
ORNL/ER-- 119

O D592 019216

Environmental Restoration Division

ORNL Environmental Restoration Program

Plugghag and Abandonment Plan for Wells and Coreholes at
Oak Ridge National Laboratory, Oak Ridge, Temlessee

R. G. Stansfield _ ._ .:'--_ ,'.._-.' ,, la

M. A. Bogle _ __o_,r_,,. __2_ _ ._S.o
M. A. Wood .-_= .... r-_

Q._ m

e_ ._ __ _. "_ "_ _

•_ = _ = ,-, Y, _; °.r-

Date Issued-July 1992 ._ _ _' _ _*- _" " "

Prepared by _ = _ ° _._'- '" - _
Environmental Sciences Division _,,_s*_'_"_" " =_=#=
Oak Ridge National Laboratory _."r_,. :, _, , ,, _"

_¢ m _ O Ok2

ESD Publication No. 3896 ,.._'• _._ _ --,._o" ,.o_,"
_. ,._ ,_ ,..,,,_.E8 e,

Prepared for _ _ ._
" 1:::6 ,_, _, °=_ "_U.S. Department of Energy _ = '- _ _ _ ,, z_

Office of Environmental Restoration and Waste Management
under budget and reporting code EW 20

OAK RIDGE NATIONAL LABORATORY
Oak Ridge, 'Tennessee 37831-6285

managed by
MARTIN MARIETrA ENERGY SYSTEMS, INC.

for the
U.S. DEPARTMENT OF ENERGY

O under contract DE-AC05-84OR21400

iS _,G ,¢

_tSl_lgtjt'f[)N ,q_ ]H_S OI3[;ItMfNT IS UN_.II_'_ITt_I3



Author Affiliations

R. G. Stansfield is a geotechnical consultant to, and
M. A. Bogle and M. A. Wood are members of, the
Environmental Sciences Division, Oak Ridge National
Laboratot3,, Martin Marietta Energy Systems, Inc.

O
ii



Q CONTErCrs

HGURES .......................................................... v

ACKNOWLEDGMENTS ............................................. vii

EXECUTIVE SUMMARY ............................................ ix

i. INTRODUC-'TION .............................................. 1
1.1 PURPOSE AND SCOPE ........................................ 1
1.2 OBJECTIVE ................................................ 1

2. BACKGROUND INFORMATION .................................. 3
2.1 WASTE AREA GROUPINGS ................................... 3

2.1.1 Concept ............................................... 3
2.1.2 WACvs and Other Areas with Wells and Coreholes

Encompassed by Ptan ..................................... 3
2.1.3 Identification of' WAGs and Areas Involved in Plan .............. 3

2.2. GEOLOGY ................................................. 6

2.2.1 Regional Geology ....................................... 6
2.2.2 Site Physiography and Geology ............................... 6
2.2.3 Hydrogeology .......................... • ............... 7

2,3 SUMMARY OF EXISTING WELL TYPES AT ORNl ................ 8

O Pre-RAP Wells 82.3.1
2.3.2 USGS Wells ........................................... 9

2.3.3 RCRA Compliance Wells ................................... 9
2.3.4 CERCLA Wells ........................................ 9

2.3.5 Water Quality Wells ...................................... 10
2.3.6 Piezometer Wells ....................................... 10

2.3.7 Hydraulic Head Wells .................................... 10
2.3.8 Drive Point Wells ....................................... 10
2.3.9 Coreholes ............................................. 10

3. PLUGGING AND ABANDONMENT PROGRAM ...................... 11
3.1 STRATEGY ............................................... 11
3.2 CRITERIA FOR SELECFION AND PRIORITIZATION

OF WELLS FOR P&A ........................................ 11
3.2.l Criteria for Selection of Wells and Coreholes for P&A ........... 11
3.2.2 Criteria for Prioritization of Well and Corehole P&A ............ 12

3.3 ESD WELL INVENTORY ...................................... _2
3.3.1 Wells Not Found ........................................ 13

: 3.3.2 Data Gaps in the Well Inventory ............................ 13
3.4 PLUGGING AND AB_2,_DONMENT METHODS ................... 13

3.4.1 Well Plugging Materials .................................. 13
3.4.2 P&A Methods for Ali Well Types ............................ 14

3.5 PROGRAM IMPLEMENTATION ................................ 17

O 3.5.1 Administration ......................................... 17

°.,

I11



3.5.2 Field Operations ......................................... 17
3.6 REPORTING REQUIREMENTS ............................... 19

REFERENCES ..................................................... 20

FIGURES .......................................................... 23

APPENDIX A.-ORNL WELL INVENTORY SORTED BY WELL I.D ........ A-1

APPENDIX B--ORNL WELl. INVENTORY SORTED BY WAG/AREA ....... B-1

APPENDIX C-.PLUGGING AND ABANDONMENT PROCEDURES ......... C-I

APPENDIX D--WELL PLUGGING AND ABANDONMENT HELD
OPERATIONS PLANNING FORM ........................ D-1

APPENDIX E--ORNL WELL PLUGGING AND ABANDONMENT REPORT . . E-1

i,

O

iv



O FI .JURES

1 ORNL WAG boundaries superimposed on geologic map ................. 25

2 Physiographic map of ORR showing location of WAGs and other well areas
with respect to named valleys and ridges ............................. 27

3(a) Locations of wells and coreholes associated with WAG I (south) ........... 28

3(b) Locations of wells and coreholes associated with WAG 1 (north) .......... 29

4(a) I._cations of wells associated with WAG 2 (west) ...................... 30

4(b) Locations of wells associated with WAG 2 (east) ....................... 31

5 Locations of wells associated with WAG 3 ............................ 32

6 Locations of wells associated with WAG 4 ............................. 33

7 Locations of wells associated with WAG 7 ............................ 34

8 Ix)cations of wells associated with WAG 8 ............................ 35

O 9 Locations of wells associated with WAG 9 36

10 Locations of wells assocmted with WAG 11 ............................ 37

11 I_x_cations of wells associated with WAG 12 .............................. 38

12 Locations of wells associated with WAG 13 ............................ 39

13 Locations of wells associated with WAG 17 ........................... 40

14 Locations of wells associated with WAG 18 ........................... 41

15 Locations of wells associated wi_:hWAG 19 ........................... 42

16 kx_cations oi' wells associated with the West Chestnut Ridge area .......... 43

17 Locations of wetls in Walker Branch Watershed ....................... 44

18(a) Locations of wells and a corehole not associated with any WAG or
area (wes_ ORNL) .............................................. 45

18(b) Locations oi"wells and a corehole not associated with any WAG or
area (east ORNL) .............................................. 46

O



19 Construction diagrams of 3 types of pre-RAP well installations ............ 47
g

20 Construction diagrams of 3 types of installations used for RCRA
compliance, water quality, and piezometer wells ........................ 48

21 Construction diagrams of hydraulic head, open-interval bedrock well
installations ................................................... 49

vi



O ACKNOWLEDGMENTS

This project was sponsored by the U.S. Department of Energy's Office of Environmental
Restoration and Waste Management in support of the Oak Ridge National Laboratory
(ORNL) Environmental Restoration Program. A. E. Hunley provided support for field
verification of the well data and P. J. Lemiszki prepared Fig. 2, the physiographic map of the
Oak Ridge Reservation. R. F. Winterfield digitized the geologic information ft'ore the
Provisional Geologic Map, 1992, Oak Ridge Area, for presentation in Fig. 1.

vii

lip .... Irllrpl'lll_I'' t v_'ll(¢' ',_,"_tl_ ' ,qf ..... tll_""_q 11' ,i ,tlllr II ""_t 'rl_ H,t,tl, iI_ ,,L .... till' ,lt '1, Nll'_'l ,It'' IP'lltll'_ "ePtlqPtl''P''"11_ _' r'qllPItl,_r ...... I_t,"l,rl I_11 _lr(" 'lr _ ' '_'PiTtln ,, , ,, ii[lll,,t_ ,_,l,l,!,ll IrM¢.... _,I



i_ EXECUTIVE SUMMARY

Site environmental characterization and remediation require data obtained from the
installation and sampling of wells and coreholes. When these wells and coreholes are no
longer needed, are not producing reliable information, or are damaged and can act as
conduits for contaminant migration, they should be identified and properly decommissioned.
This is most important for wells of sufficient depth to create the potential for exchange of
fluids between different hydrologic units.

The need for a uniform well and corehole plugging and abandonment (P&A) program
for the Oak Ridge National Laboratory (ORNL) was discussed in the ORNL Corrective
Action Plan written in response to the ORNL Tiger Team Report. Details were identified
in the Department of Energy (DOE) Environmental Survey of I987, the DOE Oak Ridge
Operations Environmental Protection and Quality Assurance (QA) Appraisal of August and
September 1988, and again in the DOE Environmental, Safety, Health, and Quality Assurance
(ESH&QA) Appraisal of April 1990. An organizational basis for an ORNL P&A program
was suggested irl the draft ORNL Groundwater Protection Program Management Plan as a
functional responsibility of the Groundwater Protection Program Manager.

This plan presents the strategy and detailed approach for the well and corehole P&A
plan for most of the areas for which ORNL has responsibility. Although wells in Waste Area
Grouping (WAG) 5 and WAG 10 are not specifically addressed in this plan, these wells will
be incorporated into the decommissioning program in FY 1993. The plan does not include

O WAG 6, for which a separate P&A plan has been prepared. A well and corehole inventory
conducted by the Environmental Sciences Division (ESD) during late 1991 and 1992 has
found 1036 wells and coreholes within the areas includecl in this plan. The inventory shows
that 182 of these ORNL wells are located in non-WAG areas. Sixty-eight of these 182 are
installed on West Chestnut Ridge (WCR), 24 are located in the WBW area, and 90 arc
scattered throughout ORNL and not within or adjacent to a WAG boundary. This plan also
encompasses ali of these non-WAG wells. Figure 1 shows the WCR and WBW areas and the
boundaries of ali 12 WAGs encompassed by this ?lan; ali are shown superimposed on a
geologic map of the Oak Ridge Reservation. An inventory of WAG 5 and WAG 10 wells
will be conducted in 1993 as part of remedial investigation activities.

Section 2 provides very brief background information on affected ORNL WAGs that is
helpful in understanding the placement of wells and coreholes at ORNL. Limited background
information is also provided on the geology in order to promote an understanding of the
effects of the P&A methods. P&A methods for ORNL are discussed in Sect. 3, and specific
plugging procedures are [)resented in Appendix C for the various types of well installations
and subsurface conditions.

Ali ORNL wells will be evaluated in accordance with criteria provided in this P&A plan
to determine whether they should be maintained or plugged and abandoned. The ORNL
Environmental Restoration (ER) Program will be responsible for the administration of the
P&A program and will consult with the ORNL Groundwater Program Coordinator (GPC)
for technical oversight and independent review. For ORNL personnel with responsibility for

O wells or an interest in the data obtained from them, the ORNL ER Program and the GPC

ix



will sponsor workshops to determine which wells will be maintained and which will be ill
decommissioned. These workshops should be held in a timely manner, and the results of the lP'

workshops should be documented.

Ali wells and coreholes are intended to be decommissioned 'with essentially all subsurface
well materials remaining in place; however, procedures ['or the removal of well screens and
casings are presented in Appendix C in the event that a well requires decornmissioning by this
method.

Wells within the waste burial trenches will be plugged with coarse granular' bentonite.
The quantities of water in these wells is not anticipated to be great enough that placement
of coarse granular bentonite will displace well water upward to the ground surface;
containment and disposal of contaminated well water should therefore be unnecessary.
Bentonite will be placed to fill the well to a level 3 ft below the ground surface. Type 1
cement grout will then be added to bring the plug to a level 1 ft below the ground surface.
After 24 h, the casing will be removed to a depth of only 1 ft below the ground surface to
avoid encountering contaminated waste. The excavation will be backfilled with excavated soil.

Wells to be decommissioned that are installed in the regolith (i.e., do not penetrate
bedrock) and are not within the burial trenches will be grouted with Type 1 cement/bentonite
grout or microfine cement grout. Grout will be placed by the tremie method and will displace
well water from the top of the well as the grout is pumped into the bottom of the well. Water
and water-diluted grout will be contained and diisposed of properly. Prior to grouting, if
records do not document the placement of a grout seal when the well was constructed, wells

with casings longer than 10 ft will be perforated or slit from the top of the well screen to i
within 10 ft of the ground surface to ensure that the annulus will be securely sealed with
grout. Microfine cement grout will be used in wells that require slitting or perforating and in
the screened sections of wells with filter paclcs longer than 10 ft. After grouting, the upper

3 ft of the well casing will be removed and the excavation backfilled with the excavated soil
and properly tamped.

Wells that penetrate firm bedrock may be plugged with two types of grout. If the records
do not document the placement of a grout seal when the well was constructed, then, before

grouting begins, the casing will be perforated or slit from a depth of 10 ft below the ground
surface to the bottom of the casing to ensure that the annulus will be securely sealed.

Grouting of natural fractures or openings in the rock away from the corehole is not required
during decommissioning; therefore, if the casing is split or requires perforating, two types of
grout mixes may be used. Type 1 cement/bentonite grout will be tremied into the exposed
bedrock portion of the weil, and a more penetrating grout made of microfine c-,rv,;nt will be
placed in the cased portion. If the casing is not to be slit or perforated, the veil will be
grouted with Type 1 cement/bentonite grout only. Grout will be placed by the tremie method
and will displace well water from the top of the well as the grout is pumped into the bottom
of the weil. Water and water.diluted grout will be contained and disposed of properly. After

grouting, the casing will be removed to a depth of 3 ft below the ground. The excavation will
be backfilled with excavated soil and properly tamped. Bedrock wells that were completed
with well screens will be decommissioned using the same procedures as for cased and
screened wells in unconsolidated material.
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1. INTRODUCI"ION

Site environmental characterization and remediation require data obtaine! from the
installation andsampling of wells. When these wells are no longer needed, are not producing
reliable information, or are damaged and can act as t_onduitsfor contaminant migration, they
should be identified and properly decommissioned. This ks most important for wells of
sufficient depth to create the potential for exchange of fluids between different hydrologic
units.

1.1 PURPOSE AND SCOPE

The need for a uniform well and corehole plugging and abandonment (P&A) program
for the Oak Ridge National Laboratory (ORNL) was discussed in the ORNL Corrective
Action Plan written in response to the Tiger Team Report. Details were identified in the
Department of Energy (DOE) Environmental Survey of 1987, the DOE Oak Ridge
Operations Environmental Protection and Quality Assurance (OA) Appraisal of August and
September 1988,and again in the DOE Environmental, Safety, Health, and Quality Assurance
(ESH & QA) Appraisal of April 1990. An organizational basis for an ORNL P&A program
was suggested in the draft ORNL, Groundwater Protection Program Management Plan as a
functional responsibility of the Groundwater Protection Program Manager. Starting in
September 1992, any new wells or coreholes will be required to have an approved and funded
P&A plan prior to construction.

O While this report provides a well decommissioning (P&A) plan for most of the areas for
which ORNL has _esponsibility (see Fig. 1), it does not specifically address WAG 5 and
WAG 10 wells. These wells will be inventoried in F'Y 1993 as part of remedial investigation
activities and will then be incorporated into the P&A Program. The plan does not include
Waste Area Grouping (WAG) 6, for which a separate P&A plan has been prepared
(Stansfield and Huff 1992).

1.2 OBJECTIVE

The objective of this P&A plan is to provide the basis for effectively decommissioning
unneeded wells at ORNL to eliminate potential well corehole pathways for contaminant
migration. In meeting this objective, the plan provides

• background information promoting an understanding of the plan;

• maps showing locations of wells by WAG boundaries and areal geology;

• an inventory listing of known wells and coreholes at ORNL that will be updated as
additional nonlisted wells and coreholes are found in an ongoing field effort and as new
ones are constructed;

• construction descriptions of known existing well types;



• criteria for the selection and prioritization of wells to be plugged and abandoned;

• the process for implementation of the P&A program;

• detailed field procedures for P&A of wells at ORNL; and

• procedures for documentation of well and corehole P&A.



2. BAC'KGROUND INFORMATION

For almost halt' a century, radioactive and hazardous materials have been handled at
ORNL. During this period, research and development activities and waste management
practices have resulted in residual contamination of facilities and the environment (Voorhees
et al. 1989). This section provides background intbrmation helpful in understanding the
placement of wells and coreholes at ORNL and the geologic environment in which they are
constructed.

2.1 W_ AREA GROUPI3qGS

2.1.1 Concept

Because of the large number (>200) of remediation sites at ORNL, many of which are
located close to one another, and the proven hydrologic interconnections between many of
these sites, individual monitoring and assessment were impractical. Therefore, by 1987, the
remediation sites were grouped into WAGs with boundaries established primarily on
geographical location and hydrologic information. Since then, the ORNL monitoring strategy
has been to develop a system of wells that adequately monitor groundwater flow and possible
contaminant migration across WAG boundaries (Trabalka and Myrick 1987).

2.1.2 WAGs and Other Areas with Wells and Coreholes Encompassed by Plan

O This plan encompasses ali wells and coreholes at 12 different WAGS. Most, but not all,
wells and coreholes fall within or are adjacent to a WAG boundary. The inventory compiled
by Environmental Sciences Division (ESD) for this plan and presented in Appendixes A and
B lists a total of 1036 wells and coreholes. Additional wells and coreholes will be added to

this list as they are located. Presently, the inventory shows that 182 of these wells and
coreholes are located in non-WAG areas. Sixty-eight of these 182 are installed on WCR, 24
are located in the WBW area, and 90 are scattered throughout ORNL but are not within or
adjacent to a WAG boundary. "Daisplan also encompasses ali these non-WAG wells and
coreholes. Fig. 1 shows the WCR and WBW areas and the boundaries of ali 12 WAGs
encompassed by this plan.

2.13 Identification of WAGs and Areas Involved in Plan

Each WAG and area covered by this plan in which wells or coreholes have been
constructed is briefly identified below. Subsurface information on the named valleys (see
Fig. 2) in which these WAGs and areas are found is described in Subsect. 2.2.2. A complete
description of each of the WAGs can be found in the Resource Conservation and Recove_
Act (RCRA) Facilities Assessment (ORNL 1987) for the ORNL.

* WAG 1 encompasses she main plant area of ORNL and lies in Bethel Valley.
Remediation sites within this WAG include storage tanks, pond impoundments,
contaminated soil sites, waste treatment facilities, and radioactive and chemical solid
waste storage areas. Boundaries of WAG 1 and locations of its 211 associated wells and

O coreholes (see Appendix B) are shown in Figs. 3(a) and 3(b).



waste storage areas. Boundaries of WAG 1 and locations of its 211 associated wells and A
coreholes (see Appendix B) are sho_vn in Figs. 3(a) and 3(b). 1IF

,, WAG 2 consists of White Oak Lake and portions of White Oak Creek and its tributaries
and floodplains that are not in WAG I. lt lies mostly in Melton Valley, but meets
WAG 1 at the gap in Haw q !dge. This WAG receives draint, ge from several solid waste
storage areal_(SWSAs) in other WAGs and from many of the reactor facilities in Melton
Valley. ,:_.edmaentsinclude bcJth radioactive and chemical contaminants. The boundaries
of WAG 2 and locations of its 168 associated wells (see Appendix B) are shown in
Figs. 4(a)and 4(b).

• WAG 3 lies in Bethel Valley slightly more than 1/2mile west of the entrance to the main
plant area (WAG 1). it consists of three landfills, two of which have received radioactive
contaminated ,,v_.ste in 'the past. The boundaric-s of WAG 3 and locations of its 82
associated wells (see Appendix B) are shown in Fig. 5.

• WAG 4 lies in Melton Valley and includes SWSA 4 and a decommissioned low.level
radioactive waste (LLW) line. Buried radioactive wastes in this WAG i:lclude biological
wastes. The boundaries of WAG 4 and locations of its 91 ass,z)ciatedweils (see Appendix
B) are shown in Fig. 6.

• WAG 7 is located in Melton Valley. lt includes three spill sites and seven pits and
trenches used for disposal of LLW. lt also includes a decontamination facility, a storage
area fbr sl'fielded transfer tanks, and fuel.well cells holuing acid solutions containing
enriched uranium, The boundaries of WAG 7 and locations of its 175 associate_i wells lm
(see Appendix B) are shown in Fig. 7.

• WAG 8 is located in Melton Valley and includes the sites of the Molten Salt Reactor
Experiment (MSRE) and the High Flu× Isotope Reactor (ItFIR). This WAG has been
identified a_.sa source of radioactive contamination to surface water. The boundaries of
WAG 8 and locations of its 28 associated wells (se.e Appendix B) are shown in Fig. 8.

• WAG 9 ks located in Melton Valley and includes a decommissioned impoundment
containing sediments with contaminants from cooling waters from the Homogeneous
Reactor Experiment (HRE). The boundaries of WAG 9 and locations of its 14_Lssociated
wells (see Appendix B) are shown in Fig. 9.

• WAG I1 is a 30.acre site located on the western end of East Fc_rkRidge; it consists of
the Whi_e Wing Scrap Yard, in which radioactive contaminated construction equipment,
metal tanks and scrap, from ORNL, the K-25 Site, and the Y-12 Plant have been stored.
The boundaries of WAG 11 and locations of its 26 associated wells (see Appendix B) are
shown in Fig. I0.

• WAG 12 lies in Melton Valley about 1-1/2 miles southeast of the ORNL main site
(WAG 1). This ts the site of a closed landfill that received constructior_ materials;
disabled construction equipment is stored there. The boundaries of WAG 12 and
locations of its six associated wells (see Appendix B) are shown in Fig, 11.

CD



O • WAG 13, the westernmt_,t WAG in Melton Valley, is located on the floodplain of theClinch River. lt includes two remediation sites about 1200 ft epart that were sites tbr
experinaents concet'ning the movement of _37Csresulting from nuclear weapons fallout.

, The boundaries of WAG 13 and locr._ions of its nine associated ,,,Jells(see Appendix B)
are shown in Fig. 12.

® WAG 17, the easternmost WAG i:aBethel Valley, is,about one mile from the main plant
(WAG 1). It includes the ORNL Services Area of shipping and receiving departments,_

major craft and machine shop areas, garage equipment repair area, material store,ge area,
and fuel and oil storage tanks. It encompasses eight remediation sites. The boundaries
of WAG 17 and location_ of its 32 associated wells (see Appendix B) are shown in
Fig. 13.

• WAG 18 is the eastern-most WAG in Melton Val!ey and is the site of the Robotics and
+ Pr..qccssSystems Complex. There have been no kt_own contami:tant releases from this

site. The boundaries of WAG 18 and locations of its six associated wells (see Appendix
B) are shown in Fig. 14.

• WAG 19 consists of two separate clusters of a total of six remediation sites. Both clusters
lie in Melton Valley, but are separated by a distance of more than 2000 ft. One cluster
contains permitted hazardous and mixed waste storage, and the other cluster contains
facilities that treat or dispose of reactive or gaseous hazardous wastes. There is no record

+ of contaminant releases at either of the two clusters. The boundaries of the
southernmost cluster of WAG 19 and locations of its three associated welts (see

_ Appendix B) are shown in Fig. 15. There are no known wells associated with the
: v northern cluster of WAG I9.

+ • The WCR area is not a ¢_esignated WAG, and there is no record of activities that could
have re_;ulted in contaminant releases. In the past it was conside.ed as a site for a SWSA

_ and received intensive investigation. The boundaries of the WCR area and locations of
its 68 associated wells (see Appendix B) are shown iri Fig. 16.

• The WBW area is not a designated WAG. lt is considered to be a relatively pristine area
and is used for ecological studies. The boundaries of the WBW and locations of its 24
associated wells (see Appendix B) are shown in Fig. 17.

• Ninety-three wells drilled at ORNL are neither within nor adjacen_t to any WAG not'
within the WCR and WBW areas. No contaminant releases are suspected at any of the

-- well-site locations which are shown in Figs. 18(a) and 18(b). Most of these wells were
installed to obtain water level measurements or, as in the case of the corehole (Joy,,2),
to obtain geologic (stratigraphic and structural) information,



2.2. GEOLOGY O
Only basic geologic information that promotes an understanding of the subsurface

environment of the well installatiolts at the Oak Ridge Reservation (ORR) and the effects
of the decommissioning methods prescribed in this plan is presented in this subsection.
Stockdale (1951) and McMaster et al. (1965) provide detailed geologic inft_rmation on the
area.

22.1 Regional Geology

ORR lies in the Valley and Ridge Phys;ographic Province. In Tennessee, the province
consists of northeasrt-southwest striking strata of carbonate rocks (limestones and dolomites)
and elastics (sandstones, siltstones, mudstones, and shales) extending from the
Georgia..Alabama bc,rder on the south, to the V?rginia border on the north. As a result of
tectonic-compressional forces applied from the southeast at the end of the Paleozoic Age, a
series of thrust faults tilted the strata and resulted in a repetition of formations in the
nortlawest direction, with older formations overlying younger formations at each thrust fault.
This structural arrangement has resulted in erosion-resistant strata forming parallel ridges and
less resistant strata eroding to become intervening valley floors.

ZZ2 Site Physiography and Geology

The main plant facilities of ORR lie essentially within four subparallel valleys (see
Fig. 2). Starting from the northwest and moving southeast, these are named East Fork, Bear
Creek, Bethel, and Melton valleys. Pine Ridge separates the west end of East Fork Valley, .6L
in which the K-25 Site is located, from Bear Creek Valley. Bear Creek and Bethel Valleys
are separated by Chestnut Ridge, and Haw Ridge rl.sesbetween Bethel and Melton Valleys.
The main plant facilities of ORNL are situated in Bethel Valley. Copper Ridge bounds
Melton Valley on the southeast side, while Black Oak Ridge borders the East Fork Valley
on the northwest. Topographic relief between valleys and ridges reachos slightly more than
400 ft.

The areal geology of ORR is shown in Fig. 1. Bedrock strata, t_aderlyingali of the valleys
and ridges, commonly dip at angles ranging from 30 to 40 ° southeast and have an average
strike of N 56° E. Locally, however, the strike and dip may vary, ','lth dips ranging from
horizontal, to vertical having been observed in excavations (Davis and Stansfield 1984).
Because of the repetition of beds due to thrust faulting as described above, most of the ORR
is underlain by one of the four bedrock groups listed below in descending stratigraphic order:

® Chickamauga Group: Limestone with some interbedded calcareous siltstone and shale;

• Knox Group: Dolomitic limestone with prominent chert zones;

o Conasauga Group: Limestone and interbedded limestone and shale in the upper portion,
with shale predominating in the lower portion; and

, Rome Formation: Sandstone and shale with variegated colors and dolornitic limestone

ler_ses. O



O The Chickamauga Group underlies East Fork Valley, where the K-25 Site and thenorthwest portion of WAG 11 (in/vlcNew Hollow) are situated, and Bethel Valley, where the
main ORNL complex is located. Although solution-widened bedding Iilanes and joints are not
uncommon in the Chickamauga limestone beds, large cavities have not been encountered
(Stockdale 1951). Clay soils overlie the Chickamauga and range in clepth from 2 ft to
commonly less than 15 ft. The contact between the residual soil and relatively unweathered
rock is generally distinct

The Knox group forms Black Oak, Chestnut, and Copper ridges. Cavities within the
dolomitic rock and surface sink holes are common in this group. Springs are prevalent at the
base of' the ridges underlain by the Knox and are the headwaters for some of the area's
streams. Residual clay soils, witb zones containing considerable amounts of chert, reach
depths of over 100 ft on the ridges, and the underlying bedrock surface is typically irregular.

The Conasauga Group unc :dies Bear Creek Valley, where the Y-12 Plant is located, it
also underlies Melton Valley, where several SWSAs and other ORNL facilities are situated.
In the early 1950s, of ali the geologic units underlying ORR, the Conasauga Group was
perceived as l_,rovidingthe most suitable subsurface conditions for burial of wastes. Overlying
residual silty clay soils are commonly thin. However, sapro!ite (intensely weathered rock that
presexves ali the structural features of the parent bedrock) depths of 15 to 20 ft are common,
with depths of over 60 ft found at the higher elevations.

The Rome Formation forms Haw and Pine Ridges. This formation underlies the
southeast portion of WAG 11, located in McNew Hollow near the base of the northwest

O flank of Pine Ridge, and is crossed by pipelines in Haw Ridge. The regolith is generally lessthan 15 ft thick.

2.2.3 Hydrogeology

Shallow groundwater at ORNL is under unconfined (water table) conditions, and the
groundwater surface is generally a subdued replica of the topography. Groundwater
movement tends to be from topographically high to topographically low areas. Depth to the
water-saturated zone is largely dependent on the thickness of soils or saprolite, as the water
table is commonly encountered near the base of these materials.

Bedrock and parts of the regolith underlying ORNL have only secondary
permeability--that is, groundwater flow is only through fractures and along bedding planes
in the rock mass, as the bedrock has insignificant intergranular permeability. Drill cores have
shown that the fracture frequency decreases with increasing depth, which results in a
decreasing of hydraulic conductivity with depth.

Moore (1989, p. 3) states "The land surface is very permeable in the ORNL area, and
nearly ali precipitation (an average of 132 cm/yr) infiltrates .... The majority of the infiltration
(76 cm/yr) replenishes soil water within the root zone of vegetation and is later consumed by
evapotranspiration. A majority of the remaining water (56 cm/yr) moves through the ground
to discharge locations at nearby seeps, springs and streams."

Also according to Moore (1988), groundwater at ORNL occurs and moves in four zones

O that can be described as follows, zone a zoneTile stormflow is 1-6 ft in depth (includes the



root zone for vegetation) below the ground surface, in which 90-95% of ali groundwater ,_
flows to discharge at nearby springs or streams during, or for a short period after, intense
precipitation events. The vadose zone (unsaturated) separates the stormflow zone from the
underlying shallow saturated zone, but is absent near major streams and may be absent on
steep hillsides. The shallow saturated zone extends to a depth of 60 to 200 ft; and from
5 to 10% percent of ali groundwater di;charges to streams from this zone. The deep saturated
zone extends to the base of the fresh water at a depth of 500 ft or more, and only 1% of ali
groundwater at ORNI, is estimated to move through this zone.

2.3 SUMMARY OF EX1S'IIN_, WELL TYPES AT ORNL

There has been no central control or organizational responsibility for installation,
custody, and maintenance of wells at OFNL. Specific construction data are not available or
are meager for most of the wells installed prior to 1985, the year that the Remedial Action
Program (RAP), now the Environmental Restoration (ER) Program, was initiated by the
DOE. To help meet the needs of the ER Program, a Data and Information Management
System (DIMS) has been developed at ESD. Available construction data on existing wells
have been entered into one of the components of this system, the Numeric Data Base, which
contains eight different data sets on wells at ORNL. The well inventory in Appendixes A and
B contains information from the Numeric Data Base and from a field inventory conducted

by ESD during late 1991 and 1992 to verify and update the Numeric Data Base. A field
search for unknown, existing wells will be continued, but at a lower degree of effort. When
such wells are found, available data will be entered into the DIMS, and the wells will become

candidates for P&A under this P&A Plan. Ali well data, upon verification, will be stored in dlh
the Oak Ridge Environmental Information System (OREIS).

In the inventory, ali wells installed prior to 1983 are classified only as "pre-RAP"
(pre..Remedial Action Program), and wells installed by the U.S. Geological Survey (USGS)
are classified as "USGS." Neither the description "pre-RAP" nor "USGS" indicates a particular

type of construction or the purpose of the weil. Non-USGS wells constructed since 1983 are
listed by a named type that indicates the purpose fbr which they were installed.

2.3.1 Pre-RAP Wells

There were 456 wells installed during the period of 1949 through 1983, and these are

classified as pre-RAP wells in the inventor)' in Appendixes A and B. As stated above, specific
construction data is unavailable or meager for most of these wells. Several types of wells were

constructed during that period. Many have casings of 6-5/8-in.-diam corrugated steel,
perforated from or near the ground surface to the total depth. The annulus between the well
casing and corehole was commonly filled with gravel and/or drill cuttings. A representative
diagram of such a pre-RAP well construction is shown in Fig. 19(a). Other wells consist of
5-1/2-in.-diam steel casing set into bedrock, through which the corehole was advanced deeper
into bedrock. The bedrock portion of the well below the casing was left uncased and referred
to as the "open interval." Fig. 19(b) is a representative diagram for such a bedrock weil. A
third, and later, type of well construction consists of a 3-in.-diam polyvinyl chloride (PVC)

casing with the lower portion slotted as a well screen. The PVC/corehole annulus was filled
with sand from the bottom of the corehole to near the ground surface, and cement grout was t_



placed in the top few feet of the corehole annulus. A representative diagram of this type of
well construction is shown in Fig. 19(c).

2.32 USGS Wells

These 26 wells Were installed by the USGS during 1985-1987 for the purpose of
obtaining water-level measurements and sampling for water chemistry analysis. Zehner (1989)
indicates that these wells had three basic installation types. Nine of the wells, completed in
the regolith by the auger drilling method, had stainless steel screens (each approximately 3 ft
in length) attached to the bottom of steel casing, i_sentially, the annulus between the
corehole and well casing in these augered coreholes was not sealed, being backfilled only with
drill cuttings. The remainder of the wells were completed by the rotary drilling method. The
seven shallowest of these rotary-drilled wells (UA1, UB1, UC1, UF1, UG1, UH1, and UL1) /
were constructed with steel casings and stainless steel screens, each screen approximately 5 ft
in length. In these wells, the annulus between the steel casing and the corehole was sealed
with cement grout (Zehner 1989). Ali of the rest of the rotary drilled wells were constructed
by drilling through steel casing that had been set into bedrock, with the lower portion of
corehole left uncased and unscreened (open interval). In the c_,sedportion of these wells, the
casing/corehole annulus was sealed with cement grout in bc_;h the regolith and bedrock.

Any wells installed by the USGS prior to 1985 would be in the inventory as pre-RAP
wells and therefore are not identifiable from the inventory as having been constructed by
USGS. It appears from well construction diagrams presented by Webster and Bradley (1988)
that some of the early USGS wells were similar in construction to the pre-RAP wells

O previously described.

2.3.3 RCRA Compliance Wells

The locations of these 124 wells were chosen specifically to comply with RCRA
regulations for groundwater monitoring. The well casings and screens are made of stainless

_- steel and range from 2 to 4 in. in diameter. There are three variations of this type of weil. Ali
water quality wells completed in the regolith have well screens surrounded by a filter pack
sealed at the top with bentonite. The remainder of the casingAorehole annulus is filled with
cement grout. Although some wells installed in bedrock have well screens, others are
completed with the well casings cemented into the bedrock and the lower portion of the
corehole left open. Those bedrock wells with screens are similar in construction to the wells
in the regolith, but have a second outer casing that extends to the top of the bedrocL The
outer casing/corehole annulus is also filled with cement grout. Open-interval bedrock wells
have the inner casing (well riser pipe) grouted into bedrock, with the well completed by
drilling through the inner cas!ng; the lower portion is left open in the bedrock. Fig. 20
illustrates these three variations.

2.3.4 C'ERCLA Wells

In early 1985, nine wells were installed during the first investigations undertaken due to
the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA).
Construction of these wells is essentially the same as the construction of a RCRA compliance
well in the regolith, as described in Subsect. 2.3.3, except that some of the well screens and

O made of rather than stainles_ steel.casings are fiberglass

J

,o
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2..3_5Water Quality Wells

Twenty wells were installed during environmental assessment investigations to gain
further water quality information. Construction of these wells was essentially the same as
described for the RCRA compliance wells in Subsect. 2.3.3.

2.3.6 Piezometer Wells

The inventory lists 346 wells as piezometer type wells. It would be more accurate to
classify these installations as water-level observation wells, as that is the function they serve.
A true piezometer measures the change in pressure of a subsurface material subjected to
hydrostatic pressure. A large majority of these well installations are similar in construction to
the screened RCRA compliance wells described in Subsect. 2.3.3, except that the casings and
screens are made of PVC. However, some of the piezometer well installations, including the
24 wells at WBW, more closely resemble the pre-RAP wells described in Subsect. 2.3.1.

2,3.7 Hydraulic Head Wells

Eighteen wells were installed in groups of three closely-spaced wells to determine the
water levels at three successively deeper levels. Ali wells in a group were completed with the
bottom 20-ft interval left open to the bedrock. The deepest wells are constructed with three
diameters of telescoping steel casing, ali of which were enveloped in cement grout to prohibit
migrations of fluids along the outside of the casings. The three representative types of
installation for the shallow, medium depth, and deep wells are shown in Fig. 21.

23.8 Drive Point Wells

Sixteen wells were constructed with drive-point screens in SWSA 4 within or adjacent
to contaminated-waste burial trenches. The installations consist of steel screen (with drive
points) and casing, ali 1-1/4-in. nominal diameter. These were driven into the ground so that
there is no open annulus around the screen or casing.

2.3.9 Coreholesq

Twelve exploratory coreholes have been drilled that have not yet been plugged with
grout. 'These borings were drilled for the primary purpose of obtaining stratigraphic
informz_tion. The corehole in rock is slightly over 3 in_ in diameter, but larger diameter
borings;were advanced through the regolith to accept the:steel casing that was set to the top
of bedrock. One of these coreholes (Joy-2) is reported to be 2718 ft deep.

®
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i_ 3. PLUGGING AND ABANDONMENT PROGRAM

The principles, applications, and implementation of the P&A program are addressed in
this section.

3.1 STRATEGY

Ali wells and coreholes will be evaluated in accordance with criteria provided in this P&A
plan regarding whether they should be plugged and abandoned or maintained. The ORNL
ER Program will be responsible for the administration of the P&A program and will consult
with the ORNL Groundwater Program Coordinator (GPC)for technical oversight and
independent review. For ORNL personnel having responsibility for wells and coreholes, or
an interest in the data obtained from them, the ORNL ER Program and the GPC will
sponsor workshops to determine which wells will be maintained and which will be
decommissioned. These workshops should be held in a timely manner, and the results of the
workshops should be documented.

Guidelines for well security and maintenance inspections, recordkeeping, and required
actions are not part of the P&A plan and, therefore, are not addressed in this document.
They will be the subject of other documents developed under the direction of the ORNL
GPC.

O 3.2 C_ITERIA FOR SELECTION AND PRIORITIZ, ATION OF WEI.J__ FOR P&A

3.2.1 Criteria for Selection of Wells and Coreholes for P&A

* Ali wells and coreholes that are located in a WAG but are not needed to support
remediation activities of the WAG will be decommissioned prior to, or concurrent with,
remediation of the WAG. Of the wells or coreholes in WAGs, the only one that will be
kept are those that are needed, undamaged, and documented as having been constructed
to avoid providing pathways (via weil, well casingJcorehole annulus or corehole) for
migration of fluids, either from the ground surface into the well or corehole installation
or from one subsurface hydrostatic unit to e,nother.

• Wells in both contaminated and noncontaminated areas will be decommissioned if they
are no longer needed for the purpose for which they were installed. Even if they are in
use, wells in these areas will also be decommissioned if they are damaged, constructed,
or placed so that they have the potential of adversely affecting the quality of the
groundwater.

• Any well or open corehole that would be under the site of new construction or would
be destroyed or irreparably damaged by construction activities of new facilities will be
decommissioned prior to such construction.

O (, Ali open coreholes in both contaminated and noncontaminated areas will be plugged ifthey have served the purpose for which they were drilled. Further', a corehole will be
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plugged and abandoned unless it is documented that intermixing of fluid from one
hydrostatic unit to another cannot take piace through the corehole. Such documentation
should include the measurements of vertical flow by an in-hole flowmeter.

3.?-2 Criteria for Prioritization of WeU and Corehole P&A

Prioritization will ensure that any well will be properly plugged and abandoned before
it can be affected by any c_3nstructionactivity that would destroy or irreparably damage it to
the degree that its integrity could be questioned. Realistically, logistics will also be an
important consideration in prioritization, lt generally will not be environmentally sound or
cost effective to mobilize a contractor's equipment for individual wells at widely-separated
areas. Within these guidelines, wells will be prioritized for P&A using the following criteria
listed in descending order of significance:

+ wells or coreholes open at the ground surface so that overland runoff could enter the
weil, with increasing priority with depth and level of contamination; +

,, deep-bedrock wells with open intervals or bedrock coreholes, with increasing priority with
increased level of contamination;

• wells with perforated casings, with increasing priority with depth and level of
contamination;

• other pre-RAP wells not included under the above criteria, with increasing priority with

depth and level of contamination; and 0

• ali other wells which are no longer being used to fill a required specific need.

33 ESD WELL INVENTORY

Field verification of the 1036 wells and coreholes listed in various data bases or the

literature was conducted by ESD during December of 1991 and early 1992. The pertinent
information available ibr each well installation is presented in the inventory list provided in
Appendixes A and B. lt should be noted that field verification inspection was limited to visual
observation of the surface characteristics of the well or corehole installation. This inventory

will change as new wells are installed or as new information on existing well installations
comes to light. Wells in Appendix A are sorted in numerical and alpha-numerical order of the
well identification, while Appendix B, containing identical information, is sorted by WAG and
area. These two lists are provided for ease of the user, who may either be seeking information
on a particular well number or searching for installations in or near a particular WAG. In this
P&A plan, wells or coreholes lying out.side of a WAG's boundaries, but in its vicinity, have
been arbitrarily associated with that WAG for location purposes and are identified in both
lists by a dash before the WAG number.



13

3.3.1 Wells Not Fot, nd
In addition to two wells that are listed as plugged and abandoned, 119 wells are listed in

the inventory as "not found," meaning that they were not located during the ESD field
verification effort. Of these 119 wells, 22 were reportedly constructed with PVC casing, and
60 with metal casing; the casing material is unknown for 37 wells. Engineering surveys,
localized application of a geophysical method, or shallow excavation will be implemented to
attempt to find each of the 119 wells that were not found in the ESD field verification and
that are not located within burial trenches.

3.3.2 Data Gaps in the Well Inventory

Well depth, causingdiameter, casing material, and length of screened or open section of
the well are important well characteristics in preparing contract specifications for well
decommissioning. Prior to decommissioning wells in a WAG or area, further efforts will be
made to obtain mi,ssing data by additional literature searches, persenal interviews, and by
intrusive inspections cf wells where needed. This effort will apply only to wells that are
selected to be decommissioned.

3.4 PLUGGING AND ABANDONMENT MEqTIODS

The best option for closing heavily contaminated wells that are no longer needed is
decommissioning in place (Renz 1989), This is particularly true for SWS/Ls and LLW trench

areas. Methods that involve removal of well casings and screens from wells in contact withcontaminated wastes would displace not only contaminated groundwater, but also other
materials, such as drilling fluid, drilled-out casing, and cement seals. This process could create
both a health ar,d safety problem to field personnel and a disposal problem, because capacity
for disposal of wastes at ORNL is limited.

Although contingent,3, procedures are provided in Appendix C for complete removal of
the well casing, it is plamaed that wells and coreholes will be decommissioned with essentially
ali subsurface well materials left in piace except for near-surface casings to depths of 3 ft or
less. Specific procedures will vary depending on the location and depth of the installation ax;d
whether or not the, casing/corehole annulus is documented as having been sealed with grout
when constructed. Well diameter and casing material will determine the equipment used in
the process.

3.4.1 Well Plugghlg Materials

Materials that will be used for plugging wells include coarse granular bentonite, Type 1
cement grout, Type 1 cement/bentonite grout, and microfine cement grout.

3.4.1.1 Coarse granular bentonite

Coarse granular bentonit_ (equal, or similar, to "Holeplugt"," a product produced by
Baroid Drilling Fluids, Inc.) will be used to plug the 27 aluminum..cased (3-in.-diam) wells and
wells in the waste-burial trenches. These bentonite chips, available from producers in 3/8- and

nominal will be slowly into the well bore from the ground surface. When3/4-in. sizes, poured
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poured slowly, they will settle through the water found in some of the trench wells, and will
pack to a density such that subsidence of the bentonite within the well casing should not be
a problem. This material will not adversely affect any remedial action alternatives presently
under consideration for the trenches.

3.4.1.3 Type 1 cement grout

Type I cement grout will consist only of Type 1 portland cement and water. It will be
used in the upper 3 ft of the wells in the waste-burial trenches. These trenches will be
covered with a cap when the SWSAs are closed, so minor shrinkage cracks that may occur
in a cement grout not containing bentonite is of no concern. Als,_,these wells will be plugged
with bentonite beneath the cement grout. Grout mixing will be facilitated for these wells
because a shear mixer, necessary for proper mixture of a Type 1 cement/bentonite grout, will
not be required for Type 1 cement grout.

3.4.1.4 Type 1 cement/bentonite grout

Type 1 cement/bentonite grout with 4% (by weight) powdered bentonite will be used in
the open-hole sections of some bedrock wells and in ali wells that have screens 10 ft or less
in length and in which, according to records, the well casing/corehole annulus was properly
sealed during insta!lation.

3.4.1.5 Microf'me cement grout

Microfine cement grout has the ability to infiltrate finer openings and materials than does
grout made with Type 1 cement, and its use will give greater assurance that decommissioning
grouting is effectively penetrating to the voids in materials outside the casing through slits or
perforations, and to the filter packs of the longer length screens. (The micro fine cement
should be similar or equal to MC-500 rnicrofine cement distributed by Geochemical
Corporation, Ridgewood, New Jersey.) Microfine cement grout will be used in well
installations in which the well casing/corehole annulus is not documented as having been
properly sealed during installation and in which the well casing is _.Tlorethan 10 ft in length.
In these wells, the casing willbe split or perforated. Also, microfine cement grout will be used
in wells which, although they were properly grouted at the time of installation, have screens
greater than 10 ft in length, so that the permeability of the longer length filter paces may be
reduced by penetration of the microfine cement particles through the well screen into the
well's filter pack.

3.4.2 P&A Methods ibr Ali Well Types

As previously stated, decommissioning of wells and coreholes is planned to be
accomplished by grouting or plugging with the casings left in place. Where encountered,
obstructions in the well will be removed (except in wells within the burial trenches, and in any
of the 27 shallow aluminum-cased wells) so that grouting or plugging can proceed.
Obstruction removal will be accomplished by redrilling or percussion methods inside of
existing well casings and screens with nominal diameters that range from ---1 to 7 in. The
P&A methods that will be applied to specific groups of wells are described below, and specific
procedures for each group are provided in Appendix C.

0
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O 3.4.2.1 Shallow alunfinum.cased wells
'The inventory indicates that there are 27 aluminum-cased (3-in-diam) wells listed as

pre-RAP type that commonly range from 3 to 8 ft in depth. These wells were installed by the
hand auger method in areas of shallow groundwater depth where radiation exposure has been
measured at more than 10 mrem/h. Therefore, the mcthod for plugging these wells should be
one that limits personnel exposure time in the area. Also, the high water table may make it
difficult for equipment and supplies to gain access to the well sites. These wells are so shallow
that they pose little additional threat of introduction of contaminants into the groundwater,
particularly if the casing is plugged to prevent the entrance of surface water. Therefore, their
casing will be plugged with coarse granular bentonite and capped with a short plug of
commercial, nonshrink grout (equal, or similar to MASTERFLOW 928 t_, a product of Master
Builders Technology, Inc.). The well casings will be cut off at ground level in order to
eliminate the need for excavating of possibly contaminated soil and preparing access for
excavating equipment. The use of the bentonite rather thao grout will reduce the amount of
water that may be discharged from the well by displacement during the plugging procedure.
Also, the materials and tools to be utilized are those most easily transported to the site, as
no mechanized mixing or pumping equipment will be needed. Further, this is the method that
will result in the least time exposure for personnel.

3.4.2.2 Waste trench wells

Wells within the waste-burial trenches will be plugged with coarse granular bentonite.
Such products require a longer time to hydrate and swell than do bentonite pellets and can

O be placed at such a rate that they will fall through the existing water in trench wells withoutbridging and blocking the weil. Based on the estimated quantities of water in these wells,
placement of coarse granular bentonite should not displace well water upward to the ground
surface; therefore, containment and disposal of contaminated well water should be
unnecessary. The coarse granular bentonite will be placed to fill the well to a level 3.5 ft
below the ground surface, followed by the addition of powdered bentonite to a level 3 ft
below the ground surface. In wells within the burial trenches, Type 1 cement grout will then
be added to bring the plug to a level 1 ft below the ground surface. (The powdered bentonite
will prevent the infiltration and loss of the cement grout through the interstices of the
nonhydrated, coarse granular bentonite.) After 24 h, the upper part of the casing will be
removed to a depth of 1 ft below the ground surface. "llae casing will be removed only to a
depth of 1 ft in order to guard against the removal of potentially contaminated material, as
the burial trenches are commonly covered with approximately 2 ft of noncontaminatcd soil.
The excavation for the casing removal will be backfilled with excavated soil and properly
tamped. Ali of the plugging materials will be placed in the well from the ground surface
(rather than through a tremie pipe) as the well depths do not exceed 20 ft or so.

3.4.,2.3 Wells in the regolith

Wells that are installed in unconsolidated strata (i.e., do not penetrate bedrock) and are
not within the waste burial trenches will be grouted with a particulate (cement/bentonite or
microfine cement) grout. Unless records document that a well's casing/corehole annulus was
properly grouted during installation, well casings (2-in. nominal diameter or greater) more
than 10 ft in length will be perforated or slit from a depth of 10 ft below the ground surface

O to the top of the well screen in order to provide pathways for the grout to seal possible voids
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in the casing/corehole annulus. Grout will be pumped through a tremie pipe initially lowered
to the bottom of the weil, and pumping will continue until undiluted grout flows from the top
of the weil. Therefore, well water and diluted grout will be displaced to the surface and will
have to be contained and disposed of properly. Microfine cement grout will be used in ali
wells in which the casing is slit or perforated and in wells where the screened sections are
longer than 10 ft. Type 1 cement/bentonite grout will be used in wells in unconsolidated
material that do not meet the foregoing criteria for grouting with microfine cement grout.
After grouting, the casing will be removed to a depth of 3 ft below the ground surface. The
excavation will be backfilled with the excavated soil and properly tamped.

3.4.2.4 Non-screened bedrock wells

Wells penetrating firm bedrock with an open-hole interval rather than a well screen may
be plugged with two types of grout. Unless records document that a well's casing/corehole
annulus was properly grouted during installation, wells (2-in. nominal diameter or greater)
with casings more than 10 ft in length will be perforated or slit from a depth of 10 ft below
the ground surface to the bottom of the casing in order to provide pathways for the grout to
seal possible voids in the casingJcorehole annulus. It is not the purpose of grouting to grout
the natural fractures or openings in the rock at any distance away from the corehole.
Therefore, if a well's casing is split or perforated, two types of grout mixes may be used; Type
1 cement/bentonite grout will be placed in the exposed bedrock portion, ,,nd the more
penetrating microfine cement grout will be placed in the cased portion. If the casing is not
slit or perforated, only Type 1 cement/bentonite grout will be used in the weil, and it will be
placed by tremie pipe initially lowered to the bottom of the weil. Grout will be pumped
through the tremie pipe until undiluted grout flows from the top of' the weil, causing well _]_
water and diluted grout to be displaced to the surface, which will have to be contained and
disposed of properly. However, in wells where casings have to be slit or perforated and
microfine cement is required in the cased portion, it will be pumped through a tremie pipe
lowered to the top of the firm Type 1 cement/bentonite grout in a second operation following
a 24-h minimum waiting period to allow the Type 1 cement/bentonite grout to set. After
grouting, the casing will be removed to a depth of 3 ft below the ground. The excavation will
be backfilled with the excavated soil and properly tamped.

3.4.2.5 Screened bedrock wells

Bedrock wells that were completed with well screens will be decommissioned using the same
procedures as for cased and screened wells in the regolith.

3.4.2.6 Wells in LLW pits and trenches

Until remedial actions are designed for the LLW pits and trenches, only normal
maintenance action should be taken on existing wells in these facilities. Asphaltic concrete
caps have been constructed over these pits and trenches, and the wells depths do not
penetrate their bottoms. Therefore, the wells pose no additional threat ta the groundwater,
and they likely will serve an important function in remedial actions to be designed and
implemented for these facilities.
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3.5 PROGRAM IMPLEMENTATION
• ,

3.5.1 Administration

The Well Plugging and Abandonment Field Operations Planning Form (see
Appendix D) will be completed for wells and coreholes that are to be decommissioned and
submitted to the GPC for approval before fieldwork begins. The submittal must identity, any
wells and coreholes to be abandoned, methods of abandonment, health and safety
considerations, waste management considerations, and the responsible organizations
performing the work and field oversight. Any modifications to the approved Field Operations
Planning Form will be approved by the ER Program project manager and the GPC and
recorded prior to implementation.

An ORNL project field supervisor will coordinate activities with the field personnel,
schedule fieldwork, and make field decisions as necessary. The Oak Ridge Hydrology Support
Program will arrange for technical assistance to the field supervisor, if requested. A technical
oversight individual (geologist. or qualified engineer) will be present at each well site to
document that the P&A procedures and guidelines provided in this plan are being followed.

Martin Marietta Energy Systems will provide for safety, security, and environmental
orientations for the field personnel prior to the start of work.

Additional roles and responsibilities for well P&A will be defined in separate documents
(including a project Q&A plan) prepared under the leadership of the ER Program project

O manager.

3.5.2 Field Operations

The field supervisor will obtain a copy of the approved Well P&A Field Operations
Planning Form for tile wells seiected for P&A and a map that indicates the exact location of
each well scheduled to be decommissioned. The wells will be flagged with surveyor's tape, or
in an equally appropriate manner, so that they may be quickly identified in the field.

3.5.2.1 Health and safety

P&A of some wells will generate contaminated fluids and other materials. Proper
Occupation Health and Safety Administration (OSHA) safety training and equipment is a
basic requirement for hazardous materials wo_'k. Additionally, work will be performed in
accordance with appropriate procedures and standards including Superfund Amendments and
Reauthorization Act/OSHA, Hazardous Waste Operations and Emergency Response, and
Standard Practice Procedure X-ESH-1, "Interim Plan for Worker Health and Safety for
ORNL Hazardous Waste Operations." Applicable Site Health and Safety Plan, Project Waste
Management Pland, and Comprehensive Work Plan requirements will be met.
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3.5.2.2 Equipment and materials

The well closure contractor will use equipment appropriate to site cenditions, drilling
depth, and other project requirements. The drill rigs will be outfitted with the necessary
equipment to safely and properly abandon wells. Ali necessary support equipment (water
truck, pumps, mud pan, grouting equipment, excavating equipment, supplies, etc.) and a
downhole camera will be provided by the well closure contractor.

3.5.2.3 Site preparation

Any downhole equipment and sampling devices will be rernoved from the weil. Where
present, guard posts will be removed to allow plugging equipment access to the weil. The well
should then be ready for either logging with the downhole camera or abandonment as
required. Plastic sheeting will be placed appropriately to cover the ground surface at the well
site during ali field operations. If possible, sampling equipment will be salvaged ibr use by
ORNL.

3.5.2.4 Well inspection by &_a,hole camera and surface-geophysic.al methods

Wells with diameters 2 in. or greater (except for wells in the waste-burial trenches and
any of the 27 shallow aluminum-cased wells) found to have obstructions that do not permit
the placement of the grout trernie pipe to the bottom of the well will be inspected with a
downhole camera and logged. Use of the camera may help determine the cause of the
blockage and how best to remove it. As wells with screened intervals longer than 10 ft will
be grouted with microfine cement grout rather than with Type 1 cement/bentonite grout, the
camera will be used in any well in which the length of the well screen is not documented in IP'

the records. Mso, the camera will be used in any open-hole bedrock well in which tlae cased
portion is to be slit or perforated and the records do not indicate the length of either the
open-hole or the cased portion of the weil. Findings of the camera inspection will be
submitted with the P&A report for that weil.

Searches will be made by localized application of a surface..geophysical method at
surveyed locations of steel-cased wells that are shown in the inventor 3,as "not found" and that
are not located within waste burial trenches. No other geophysical methods are planned for
use in the P&A of wells and coreholes.

3.5.2.5 Dcxumtamination of downhole equipment

Upota completion of work at a well site, ali tools and equipment that entered the well
will be screened for radioactive contamination. Tools atad equipment determined to be
contaminated shall be decontaminated by the use of high pressure hot-water cleaners or by
scrubbing or wiping with potable water and detergent, followed by a distilled water rinse.
Where needed, the distilled water rinse should be preceded by an alcohol or acid rinse. Water
and otlter materials used for'decontamination will be contained for proper disposal as outlined
in the Project Waste Management Plan. Radioactive contamination will be reduced to
prescribed limits.
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O 33.2.6 Site cleanup and waste management
A Project Waste Management Plan will be prepared and approved prior to the

commencement of P&A operations. This plan will ensure that proper site cleanup is
performed. Materials generated during P&A may be classified as hazardous or radioactive and
will be collected and disposed of properly, in accordance with this plan. Minimizatbn of
wastes generated shall be an important aspect of the well P&A operation. Whenever possible,
innovative methods shall be used to reduce or eliminate waste generation.

3.6 REPORTING REQUIREMENTS

The contractor shall document in a bound field logbook well-specific procedures used
during P&A, including ali dates, times, calculations, logs, pertinent notes, and measurements
tbr the decommissioning of each weil. The contractor shall also submit an ORNL Well
Plugging and Abandonment Report (Appendix E) to ORNL project personnel within a
specified time after the P&A of each weil. After verification of the accuracy and completeness
of content, the P&A report will be provided to the GPC within a specified time. The P&A
contractor shall enter the verified data and information contained in this report into a
computer data base system that is suitable for e_ectronic transfer to the GPC's system and
shall transfer the data to the GPC within a specified time.

Prior regulatory approval is not required for decommissioning of wells; however, for
information purposes, ER Program will provide well P&A documentation to the Tennessee

O Department of Environment and Conservation and the U. S. Environmental ProtectionAgency.

Armually, the ER Program will prepare and submit a formal report to DOE to document
the P&A process. This annual report will include an evaluation of effectiveness of field
methods and, if appropriate, describe changes or additions to procedures that intprove field
operations.

®
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APPENDIX ht. Explanation of Headings and Conventions Used in the Tables

@
Well I. D.--Well name as listed in the ORNL Well Database.

WAG or Area--Number (with the exception of "0") identifies the WAG with which
wells/coreholes are associated. A dash before the WAG number identifies wells associated
with the WAG but falling outside that WAG's boundary.
The number "0"identifies wells/coreholes that are not associated with any particular WAG
or named area.
"WBW" designates wells/coreholes located within the Walker Branch Watershed.
"WCR" designates wells/coreholes located on West Chestnut. Ridge.

Nor_.ng--In X-10 coordinates.

Ea._ing.-In X-10 coordinates.

D_th--Well depth (in feet) as listed in the ORNL Well Database (from construction data).

Measured Depch-.Well depth (in feet) calculated from field measurements. Depth is given as
the distance from the ground surface to the bottom of the weil.

Casing Material--Self-explanatory.

Casing D/ameter--Self-explanatory.

Screened, 'Perforated, or *Open haerval--Interval of well (measured in feet from ground
surface) with screened casing, perforated casing, or with no casing (i.e., open). A perforated
interval is designated by an apostrophe in the table. An uncased or open inter,al is designated
by an asterisk in the table.

Screened, 'Perforated, or *Open Length--Total length in feet of the screened, perforated, or
open interval. Open interval lengths are designated with an asterisk; perforated interval
lengths with an apostrophe.

Well 1)7_e--Designation of well as listed in the ORNL Well Database.

Field Status--Status based on findings of field inventory of wells conducted from
December 1991 to May 1992.
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APPENDIX B. Explanation of Headings and Conventions Used in the Tables

Q
Wdl I. D.--Well name as listed in the ORNL Well Database.

WAG or Area--Number (with the exception oi" "0") identifies the WAG with which
wells/eoreholes are associated. A dash before the WAG number identifies wells associated
with the WAG but falling outside that WAG's boundary.
The number "0" identifies wells/coreholes that are not associated with any particular WAG
or named area.
"WBW_ designates wells/coreholes located within the Walker Branch Watershed.
"WCR _ designates wells/coreholes located on West Chestnut Ridge.

Northmg--In X- 10 coordinates.

E_g--In X- 10 coordinates.

l_--Well depth (in feet) as listed in the ORNL Well Database (from construction data).

M_ Depth--Well depth (in feet) calculated from field measurements. Depth is given as
the distance from the ground surface to the bottom of the weil.

Casing Material--Self-explanatory.

O Cas/ng D/ameter -Self-explanatory.

Screened, 'Perforated, or *Open Interval--Interval of well (measured in feet from ground
surface) with screened casing, perforated casing, or with no easing (i.e., open). A perforated
interval is designated by an apostrophe in the table. An uncased or open interval is designated
by an asterisk in the table.

Sareened, 'Perforated, or *Open Length--Total length in feet of the screened, perforated, or
open interval. Open interval lengths are designated with an asterisk; perforated interval
lengths with an apostrophe.

Well/_ae--Designation of well as listed in the ORNL Well Data base.

Fie/d Status--Status basexl on findings of field inventory of wells conducted from December,
1991 to May, 1992.
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O APPENDIX C. Plugging and Abandonment Procedures

C.1 PURPOSE

The purpose of this appendix is to describe detailed procedures for the P&A of wells at
ORNl.,.

C.2 SCOPE

These procedures are intended to provide for effective P&A of wells in order to prevent
the migration of fluids along the corehole or entry of surface fluids into the corehole.

C.3 RESPONSIBILITIF.S

A Well P&A Field Operations Planning Form (see Appendix D) will be prepared and
submitted to the ORNL GPC for approval. The original plan, with ali signatures, must be
available before field activities begin. Any deviations from these procedures shall be approved
by the ER Program proje, t manager and the GPC prior to implementation. In particular, the
results of pressure grouting, as required for wells that have split or perforated casings, should
be evaluated when sufficient experience has been gained with the various wells encountered
to determine whether the procedure should be modified or eliminated.

Q A geologist or qualified engineer shall be on site to record and verify ali information and
procedures required by this P&A Plan and the ORNL Well Plugging and Abandonment
Report (see Appendix E). That individual is also responsible for recording any radiation
exposure levels to personnel and equipment contamination and decontamination, as
determined by qualified Health Physics (HP) personnel, and for recording any actions taken
in accordance. ,Mth the Project Waste Management Plan.

The ER Program project manager will specify a time limit for submittal of the ORNL
Well Plugging and Abandonment Report (Appendix E) to the project oversight personnel
after completion of the fieldwork on each weil. After verifying its accuracy and completeness,
the project oversight personnel will provide the report to the GPC.

C.4 REQUIRED EQUIPMENT

The following equipment, at a minimum, shall be required

• rotary drill rig, water truck, and support vehicles--ali in good mechanical condition,
properly equipped to complete the specified work;

_, grout mixers and mixing tanks (including a separate mixer and holding tank for shear
mixing bentonite and water prior to adding the cement), grout pumps, water pumps, and

hoses;

Appendix C; ORNWER-119 July 15, 1992; Roy. 0
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• portable mud pan and mud balance;

• plastic sheeting (4 mil thickness);

® containers for collecting and transporting potentially hazardous or radioactive drilling
fluid, drill cuttings, fluid grout, groundwater, and well casing;

• hot water pressure washer with an operating range equal to or greater than 800 psi and
at least 180°F;

® excavatingequipment and tools to remove the upper one tc,three ft of well casing where
required; and

• A dov,_nholecamera and supporting equipment.

C.5 PLUGGING AND ABANDO_ PROCEDURE.S

At the completion of each well or corehole plugging procedure, a steel rod measuring
1/2 in. in diameter by 8 in. in length shall be set within the grout at the top of the casing. The
purpose of this rod is to assist in locating the abandoned well by the use of a metal detecting
instrument, if for some unforeseen reason this becomes desirable.

C_2;.1Procedure, for Shallow 3-in.-diam Aluminum Wells

• Measure and record the diameter and depth of the well and the depth to water. O

• Prepare the well site for P&A by spreading the plastic sheeting around the well and
cutting off the casing as near ground level as practical without excavation.

® Calculate the minimum volume of coarse granular bentonite chips required to plug the
well to a level 1 ft below the ground surface by determining the inside volume of the
open corehole, as follows.

V ---3.14 x r 2 X D (1)
144

where
V = volume in cubic feet,
r = inside radim of corehole inches,
D = depth, in feet, of total well installation below ground surface minus 1 ft.

• Place bentonite chips into the well at a slow steady rate, up to a level 1 ft below the
ground surface. "I'hroughout this process, continually measure the depth to the bentonite
with a measuring tape that is retractable into an enclosed case small enough to be
disposed of in the well at the top of the bentonite if the level of contamination makes

this expedient, If the bentonite bridges in the casing, the blockage will be removed by O

July 15, 1992; Roy. 0 Appendix C; ORNL/ER-119
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O manipulation of the measuring tape, and the rate of placement will be reduced so thatbridging will not reoccur. If water in the well is displaced to a level where it could
discharge to the ground surface, it will be lowered by bailing or pumping to prevent this.
The water will be contained and disposed of properly.

• Fill the remaining 1 ft section of the casing below the ground surface with a commercial
nonshrink grout (equal or similar to MASTERFLOW 928t=, a product of Master
Builders Technology, Inc.) mixed according to the manufacture's instructions.

• Split any part of the casing that protrudes above the ground surface in sufficient places
so that the split portions can be folded (by pressing or hammering) inward over the top
of the bentonite column.

• If the well was not surrounded by a concrete pad when constructed, place over the top
of the well a low mound (approximately 6 in.) of tamped clayey soil that will support
vegetation.

• As prescribed in Sect. 3.5.2.5, decontaminate equipment and tools.

C.5.2 Procedures for Wells in the Waste "IYenches

• Measure and record the diameter and depth of the well and depth to water. If the
measurement indicates that the well is not open to its full depth, no attempt shall be
made to dislodge any obstruction in the weil, and the depth of the blockage shall be

O documented in the Well Plugging and Abandonment Report. Plastic sheeting shall beplaced so as to protect the ground surface from contamination by the operation.

• Calculate the minimum volume of coarse granular chips and powdered bentonite
required to plug the well to a level 3.5 ft below the ground surface by determining the
inside volume of the weil, including screen and casing, using equation (1), where

V = volume in cubic feet,
r - inside radius of well pipe in inches,
D = depth, in feet, of total well installation below ground surface minus 3 ft.

• Piace bentonite chips into the well at a slow steady rate, up to a level 3.5 ft below the
ground surface. Throughout this process, continually measure the depth to the bentonite
with a measuring tape that is retractable into an enclosed case of a size that can be
disposed of into the well at the top of the bentonite, if advisable because of the level of
contamination. If the bentonite bridges in the casing, the blockage will be removed by
manipulation of the measuring tape, and the rate of placement reduced so that bridging
will not reoccur.

• Piace sufficient powdered bentonite on top of the coarse granular bentonite to bring the
bentonite to a level 3 ft below the ground surface. Follow this with Type 1 cement grout
to a depth of 1 ft below the surface. Mix Type 1 cement grout to a water/cement ratio
0"" volume) of 0.7 part potable water to 1 part portland cement (5.2 gal of water to one
94 lb bag of cement). This mix will yield a grout with a density of 114.2 lb/ft3

q_ (15.3 lb/gal).

Appendix C; ORNWER-119 July 15, 1992; Rev. 0
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• After the grout has set (minimum 24 h), remove the casing to a depth of 1 ft below the
surface. If the grout level was more than 1 ft below the ground surface, prior to i_ground

casing removal, grout must be added to bring the grout to that level. Grout can be added
either before or after the casing is removed; however, the grout must set for at least 24 h
before the casing excavation can be backfilled.

• Backfill the casing excavation with the excavated soil placed in layers no thicker than
6 in. Compact each 6-in. layer of placed soil with three passes of a power-operated
tamping machine. Provide additional clay (CL, as described by the Unified Soil
Classification System) soil to replace the volume of the casing removed and any volume
decrease due to compaction. Grade the completed backfill so that it will not pond surface
water.

• As prescribed in Sect. 3.5.2.5, decontaminate equipment and tools.

C..5_3Procedures for Wells with Screened or Perforated Intakes

,, Prepare the well site for P&A. Remove any protective posts present. Where possible, any
sampling hardware shall be salvaged for future use by ORNL. Spread plastic sheeting,
set up equipment, and prepare the containment facility to collect potentially
contaminated groundwater, grout, drilling fluids, and drilling debris from the
decommissioning operation.

® Measure and record the diameter and depth of the well and the depth to water.
Compare the measured well depth with the recorded depth, and, if the measurement
indicates that a well 2 in. or greater in diameter may be blocked, inspect the well with
a downhole camera. After viewing with the camera, decide whether to remove the
obstruction by either drilling with a bit of lesser diameter than the casing, or by
dislodging it by percussion methods.

• If recorcksdo not document that the casing/corehole annulus was properly grouted at the
time of installation, and the casing is 2 in. or more in diameter and more than 10 ft in
length, perforate or split the casing throughout its length from a depth of 10 ft below the
ground surface to the top of the well screen. Measure the well depth after splitting or
perforating the casing to ensure that the well is open for grouting.

® Calculate the minimum volume of grout required to fill the well to the ground surface
by determining the inner volume of the weil, including the screen and casing, using
equation (1), where

V = volume in cubic feet,
r = inside radius of well pipe in inches,
D = depth, in feet, of total well installation below ground surface.

• Type 1 cement/bentonite grout mix shall be 94 lb of Type 1 cement, 3.8 lb of powdered
bentonite, and 8 gal of potable water. This mix willyield a grout slurry of approximately
1.6 ft "_having a density of 103 lb/ft3 (13.8 lb/gal), which results in a gravity grouting
pressure of 0.7 psi per foot of the grout column. Mix the bentonite and water thoroughly

by shear mixing prior to being mixed with the cement. Use Type 1 cement/bentonite O
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grout shall be used in wells in which the casing is not split of perforated, and where the
well screen length is 10 ft or less.

• Microfine cement grout mix shall be one part microfine cement (a portland/slag based
mixture with at least 50% of particle size less than 4/zm) to one part potable water, by
weight. Microfine cement is commonly supplied in 44-1b (20-kg) bags, therefore a
one-bag, 1-to-1 mix will yield approximately 0.94 ft3 of grout slurry having a density of
94 lb/f't3 (12.5 lb/gal), which results in a gravity grouting pressure of 0.65 psi per foot of
the grout column. Use microfine cement grout in ali wells in which the casing is split or
perforated, in wells with screens more than 10 ft in length, and in any wells constructed
with casings perforated over most of their length.

• Measure and mark the tremie pipe and insert it to the bottom of the weil.

• Pump the prescribed type of grout into the well through the tremie pipe. The tremie
pipe may be raised as grouting progresses, but the bottom of the pipe shall always shall
be submerged at least 10 ft below the grout surface. (._3ntinue pumping the grout until
undiluted grout reaches the ground surface. Determine when grout is undiluted by
monitoring the density of the grout with a mud balance; the density of the grout at the

, / top of the well shall be equal to or greater than 95% of the density of the specified grout
mix. After the grout pipe has been withdrawn, additional grout may be required to fill
the well to within 3 ft of the ground surface.

® Wells grouted with microfine cement grout shall be pressure grouted through a packer

set in the well casing at the ground surface or, if the casing has been slit or perforatedabove a depth of 10 ft below the ground surface, set into the casing at a depth of 10 ft
below the ground surface. Attach the grout line to the packer and pump microfine
cement grout to the well at a slowly increasing pressure. The maximum pressure applied
will be no greater than 9 psi. The ground surface will be carefully observed during
pressure grouting, and if any grout appears at the ground surface, the pressure on the
well shall immediately be relieved and the pressure grouting of that well terminated.
Pressure grouting shall also be terminated if the well takes a quantity of grout equal to
twice the minimum calculated volume of the weil. When the maximum pressure is

applied for period of 10 min with no significant grout takes, terminate pressure grouting.

• After the grout has set a minimum of 24 h, remove the casing to a depth of 3 ft below
the ground surface. If the grout level was less than 3 ft below the ground surface prior
to casing removal, add grout must be added to bring the grout to that level. Grout can
be added either before or after the casing is removed; however, the grout must set for
at least 24 h before the casing excavation can be backfilled.

• Backfill the casing excavation with the excavated soil placed in layers no thicker than
6 in. Compact each 6-in. layer of placed soil with three passes of a power-operated
tamping machine. Provide additional clay (CL, as described by the Unified Soil
Classification System) soil to replace the volume of the casing removed and any volume
decrease due to compaction. Grade the completed backfill so that it will not pond surface
water.

• As prescribed in Sect. 3.5.2.5, decontaminate equipment and tools.
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C.5.4 Procedures for Non-Screened Bedrock Wells

Q
• Prepare the well site for P&A. If present, remove protective posts. Where possible, '

salvage any sampling hardware for future use by ORNL. Spread plastic sheeting, set up
equipment, and prepare the containment facility to collect potentially contaminated
groundwater, grout, drilling fluids, and drilling debris from the decommissioning
operation,

• Measure and record the diameter and depth of the well and the depth to water.
Compare the measured well depth to the recorded depth, and, if the measurement
indicates a well 2 in. or greater in diameter may be blocked, inspect it with a downhole
camera. After viewing with the camera, decide whether to remove the obstruction either
by drilling with a bit of lesser diameter than the casing or rock-corehole or by dislodging
it by percussion methods. Also, if the well casing is to be split or perforated, and neither
the length of the open-hole section or the length of the casing is known, inspect the well
with the downhole camera to determine the length of the well casing.

If records do not document that the casing/corehole annulus was properly grouted at the
time of installation, and the casing is 2 in. or more in diameter and more than 10 ft in
length, perforate or split the casing throughout its length from a depth of 10 ft below the
ground surface to the top of the open-hole section. The well depth should be measured
after splitting or perforating the casing to ensure that the well is open for grouting.i

® If the well casing will not be split or perforated, calculate the minimum volume of grout
required to fill the well to the ground surface by determining the inner volume of the
weil, including the open-hole section and casing, using equation (1), where _1_

V = volume in cubic feet,
r = inside radius of well pipe in inches,
D = depth, in feet, to the bottom of the open corehole from the ground surface.

However, if the open-corehole section of the well is smaller than the inside of the well
casing, the volumes of the open and cased volumes of the well will have to be calculated
separately as is shown below for wells with slit or perforated casing.

• If the well casing will be split or perforated, calculate the minimum volume of grout
required to fill the open-hole section of the well by determining its volume using
equation (1), where

V = calculated volume in cubic feet,
r = inside _'adiusof the well pipe in inches,
D = length, in feet, from the bottom of the casing to the bottom of the open.

corehole

If the well casing will be split or perforated, also calculate the minimum volume of
microfine cement grout required to fill the cased portion of the well by determining the

®
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inner volume of the casing from the top of the open-hole portion of the well to the
O ground surface using equation (1), where

V = calculated volume in cubic feet,
r = inside radius of the well pipe in inches,
D = length, in feet, of the well pipe from the top of the open portion of the

well to the ground surface.

• Type 1 cement/bentonite grout mix shall be 94 lb of Type 1 cement, 3.8 lb of powdered
bentonite, and 8 gal of potable water. This will produce a slurry of approximately 1.6 ft3
having a density of 103 lb/ft3 (13.8 _lb/_,J), which results in a grout pressure of ( 7 psi per
foot of the grout column. Mix the be_tonite and water thoroughly by shear mixing prior
to mixing with the cement. Use Type 1 cement/bentonite grout 1) to grout the open-hole
section of ali bedrock wells in which the open-hole section has a calculated volume more
than 5 ft3; and 2) to grout both the open-hole section (regardless of dimensions) and
cased section of those bedrock wells where the casing is not split or perforated.

• Microfine cement grout mix shall be one part microfine cement (a portland/slag based
mixture with at least 50% of particle size less than 4 #m) to one part potable water, by
weight. Microfine cement is commonly supplied in 44-1b (20-kg) bags; therefore a
one-ba_, 1-to-1 mix will yield approximately 0.94 ft3 of grout slurry having a density of
94 lb/ft' (12.5 lb/gal), which results in a gravity grouting pressure of 0.65 psi per foot of
the grout column. Use microfine cement grout 1) to grout the cased section of ali
open-hole bedrock wells where the casing is split or perforated; and 2) to grout the

O open-hole section of those bedrock wells where the casing is split or perforated and theopen hole section has a calculated volume of 5 ft3 or less.

• Insert a tremie pipe to the bottom of the weil. Measure and mark the tremie pipe and
insert it to the bottom of the weil.

* In open-hole bedrock wells that will be grouted with only one type of grout, either Type
1 cement/bentonite grout or microfine cement grout, pump the grout into the well
through the tremie pipe initially placed at the bottom of the weil. The tremie pipe may
be raised as grouting progresses, but shall always be submerged at least 10 ft below the
grout surface. Continue pumping the grout until undiluted grout reaches the ground
surface. Determine when grout is undiluted by monitoring the density of the grout with
a mud balance; the density of the grout at the top of the well shall be equal to or greater
than 95% of the density of the specified grout mix. After withdrawing the grout pipe, add
grout as needed to fill the well to within 3 ft of the ground surface.

• In those open-hole bedrock wells in which two types of grout will be used, grouting will
be in two separate operations. First, insert a measured and marked tremie pipe to the
bottom of the well. Pump the quantity of Type 1 cement/bentonite grout calculated to
flU the open-hole section of the well through the tremie pipe. The tremie pipe may be
raised as grouting progresses, but shall always be at least 10 ft below the level of the
grout in the corehole. When the calculated quantity has been pumped into the weil,
remove the tremie pipe and allow the grout to set for at least 24 h prior to continuing
to grout the cased portion of the weil. After the grout has set for at least 24 h, again

O into the well to the of the firm Type 1lower measured tremie pipe topa
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cement/bentonite grout and record its depth. If the tremie is not down to the calculated
depth of the top the Type 1 cement/bentonite grout, jet it down to that level. Then
pump microfine cement grout through the tremie pipe initially placed on the top of the

g

Type 1 cement/bentonite grout. The tremie pipe may be raised as grouting progresses,
but shall always be at least 10 ft below the grout surface. Continue pumping the grout
until undiluted grout reaches the ground surface. Determine when grout ts undiluted by
monitoring the density of the grout with a mud balance; the density of the grout at the
top of the well shall be equal to or greater than 95% of the density of the specified grout
mix. After withdrawing the grout pipe, add additional grout as needed to fill the well to
within 3 ft of the surface. During the grouting of either the open corehole or perforated
or split casing section of the weil, if twice the calculateO volume of grout i_ injected
without the grout's reaching the desired level, the original well corehole may have
intersected solution cavities if the well ts in limestone or dolomite strata. Strong
consideration should then be given to a temporary cessation (12 to 24 h) of grouting, so
that the grout will have a chance to set rather than to flow off into the cavity. (lt is not
the purpose of P&A to plug natural cavities.) When grouting is resumed, it should be
with Type 1 cement/bentonite grout.

• Wells grouted with microfine cement grout shall be pressure grouted through a packer
set in the well casing at the ground surface, or, if the casing has been slit or perforated
above a depth of 10 ft below the ground surface, set the packer into the casing at a
depth of 10 ft below the ground surface. Attach the grout line to the packer and pump
microfine cement grout to the well at a slowly increasing pressure. The maximum
pressure applied will be no greater than 9 psi. Carefully observe the ground surface
during pressure grouting, and, if any grout appears at the ground surface, immediately
relieve the pressure on the well and the terminate the pressure grouting. Also terminate
pressure grouting if the well takes a quantity of grout equal to twice the minimum
calculated volume of the weil. When the m_udmum pressure is applied for period of
10 rain with no significant grout takes, terminate pressure grouting.

• After the grout has set (a minimum of 24 h), remove the casing to a depth of 3 ft below
the ground surface. If the grout level was less than 3 ft below the ground surface prior
to casing removal, add grout to bring it to that level. Grout can be added either before
or after the casing ts re q_oved; however, the grout must set for at least 24 h before the
casing excavation can be backfilled.

• Backfill the casing excavation with the excavated soil placed in layers no thicker than
6 in. Compact each 6-in. layer of soil placed with three passes of a power-operated
tamping machine. Provide additional clay (CL, as described by the Unified Soil
Classification System) soil to replace the volume of the casing removed and any volume
decrease due to compaction. Grade the completed backfill so that it will not pond surface
water.

• As prescribed in Sect. 3.5.2.5, decontaminate equipment and tools.

C.6. CON'IINGENCY ABANDONMENT _ CASING REMOVAL

If it becomes necessary to decommission a well by completely removing the casing and

grouting the well corehole the following procedures shall apply. O
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O C.6.1. Removal of PVC Casing
® Measure and record the diameter and depth of the well and the depth to water.

Compare t_,c,depth to documentation of the well's installation to verify the depth of
casing to be removed.

. Prepare the well site for P&A by removing protective casing, guard posts, sampling
hardware, and concrete pad. Where possible, salvage any sampling hardware for future
use by ORNL. Spread plastic sheeting, set up the drill rig and equipment, and prepare
the containment facility to collect potentially contaminated groundwater, grout, drilling
fluids, and drilling debris.

o Drill the casing out with a tricone bit or over-drill it with a hollow-stem auger equipped
with a pilot bit or guide rod. Properly dispose of drill cuttings and casing. Drill or ream
the well to the depth of the original well corehole, with a bit at least 1/4 in. larger in
diameter than the diameter of the original corehole. If a tricone bit rotary drilling system
is used, ali original grout and PVC shall be removed from the corehole before removing
the drill string.

• Calculate the minimum volume of grout required to fill the redrilled corehole to the
ground surface by determining the inner volume of the redrilled corehole, using
equation (1), where

V = calculated volume in cubic feet,

O r -- radius of the bit used in drilling plus 1/4 in.,D = depth, in feet, of redrilled corehole.

• 'l'he grout mix proportion shall be 94 lb of Type 1 cement, 3.8 lb of powdered bentonite,
and 8 gal of potable water. This mix will yield a grout slurry of approximately 1.6 ft3
having a density of 103 Ib/ft3 (13.8 lb/gal), which results in a gravity grouting pressure of
0.7 psi per foot of the grout column. Mix the bentonite and water thoroughly by shear
mixing prior to mixing with the cement.

• Insert a measured and marked tremie pipe to the bottom of the weil. If the corehole has
collapsed or is otherwise blocked, redrill it using a mud-rotary drilling system with a
drilling fluid designed to inhibit the corehole from collapsing and to reduce infiltration
into the strata penetrated by the ccrehole. At the completion of redrilling the corehole,
the drilling fluid shall be left in the corehole in a state that will stabilize the corehole
walls for grout placement by the tremie method.

• Pump the grout through the tremie pipe initially inserted to the bottom of the corehole.
The tremie pipe may be raised, but shall always be at least 10 ft below the grout surface.
Continue pumping the grout until undiluted grout reaches the ground surface.
Determinate when grout is undiluted by monitoring the weight of the grout with a mud
balance; the weight of the at the top of the well shall be equal to or greater than 95%
of the density of the specified grout mix. Tremie grouting should be completed in one
continuous operation. After withdrawing the grout pipe, add grout to fill the well to

O within 3 ft of the surface.
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e After the grout has set (a minimum of 24 h), excavate it to a depth of 3 ft below the A

ground surface. If the grout level was less than 3 ft below the ground surface prior to its
excavation, add grout to bring it to that level before excavating. However, the grout must
set for at least 24 h before the excavation can be backfilled.

® Backfill the excavation with the excavated soil placed in layers no thicker than 6 in.
Compact each 6-in. layer of placed soil with three passes of a power-operated tamping
machine. Provide additional clay (CL, as described by the Unified Soil Classification
System) soil to replace the volume of the; casing removed and any volume decrease due
to compaction. Grade the completed backfill will be graded so that it will not pond
surface water.

• As prescribed in Sect. 3.5.2u5,decontaminate equipment and tools.

C.6.2 Removal of Steel Casing

® Measure and record the diameter and depth of the well and the depth to water.
Compare the depth to documentation of the well's installation to verify the depth of
casing to be removed.

• Prepare the well site for P&A by removing protective casing, guard posts, sampling
hardware, and concrete pad. Where possible, salvage any sampling hardware for future
use by ORNL. Spread plastic sheeting, set up the drill rig and equipment, and prepare
the containment facility to collect potentially contaminated groundwater, grout, drilling

fluids, and drilling debris.

• Attempt to pull or jack the casing from the well corehole. If the casing cannot be pulled
or jacked out, use a hollow-stem auger or wash-over pipe to drill over the full length of
the casing and screen which shall then be withdrawn with the drill stem, and dispose of
properly. Drill or ream the well to the depth of the original well corehole with a bit at
least 1/4 in. larger in diameter than the original c.orehole. Remove ali original grout from
the corehole before removing the drill string.

• Calculate the minimum volume of grout required to fill the redrilled corehole to the
ground surface by determining the inner volume of the redrilled corehole, using
equation (1), where

V = calculated volume in cubic feet,
r = radius of the bit used in drilling plus 1/4 in.,
D = depth, in feet, of redrilled corehole.

• The grout mix proportion shall be 94 lb of Type 1 cement, 3.8 lb of powdered bentonite,
and 8 gal of potable water. This mix will produce a grout slurry of approximately 1.6 ft3
having a density of 103 lb/ft3 (13.8 lb/gal), which results in a gravity grouting pressure of
0.7 psi per foot of the grout column. Thoroughly mix the bentonite and water by shear
mixing prior to mixing with the cement.

• Insert a measured and marked tremie pipe to the bottom of the weil. If the corehole has

collapsed or is otherwise blocked, redrill it using a mud-rotary drilling system with a O
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drilling fluid designed to inhibit the eorehole from collapsing and to reduce infiltratior_
O into the strata penetrated by the corehole. At the completion of redrilling the corehole,

leave the drilling fluid in the corehole in a state that will stabilize the eorehole walls for
grout placement by the tremie method.

• Pump grout through the tremie pipe initially inserted to the bottom of the corehole. 'l'he
tremie pipe may be raised, but shall always be at least 10 ft below the grout surface.
Continue pumping the grout until undiluted grout reaches the',ground surface. Determine
when grout is undiluted by monitoring the weight of the grout with a mud balance; the
weight of the at the top of the well shall be equal to or greater than 95% of the density
of the specified grout mix. Tremie grouting should be completed in one contin_,ous
operation. After withdrawing the grout pipe, add grout to till the well to within 3 ft of
the surface.

• After the grout has set (a minimum of 24 h), excavate it to a depth of 3 ft below the
ground surface. If dae grout level was less than 3 ft below the ground surface prior to its
excavation, add grout to bring it to that level before excavating; however, the grout must
set for at least 24 h before the excavation can be backfilled.

• Backfill the excavation with the excavated soil placed in layers no thicker than 6 in.
Compact each 6.in. layer of placed soil with three passes of a power-operated tamping
machine. Provide additional clay (CL, as described by the Unified Soil Classification
System) soil to replace the volume of the casing removed and any volume decrease due
to compaction. Grade the completed backfill _o that it will not pond surface water.

O • As, prescribed in Sect. 3.5.2.5_decontaminate equipment and tools.
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WELL PLUGGING AND ABANDONMENT Sheet 2
FIELD OPERATIONS PLANNING FORM

3) Reason wells are to be abandoned

4) Required site preparation (removal of posts, pads, pumps, etc.)

5) Proposed method of abandonment

6) Health and safety considerations for well abandonment crew

Q

7) Desired startup date

Required completion date

Date Program Plan Submitted

8) Comments

®
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WELL PLUGGING AND ABANDONMENT Sheet 3

O _ OPERATIONS PLANNING FORM

9) Project Manager: Name Dept.
Phone Signature

10) Well Custodian: Name Dept.
Phone Signature

11) Proposed technical oversight company.

12) Proposed drilling subcontractor

13) Group that will manage well abandonment program

14) Program plan approval subject to following stipulations:

15) Approved by: Date
Environmental Restoration Program Project Manager

16) Approved by: Date
Groundwater Program Coordinator
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O ORNL WELL PLUGGING AND ABANDONMENT REPORT Sheet 1

Prepared by Date

PART A

GENERAL INFORMATION

Well number Location

Project name

Coordinates: North East

Abandonment contractor Driller

Oversight contractor Geologist

Well abandonment: Date started Date completed

O PART B
WELL DATA ,FILE REVIEW

Note: Depths are measured from ground surface to the nearest 0.1 ft.

1. Depth to bottom well below ground surface (from data file) (ft)

2. Measured depth from ground surface to bottom of well (ft)

3. Depth from ground surface to static water level (ft)

4. Total drilled depth of corehole (ft) Diameter of drilled hole (in).

5. Ground surface elevation (mean sea level) (ft)

6. Reason for well abandonment
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ORNL WELL PI,UGGING AND ABANDONMENT RF,PORT Sheet 2

Q
7. Well Casing

Type of Schedule Nominal From (ft) To (ft)
Material or I.D. (in)

Thickness

8. Well Screen

Type of Nominal Slot From To

Material I.D. (in) Type (ft) (ft)

9. Well Sump

Type of Schedule Nominal From To

Material or I.D. (in) (ft) (ft)
Thickness

O
10. Annular Grout

Type of Annular From To
Grout. Thickness (in) (ft) (ft)

11. Type of Material in
Annular Space, if not Grout

Material From (ft) To (ft)

12, Filter Pack

From (ft) To (ft)
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O ORNL WELL PLUGGING AND ABANDONMENT REPORT Sheet 3
PART C

PLUGGING DATA

1. Plugging Materials Calculated and Actually Placed.

Volume of ali weU/materials calculated by equation:

3.14 x r 2Vffi xD
144

a. If a waste burial trench weil:

V = Volume, in cubic feet, for plugging with bentonite.
r = 1/2 inside diameter of casing in inches.
D = Depth, in feet, from bottom of well to 3 ft below ground surface.

r

D - m

O Calculated Vol. Bentonite Actually Difference Between Volume of Type 1
(cubic ft) Placed Volume Calculated & Placed Cement Grout

(cubic feet) Volume (Use "+" or "-" Actually Placed
sign, or "0")

b. If a Cased and Screened Weil, or an Open-Hole Bedrock Well with only one type of
Grout Injected:

V = Volume, in cubic feet, for plugging with grout,
r = 1/2 inside diameter of casing, in inches,
D = Depth, in feet, to bottom of well from ground surface.

r m

D =

Type of Grout Calculated Volume Grout Difference Between
Volume Actually Placed Calculated & Placed
(cubic feet) (cubic feet) Volume (Use "+" or "-"

sign, or "0") _, , ,



E-6

ORNL WF_.I,LPLUGGING A/_ ABANDONMENT REPORT Sheet 4

O
c. If an Open-Hole Bedrock Well and two types of Grout Injected:

(1) For Open-Hole Section of Bedrock Well

V = Volume, in cubic feet, of open-hole section to be plugged with Type 1
cement/bentonite grout,

r = 112 inside diameter of corehole, in inches,
D = Length, in feet, from bottom of corehole to bottom of casing.

r _

D=

Type of Grout Calculated Volume Grout Difference Between
Volume Actually Placed Calculated & Placed Volume
(cubic feet) (cubic feet) (Use "+" or _-" sign, or

"0")

,, , ,,,,,_ ,, ....

O
(2) For Cased Section of Bedrock Well

V = Volume, in cubic feet, of cased section in to be plugged with microfine cement
grout,

r = 1/2 inside diameter of casing, in inches,
D = Depth, in feet, from bottom of casing to ground surface.

r _

D= _m

Type of Grout Calculated Volume Grout Difference Between
Volume Actually Placed Calculated & Placed
(cubic feet) (cubic feet) Volume (Use "+" or "-"

sign, or "0")
--_

,,,,
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O ORNL WELL PLUGGING AND ABANDONMENT REPORT Sheet 5

2. Describe the actual method used to abandon this weil, including observations via

downhole camera and removal of obstructions, if applicable

3. Footage actually abandoned (Fromffo)

4. Was well perforated? If so, at what depths?

O 5. Was well casing over-_red? If so, what diameter and depth?

6. Was well casing pulled? If so, what length and diameter?

7. Abandonment problems or deviations from abandonment specifications

8. Grout mix used

9. Maximum pressure applied through packer, if applicable, and volume of grout injected

due to applied pressure

®
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ORNL WELL PLUGGING AND ABANDONMENT RF.PORT Sheet 6

0
10. Site Cleanup (Include volumes, site locations and methods)

a. Disposal of well pad, posts and other materials

!

b. Disposal of well screen(s) and casing

c. Disposal of drilling mud

d. Disposal of excess grout

1I. Date site cleanup completed

12. Site inspected by Date

13. Report prepared by Date

14. Data accuracy verified by. Date

15. Comments

_i--------
t'

®
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