi ngs shoul d include the follow ng and any ot her
i nformati on necessary to indicate | ayout and genera
configuration of the well.

D aneter of drilled hole
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Casing sizes - outside casing, inside casing
Vel | screen size

M ni mrum dept h of outer casing and m ni nrum dept h
of well screen

Limts of gravel envel ope around inside casing
and screens

Limts of neat cenent grout around outer casing
Location of air line and altitude gage

Type of cap, cover, or seal required at top of
wel |

Required well capacity in gallons per mnute.
EE IR I Sk O S I S I S I R Sk kS kS Ik S kR Sk

1 UNI' T PRI CES
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NOTE: Separate pay items for test holes and water

wel ls must be included in the contract.
EIR I R R I S I I I I I I I I I I R R S I I I I I I I I I I I I I I I I I I 3 I b I b I b I b I I I b I b b I b I I I b I b I b o

Payment for each specified itemw |l be nade at the contract unit price for

that item Paynment will include full conpensation for equipnent, nmaterials
and | abor for drilling; removal and di sposal of tenporary casing, cuttings,
and drill fluid; preparation of borehole |ogs; and sanple handling,

contai ners, storage, and testing. Depth, |ogging, installation, casing,
riser pipe, and well screen shall be neasured by |inear distance. Paynent
will not be allowed for test holes or wells abandoned due to construction
practices not in accordance with this specification, faulty construction
practices or for the conveni ence of the Contractor

1.1 Test Hol e

Conpensation for the test hole will be nmade at the contract unit price and
will include material, equipnent, and | abor required to drill and perform
tests on the test hole. Depth shall be neasured as the total |inear

di stance between ground surface and bottom of hole. |If the total depth of
hole is greater than that specified on the contract for "Test Hole," the
additional depth will be paid for at the contract unit price for
"Additional Test Hole Depth." |If the test hole is devel oped into the
permanent well with no increase in dianeter, the Contractor will be
conpensat ed as descri bed bel ow, and separate paynent will not be nade for
the test hole.

1.2 Wwater Wl

Conpensation for the water well will be nmade at the contract unit price and
will include material, equipnent, and | abor required to drill, devel op
performtests, and conplete the permanent well. Depth shall be measured as
the total linear distance between ground surface and bottom of hole. |If
the total depth of well is greater than that specified in the contract for
"Water Well," the additional depth will be paid for at the contract unit
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price for "Additional Water Well Depth."

. 1.3 onservati on Wl

Conpensation for an observation well will be nade at the contract unit
price and will include naterial, equipnent and | abor required to drill,
install, and conplete the observation well, as well as performtests and
permanently grout it after use. Depth shall be nmeasured as the tota

i near distance between ground surface and bottomof hole. |If the tota

conbi ned depth of observation wells is greater than that specified in the
contract for "Cbservation Wlls," the additional depth will be paid for at
the contract unit price for "Additional Observation Wll| Depth."

1.4 CGeophysi cal Loggi ng
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NOTE: Delete this paragraph if not applicable for
t he project.
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The " Geophysi cal Logging” unit price will include interpretation of the
| ogs and their delivery to the Governnent.

. 1.5 Wel | or Test Hol e Decomm ssi oni ng/ Abandonnent

Per manent decommi ssi oni ng/ abandonment of wells or test holes will be paid
for only if it becones necessary to abandon a well or test hole as
specified, and only for work conpl eted and accepted as specified. Paynent
wi Il include conmpensation for drilling, casing renoval, well sanpling,
materials, cenent, mxing of cenent, bentonite, and water, punping of
grout, equi pment, removal of foreign objects, and transportati on necessary
to abandon the well or test hole and for the required well or test hole
abandonnent records.

.1.6 Site C eanup

Separate paynent will not be nmade for cleanup of the site. Ceanup wll
mean restoring the site to its pre-construction condition, in accordance
wi th paragraph SITE CLEANUP. C eanup will be considered part of and
incidental to the drilling, construction, and/or deconm ssioning of the
wel | .

2 REFERENCES
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NOTE: This paragraph is used to list the
publications cited in the text of the guide
specification. The publications are referred to in
the text by basic designation only and listed in
thi s paragraph by organi zation, designation, date,
and title.

Use the Reference Wzard' s Check Reference feature
when you add a RID outside of the Section's
Reference Article to automatically place the
reference in the Reference Article. Also use the
Ref erence Wzard's Check Reference feature to update
the i ssue dates.

SECTION 33 20 00 Page 5



Ref erences not used in the text will automatically
be deleted fromthis section of the project
speci ficati on when you choose to reconcile
references in the publish print process.
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The publications listed below forma part of this specification to the
extent referenced. The publications are referred to within the text by the
basi ¢ designation only.

AMERI CAN WATER WORKS ASSOCI ATI ON ( AWMA)

AWM 10084 (2005) Standard Met hods for the
Exami nati on of Water and WAst ewat er

AWM A100 (2006; Errata 2007) Water Wells

AWM B300 (2004) Hypochlorites

AWM B301 (2004) Liquid Chlorine

AWM C200 (2005) Steel Water Pipe - 6 In. (150 nm
and Larger

AWM C206 (2003) Field Wlding of Steel Water Pipe

AWM C654 (2003) Disinfection of Wells

ASTM | NTERNATI ONAL ( ASTM

ASTM A 139/ A 139M (2004) Standard Specification for
El ectric-Fusi on (ARC)-Wel ded Steel Pipe
(NPS 4 and over)

ASTM A 312/ A 312M (2008a) Standard Specification for
Seam ess, Wel ded, and Heavily Wbrked
Austenitic Stainless Steel Pipes

ASTM A 53/ A 53M (2007) Standard Specification for Pipe,
Steel, Black and Hot-Di pped, Zinc-Coated,
Wl ded and Seanl ess

ASTM C 136 (2006) Standard Test Method for Sieve
Anal ysi s of Fine and Coarse Aggregates
ASTM C 150 (2007) Standard Specification for Portland
Cenent
ASTM D 1586 (2008a) Penetration Test and Split-Barrel

Sanmpling of Soils

ASTM D 1587 (2008) Thin-Walled Tube Sanpling of Soils
for Geotechni cal Purposes

ASTM D 1785 (2006) Standard Specification for
Pol y(Vi nyl Chloride) (PVC), Plastic Pipe,
Schedul es 40, 80, and 120

ASTM D 2216 (2005) Laboratory Deternination of Water
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(Moi sture) Content of Soil and Rock by Mass

ASTM D 2239 (2003) Standard Specification for
Pol yet hyl ene (PE) Pl astic Pipe (SIDR- PR)
Based on Controlled Inside D aneter

ASTM D 2487 (2006e1) Soils for Engineering Purposes
(Unified Soil Cassification Systen)

ASTM D 2488 (2006) Description and Identification of
Soi l's (Visual - Manual Procedure)

ASTM D 4318 (2005) Liquid Limt, Plastic Lint, and
Plasticity Index of Soils

ASTM D 4750 (1987; R 2001) Determ ning Subsurface
Liquid Levels in a Borehole or Mnitoring
Wl |l (Cbservation Well)

ASTM D 5079 (2008) Preserving and Transporting Rock
Core Sanpl es

ASTM D 5088 (2002; R 2008) Decontam nation of Field
Equi pnrent Used at Nonradi oactive Waste
Sites

ASTM D 5299 (1999; R 2005) Decommi ssioning of G ound

Water Wells, Vadose Zone Monitoring
Devi ces, Borehol es, and O her Devices for
Environnental Activities

ASTM D 5521 (2005) Devel oprent of Ground-\Water
Monitoring Wells in Ganular Aquifers

ASTM D 5608 (2001; R 2006) Decontam nation of Field
Equi pnent Used at Low Level Radi oactive
Waste Sites

ASTM F 480 (2006b) Thernoplastic Wl |l Casing Pipe and

Coupl i ngs Made in Standard Di nension
Ratios (SDR), SCH 40 and SCH 80

U S. ARW CORPS OF ENG NEERS (USACE)

CED TR (.-85-3 (1985) GCeotechnical Descriptions of Rock
and Rock Masses

U. S. ENVI RONVENTAL PROTECTI ON AGENCY ( EPA)

EPA 600/ 4- 79/ 020 (1983) Met hods for Chemical Analysis of
Wat er and Wastes

U S. NATI ONAL ARCHI VES AND RECORDS ADM NI STRATI ON ( NARA)
49 CFR 172 Hazar dous Materials Table, Special
Pr ovi si ons, Hazardous Materials

Communi cati ons, Energency Response
I nformation, and Trai ni ng Requirenents
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1.3 SYSTEM DESCRI PTI ON
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NOTE: The geol ogi st nust be aware of the

approxi nate depth of well and | ength of screen
required to provide sufficient water to fulfill
project requirenents and the quality of water to be
expected at that depth. (The Post, or Resident

Engi neers office, or local USGS office is a good
source for this information.) This know edge is
necessary to estimate well drilling costs and to
determ ne what type of treatnent is required to make
the water usable. Any such site-specific conditions
or criteria for individual projects should be
included in this paragraph. The geol ogi st mnust
ensure that well design neets or exceeds Federal
state, and local installation requirenments.
Additional criteria may apply for wells at

radi oactive, nixed, biological, solid, or nedica
waste sites. (@uidance on water well construction
may be found in Environnental Protection Agency
(EPA) Manual of Water Well Construction Practices
(570/9-75/001)

EE R I R R R R I R I R R R R R I R I R I R I R R R I R R S R R R S R L

The well shall be located [as shown] [where directed], and be constructed
in accordance with these specifications. Each well shall be installed to
prevent aquifer contam nation by the drilling operation and equi pnent,
intra- and inter-aquifer contam nation, and vertical seepage of surface
wat er adjacent to the well into the subsurface, especially the well intake
zone.

1.3.1 Notification

The [Installation Environnental Coordinator (IECQ] [__ ] [and the]
Contracting Oficer shall be notified [ ] days prior to drilling. The
[Contracting Oficer] [Contractor] [Installation Environnmental Coordinator
(TEOT [ ] shall be responsible for contacting the [State of [__ 11

[ USEPA] in accordance with the applicable reporting requirenments. Before
begi nning work, the local United States Geol ogical Survey office (USGS)
[and the] [State Environmental Protection office] [State Geol ogi cal Agency]
[state health departnent] [local health departnment] shall be notified of
the type and location of wells to be constructed, the method of
construction and antici pated schedul e for construction of the wells.

1.3.2 Abandonnment of Wells

If the Contractor fails to construct a well of the required capacity, or if
the well is abandoned because of loss of tools, or for any other cause,
abandon the hole as specified in paragraph WELL DECOVM SSI ONI NG ABANDONMENT.

1.4 SUBM TTALS

EE R R I I R I I R I R R R I R I R I R I R R R I R I R R I R I R I R

NOTE: Review subnmittal description (SD) definitions
in Section 01 33 00 SUBM TTAL PROCEDURES and edit
the following list to reflect only the submttals
required for the project. Submittals should be kept
to the mininumrequired for adequate quality control
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A “G following a subnittal itemindicates that the
submittal requires CGovernnent approval. Sone
submittals are already marked with a “G'. Only
delete an existing “G" if the submttal itemis not
conpl ex and can be reviewed through the Contractor’s
Quality Control system Only add a “G if the
submittal is sufficiently inportant or conplex in
context of the project.

For submittals requiring Governnent approval on Arny
projects, a code of up to three characters within
the subnmittal tags nay be used following the "G'
designation to indicate the approving authority.
Codes for Arny projects using the Resident
Managenent System (RMB) are: "AE" for

Archi tect-Engi neer; "DO' for District Ofice

(Engi neering Division or other organization in the
District OOfice); "AO" for Area Ofice; "RO for
Resident O fice; and "PO' for Project Ofice. Codes
following the "G' typically are not used for Navy,
Air Force, and NASA projects.

Choose the first bracketed itemfor Navy, Air Force
and NASA projects, or choose the second bracketed
itemfor Army projects.

Rk Ik kR IR Rk I kb S O I ARk Ik Ik b o R R R R Rk kb S I kb S R I R

CGovernment approval is required for subnmittals with a "G' designation;
submittals not having a "G' designation are for [Contractor Quality Control
approval .][information only. When used, a designation following the "G
designation identifies the office that will review the submttal for the
CGovernment.] The follow ng shall be submitted in accordance with Section
01 33 00 SUBM TTAL PROCEDURES:

SD- 02 Shop Drawi ngs

Installation Diagranms[; C[; G [

As-built installation diagramfor each well installed, prepared
by the geol ogi st present during well installation operations,
within [ ] working days of the conpletion of the well

installation procedure.
SD- 03 Product Data
Well Installation Plan[; C[; G |

A plan as specified in paragraph WELL | NSTALLATI ON PLAN

describing the drilling methods, sanpling, and well construction
and wel | devel oprment [30] | ] cal endar days prior to begi nning
drilling operations. Mbbilization activities nay start prior to

submittal of the plan. The plan shall be approved and signed by
an experienced geol ogi st as specified in paragraph QUALI FI CATI ONS.

Well Materi al

Cat al og data, and nane of supplier, for well screens (to
i nclude the screen slot size), casing, riser pipe, filter pack
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material, bentonite, cenent, centralizers, surface protective
covers, well vaults, locking caps, airline oil filters for

pneumatic drilling, dedicated sanpling equi pnrent, punps, and
chemi cal specifications on drill lubricants, tracers, disinfecting
agents, and drill fluid additives, if used. Catalog data shal

i nclude any information, witten or otherw se, supplied by the
manuf acturers or suppliers of the above listed itens.

Qualifications

Personnel qualification docunentation.
Site Conditions

A copy of all pernmits, licenses, or other |egal requirenents
necessary for execution of the work shall be furnished [ ]
wor ki ng days before commencenent of the work.
Geophysi cal Loggi ng

[Five] [___ ] prints of the graphic boring | og prepared to
scal e showing the required details, within | ] wor ki ng days
after conpletion of the test hole. This drawing shall be used for
determ ning the well design, design of the filter pack, well
screen location and screen openings.

SD-06 Test Reports

Survey Maps and Notes

Survey nmaps and notes, including a tabulated list of all wells
and nonunents, copies of all field books, maps show ng the
| ocations, and el evations of all wells, datumused (e.g. state
pl ane NAD27, NAD83, UTM etc.), elevation datum units of
measurenent, and all conputation sheets, within | ] wor ki ng
days after conpletion of the survey. Also, a diagram show ng
where on the top of the well the elevation was determined by the
surveyor.
Wel | Devel opnent Records

A wel | devel opnent record, for each well, within | ] working
days of the conpletion of devel opnent.

Ceophysi cal Logs

I nterpreted geophysical logs, within [ ] working days of the
conpl etion of said | ogging.

Deconmmi ssi oni ng/ Abandonnent Recor ds

A wel | deconmi ssioning record, for each well, or test hole
abandoned, within | ] working days of the conpletion of the
abandonnent procedure.
Proj ect Phot ogr aphs

Before, during, and after conpletion of the work, take

phot ographs of each well installation site. Photographs shal
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al so be taken of any rock that is cored at the site.

Wat er Source

Decontami nation and drilling water source anal ytical test
results, within | ] working days before beginning drilling
operations.

Filter Pack

Filter pack material test results; sieve and chenical anal yses,
within [ ] working days after conpletion of the test hole.
Tests.

Test Reports within | ] [24] hours follow ng the concl usion

of each test.

SD-07 Certificates

Rk Ik kR IR Rk I ARk Ik kS R R Rk o R R Ik R I kI SRRk S b o

NOTE: Edit the submttal requirenments based on the

type of well (consolidated or unconsolidated). |If
the specification is witten for a consolidated
wel |, delete the well conponents which are not

normally required in consolidated formati ons, such
as inner casing, well screen, and gravel fill.

T e T T T T T T Ty
Casi ng
Cenment and Bentonite G out
Air |ine and gauge
Drilling nud
[Well Screens]
Wat er renoved
Gravel i ng equi pnent |ist
Construction of Filter Pack

1.5 QUALI TY ASSURANCE

1.5.1 Well Installation Plan

I ncorporate the followi ng requirements into the Contractor's Wl

Installation Plan and follow themin the field. The plan shall include,
but shall not be limted to, a discussion of the foll ow ng:

a. Description of well drilling nethods, and installation procedures,
i ncl udi ng any tenporary casing used, placenent of filter pack and sea
materials, drill cuttings and fluids disposal, and soil/rock sample

di sposition.

b. Description of well construction materials, including well screen,
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riser pipe, centralizers, air line and gauge, tailpiece (if used),
filter pack and filter pack gradation, bentonite or drilling nud,
drilling fluid additives (if used), drilling water, cenent, and well
protective neasures.

c. Description of quality control procedures to be used for placenent
of filter pack and seals in the boring, including depth neasurenents.

d. Forns to be used for witten boring |logs, installation diagrans of
wel I s, geophysical |ogs, well devel opnent records, well sanpling data
records, state well registration forns, and well abandonnent records.

e. Description of contamination prevention and well materials and
equi prent decont am nati on procedures.

f. Description of protective cover surface conpl etion procedures,

i ncludi ng any special design criteria/features relating to frost heave
prevention. The maxi num frost penetration for the site shall be
included in this description

g. Description of well devel opment nethods to be used.

h. List of applicable publications, including state and | oca
regul ati ons and st andards.

i. List of personnel assignnents for this project, and personne
qual i fications.

j. Description of well deconmm ssioni ng/ abandonnent procedures.
k. Description of well capacity testing techniques.

. Description and discussion of geophysical techniques to be enpl oyed
at the site.

m Description of permanent punp to be installed, and di scussi on of
punp operating tests to be enployed at the site.

n. Description of specific nethods to be enployed to control potenti al
contam nation or pollution arising fromwell installation activities.

1.5.2 Qualifications

Rk Ik kR IR R R Ik S R AR Rk R R R Rk ok S R Rk Ik S kb S R R o

NOTE: When installing extraction, or injection

wel I's for environnental purposes, it is inportant
that the Contractor have personnel experienced in
hazardous waste projects, and have the proper
safety training in accordance with 29 CFR 1910. 120.

Rk Ik kb Sk R IR Rk kS e S S b R AR Ik R R R Rk O R I R R R

A geologist with at least [3] [ ] years experience in [hazardous waste

projects,] soil and rock logging, and well installation, [registered in the
state of [ 1,1 shall be on site and responsible for all geophysical and
borehol e 1 ogging, drilling, well installation, devel oping and testing
activities. The driller shall be licensed in the state of [__ 1,

according to the state requirenents. Geophysical log interpretation shal
be done by a qualified log analyst. The |og analyst shall be able to
denonstrat e conpetence through background, training, and experience when so

SECTION 33 20 00 Page 12



1

1

call ed upon. The Contractor shall have a mininumof [__ ] years of well
installation experience. [The Contractor's staff shall include appropriate
health and safety personnel as specified in Section 01 35 29.13 HEALTH,
SAFETY, AND EMERGENCY RESPONSE PROCEDURES FOR CONTAM NATED SI TES, and
personnel qualified to performthe necessary chemical sanpling as presented
in the approved Sanpling and Analysis Plan, prepared as specified in
Section 01 35 45.00 10 CHEM CAL DATA QUALI TY CONTROL. ]

5.3 Test Hol es

EE R R I R R I R I R I R R I R I R I R I R R R I R R R I R R I R

NOTE: The test hole and capacity test should be
specified if there is reason to believe that the
wel I may not produce the required yield at the
design depth. |If the required yield is not

obtai ned, the test hole may be drilled deeper or the
| ocati on changed before the conplete well is
constructed. Requirenents for the test hole may be
deleted if the well is to be constructed in an area
where other wells of simlar depth and design are
perform ng adequately. However, a drill |og should
be nmade and capacity test should be perfornmed for
all wells to provide an "as-built" record.

EE R I R R R R I R I R R R R R I R I R I R I R R R I R R S R R R S R L

Before starting construction of the well, a test hole of at |east
[100][___ ] my [4] [ ] inches in diameter shall be drilled at the
| ocation of the well into the target water bearing [stratun] [strata] as

directed by the Contracting Oficer. Test holes should be drilled in a
manner to protect the subsurface fromsurface contanmination. Test holes
shoul d be carefully advanced and sanpled to determi ne the presence of the
upper aquiclude if one exists. The boring should then be properly cased,
grouted, and sealed into the aquiclude before the boring is advanced
through the aquiclude into the aquifer. The test hole shall be used to
determ ne the expected yield fromthe well, water quality, optinmum depth
and to log the strata encountered. Before conducting a capacity test, the
wel | shall be cased, and screened in accordance with these specifications.
Test hol es shall be I ogged in accordance w th paragraph BOREHOLE LOGS. A
tenmporary casing [may] [shall] be used. |If used, the temporary casing
shall be seated [into the top of the rock] [at the top of the stratum being
tested]. The test hole nay be converted to the permanent well, in
accordance with these specifications. |If the test hole is not used for the
permanent well, the test hole shall be abandoned as specified in paragraph
VELL DECOWM SSI ONI NG ABANDONVENT.

5.4 Sanpl i ng

EE R R I I R R R I R R R R R I R I R I R I R R R I I R R S R R I R I

NOTE: Sanpling for chem cal and geotechnica

anal ysis may be conbined to allow for obtaining
sanples for both if that acconplishes project
requirenents. |If this is done, however, the

geot echni cal sanpling nust be coordinated with the
requirenents in Section 01 35 45.00 10 CHEM CAL DATA
QUALI FY CONTROL for sanpling for chenical analysis.
When sanmpling at an HTRWsite, properly
decont ani nat ed stainless steel sanplers should

al ways be used. |If rock is cored at the site,
properly decontam nated stainless steel sanplers
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shoul d al ways be used. |If rock is cored at the
site, and it is determned that it should be
retained, it should be boxed, and photographed. Its
storage, and | ater disposal should be in accordance
with ER 1110-1-1901, and the proper storage and
handl i ng protocol for such naterial as nay be

requi red by other Federal, state, or |ocal |aws,
regul ations and permits. Sanpling procedures are
described in EM 200-1-3, Requirenments for the
Preparation of Sanpling and Anal ysis Pl ans.

CQui dance for preserving and preparing core sanpl es
for transport can be found in ASTM D 5079.

EE R R R R I R R R I I O R R R R I S R Rk I I R I I R R O R O

1.5.4.1 Sanpling for Chemi cal Analysis

Sanpling requirenents for obtaining and preserving sanples for chenica
anal ysis shall be included in the Sanpling and Analysis Plan as required in
Section 01 35 45.00 10 CHEM CAL DATA QUALI TY CONTROL.

1.5.4.2 Sanpl i ng for Geotechnical Analysis

Sanpl es shall be taken of all materials penetrated by each drilled
wel | /test hole. Soil sanpling shall be done with a [split] [thin-walled]
tube sanpl er using standard sanpling techniques in accordance with |

ASTM D 1586] [ASTM D 1587]. Sanples shall be extracted fromtheir in-situ
environment in as near an intact, mnimally disturbed condition as

technically practical. Sanples shall be obtained continuously through the
area expected to be screened. Provide sieve anal yses of all drive-sanpled
material. Sieve analyses shall be conducted in accordance with ASTM C 136.

The gradation of the natural formation shall be determined through the use
of sieve anal yses performed on formation sanples taken fromthe areas to be
screened. Drive-sanpled materials shall be placed in airtight containers
and | abel ed as specified in paragraph SAMPLE CONTAI NERS. Sanples shall be
delivered to the Contracting Officer designated facility. Representative
soil samples s hall be tested for grain-size distribution by nechanica
nmeans (sieves down to the 0.074 nr No. 200 size according to ASTM C 136),
noi sture content according to ASTM D 2216 and Atterberg limts according to
ASTM D 4318. Description and identification of soils shall be done in
accordance with ASTM D 2488. Laboratory classification of soils shall be
done in accordance with ASTM D 2487. Sanpling shall be perfornmed to all ow
conpl etion of the docunents described in paragraph BOREHOLE LOGS

1.5.5 Observation Wlls

R IR I S bk S b kS O Rk S kS IR Sk S b R Rk S S bk b S Sk S S

NOTE: | n sone cases an observation well or wells
shoul d be drilled an appropriate distance fromthe
test hole or punp well. The observation wells

(piezoneters) should be nmonitored during the yield
test of the test hole and/or capacity test of the
punp well so that valid informati on of aquifer
potential and character nmay be obtai ned. The
observation wells nust be designed, installed and
renoved from service in a nanner that precludes the
possibility of future groundwater contani nation
resulting fromtheir existence. |If the decision is
made to keep the observation well for future
sanpling, or for use in future punping tests, the
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observation wells nmust be properly conpleted as
specified in this section, or other USACE gui dance,
such as Section 33 24 13 GROUND WATER MONI TORI NG
VELLS. When installing extraction, or injection
wells at an HTRWsite, consideration should al so be
given to | eaving sone observation wells inplace, to
be used for |ongtermoperation and mai nt enance (O&M
of the extraction, and injection wells

Rk Ik kb Sk R IR Rk kS kR R Ok R Rk kb R Rk Ik kb R R o

After conpletion of the [test hole] [punp well] [__ 1, [1] [___ 1]
observation well(s) [, or nore as directed], at least [45] [__ ] m
[1-3/4] [___ ] inches in dianmeter shall be drilled to the target water
bearing stratum [at the location(s) indicated on the drawings] [at a
location [__ ] mfeet froni [at an appropriate | ocation near] the [test
hole] [pump well] [ ]. The observation well shall be used in

conjunction with the [yield test of the test hole] [and] [capacity test of
the punp well]. After final acceptance of the punp well by the Contracting
O ficer, the observation well shall be [abandoned as specified in paragraph
VELL DECOVM SSI ONI NG ABANDONVENT] [l eft in place for future monitoring of
the well systen.

.5.6 Geophysi cal Loggi ng

EZE IR R R R I I R R I I I R R R R R kS R R R I I R I I I R S O

NOTE: The requirenent to obtain borehole
geophysi cal surveys is optional. Wile it may not
be necessary to require a borehol e geophysica
survey at a site where a great deal is known about
the subsurface, at another site, where very little,
or nothing is known, it may be prudent to require a
bor ehol e geophysi cal survey. Wen it is deened
necessary to require a borehol e geophysical survey,
the specific type of survey should be specified.
This recommendation is nmade by the project

geol ogi st. The project geol ogi st should al so
det er mi ne what geophysical |oggi ng may not be

al l owed by state regul ations, before specifying
them See EM 1110-1-1802, Geophysical Exploration
Qui dance for planning and conducting borehol e
geophysi cal logging nmay be found in ASTM D 5753.

EE R R R R R I I R I R R R I R I I R I R I R R R I R R R S R I R I R

The total depth of each test hole drilled shall be geophysically | ogged.
Geophysi cal | ogging shall be docunented in accordance wi th paragraph
Geophysi cal Logs. Run [one successful natural ganma ray or ganma- ganma for
the full depth, (top to bottom of test hole);] [one successful neutron in
the fluid filled portion of the hole, (top to bottomof test hole);] [one
successful (top to bottom of test hole) spontaneous potential
(self-potential);] [and,] [one successful (top to bottom of test hole)
resistivity log], for each test hole. Log analyses and interpretations
shal |l be nade by a person qualified in accordance with paragraph
QUALI FI CATI ONS.

.6 DELI VERY, STORAGE, AND HANDLI NG
Store and maintain well materials in a clean, uncontan nated condition

t hroughout the course of the project. Filter pack material shall not be
allowed to freeze before installation.
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1.7 SI TE CONDI Tl ONS
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NOTE: |If needed, edit and add Section 31 11 00
CLEARI NG AND GRUBBI NG

EE R R R R I I R R I I I R R R I R I S S R R R I I Rk I I R R O R I O

Access to each well site, including any utility clearance, pernits,

| icenses, or other requirenents and the paynent thereof necessary for
execution of the work, is the responsibility of the [Contractor]

[ Governnent]. Obtaining rights-of-entry is the responsibility of the

[Contractor] [CGovernment]. Visit each proposed well [ocation to observe
any condition that may hanper transporting equi pnent or personnel to the
site. |If clearing, or relocation is necessary, the Contractor,

[Installation Environnental Coordinator,] and the Contracting O ficer shal

agree on a suitable clearing, or relocation plan, and the |ocation of any
requi red access road.

PART 2 PRODUCTS

2.1 CASI NG

EE R I R R R R I R I R R R R R I R I R I R I R R R I R R S R R R S R L

NOTE: Well conponents do not have to be nade of the
same materials to be conpatible. Wth the proper
connectors, different materials can be used together
wi t hout causing detrinental results. Wen using
different materials together, the manufacturer
shoul d be consulted.

EE IR R I R R I I R R I I I R R R R S R R R I Rk I I R R I R O S

Al'l casing, screen, and other well material shall be of conpatible

materials to prevent gal vanic reacti on between conponents of the conpleted
wel |

2.1.1 St eel Casing and Couplings

Steel casing shall be new [carbon steel, conforming to ASTM A 139/ A 139N
Grade B][standard wei ght [gal vani zed] [black] steel pipe, conforming to
ASTM A 53/ A 53N] [steel pipe conformng to AWM C200][[type 304] [or] [type
316] stainless steel] and shall be nominal [ | ] mr inch dianeter, |

nr i nch wall thickness [schedul e 5S neeting the requirenents of
ASTM A 312/ A 312N], as applicable. Joints shall be either threaded and
coupled, or field welded in accordance with AWM C206. [Casings shall be
provided with [drive shoes] [ 1.1

2.1.2 Pl astic Casing and Coupl i ngs

Rk Ik kb Sk R IR Rk kS e S S b R AR Ik R R R Rk O R I R R R

NOTE: ASTM F 480 covers several different types of
pi pe materials and coupling configurations. |If any
of these materials or couplings are to be

prohi bited, this paragraph should clearly point out
which are or are not allowed. \When installing
extraction or injection wells, for environnental

pur poses, thermal or solvent welded couplings on

pl astic pi pe should not be used.

EE R R R I R I O R I R R R I R I R I R I R R R I R R R R R I R L
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Pl astic casing pipe and couplings shall be schedule [80][__ ], threaded
flush joint (or other joint type as approved by the Contracting Oficer)
and conformto ASTM F 480 and ASTM D 1785.

2.2 WELL SCREENS

Rk Ik kR IR R R Ik S R AR Rk R R R Rk ok S R Rk Ik S kb S R R o

NOTE: Well screens will be specified when the

devel oped wel |l requires assurance of relatively free
entry of water into the casing at |ow velocity, when
surroundi ng sand fromthe unconsolidated formation
nmust be prevented fromentering the intake, or when
a structural retainer is required to support the
borehol e in the unconsolidated material. Type of
screen and casing will be designer's option and
nonappl i cabl e type of screen will be deleted. Mta
screens and casings will be specified when strength
of screen and casing nust be greater than that

provi ded by plastic or when naxi mum open area for
the screen dianeter is required. Plastic screens
and casing may be specified when water quality is
such that screen sel ection requires
corrosive-resistant naterials, or when econony is of
prinme inportance. Blanks in the well screen may be
appropriate if nore than one water bearing zone is
encountered in an aquifer, or when it is necessary
to place a centering device (centralizer) in the
screened area. However, screening nore than one
aquifer in the sane well should be avoi ded whenever
possi ble due to the possibility of

Ccross-cont am nat i on.
B R R R R R

Wel | Screens shall be a minimumof [100] [__ ] my [4] [ ] inches
nom nal diameter, and shall be directly connected to the bottom of the
i nner casing by an approved nmethod. The length of the screen shall be
sufficient to provide an intake area capable of passing not |less than the

mnimmrequired yield of the well, at an entrance vel ocity not exceedi ng
30.5 mm's 0.1 fps. The opening, or slot size of the screen, shall be
(r____ ] mr inch][determ ned by the Contractor][desi gned based on anal ysis
of the distribution of the grain size of the [aquifer materials encountered
during drilling][artificial filter pack]], be conpatible with the materia
surroundi ng the screen, and shall be submitted for approval as part of the
well installation plan. The well screen shall be of sufficient size and

design to hold back and support the [gravel used in the filter pack

envel ope] [and] [in-situ material surrounding the screen]. The screen and
all accessories required for satisfactory operation shall be essentially
standard products of manufacturers regularly engaged in the production of
such equi prment. Field constructed screen is not acceptable. "Blanks" in
the well screen may be utilized in nonproductive zones, or where centering
devices are needed in the screened area, and shall be considered "casing."
The bottom section, below the screen, shall be seal ed watertight by nmeans
of a [flush threaded] [welded] end cap of the sane naterial as the well
screen.

2.2.1 Met al Screen

Met al screen shall be of an approved wire-wound type and shall be [type

SECTION 33 20 00 Page 17



304] [or] [type 316] stainless steel, conformng to the applicable
requi renents of AWM A100. A wire-wound screen manufactured with
supporting bars or core of material different fromthe wire will not be
acceptable. Joints shall be made of threaded couplings of the sanme
material as the screens or by brazing or welding in accordance with
AWM C206.

.2.2 Pl asti c Screen
.2.2.1 Pl astic Pipe

Pl astic pipe shall be thernoplastic manufactured by a nol di ng, extrusion
or sonic welding process. The plastic conmpounds shall be uniformin
composition and shall not contain additives or foreign matter. The nol ding
or extrusion process shall produce pipe that is honobgeneous throughout and
free fromvisible cracks, holes, foreign inclusions or other defects. Pipe
produced by sinmultaneous nultiple extrusion shall have strong uniform bonds
between any two |layers so that the |ayers cannot be separated. Plastic
pi pe shall be uniformin color, opacity, density and other physica
properties. Plastic pipe, and screen material shall conformto ASTM F 480.
Al PVC plastic pipe shall conformto ASTM D 1785.

.2.2.2 Bondi ng Materials

EZE IR R R R I I R R I I I R R R R R kS R R R I I R I I I R S O

NOTE: \When sampling for trace | evel contaninants in
a well, the use of any solvents to join casing
shoul d not be al |l owed.

EE R R R I R I O R I R R I R I R I R I R R R I R I R R R R I R L

Bondi ng materials, proportions and preparation of adhesives, the method of
application, and the procedure used for making and curing the connections
shall conformto the reconmendati ons of the plastic pipe manufacturer and
ASTM F 480. The pot life, initial setting tinme and external heating
requirenents for curing of the adhesive shall be suitable for the procedure
and climatic and other conditions and shall be varied as required to suit
changes in climatic and other conditions. The systemfor naking joints at
the well site shall provide a curing period adequate to devel op the
ultimate strength of the conpleted joint. Self-tapping screws or other
devi ces for hol di ng adhesi ve-coated pipe in the couplings during the
setting period [may] [shall not] be utilized. New y-nade joints in the
casing shall not be stressed, lowered into the well or subnerged in water
prior to conplete curing of the adhesive

.2.2.3 Pl astic Well Screen

Plastic well screen shall be provided with perforations which shall consist
of either nmachi ne-sawed slots, continuous wap or wound, or drilled,
forned, or nol ded openi ngs, and which shall have snooth, sharp-edged

openi ngs free of burns, chipped edges, or broken pieces on the interior and
exterior surfaces of the pipe. The pattern of the openings shall be
uniformy spaced around the periphery of the well screen. Conpatible slot
sizes of screens and [filter-pack gradations] [surrounding material] shal
be designed and furnished to the Contracting Officer [, with a
representati ve sanple of materials in which the screen is to be placed].
The plastic pipe screen strength properties shall be equivalent to those
for the plastic casing with which the screen is used.
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2.3 FI LTER PACK

Rk Ik kb Sk R R IR R R I kI ARk Sk R R Rk I o b Sk kS R R Ik Sk b S R o

NOTE: The use of artificial filter-pack
construction is reconmmended in formati ons where the
screen sl ot opening, selected on the basis of a
natural ly devel oped well, is smaller than 0.25 nm
(0.010 inch) (No. 10 slot). Artificial filter-pack
mat eri al should al so be specified when fine uniform
material, or extensively |am nated, non-honbgenous
formati ons are encountered. Quidance for designing
and sel ecting the screen slot size, and filter pack
gradation may be found in EPA' s "Handbook of
Suggested Practices for the Design and Installation
of Ground-Water Monitoring Wells", (EPA docunent
nunber 600/ 4-89/034); or "G oundwater and Vells", by
Fl etcher G Driscoll, published by Johnson Vel
Screens, 1986.

If the well is not a filter pack type, this

par agraph should be deleted in its entirety, along
with other references to filter pack wells

t hroughout the specification. Sterilizing the
filter material before being placed is not required
for extraction and injection wells installed at
hazardous, toxic, and radi oactive waste (HTRW
sites. Wen requiring sterilization, the strength
of the sterilizing agent should be stated, and how
much is required per cubic yard of filter pack

EE R I R I R R I R I R I R R I R I I R I R I R R R I R I R R R I R

Filter pack material shall be a product of a conmercial sand and grave
supplier, shall be properly sized and graded for the surroundi ng soi
encountered, and shall be conposed of clean, round, hard, waterworn
siliceous material, free of flat or elongated pieces, organic matter, or
other foreign matter. The filter material shall be of a size which will
all ow the maxi mum fl ow of water into the well and prevent the infiltration
of sand and silt. The gradation of the filter material shall be such that
the uniformty coefficient is not nore than 2.5. The filter material shal
be [thoroughly sterilized with chlorine or hypochlorite i nmedi ately before
bei ng pl aced] [placed as directed].

2.4 BENTONI TE SEAL

Rk bk b R IR Rk I kS S o S R AR I R R Rk Ik kR Sk I R SRRk b o b o

NOTE: Before installing an annul ar seal, the state
regul atory agency should be consulted. The state,
or local nunicipality, where the well is being
installed, may have specific requirenents for

sanitary, and/or wellhead protection
EE IR R Sk S b I S S S R R kI S kS kS Rk I S S kR I kS

The bentonite seal, intended to keep grout fromentering the filter pack
shal | consist of hydrated granular, or pelletized, sodiumnontnorillonite
furnished in sacks or buckets froma comercial source and shall be free of
impurities which adversely inpact the water quality. |[If the bentonite sea
is located above any borehole fluid |l evels, a layer of fine sand shall be
pl aced at the top of the bentonite seal, to provide an additional barrier
to any downward migration of grout.
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2.
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2.

5 CEMENT AND BENTONI TE GROUT
51 Cenment G out

Cenent grout shall consist of Portland cenent confornmng to ASTM C 150,
Type | or Il, sand and water. Cenent grout shall be proportioned not to
exceed 2 parts, by weight, of sand to 1 part of cenment with not nore than
23 liters 6 gallons of water per 42.6 kg 94 I b bag of Portland cenment, with
a mxture of such consistency that the well can be properly grouted. No
nore than 5 percent by weight of bentonite powder nay be added to reduce
shri nkage.

.5.2 Bent oni te Grout

Hi gh-solids bentonite grout shall be made from sodi um bentonite powder

and/ or granules. Water from an approved source shall be mxed with these
powders or granules to forma thick bentonite slurry. The slurry shal
consist of a mixture of bentonite and the nmanufacturer's recommended vol une
of water to achieve an optimal seal. The slurry shall contain at |east 20
percent solids by weight and have a density of 4.3 kg/L 9.4 |b/gallon of
wat er or greater.

6 PERMANENT PUMP

Rk Ik Sk kR IR Rk I S S S I ARk Ik kb S R R Rk Ok S Rk Ik R

NOTE: The punp and notor dianeter should be at
least 25 mm (1 inch) smaller than the inside

di ameter of the well screen or casing, whichever is
smaller, in order to allowit to be renoved for
servicing after buildup of scale on the outside of
the punp and inside of the well screen and casi ng.
Pump conponents need to be conpatible with the
contam nants of concern, when installed at an HTRW
site. A pernanent punp should not be specified
until it is known how rmuch the well will produce.
The installation of the pernanent punp may need to
be in a separate section, (refer to Section 43 21 39
PUMPS: WATER, VERTI CAL TURBI NE)
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Per manent punp shall be an approved [subnmersible] [jet] [or] [___ ] type
with a capacity sufficient to deliver [__ ] L/s gpn. The punp shall be
connected to the punp controls by a three-wire drop line. Piping for the
well drop line shall be [polyethylene plastic pipe conformng to ASTM D 2239
][ gal vani zed steel pipe conformng to ASTM A 53/ A 53N]. The punp shal
operate on [208] [__ ] volts, 60 Hz, [3] [single]-phase power, and the
notor shall be of sufficient size to operate the punp under the maxi num
operating conditions without exceeding its rating. Punp shall be equipped
with necessary controls to provide for automatic operation of the punp.
The punp and notor unit shall be no larger than [ ] mr inches in

di aneter at any point.

7 CONTAI NERI ZATI ON OF DEVELCOPMVENT WATER, AND DRI LL CUTTI NGS

Rk Ik kR IR Rk ko o S S S S R R Rk R Rk kR R I I I R Ik b o b o

NOTE: If installing extraction, or injection wells
at a hazardous waste site, the investigation-derived
waste (I DW such as devel opment water, or dril
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cuttings may have to be containerized. |If this is
not the case, this paragraph may be del et ed.

Rk Ik kb Sk R R IR R R I kI ARk Sk R R Rk I o b Sk kS R R Ik Sk b S R o

Wat er renoved during devel opnent and testing operations, and cuttings from

the drilling operations shall be contained in D.OT.-approved druns,
contai ners, or vessels as specified in 49 CFR 172. Furnish pol yet hyl ene
and steel drums with lids, |lid gaskets, bolts, chain of custody forns and

drum | abels. Mark each drum |l abel in accordance with 49 CFR 172 in
addition to the following information: drum nunber, site nane, well nane
and nunber, contents and date, approxinate depth of material contained in
each drum and the name and phone nunber of the [Installation Environnental
Coordinator (IEC)] [Contracting Officer] [__ ].

2.8 SAMPLE CONTAI NERS
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NOTE: Delete requirenents for boxing core, if rock
coring is not anticipated at the site. Rock core
sanpl es shoul d be containerized, boxed and stored in
accordance with ER 1110-1-1901, EM 200-1-3, EM
1110-1- 1804, and EM 1110- 1-4000.
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Drill cuttings and driven sanples for geotechnical purposes shall be placed
inair-tight liter pint size [plastic] [glass] containers and | abeled with
the project nanme, date of sanple, well nunber and depth at which the sanple
was taken. Both the container and Iid shall be | abeled in permanent
indelible ink. Jars shall be placed in partitioned [cardboard] [__ |
boxes. Boxes shall be | abeled with project nunber and well nunber
Cont ai ners and boxes shall be furnished by the Contractor. Core sanples
shal | be preserved and prepared for transport as described in ASTM D 5079.
Cored rock samples shall be placed in [wooden] [__ ] core boxes as
indicated on the drawi ngs. Spacers shall be placed in the proper positions
in the core boxes to show the |ocation and actual extent of voids and core
| osses as clearly as possible. The spacers shall be made of [wood] [ |
[or some other relatively light material] which is of sufficient strength
to withstand jarring and crushing in handling. Spacers shall be of a
strongly contrasting color pattern so that core | osses will be accented
either by direct observation or in photographs. 1In the smaller sizes, up
to and including 150 mr 6 inches, the spacers shall be the sane width as
the cores. The outside and the inside of the core box lid shall be |abeled
with the project nanme, hole nunber, date sanpled, |ocation, surface

el evation, core box nunber, and interval of depth of core. The information
on the | abel shall be such that it can clearly be read in photographs of
the core box. Both ends of the core box shall also be |abeled with the
hol e nunber and box nunber. The core shall be placed in the core box
starting at the left hand corner on the hinge side and running to the
right. Successive cores down the hole shall be placed in successive
troughs, starting fromthe back and working toward the front of the box so
that the core can be read in the sanme manner as a printed page, fromleft
to right, when standing in front of the open box.

PART 3 EXECUTI ON
3.1 PROTECTI ON OF EXI STI NG CONDI TI ONS

Mai ntai n exi sting survey nmonunents and wells, and protect them from damage
from equi prent and vehicular traffic. Any itens damaged by the Contractor

SECTION 33 20 00 Page 21



shal|l be repaired by the Contractor. WelIls requiring replacenent due to
Contractor negligence shall be re-installed according to these
specifications. WlIls schedul ed for abandonment shall be protected from
damage so that abandonnent nay be perforned according to these
specifications. Prior to excavation, obtain witten approval fromthe
local utility conpanies to drill at each site, to avoid disturbing buried
utilities.

.2 PREPARATI ON

2.1 Decont am nati on
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NOTE: It may not be necessary to decontam nate the
drilling equipnent if not installing wells at an
HTRWsite. However, given that drilling equi prment

can be, and is used at both HTRW as well as
non-HTRWsites, it nmay be prudent to also require
that the equi pnent be decontam nated before use at a
non- HTRWsi t e.
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The drill rig, drill rods, drill bits, augers, tenporary casing, well
devel opi ng equi prent, trenie pipes, grout punping lines, and other
associ at ed equi prent shall be cleaned with high-pressure hot water/steam
prior to drilling at each well location. Decontanination shall be done in
accordance with ASTM D 5088 or ASTM D 5608. Decontam nation shall be
performed at a central decontami nation station. d eaning shall be
performed in an area that is renote from and cross- or down-gradient from
the well being drilled. Screen and well casing shall be cleaned with

hi gh-pressure hot water imediately prior to installation in the well. The
use of factory sealed (plastic wapped) screen and well casing does not

wai ve this requirenment for pre-installation cleaning. Sanplers shall be
decontam nated in accordance with the Sanpling and Analysis Plan as
required in Section 01 35 45.00 10 CHEM CAL DATA QUALITY CONTROL. The

wat er used for cleaning shall be froma Governnent approved source. The
wat er source used for cleaning shall be sanpled and tested for the
constituents specified in the Sanpling and Analysis Plan prior to use at
the site.

. 2.2 Decont am nati on Station

EE IR R R I R R I I R R I I O R R R R S S R Ik Rk S I I R R O O

NOTE: Delete this paragraph if not applicable for
t he project.

R IR I S bk S b kS O Rk S kS IR Sk S b R Rk S S bk b S Sk S S

Construct a tenporary decontanination pad onsite. The pad shall be berned
and slightly inclined towards a sunp |ocated in one of the back corners of
the pad. Plastic sheeting shall line the pads and bernms to contain
decontam nation water. Plywod sheeting, exterior grade, shall be placed
over the plastic sheeting to prevent danage to the plastic and allow the
drill rig and heavy equi pnent to use the pad. The m ni nrum di nensi ons of
the pad shall be the length and width of the drill rig, plus 1.2 neters 4
feet per side to allow access and steam cleaning. Yellow ribbon shall be
used to encircle the decontanmi nation pad. Water collected in the sunmp
shal | be punped using a "trash" punp to transfer water to a 200 liter 55
gal l on drum | abel ed "Decontam nation Pad Sunp Water." Solid waste shall be
transferred to a separate 200 liter 55 gallon drum | abel ed "Decontamni nati on
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Pad Sunmp Sl udge. "

2.3 Wat er Source

EE R R R I R I R I R I R R R I R I R I R R I R R R R R I R I R I R

NOTE: Delete this paragraph if not applicable for

t he project.
ER R IR R I R R R R I I I R R R R I I I R R R R I I R R R R R I I I R O S I I I I S S kI R I I O

If well drilling/installation requires the use of water, prior to its use
at the site, the water source shall be sanpled and tested, and approved by
the Contracting Oficer for the constituents specified in the Sanpling and
Anal ysis Plan as required in Section 01 35 45.00 10 CHEM CAL DATA QUALITY
CONTROL. The Contractor is responsible for locating the source, obtaining
the water fromthe source, transporting it to, and storing it at the site.
A wat er sanple shall be obtained fromthe container used in transporting
the water to the site before the water is used for decontanmination. This
sanpl e shall be tested and approved in accordance with the above

requi renents.

.3 VELL CONSTRUCTI ON

EE R R I I R I O R I R R R I R I R I R I R R R I R R R S R R I R I

NOTE: Del ete prohibition against organic drilling
fluid, and grease, oil, and fuel |eaks on equi prent
if not installing wells at an HTRWsite, or if not
applicable for the project.

R IR I S bk O bk I S kI I I kS Rk S bk S ok S b S Rk S S bk b S S S S R S

The drilling nmethod shall be as approved by the Contracting O ficer and
shall conformto all state and |ocal standards for water well

construction. The execution of the work shall be by conpetent workmen and
shal | be performed under the direct supervision of an experienced well
driller. The drilling nmethod shall prevent the collapse of formation
materi al against the well screen and casing during installation of the
well. The inside dianeter of any tenporary casing used shall be sufficient
to all ow accurate placenent of the screen, riser, centralizer(s), filter
pack, seal and grout. [Any drilling fluid additive used shall be inorganic
in nature, but be phosphate free. Gease or oil on drill rods, casing, or
auger joints are not permtted; however, PTFE tape or vegetable oil (in
solid phase form are acceptable. The drill rig shall be free fromleaks
of fuel, hydraulic fluid, and oil which nmay contamni nate the borehol e,
ground surface or drill tools.] Casing pipe, well screens, and joint
couplings shall be of conpatible materials throughout each well. The well
shall be a [filter pack well] [naturally devel oped well] activated in the
[overburden] [water-bearing stratun] [stratum based on test hole data].

The well shall be drilled straight, plunb, and circular fromtop to

bottom The well shall be initially drilled fromthe ground surface to the
[uppernpost | evel of the water bearing strata] [top of rock] [__
bottom of the outer casing set at this elevation. The hole below the outer
casing shall penetrate the water bearing stratuma sufficient depth to
produce the required anobunt of water w thout causing excessive velocities
through the aquifer. During construction of the wells, precautions shal

be used to prevent tanmpering with the well or entrance of foreign

material. Runoff shall be prevented fromentering the well during
construction. If there is an interruption in work, such as overni ght

shut down or inclenent weather, the well opening shall be closed with a

wat erti ght uncontam nated cover. The cover shall be secured in place or
wei ghted down so that it cannot be renobved except with the aid of the
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drilling equi pnent or through the use of drill tools.

3.3.1 Setting Quter Casing

EE R R R I R I R I R I R R R I R I R I R R I R R R R R I R I R I R

NOTE: There is a provision for tenporary casing, as
extraction and/or injection wells may not require a

per manent outer casing.
B R R R R R R

The outer casing shall not be less than [200] [_ ] my [8] [ ] inches
in diameter. The hole shall be of sufficient size to | eave a concentric
annul ar space of not less than [65] [ ] mw [2-1/2) [ ]inches and
not nmore than [150] [_ ] mv [6] [ ]inches between the outside of the
outer casing and the walls of the hole. The annul ar space between the
outer casing and the walls of the holes shall be filled with cenent grout.
Accept abl e net hods of grouting are detailed in AWM A100; the approved

net hod shall specify the forcing of grout fromthe bottomof the space to
be grouted towards the surface. A suitable grout retainer, packer, or plug
shal | be provided at the bottom of the inner casing so that grout will not
leak into the bottomof the well. Gouting shall be done continuously to
ensure that the entire annular space is filled in one operation. After
grouting is conpleted, drilling operations shall not be resuned for at

least [72] [ ]Jhours to all ow proper setting of the grout.

3.3.2 [ Temporary Casing

Tenporary well casing of either iron or steel of sufficient length to case
to the bottomof all borings shall be available at the construction site.
The Contracting Officer will direct the use of a tenporary casing to the

bottom of the boring during drilling and pl acenent of screen, riser, and
filter pack when he believes it is necessary to provide adequate support to
the sides of the hole. Wen the walls of the boring will require support

only during devel opnent operations a tenporary casing will be required to
extend only to a depth 1 nm 3 feet below the top of the filter pack. The
tenmporary casing, shall have an inside dianeter of not less than [ ] m
i nches, shall have sufficient thickness to retain its shape and nmaintain a
true section throughout its depth, and may be in sections of any convenient
l ength. The tenporary casing shall be such as to pernmit its renova

wi thout disturbing the filter pack, riser, or well screen. The setting of
tenmporary casing shall be such that no cavity will be created outside of it
at any point along its length. |In the event the tenporary casing should
become unduly distorted or bent it should be discarded and a new casi ng
shoul d be used during installation of any additional well.]

3.3.3 Construction of Inner Casing and Screen

After the grout has set, the hole below the outer casing shall be reaned at
the required dianeter, to the required depth, by an approved nethod which
wi Il prevent caving of the hole before or during installation of the filter
pack, well screen and inner casing. In lieu of reaming, the entire well
may be drilled to the dianmeter of the filter pack with an annul ar space

bet ween the inner casing and outer casing equal to the thickness of the
filter pack. The outer casing shall be increased in size to provide for
this space, if this option is elected. The well screen and inner casing
shall be firmy attached, and |l owered into the hole by a method which wll
allow for control of the rate of fall of the well screen and inner casing
at all tines. Well screen and inner casing shall not be dropped or allowed
to fall uncontrolled into the hole. The inner casing shall extend up

SECTION 33 20 00 Page 24



3.

through the outer casing to[__ ] meters feet [above][bel ow]the ground
surface. Approved centering devices shall be installed at a spacing of 120
degrees, between the outer casing and inner casing prior to well
construction at [intervals not exceeding [8] [__ ] m[25] [__ ] feet
along the length] [the top of the inner casing and the bottom of the outer
casing]. |If the screen length is greater than [8] [ ] meters [25]
[ ] feet, a[1] [___ ] meter [3] [ ] foot length of blank casing
shall be placed in the mddle of the screen interval for placement of
centering devices. Centering devices shall not be placed on the screened
interval, or within the bentonite seal, if used

3.4 Construction of Filter Pack

Rk Ik kR IR R R I O o S S b R R Rk b ok b O R Ik kb Sk b R R o

NOTE: If the natural formation is devel oped as the
well filter, then this paragraph may be deleted. |If
devel opnent of the well is done after the filter

pack is installed, but before the bentonite, or
annul ar seal is installed, additional filter pack
material may have to be added, if the level of the
top of the filter pack drops bel ow the specified

el evation for the top of the filter pack. Wen
installing extraction, or injection wells at HTRW
sites, the top of the filter pack should be no nore
than 1.5 m (5 feet) above the top of the screen

Rk Ik Sk kR IR Rk I S S S I ARk Ik kb S R R Rk Ok S Rk Ik R

After the screen and inner casing have been concentrically set in the hole
bel ow the outer casing, the approved filter pack shall be constructed

around the screen by filling the entire space between the screen and the
wal | of the hole in the water bearing stratumwith filter pack material. A
trem e pipe having an inside nom nal dianmeter of not less than [40] [__ ]
nmr [1-1/2] [ ] inches shall be lowered to the bottom of the well

bet ween the hole and screen. The tremi e pipe shall be arranged and
connected, at the surface of the ground, to water punping and graveling
equi pnment so that water and filter material, fed at uniformrates, are

di scharged as the filter material fills the hole fromthe bottomup. The

trem e pipe shall be raised at a rate that will keep the bottom of the pipe
no more than [1] [__ ] m[3] [ ] feet above the filter material |eve
at all tines. |If the Contractor desires to use nethods of placing filter

material other than those specified, the details of the nethod and

equi pnent proposed shall be subnmitted to the Contracting Oficer, before
filter pack placenent is begun; however, dunping filter pack material from
the surface of the ground and agitating the well in an effort to settle the
filter will not be allowed. The filter pack shall be installed
continuously and without interruption until the filter pack has been placed
to within [300 mr 1 foot of the top of the inner casing] [1.5 m 5 feet of
the ground surface] [ [10] [__ ] m[30] [___ ] feet above the top of the
screen]. The depth to the top of the filter pack shall be directly
measured, and recorded. Any water added to the filter pack material shal
be obtained in accordance with paragraph Water Source. Filter pack
material shall be protected fromcontam nation prior to placenent by either
storing it in plastic lined bags, or in a location protected fromthe

weat her and contam nation on plastic sheeting. Filter pack material shal
not be allowed to freeze before installation. Filter pack nmaterial shal

be transported to the well site in a manner which prevents contam nation by
other soils, oils, grease, and other chem cals. Tenporary drill casing, if
installed, or hollow stem auger, shall be renobved sinultaneously with the
above operation. Filter pack nmaterial shall be placed in no greater than 1
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3.

nm 3 foot lifts prior to retraction of the tenporary casing/auger. A

m ni mum of 150 mr 6 inches of filter pack shall remain in the tenporary
casing/auger at all tines during filter pack installation. Frequent
neasurenents shall be nade inside the annulus during retraction to ensure
that the filter pack is properly placed.

3.5 Bentonite Sea

Rk Ik kb Sk R IR Rk kS kR R Ok R Rk kb R Rk Ik kb R R o

NOTE: Sufficient tine should be allowed for the
bentonite seal to hydrate and forma | ow perneabl e
seal before grout is placed in the annul ar space
above the bentonite seal. By not allow ng enough
time, grout material could infiltrate into the sea
and possibly into the filter pack. It is
recommended waiting a mninumof 3 to 4 hours for
hydration of bentonite pellets, or tablets. |If
bentonite chips are used, the m ni mum hydration tine
could be twice as long. Nornally bentonite chips
should only be used if it is necessary to install a
seal in a deep water columm. Because of their high
noi sture content and sl ow swelling tendencies, chips
can be dropped through a water colum nore readily
than a material with | ow noi sture content, such as
pellets or tablets. It is recommended that the
bentonite seal be placed in lifts, with each lift
all owed to hydrate for a nminimum period of tine.
Slurry seals may be used when the seal location is
too far below water to allow for pellet or other
cont ai neri zed-bentonite placenent, or within a
narrow wel | - borehol e annul us. For nore gui dance
consult EM 1110-1-4000.

Rk Ik kR IR Rk I kI AR Sk R R R R o b Sk R IRk I S b S b

After the inner casing and [well screen] [and filter pack] have been
installed,[and after predevel opnment of the well,] the annul ar space between
the inner and outer casings shall be sealed by use of a bentonite seal. A
mnimur 1 nm 3 foot thick hydrated bentonite seal shall be placed on top of
the filter pack in a manner which prevents bridging of the bentonite in the
annulus. The bottom of the bentonite seal shall be a mininumof 2 m 5 feet
above the top of the well screen. The depth to the top of the bentonite
seal shall be directly neasured, and recorded i mediately after placenent,
wi t hout allowance for swelling. |f the bentonite seal is |ocated above any
borehole fluid levels, a [300] [__ ] my [1] [ ] foot layer of fine
sand shall be placed at the top of the bentonite seal

3.6 G out Pl acenent

EE R R I R R I R R R I I O R R R R R Sk S R Rk R I Rk S I I R R O

NOTE: Before installing an annul ar seal, the state
regul atory agency should be consulted. The state,

or local nunicipality, where the well is being
installed, may have specific requirenents for
sanitary, and/or wellhead protection. There is a
provision for placing a high-solids bentonite grout
in the annul us above the bentonite seal rather than
cenment grout. Advantages and di sadvant ages of using
a bentonite grout instead of cement grout are

di scussed in EM 1110-1-4000. There nmay be a need
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for a provision to grout the annular space in lifts
in deep wells to ensure that any PVC or other type
casing will not be coll apsed by the weight and/or
heat created by the chem cal reaction of cenent
grout. If grouting inlifts is for sone reason not
acceptable, the well should be designed to withstand
greater external pressures. This nay nean using

hi gher schedul e casing, or steel instead of PVC, for
exanpl e.

R IR I S bk S bk kS I I kS Rk S bk S bk S b S R R S b b S S Sk Rk S

After the inner casing and [well screen] [filter pack] have been install ed,
a [non-shrinking cenent] [high-solids bentonite] grout, shall be

mechani cally mi xed in accordance with paragraph CEMENT AND BENTONI TE GROUT
and placed by trem e pipe, in one continuous operation into the annul us

bet ween the inner and outer casings above the bentonite seal to [within
[ ] mr feet of] [the ground surface] [the maxi mum depth of frost
penetration (frost line)]. Gout injection shall be in accordance with
AWM A100. If the casing interval to be grouted is less than 4.5 n 15 feet,
and without fluids after any drill casing is removed, the grout may be

pl aced either by pouring or punping. The trem e pipe shall be thoroughly
cleaned with high pressure hot water/steam before use in each well. The
bottom of the trem e pipe shall be constructed to direct the discharge to
the sides rather than downward. The discharge end of the trem e pipe shal
be subrerged at all tines. Additional grout shall be added fromthe
surface to maintain the level of the grout [within [__ ] mr feet of the
ground surface] [at the |land surface] as settlenment occurs. Wrk shall not
be conducted in the well within [24] [__ ] hours after cenent grouting
The alignnent of the well shall be verified by passing a 1.5 n 5 foot |ong
section of rigid [PVC] [stainless steel] [PTFE] [__ ] pipe 6 mr 1/4 inch
smaller in dianeter than the inside dianeter of the casing through the
entire well. If the pipe does not pass freely, the well will not be
accepted. The pipe section shall be thoroughly cleaned with high pressure
hot water/steamprior to each test.

.4  VELL DEVELOPNMENT

Rk Ik Sk kR IR Rk Ik I S o S kR Rk S R Rk Sk ko kR Ik S kb

NOTE: There is a provision for predevel opnent, or
devel opnent after the filter pack is installed, but
before the bentonite seal is installed.

Wl | devel opnent criteria, such as the measurenent
of certain ground-water paraneters, may be del eted
if the well is not installed at an HTRWsite.

R IR I S bk S b kS O Rk S kS IR Sk S b R Rk S S bk b S Sk S S

Wthin 7 days of conpletion of each well, but no sooner than [48] [__ | |
hours after cement grouting is conpleted, the well shall be devel oped.

[ Predevel opment, or devel opment after the filter pack has been installed,
but before the annular seal is installed, may be initiated before this

m ni mum 48 hour period.] The well shall be devel oped in accordance wth
the Well Installation Plan, by approved nethods until the water punped from
the well is substantially free fromsand, and until the turbidity is less
than 5 on the Jackson Turbidity Scale specified in AWM 10084. Devel opi ng
equi prrent shall be of an approved type and of sufficient capacity to renove
all cutting fluids, sand, rock cuttings, and any other foreign material

The wel|l shall be thoroughly cleaned fromtop to bottom before begi nning
the well tests. Developnent shall be perfornmed using only nechanica
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surgi ng, over punping, or jetting, or a conbination thereof in accordance
with ASTM D 5521. Details of the proposed devel opnent nethod shall be

included in the Well Installation Plan. At the tinme of devel opnment of any
well, the well shall be free of drawdown or surcharge effects due to punp
testing, developing or drilling at another |ocation. The Contractor is

responsi ble for maintaining at the well site the needed access and work
area and cl earance, necessary to acconplish devel opnent. Furnish, install
or construct the necessary discharge line and troughs to conduct and

di spose of the discharge [a sufficient distance fromthe work areas to
prevent damage] [as directed in paragraph CONTAI NERI ZATI ON OF DEVELOPNMENT
WATER, AND DRI LL CUTTINGS]. Devel opnent shall be conducted to achieve a
stable well of maxi numefficiency and shall be continued until a
satisfactory sand test, as specified in paragraph Sand Test, is obtained.
During predevel opent of the well, filter pack material shall be added to
the annul ar space around the screen to maintain the top elevation of the
filter pack to the specified elevation. Provide an open tube or other
approved neans for accurately determning the water level in the well under
all conditions. |If, at any tine during the devel opnent process it becones
apparent in the opinion of the Contracting Officer that the well nmay be
damaged, devel opnent operations shall be imediately terninated. The
Contracting Officer may require a change in nmethod if the method sel ected
does not acconplish the desired results. The Contracting O ficer may order
that wells which continue to produce excessive anounts of fines after

devel opment for [6][___] hours be abandoned, plugged, and backfilled, and
may require the Contractor to construct new wells nearby. Al materials
pulled into the well by the devel opment process shall be renoved prior to
performng the punping test.

4.1 Jetting

Jetting should be performed using either a single or double ring jet. |If a
double ring jet is used the rings should be 600 nr 2 feet apart. The
jetting tool shall be constructed of high-strength material and
conservatively designed and proportioned so that it will wthstand high
pressures. The jetting tool shall have [two [7][8][10] m [3/16]
[1/4][3/8] inch dianmeter hydraulically bal anced nozzl es spaced 180 degrees]
[four [7][8][10] mv [3/16][1/4][3/8] inch diameter hol es spaced 90 degrees]
apart and which shall exert the jetting force horizontally through the
screen slots. The rings shall be constructed such that the tips of the
jets shall be within 13 mr 1/2 inch fromthe inner surface of the well
screen. The punp used in conjunction with the jetting tool shall be
capabl e of providing [pressures up to [1700] [__ ] kPa [250][ ] psi.]
[a minimumjetting fluid exit velocity of 45 mls 150 f/s]. Prior to
comrencing jetting, and follow ng each jetting cycle, all sand and/or other
materials shall be renobved frominside the screen. The jetting process
shall start at the bottom of the screen and consist of rotating the jetting
tool [slowy] [1 cycle per 30 seconds] [[___ ] cycles per | ] seconds]
while rotating the pipe [180][90] degrees for two minutes at each |ocation
then raising the pipe [150][__ ] mv [6] [ ] inches. Al wells, nore
than 100 mr 4 inches in dianeter, shall be punped during the jetting cycle
to renmove inconming sand and other material. Such punping shall be at a
rate not |less than 115 percent of the rate at which fluid is introduced
through the jetting tool. This will allow a flow of material into the well
as it is being devel oped. Water used for devel opnment shall be free of
sand. The contracting officer may require other means of devel oping the
well such as intermttent punping nethod, variation of the intermttent
punpi ng met hod, or surge block if it appears that the devel opnent of the
well is not producing the desired results.
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3.4.2

Interm ttent Punping

Rk Ik kb Sk R R IR R R I kI ARk Sk R R Rk I o b Sk kS R R Ik Sk b S R o

NOTE: Backfl ow t hrough the punp, while starting and
stopping a punp internmttently, with the check val ve
renoved, to produce rapid changes in the pressure
head within the well during devel opment, called
"rawhi ding," is allowed for devel opi ng extraction
and injection wells at HTRWsites. The alternate
lifting and dropping of a colum of water in the
punp di scharge pipe creates a surging action in the
well. For nore information on this devel opnment
process, consult ASTM D 5521.

Rk Ik kR IR R R I O o S S b R R Rk b ok b O R Ik kb Sk b R R o

Intermttent punping shall be perfornmed by punping the well at a capacity
sufficient to produce a rapid drawdown of approximately [ |

stoppi ng the punp (backflow through punp wll
the water surface torise to its former elevation

pr ocedure.

not be nore than 3 cycles per mnute.

nm feet

not be pernitted) to pernit
and repeating this

Cycle time for this procedure will vary as directed but will

A punp di scharge in excess of [

L/'s gpmr will be required. A deep well turbine punp, or electric
subnersi bl e punp with check valve, shall be used with any attachnent
necessary to acconplish rapid starting and stopping for intermttent
The intake shall be set at least 3 nm 10 feet bel ow the maxi mum

punpi ng.

expected drawdown in the well.

Prior to comrencing intermttent punping,

and periodically during devel opnent by this nethod, all sand and/or other

materi als shall be removed frominside the screen. The amount of drawdown
may be decreased if, in the opinion of the Contracting Oficer
efficiency of the well mght otherw se be inpaired.

3.4.3

Sur gi ng

t he

Surging of the well shall require use of a circular block, or nultiple

bl ocks,

which are approximately 25 mr 1 inch snmaller in dianeter than the

inside dianeter of the well and is constructed of a material which will not

damage the screen if the block comes in contact with the screen
bailer or punp to renove materials drawn into the well

be continued for a period of approximately [one][____] hour, or
little or no additional material fromthe foundation or filter pack can be
pul l ed through the screen. The surge block shall be noved by a steady

noti on up and down the ful
sur gi ng,

and/ or other materials shall be renpoved frominside the screen
materials pulled into the well by the surging process shall be renoved by
the Contractor.

3.4.4

Vel

Devel opnent Criteria

and a

until

sand
Al l

The surging shal

Il ength of the well screen. Prior to commencing
and periodically during devel opnment by this nethod, all

Rk Ik kb Sk R IR Rk kS e S S b R AR Ik R R R Rk O R I R R R

NOTE: The U.S. Environnmental Protection Agency
(EPA) may, according to their Technical Enforcenent
Qui dance Docunent (TEGD), 530/ R-93/001, consider a
well installed at an HTRWsite i nproperly conpleted
if awell yields turbid sanples (turbidity greater
than or equal to 5 NTUs) after developnment. |If the
| ocal EPA Region enforces this criteria, it may be
necessary to include a requirenment that the well be
devel oped until a turbidity of less than or equal to
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5 NTUs is achi eved.

Rk R Sk kR IR Rk I kS S S S S I ARk Ik kS R R Rk S O R Rk Ik kb S I R b o

A wel |l devel opnent record shall be maintained in accordance with paragraph
Wel | Devel opnent Records. Devel opnent is conplete when all of the
following criteria are net

a. Well water is clear to the unaided eye [,and turbidity |less than or
equal to [5] [ ] Nephelometric Turbidity Units (NTUs)],

b. Sedinent thickness in the well is less than [1 percent of the
screen length] [30 mr 0.1 foot],

c. A mnimmof three times the standing water volume in the well is
renoved plus three tinmes the volune of all added water and drilling
fluid lost during drilling and installation of the well is renoved, and
d. [Tenperature, specific conductivity, pH, oxidation-reduction

potential (ORP), dissolved oxygen (DO, and turbidity readings,
nmeasured before, tw ce during and after devel opnent operations, have
stabilized. Stabilization shall nean [variation of |less than 0.2 pH
units, variation of plus or mnus + 0.5 degrees C 1 degree F,+ 3
percent change in specific conductance; and |ess than a + 10nV for ORP
and + 10 percent for DO, and turbidity, neasured between three
consecutive readings with one casing volunme of water renobved between
each reading] | ]. ORP shall be determned in accordance with
AWM 10084. Temperature, specific conductance, DO turbidity, and pH
readi ngs shall be conducted in accordance with EPA 600/ 4-79/020. At
conpl etion of well devel opment, approximately 0.5 liter 1 pint of well
wat er shall be collected in a clear glass jar. The jar shall be

| abel ed with project name, well nunber and date; and photographed using
35 mmcolor print film The photograph (minimally 125 x 174 mr 5 x 7

i nch) shall be a suitably backlit close-up which shows the clarity of
the water and any suspended sedi nent. The phot ograph and negative
shal | becone a part of the well devel opnent record. Water renoved
during devel opnment and testing operations shall be [contained in D.OT.
approved druns, containers or vessels and disposed of by [ | ], in
accordance with paragraphs CONTAI NERI ZATI ON OF DEVELOPMENT WATER, AND
DRILL CUTTINGS, and Drilling Waste Disposal] [discharged to the ground

surface at |east | ] mfeet fromthe well in a down gradient area].]
3.5 TESTS
After the wells have been devel oped, notify the Governnment and nake the
necessary arrangenments for conducting the capacity tests. |If the capacity
test indicates that the required capacity can be obtained, the tests for
quality of water shall be nmade. |If the capacity and quality tests indicate

that the required capacity and quality can be obtained, the pernanent well,
as specified, shall be conpleted at that depth. Prior to making quality
tests, drilling equipnent, tools and punps contacting well water shall be
cleaned with live steam

3.5.1 Capacity Test

EE IR R I R R I R I R I I O R R R R R I S R I Rk I I Rk I I R R O R O

NOTE: This test should be used to verify that the
well is devel oped properly and will produce the
required yield. Test punp should be capable of a
range of punping rates, varying from about 50
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percent to about 200 percent of the design capacity
of the well. Since there are a wide variety of punp
test methods, the designer should refer to a good
wat er wells reference book (such as "G ound Water
and Wells," by Fletcher G Driscoll, published by
Johnson Well Screens, 1986 ) for test procedures

whi ch best apply.

Rk Ik kR IR R R Ik S R AR Rk R R R Rk ok S R Rk Ik S kb S R R o

Furnish and install an approved tenporary test punp, wth discharge piping
of sufficient size and length to conduct the water being punped to [point
of discharge]l[__ ], and equi pnent necessary for neasuring the rate of
flow and water level inthe well. An [8] [__ ] hour [constant-rate]

[ step-drawdown] capacity test shall be run with the punping rate and
drawdown at the punmp well and observation wells recorded every [[30]
[ ] mnutes] [1/2 mnute during the first 5 mnutes after starting the
punp; then every 5 minutes for an hour; then every 20 m nutes for 2 hours.
Fromthis point on, readings taken at hourly intervals, until the water

| evel stabilizes, shall be sufficient].[Qbservation wells (piezoneters)
shall be read on the same schedule as the punmp well.] [During the

st ep-drawdown test, the punping rate shall be increased in steps at

[regular][[2][___] hour] intervals. Specific capacity shall be neasured
for each step.] The test shall begin at the rate of [the expected capacity
of well] [[___ ] L/s gpn] and at |least that rate naintained throughout the

duration of the [test] [step interval]. [The well shall be "step" tested
at rates of approximately [1/2, 3/4, 1 and 1 1/2] [__ ] times the design
capacity of [__ ] L/s gpn.] If this capacity cannot be maintained for
the test period, the capacity test shall be termnated and the test hole
drilled deeper or relocated as directed. Wen the punp is shut off, water
| evel readings shall be taken during the rebound period for the sanme
intervals of tine as the drawdown test. The record of the test, in
triplicate, shall be delivered to the Contracting O ficer.

3.5.2 Test for Plunbness and Al i gnnent

Upon conpl etion of the permanent well, plunbness and alignnent shall be
tested by lowering into the well, to the total depth of the well, a plunb
[12] [ ] m[40] [___ ] feet long or a dunmy of the sane length. The

outer dianeter of the plunb shall not be more than 13 mr 1/2 inch smaller
than the dianeter of that part of the hole being tested. If a dumy is
used, it shall consist of arigid spindle with three rings, each ring being
[300] [__ ] my [12] [ ] inches wide. The rings shall be cylindrica
and shall be spaced one at each end of the dummy and one in the center

The central nenber of the dummy shall be rigid so that it will rmaintain the
alignment of the axis of the rings. The dumry shall be decontamn nated as
specified in paragraph Decontanination, before use. |If the plunb or dummy
fail to nove freely throughout the I ength of the casing or well screen for
the depth of well or should the well vary fromthe vertical in excess of
two-thirds the inside dianeter of that part of the well being tested for
each 30 m 100 feet of depth, the plunbness and alignment of the well shal
be corrected. |If the faulty alignment and plunbness is not correctable, as
determ ned by the Contracting O ficer, the well shall be abandoned as
specified in paragraph WELL DECOVM SSI ONI NG ABANDONMVENT and a new wel |
drilled at no additional cost to the Government.

3.5.3 Test for Quality of Water

EE R R R I R I O R I R R R I R I R I R I R R R I R R R R R I R L
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NOTE: The Post, or Resident Engineer, or the USGS
shoul d be consulted to deternine if any additions or
del etions should be nade to the Water Quality

Anal ysi s table.

EE R R R I R I R I R I R R R I R I R I R R I R R R R R I R I R I R

When the capacity test in the test hole has been conpleted, and again after
the yield in the permanent well and drawdown test or capacity test have
been conpl eted, secure sanples of the water in suitable containers, and of
sufficient quantity, to have bacterial, physical, and chem cal anal yses
nade by [a recognized testing laboratory][__ ], except that the bacteria
anal ysis may be nmade by the applicable State Board of Health, if desired.
Water Quality Analysis shall address each item specified in the Water
Quality Analysis Table at the end of this section. Expenses incident to
these anal yses shall be borne by the Contractor and the results of the
anal yses shall be furnished to the Contracting Officer. Al sanpling and
anal yses shall be perforned using EPA and State approved net hods,
procedures, and hol ding tines.

.5.4 Sand Test

As part of each capacity test, or at the end of each interm ttent punping,
a determ nation of the anpbunt of sand (filter pack and/or foundation
material) a well is producing shall be perfornmed. Prior to starting the
sand test all material shall be renoved fromthe bottom of the tail pipe
Test each well by pumping at a rate [of [__ ] L/s gpn] [sufficient to
produce approximately [ ] mfeet of drawdown]. After the punp is at
the desired punping rate the flow fromthe di scharge shall be diverted
[into a container that will collect all the sand being carried by the

wat er][through a Rossum Sand Tester]. Devel opnment of the well is
satisfactory if the amount of sand collected is less than 0.5 L per 100, 000
L 1 pint per 25,000 gallons of water punped at the specified rate. Upon
conpl etion of the test the ambunt of sand in the tail pipe shall be
determned to verify that no material is being deposited in the bottom of
the well.

.6 | NSTALLATI ON OF PERMANENT PUMP

EE R I R R R R I R R I R R R R I R I I R R I R R R I I R S R R I R

NOTE: The yearly change in the regional water table
shoul d be deternined before specifying the mninum
punp dept h.

Rk bk b R IR Rk I kS S o S R AR I R R Rk Ik kR Sk I R SRRk b o b o

The permanent well punp shall be installed in the well at a mininumdepth of
(8] [ ] m[25] [ ] feet bel ow the maxi mum drawdown gr oundwat er

| evel after the drawdown test has been conpleted. The punp shall be

secured at the required el evation as recomrended by the punp nanufacturer.

After installation of the punping units and appurtenances is conplete,

operating tests shall be carried out to assure that the punping

installation operates properly. Tests shall assure that the punping units

and appurtenances have been installed correctly, that there is no

obj ecti onabl e heating, vibration, or noise fromany parts, and that all

manual and automatic controls function properly.
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3.7 DI SI NFECTI NG

After conpletion of tests of well, or installation of permanent punp, or at
time of tests for yield and drawdown test, whichever is later, the wells
shal | be disinfected by adding chlorine, confornmng to AWM B301, or

hypochl orite, conforming to AWM B300, in sufficient quantity so that a
concentration of at |east 50 ppmof chlorine shall be obtained in all parts

of the well. Chlorine solution shall be prepared and introduced into the
well in an approved manner and shall remain in the well for period of at
| east 12 hours but not nmore than 24 hours. |Information on nethods for

preparing chlorine solution and introducing it into the well may be found
in AWM C654. After the contact period, the well shall be punped until the
residual chlorine content is not greater than 1.0 ppm The well shall be
punped to waste for an additional 15 minutes with less than 1 ppm chlorine
residual after which two sanples shall be taken not | ess than 30 m nutes
apart and tested for the presence of coliformbacteria. The well shall be
di sinfected and redisinfected as may be required until two consecutive
sanpl es of water are found upon test to be free from Coli Acrogenes group
of organi sns.

3.8 PUVPHOUSE AND SLAB
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NOTE: | n sone instances, a punphouse and base sl ab
may not be appropriate. |In such cases, alternate
designs nust ensure that surface water cannot
infiltrate into the well and that the punp and well
head are protected.

EE R R R I R I O R I R R I R I R I R I R R R I R I R R R R I R L

Punphouse and sl ab shall be constructed preventing the infiltration of

surface water or precipitation into the well. The slab shall be [1.2]
[ ] msquare by [150] [__ ] mmthick [4] [___ ] feet square by [6]
[ ] inches thick and constructed of reinforced concrete. The top of
the outer casing shall extend [300] [__ ] my [12]) [ ] inches above

the top of the slab. The top of the slab shall be at elevation [
hi gher. The punphouse shall be constructed on the slab and thermally
i nsul at ed.

3.9 SI TE CLEAN- UP

After conpletion of the work, tools, appliances, surplus naterials,
tenmporary drai nage, rubbish, and debris incidental to work shall be
renoved. Excavation and vehicular ruts shall be backfilled and dressed to
conformwith the existing |landscape. Uilities, structures, roads, fences,
or any other pre-existing itemwhich nust be repaired or replaced due to
the Contractor's negligence shall be the Contractor's responsibility;
repair or replacenent shall be acconplished prior to conpletion of this
contract.

3.10 DRI LLI NG WASTE DI SPCSAL

EE R I R R I R I R I R R R I R I R I R I R R R R R R S R R I R

NOTE: The desi gner nust address disposal of dril
cuttings, rock core, grout or bentonite slurry, and
other solid or liquid materials bail ed, punped, or
ot herwi se renoved fromthe borehole during drilling,
wel | installation, conpletion, and well devel opnent
procedures within all appropriate regulatory
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requi renents. The nature of these wastes (whether
hazardous or not) will potentially vary between well
sites on a single project. On an HTRW renedi al
action project, it may be prudent to dispose of
drilling and well installation waste in coordination
with other project waste streans. |n sone

i nstances, rock core nmay be determned to be
cont am nated and nust be handl ed accordingly. Refer
to EPA/ 540/ G 91/ 009, Managenent of

I nvestigation-Derived Waste From Site | nvestigations
and EPA OSVER Directive 9345. 3-03FS, April 1992

Qui de to Managenent of Investigation-Derived Wastes,
for discussion of sonme issues relevant to Superfund
projects. State/local regulations rmust al so be
consi der ed.

R IR I S bk S b I S S O R kR Rk S bk S bk S b Rk S S bk b S S S

Slurry, drill cuttings, rock core; other solid or liquid material bailed,
punped, or otherw se renoved fromthe borehole during drilling,
installation, conpletion, and well devel opment procedures; and fluids from
mat eri al / equi pment decont am nation activities shall be di sposed of by

3.11 SURVEYS

Rk Ik Sk kR IR Rk I S S S I ARk Ik kb S R R Rk Ok S Rk Ik R

NOTE: Cuidance for installing survey markers can be
found in EM 1110-1-1002 Survey Narkers and
Monument at i on.
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Coordi nates and el evations shall be established for each well/test hole.
Hori zontal coordinates shall be determined to the closest 300 mr 1.0 foot
and referenced to the State Pl ane Coordi nate System or Universa
Transverse Mercator (UTM. |If the State Plane Coordi nate System UTMis not
readily avail able, an existing |local grid systemshall be used. A ground
elevation to the closest 30 m 0.1 foot shall be obtained at each well. The
hi ghest point on the top of the riser pipe will serve as a neasurenent
point. The elevation of the well shall reference this point, and shall be
surveyed to the nearest 3 mr 0.01 foot using the [National Geodetic
Vertical Datumof 1929] [North Anerican Vertical Datum of 1988]. |If the
datumis not readily available, the existing local vertical datumshall be
used. The location, identification, coordinates, and el evations of the
wel | and monunents shall be plotted on maps with a scale |l arge enough to
show their location with reference to other structures.

3.12  WELL DECOWM SSI ONI NG ABANDONMVENT

EE R R I R R I R R R I I O R R R R R Sk S R Rk R I Rk S I I R R O

NOTE: Cui dance for deconmi ssioning of wells may
al so be found in EM 1110-1-4000.

R IR I S bk O b I S S I S I Rk S S b S R Rk S b S S I bk b S bk R S

Any wel | disapproved by the Contracting O ficer, or any wel
deconmi ssi oned/ abandoned by the Contractor for any reason shall be
deconmi ssi oned/ abandoned according to the requirements of the State of

[ ], [ASTM D 5299,] and the requirenments of these specifications. Wl
deconmi ssi oni ng/ abandonnent includes the renoval of all materials left in
the borehol e/wel |, excluding the filter pack, and includi ng backfil
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material s, casing, screen, and any other material placed into the hole

bef ore the deci sion was nmade to abandon the borehole/well. Test holes
deconmi ssi oned/ abandoned for any reason shall be grouted fromthe bottomto
within [_ ] mr feet of the top of the ground surface according to the
protocol for grout/bentonite placenment established in paragraph G out

Pl acenent, using the grout nmix specified in paragraph CEMENT AND BENTONI TE
GRQUT. The top [__ ] mr feet shall be backfilled with [rmaterial
appropriate for the intended land use] [__ ]. Mmintain a well

deconmi ssi oni ng/ abandonment record as specified in paragraph Wl

Decomm ssi oni ng/ Abandonnent Records. G oundwater |evels, if encountered
before the decision is nade for deconmi ssioni ng/ abandonnent, shall be
neasured in all borings prior to backfilling. These water |evels shall be
included in the well deconm ssioni ng/ abandonnment records. No well shall be
deconmi ssi oned/ abandoned wi t hout the approval of the Contracting Oficer.

.13 DOCUMENTATI ON AND QUALI TY CONTROL REPORTS

Establ i sh and nai ntai n docunentation and quality control reports for well
construction and devel opnent to record the desired information and to
assure conpliance with contract requirenents, including, but not limted
to, the foll ow ng:

.13.1 Bor ehol e Logs

EZE IR R R R I I R R I I I R R R R R kS R R R I I R I I I R S O

NOTE: Borehol e | oggi ng requirenents can be found in
EM 1110- 1-4000. Requirenents can al so be found in
ASTM D 2113 and ASTM D 5434. If rock is cored at
the site, and it is deened necessary to deternine
the rock quality designation (RQD) of the core for
desi gn purposes, the RQD should also be shown on the
boring log. @uidance for deternining the RQD nay be
found in ASTM D 6032. Itemo. has a provision for
recording the level of non-aqueous phase |iquids
(NAPLs). This only pertains to wells installed at a
hazardous waste site.

EE IR R I R R I R I R I I O R R R R R I S R I Rk I I Rk I I R R O R O

A borehol e | og shall be conpleted for each boring drilled. Borehole |ogs

shal | be prepared by the geol ogist present onsite during all well drilling
and installation activities. The log scale shall be [10] [__ ] mm equal s
[300] [__ ] my [1] [ ] inch equals [1] [__ ] foot. Copies of
complete well |ogs shall be kept current in the field at each well site and
shall be available at all times for inspection by the Contracting Oficer.

I nformati on provided on the |logs shall include, but not be linited to, the
fol | owi ng:

a. Nanme of the project and site.
b. Boring/well identification number.
c. Location of boring (coordinates, if available).

d. Mke and manufacturer's nodel designation of drilling equipnment and
name of drilling firm

e. Date boring was drilled.

f. Reference data for all depth nmeasurenents.
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g. Nanme of driller and name and signature of geol ogi st preparing | og.
h. Nominal hole dianeter and depth at which hol e di aneter changes.
i. Total depth of boring.

Met hod of drilling, including sanmpling nethods and sanpl e dept hs,

|nclud|ng those attenpted with no recovery. I ndi cati on of penetration
resi stance such as drive hamer blows given in blows per 150 mm 6 inches
of driven sanple tubes. Information shall include hamer wei ght and
drop distance. |Information such as rod size, bit type, punp type,
etc., shall be recorded. A description of any tenporary casing used,
drill fluids and fluid additives used, if any, including brand nane and
amount used, along with the reason for and start (by depth) of its use
shall be included. |If neasured, nud viscosities and wei ght shall be
recorded.

k. Depth of each change of stratum |f location of strata change is
approximate, it shall be so stated.

I. Description of the material of which each stratumis conposed, in
accordance with [ASTM D 2488] | ], and/or standard rock

nonencl ature in accordance with [CED TR G.-85-3]] ], as necessary.
Soi |l paraneters for |ogging shall include, but shall not be limted to,
classification, depositional environnent and formation, if known,
Unified Soil C assification Synbol, secondary components and esti mated
percent ages, color, plasticity, consistency (cohesive soil), density
(non-cohesive soil), noisture content, structure and orientation, and
grain angularity. Rock core paraneters for |ogging shall include, but
shall not be linmted to, rock type, formation, nodifier denoting
variety (shaly, calcareous, siliceous, etc.), color, hardness, degree
of cementation, texture, crystalline structure and orientation, degree
of weathering, solution or void conditions, primary and secondary
pernmeability, and |ost core. The results of any chemcal field
screening shall also be included on the boring log. Cassification
shall be prepared in the field at the tinme of sanpling. The results of
vi sual observation of the material encountered, and any unusual odor
detected shall also be duly noted and recorded.

m Depth of any observed fractures, weathered zones, or any
abnormal i ti es encountered.

n. Depth and estinmated percent of drill fluid | oss or |ost
circulation. Measures taken to regain drill water circul ation.
Significant color changes in the drilling fluid return

0. Depth to water, and any non-aqueous phase |iquids (NAPLs) and date
nmeasured before, during, and after each drilling shift, and prior to
well installation. Provide and maintain at each well under
construction a portable water [,and NAPL] |evel neasuring device of
sufficient length to measure the water [/ NAPL] level to [50] [ ]
neter [165] | ] foot depth. The device shall be available onsite
at all tines and neasuring wire shall be graduated in mr 0.01 foot.

The net hod of neasuring the liquid | evel shall be noted on the boring
log. Water [and NAPL] | evel measurenents shall be taken to the nearest

mr 0.01 foot. It shall be noted on the boring log if the boring was
purged and allowed to recover at intervals during the installation, or
that water used in drilling was allowed to dissipate into the fornmation
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prior to measuring the water |evel.

p. Box or sanple nunber. Depths and the nunber of the core boxes
and/ or sanples shall be recorded at the proper interval.

g. Percent Rock Core Recovery. The percent core recovery for the
i ndividual drill runs, if rock is cored, shall be shown.

3.13.2 Install ati on Di agrans
The well will not be accepted before the geologic logs and installation
diagrans are received. The diagramshall illustrate the as-built condition
of the well and include, but not be limted to, the followi ng itens:
a. Name of the project and site.

b. Well identification nunber.

c. Nane of driller and nane and signature of the geol ogi st preparing

di agram
d. Date of well installation.
e. Description of material fromwhich the well is constructed,

i ncluding well casing/riser pipe and screen material, centralizer
conposition, if used, dianeter and schedul e of casing and screen,
gradation of filter pack, lithol ogic description, brand nanme (if any),
source, and processing nethod, and nethod of placenment of the filter
pack, bentonite seal type (pellets, granules, chips, or slurry), grout
type (cenment or high-solids bentonite) and type of protective cover
(protective casing or flush-to-ground),if used.

f. Total depth of well.
g. Nominal hole dianeter.
h. Depth to top and bottom of screen, and filter pack.

i. Depth to top and bottom of any seals installed in the well boring
(grout or bentonite).

j. Type of cenent and/or bentonite used, nix ratios of grout, nethod
of placement and quantities used.

k. Elevations/depths/heights of key features of the well, such as top
of well casing/riser pipe, top and bottom of protective casing (if
used), ground surface, the depth of naxi mum frost penetration (frost
line), bottomof well screen, top and bottomof filter pack, and top
and bottom of seal

. Oher pertinent construction details, such as slot size and percent
open area of screen, type of screen, and nanufacturer of screen.

m \Well location by coordinates. A plan sheet shall also be included
showi ng the coordi nate system used and the | ocation of each well. A
pl an sheet is not required for each well installation diagram nultiple
wel | s may be shown on the same sheet.

n. Static water |evel upon conpletion of the well.
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0. Special problems and their resolutions; e.g., grout in wells, |ost
casing, or screens, bridging, etc.

p. Description of surface conpletion.

3.13.3 Wel | Devel opnment Records

Rk Ik kb Sk R IR Rk kS kR R Ok R Rk kb R Rk Ik kb R R o

NOTE: Delete itemk. if not applicable for the
proj ect.
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A wel |l devel opnent record shall be prepared for each well installed under
the supervision of the geol ogi st present during well installation
operations. Information provided on the well devel opnent record shal

include, but not be limted to, the foll ow ng:

a. Date, time, and elevation of water level in the well, before
devel opnent.

b. Depth to bottomof well, nane of project and site, well
identification number, and date of devel opnent.

c. Method used for devel opnent, to include size, type and nake of
equi prent, bailer, and/or punp used during devel oprent.

d. Tinme spent developing the well by each nethod, to include typica
punping rate, if punp is used in devel oprent.

e. Vol ume and physical character of water renoved, to include changes
during devel opnent in clarity, color, particulates, and odor.

f. Volume of water added to the well, if any.

g. Volune and physical character of sedinent renmoved, to include
changes during devel opment in color, and odor

h. Source of any water added to the well.

i. Carity of water before, during, and after devel opnent.
Nephel onetric turbidity unit (NTU neasurenents.

j. Total depth of well and the static water |evel as in accordance
with ASTM D 4750fromtop of the casing, imediately after
punpi ng/ devel opnent, and 24 hours after devel opnent.

k. [Readings of pH, specific conductance, DO, ORP, and tenperature
taken before, during, and after devel opnent.]

. Name and job title of individual devel oping well.

m Nane and/or description of the disposal facility/area, for the
wat ers renoved during devel opnent.

3.13.4 CGeophysi cal Logs

R IR I S bk S bk I S kS I I kS b S Rk S bk S bk S b S R R S bk b S S kS S

NOTE: Delete this paragraph if not applicable for
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t he project.
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Geophysical |ogs shall be prepared and conpleted for each well/test hole
installed. Information provided on the logs shall include, as a m ni nrum
the follow ng:

a. Project nane.

b. Test hole/well identification nunber.

c. Location of test hole (coordinates, and state, and county nane).

d. Date test hole was drilled.

e. Fluid level in test hole before | ogging.

f. Fluid type and tenperature.

g. Fluid resistance in ohmm

h. Casing type, dianmeter, and elevation (top and botton).

i. Cenent type and elevation (top and bottonj.

j. Screen type, dianeter, and elevation (top and bottom.

k. Date and tine test hole was | ogged.

I. Reference elevation for all depth nmeasurenents.

m Operator's nane.

n. Equi prent nane and address.

0. Logger type and nunber.

p. Tool type.

g. Detector type (Nuclear Log only).

r. Source type (Nuclear Log only).

Ss. Source size (Nuclear Log only).

t. Source spacing (Nuclear Log only).

u. Tool length, cable head to detector.

v. Calibration.

w. Logging speed cnimn ft/mn.

X. Log vert. scale micm ft/in.

y. Modul e settings.

z. Recorder settings.
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aa. Docunent all field problens, including equipnment malfunctions.
This shoul d include the steps taken to solve the problem and how the
| og mi ght have been affected.

3.13.5 Wel | Decommi ssi oni ng/ Abandonnent Records

Decomm ssi oni ng/ abandonnent records shall include, as a mininum the
fol | owi ng:

a. Project nane.

b. Well or test hole nunber.

c. Well/boring location, depth and di aneter.
d. Date of decomm ssioni ng/ abandonnent.

e. Method of deconmmi ssi oni ng/ abandonnent .

f. Al mterials used in the decomm ssioni ng/ abandonnent procedure and
the interval in which test nmaterials were placed.

g. Casing, and or other itens left in hole by depth, description, and
conposition.

h. Description and total quantity of grout used initially.

i. Description and daily quantities of grout used to conpensate for
settl enent.

j. Water or nud level (specify) prior to grouting and date neasured.
k. The reason for deconm ssioni ng/ abandonnent of the well/test hole.

3.13.6 Proj ect Phot ographs

Bef ore, during, and after conpletion of work, the Contractor shall take a
m ni mum of [one view [[__ ] views] of each well installation. |If rock
is cored at the site, after the core has been | ogged, the core shall be
danpened, if it has dried, neatly arranged in the core box, and
phot ogr aphed. Phot ographs shall be [80] [ ] by [120] [
[ ] by [5] [ ] inch color prints. The photographs shall be nounted
and encl osed back-to-back in a double face clear plastic sleeve punched to
fit standard three ring binders. Each color print shall show an

informati on box, [20] [__ ] by [50] [__ ] mv [1-2/2) [ ] by [3-1/2]
[ ] inches. The box shall be typewitten and arranged as foll ows:
Proj ect No. Contract No.

Cont r act or/ Phot ogr apher :
Phot ogr aph No. Dat e/ Ti ne:
Descri pti on:

Direction of View
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3.13. 7

Survey Maps and Not es

A tabulated list of all wells and nonuments, copies of all field books,
maps showing the locations, and elevations of all wells, datumused (e.gqg.
state plane NAD27, NAD83, UTM etc.), elevation datum units of

neasurenent, and all conputation sheets shall be prepared as a submttal
The tabul ation shall consist of the designated nunber of the well or
monurrent, the X and Y coordinates, and all the required el evations. Al so,
a di agram showi ng where on the top of the well the el evation was deternined
by the surveyor shall be prepared

WATER QUALI TY ANALYSI S TABLE

Physi cal Characteristics

Col or Resistivity in ohms per cubic
Taste centinmeter and 25 degrees C
Threshol d odor nunber pH val ue
Turbidity Tenper at ure

Chemical Characteristics (Expressed as ng/L)
Arsenic Total Hardness as CaCQ( 3)
Bari um Endrin
Cadm um Li ndane
Chrom um Met hoxychl or
Copper Toxaphene
Lead 2-4-D
Mer cury 2, 4, 5 TP Silvex
Sel eni um Total Organi c Hal ogens
Silver TOC
Zi nc Sul phat es as SQ(4)

Fl uoride as F

Manganese as M (di ssol ved
and total)

Iron as Fe (dissolved and

total)

Suspended Sol i ds

Total Dissolved Solids

Cal cium as Ca

Magnesi um as My

Sodi um and Pot assi um as Na

-- End of Section --

Chlorides as Cl
Bi car bonat es as HCQ( 3)

Car bonat es as CQO( 3)

Nitrates as NQ(3)

Al kalinity (nmethyl-orange)
(Phenol pht hal ei n) as CaCQ( 3)

Silica as Si Q2)
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