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Grants Project 

ATTN: Mr. Matthew Meyer 
Project Manager 
Materials Decommissioning Branch 

30 November 2017 

Homestake Mining Company of California 

Thomas Wohlford 
Closure Manager 

Division of Decommissioning, Uranium Recovery and Waste Programs 
Office of Nuclear Materials Safety and Safeguards 
U.S. Nuclear Regulatory Commission 
Mail Stop: T-8F5 
Washington, DC 20555 

ATTN: Mr. Sairam Appaji 
Region VI Superfund Division 
1445 Ross Avenue, Suite 1200 
6SF-LP 
Dallas, TX 75202-2733 

ATTN: Mr. Kurt Vollbrecht 
Ground Water Quality Bureau 
New Mexico Environment Department 
PO Box5469 
Santa Fe, NM 87502-5469 

ATTN: Mr. Christopher Burrus 
New Mexico Office of the State Engineer 
5550 San Antonio Drive, N.E. 
Albuquerque, NM 87109 

RE: Pilot Program for the Installation of Horizontal Wells Near the Large Tailings Pile 

Dear Sirs: 

Homestake Mining Company (HMC) is proposing a pilot program to install and operate 
horizontal wells within the alluvial aquifer beneath the Large Tailings Pile (L TP) and within the 
tailings. The horizontal alluvial aquifer wells would function much like the existing vertical wells 
in the L TP area and could be operated as a collection or injection well within the ongoing 
restoration program. The horizontal tailings wells would also function like the existing tailings 
wells but would only be operated as a tailings dewatering well. 

The horizontal wells are being considered both as a supplement to and replacement for a 
portion of the vertical wells present in the L TP area. For the alluvium, the horizontal wells offer 
the significant advantage of locating the well head and all necessary well access outside of the 
footprint of the L TP. This reduces the interference between maintaining and operating wells 
and other activities such as cover and infrastructure maintenance on the surface of the L TP. 
The horizontal wells also allow well screen to be installed in areas of the alluvium that are 
otherwise inaccessible. The capability of installing several hundred feet of horizontal perforated 
well casing in the alluvial aquifer can also potentially result in a very high yield well when 
compared with vertical wells with much smaller screen lengths. 
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Letter to Agencies 
RE: Horizontal Well Installation 

The horizontal tailings wells. also offer significant advantages for effective :dewatering of the· . 
tailings. Like the horizontal alluvial wells, the tailings wells can potentially ·access areas of the 
L TP without interfering with other activities ·on the surface of the L TP. Another very significant 
potential:aclvarytage of .horizontal· tailings dewatering wells. with the screened interval at the base 
of the tailings is that all or most of the·screened interval-remains witnih·the saturated ,tailings 
until the tailings is nearly completelrdewatered; and thewell yield is expected tb'be:much- .· 
larger. ln,contrast, the saturated. thickness in·avertical tailirigs dew~tering well declines"a·s the+~ 
water level in the tailings drops and the corresponding well yield typically decli'nes fairly::qaiokly> -. 

·, ~;: : .... ~.-~ ... : nr;:,':. · .. :r .:·: 

Two types of horizontal wells are under consideration for the pilot program. A'coriUnuous·or ,,. 
double ended horizontal well is drilled from the surface, extends into the target .interval, and then 
returns to the surface resulting in two acce·ss. points/ The second type of Well is a blind· or single 
ended well where,the casing,terminates below the land surface, The advantages of a · '· ·• 
continuous well are that it can typically be done with a larger casing a·nd having two adiess 
locations increases the flexibility in operation of the well. The disadvantages·ofa continuous 
well include the need to span the entire distance from one access' location to the next suitable , 
access location. While this can result in a much longer production (screened) well length, this 
length may also include sections where connection with a well screen is undesirable or 
counterproductive to the restoration·program. The advantages of a blind horizontal well include 
the ability to screen the well in a target zone without concern for extending the well to a second 
surface access point. A blind well is also likely to be less expensive to install. The 
disadvantages of a blind well are practical limitations on well length ·and maximum casing size. 

The following discussion describes the proposed pilot prograrri for installatio·n of the horizontal 
wells to test and evaluate the installation process and the performance of horizontal Wells. The ,., 
proposed program is conducted in phases with the first phase consisting of installation of two 
alluvial wells and one tailings well. · Additional phases or expansion-of the pilot ·program to· · 
include.additional wells is:contingent upon the success of the first phase and th~'performailce·bf 
these wells. · · , ; · · · · .. 

:' · .. :·: ;·.· 

Phase.1 Pilot HorizontaLWell ,Installation Program·: :, .: ~ ! ., \ 

I t ":11 

The proposed first phase: of'the pilot .horizontal wen· includes installation of one contiriubus 
alluvialaquifer horizontal.well, one blind alluvJal aquifer horizo'ntal welkand one blind tailings 
dewatering horizontal ·,well.· The locations of these three proposed·wells are shown on Figure 1 
with well HWAl being·the,·continuous·alluvial well, well HWA2 being the blind.alluvial wen and-~ 
well HWT1 · being the blifld tailings. well. . One. additional alluvial well location and fou~ additional . 
tailings well.locations:are.shown oh Figure 1 and these wells representa potential expansion of 
the pilot program if the Phase.1 in·stallation; is •sticcessful. : The siting and configuration ,of the ·. 
wells for the expansion is-preliminary and is subject to significant adjustment based upon the·· 
results in Phase 1. . ,., ",, ,. : · 1 ',·: ·. 

Figure 1 shows the continuou~ horizontal alluv.ial,well HWA1 ·extending across'.the northeast 
corner of the· L TP ;- Figure 2 shows a cross. section for well HWA 1 with tfle proposed entry'of 1

., "· 

the boring on the northwest end of the well. However, the entry and exit points for the well can 
be reversed based .upon drilling contractor recommendations. A length ·of 300 feet of blank 
casing is proposed for both ends of the horizontal well, with the intermediate section utilizing 
perforated casing. The proposed entry and exit angles of 12 and 10 degrees from horizontal, 
respectively, result in the blank casing extending to within approximately ten feet of the base of · 
the alluvium in the well. The perforated casing as shown in Figure 2 then generally parallels 
the base of the alluvium at a level of approximately three to five feet above the base of the 
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alluvium. This places the entire screen interval more th,~m fifteen feet .below the ahticipated : , , ; 
water-leyel ~lev9tion .. in ~he··alluvium. ·· · -: .. :_ .·:.: : .. : .~:~/·,,t··: .. 

~: 1.:.··.. • -~');: ;! • ,-: ..• , .;·.,.·,·. ~,.':;j::.:1:-;,.,.::(;·f 

The maximum .vertical displacement alongthe wel(js app~oximatefy .. 69·feet· The proposed··, , . :. 
casing siz~ ;is sjx inc;hes, butthis is subject to iimitations, imposed by the :selected drilling'· . ' · : · · 
contract9r ;::inc;l:;:1y.ailable equipment. The well casing material 'may,,be· HDPE,·steel,,stainless · , 
ste,eh P,V~j'..or a, combination material using a;dual wall or pipe configuration.: The selection of'.·· 
casin,g,.roa~~ri.al will.be based.on tensile and compressive strength, flexibility, durability; . 
corrosion resistance, perforation sizes or configurations, and expected ease of installation, 
developme,nt and maintena_n.ce. ·. 

;,,·,: . ! . ' 

Figure 1 showsthe,blind hori;rnntalc1lluvial well HWA2 extending from north of the LTP a. 
dist'ance of 700 .horizontal fe.etto the.south with termination below the.L TP. Figure 3 shows-a , · 
cross sectio.n for w:ell HWA2. Like well:HWA1,, a length.of 300 feet of blank casing is proposed ·. 
for the entry .of the well, and with the proposed entry angle of 13 degrees from horizontal,·the .. 
blank casing e¥tends to within approximately.ten feet of the base of the alluvium in the well. , 
The perforated casing·as shown.in Figure 3;then generally parallels the·base of the alluvium at 
a level of approximately three io five f.eet above the base of the alluvium: This places the entire 
screen interval more .than twenty five feetbelow the anticipated water.:.fevel elevation in the 
alluvium. ' 

The ma~imum vertical displacement along the well is approximately 75 feet. The proposed . 
casing size is four inches but this is subject to limitations imposed by the selected drilling 
contractor and .. available. equipment T~e casing material will be s·e1ected in a' manner similar to 
that for well HWA 1. .. · 

!, I''',"' 

Figure 1 shows the blind horizontal tailings well,HWT1 extending.from north,of the L TP a , · ,, . 
di~tance of 1000 horizontal fe'et to the south,with termination .at the base of the tailings in the 
L TP. Figure 4 shows a cross section for well HWT1 and the green base of tailings contours· -,. · · 
shown in Figure 1 were used in developing the proposed vertical alignment for the well as 
shown in Figure 4. From the entry point, 200,.feet of, blank:casing -is·proposed and this extends 
through the majority of the perched sand layer overlying the alluvial aquifer. The horizontal 
tailings .well is ·vertically aligned to penetrate to ·approximately. fiv~ feet abov:e'the ·base,of th·e· , . 
perched ,sand layer,beneath th.e L TP for the horizor:i-tal length .Of approximately 200 feet (see, ::; · 
Figure 4). After tt:ie well boring· passes 1;mderneath:.the toe:.drain cdrridor, the. elevation rof the 
well is gr;aduaJiy raised until it reaches the base. of.the tailings. The perforatsid ·easing·then: · .. : . 
ext~nds parallel to the base of the tailings at a level one to three feetaboveithe b.ase:bf the • ;·., •': 
tailings to,give a total horizontal length of 1000.feet. The installation ·ef perforated casing· . 
through the pe(ched sand layer as well as within itt.1e .tailir1gs.will· allow the well to extract water. 
from both th.e perched sand,and taiJings. The perched .sand layer has :been impacted by tailings, 
seepage and the water quality is essentially the same as that in the tailings. , ·:' '. '·;' , . . · · · , 

The IJ'.lc!Xirr,ium verti.cal ,displacement along '.the welHs: approximately 3·1 feet.·, The casing size ,: 
and rnate.ria.Is are subject to the constraints and considerations des'cribed for wen HWA2'. · : 

• • , I -~ • ' ". ,. I , '. 

The proposed well lengths and completion information are included inTable: t.· 
' ~ • , I ' • • '\. i 
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Letter to Agencies 
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Table 1. Proposed Phase 1 Well Installation 

Horizontal Blank Casing 
Perforated· : ., : ; 

Well I.D. Well Type Length. (feet) ' Length (fe~t) 
C~sing length. : \• ' Aquifer 

(feet) ... :; ,.::;,;· ,, .. 1·i; :(,. :1. :J·, '' 

HWA1 ,', ·- C.ontim,Jous , '",1,3.60,,'. ,. ., '· .600 772:,, - ·' 
i 't( - :f\lluvial •,, 

HWA2 I .Blind, ,' 100 
' 

·, 300 ; 408· -.:• ·' ' •:AHuvial '' ... ,, ; :, 

HWT1· .Blind ,', 1.000 • 200 803 'failingsJ,Rerched 

Pilot Horizontal Well Installation Program Expansion: ,•:' 
•; 

If the installation of well.s in Phase 1· of the pilot program indicates that horizontal wells are a, 
cost effective and suitable well installation for the ground~water restarationand/or dewatering 
programs, additional.wells may be installed as show·n in,flgure 1. The ,proposed additional 
wells include a continuous tailings dewatering well, three blind tailings wells and a blin'd alluvial. -
w~II with a distribution around the L TP. Table 2 presents expected,well completion information 
forthe pilot program expansion as depicted in Figure 1. However, significant adjustments in 
the number and configuration of additional horizontal wells may occur after completion of Phase 
1. 

T bl 2 P a e repose dH. tlWIII tilt" P orizon a e ns a a 10n rogram, E xpans1on 

Horizontal Blank Casing 
Perforated 

Welll.D.·. 'WelVfype, . Casing Length-_ . Aquifer, ·, ; 

Length (feet}'. L~!)gth ,(feet) 
; 

' , (feet) ;} 1; --
'. 

Tailings Continuous 2510 400 2115 .Tailings/Perched 
Tailings Blind 1000 200 803 Tailings/Perched 
Alluvial '. ·Blind:· 700 -

. 
' · i' 300:, 408 Alluvial' .. : 

I, ;, . 

Well Installation Considerations: 

The wells will be installed according to relevant procedures described in the standard operating 
procedure for drilling and well installation (SOP 22). It is anticipated that the wells will be drilled 
with niud rotary techniques. Because the planned entry angles are shallow, it will likely be 
necessary to install a larger diameter (e.g. twelve inch) conductor casing at the well entry to· -
maintain the hole and facilitate cuttings collection. If a conductor casing is used, it should 
extend down the boring to provide a minimum of five feet of vertical displacement from the land 
surface and should be grouted in place. The following listing describes some aspects of the 
horizontal drilling and well installation that are expected to differ from a typical vertical well: 
installation. 

• Borehole Logging - Although borehole logging using cuttings samples will be attempted, 
the consistency of drilling fluid and cuttings return for the horizontal drilling may limit the . 
utility of the traditional logging approach. Therefore the logging and sampling of cuttii1gs 
is subject to the discretion of the drilling supervisor. · A measurement of well total depth 1 

is not applicable for the horizontal well. · 
• Casing Materials - The well casing material may :be ]::IDPE, s~eel;,stainless steel, PVC, · 

or a combination material using a dual wall. or dual.pipe configuration. Cqrnmercial. . 
combination pipes such as Enviroflex will be considered. Creating a dual walled casing 
by installing a sleeve or lining within the primary casing will also be considered. 

• Filter Pack - No filter pack is proposed for the horizontal wells. The difficulty in 
Pagel4 
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Letter to Agencies 
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conveying a filter pack down the_ annulus is expected to pr.eclude -successful placement,.:.' 
in the screened intervaL- ·' . , , . , : 

• Centralizers -"N.ctc::entralizers w{ll be'use~fto; the hor:izo~ta(wells> , \ · ·, · ; : . : ;, .. , . . _: 
r . : l .1.·. \ :.. •... ' '.. -:. I 

• Well Sealing - The 'sealing of the· .annular space around the casing will be. done. by. . . . _ . 
. 'grouting with cemerifcir other suitable·.sealant to a minrmum.verticat,diSplacementof five 

. ,. ____ ., .lf~~Hrnm. tl']_e land iurface. This may inch.1oe grouting-oflhe casing within the con_ductor 
_t:;,:i~1~t~?.P.JPE:t/fhe grouting\,vill be done by inserting a tremie pipe as far as possible into the · ' _ 

annulus of the well, but because the annular space in the lower portion of the boring may 
be very small or the hole may cave around the casing, this insertion distance may be 
limited. 

Prior~to. the·:Start of drilling, ·the plans and procedures for the horizontal well installation will;be . < 
reviewed by HMC and selected .drilling.:contractors to identify and document any modifications -of 
the plans ·necessary to complete the wells. The drilling cuttings ·and fluids. will be handled.· 
according to:established·.procedures described, in the Disposal and· Decontamination section- of -
SOP 22 arid as· dire~ted by the,site RSO. "· ,,, 

Well Operation ,Considerations: -

The operation of horizontal wells will be essentially the same as that of corresponding vertical 
wells. The horizontal alluvi_al w~lls included ·in Phase 1 of the program would initially be 
operated as collection wells·butcould be. op~rated as an injection well in the future. The 
horizontal tailings wells. will.bt:ily-be operated as a dewatering '(lfell. An appropriately sized 
pumping system will be installed and the discharge will be dfrected to the RO treatment or 
evaporati~n p~nd_(?). · · ·· · · · · · · :,, ,·· 

_ Thank,yo_u for your: time and attention on this matter. If you or anyorie on your staff has any : ,_:. 
questions; please contact me at the Grants office at 505.287.4456, extension 34, or call me 
directly on my cell phone at 505.290.2187. 

Respectfully,-: , ,. ; };·,: . ..... . 
. : .. s~ f<·:· 

~,.;J::!. Mb-iio _- - .,ir.:·;,·:·.· -
· - · . • , : '-)~_)/'-. ·' - ·.-_,_._ :,:n:,r:-.·-.-

I'~ ·.\ ~:--; ,: .' ·: - : : .. - ·r ,._-,;t.~::·:(·:· 

; i .~ i 

.;. __ :...,.·-.. 

: • '~ ~' ! :. ·; 

. '.-:'·'" ,· 
. '.,._. 
.'. 1, 

. :~ ; "_; ( .. • ,':. : : . ' . :. : 

Thoma~ Wohlford 
Closure Ma~ager . ' . 

.' 1; ~-· I \ ' ; '.. •: ' ; '•• ,• ,, ; !: • 

Homestake Mining Company of California 
Office: 505.287.4456 x34 I Cell: 505.290.2187 

• •.•. J • ': 
:1 I I ~. , ,· . · \· ·. )l .· .. · .(c i, : , i. :.· .• ~i·! ;\ ·i·· ·.·._~1 .. ·,·.• .. 

• '<; ( 1 '· [ 11 ' ' ,· , ...... 

Copy To: · · · · · ' - 1 

::· .ii''· I. • ,J 

B. T:sosie," DOE, Grand-Junction,. Colorado (electronic,copy) ., · · i' 1 • ( 

M. McCarthy, Barrick, Salt Lake City, Utah (electronic copy) _--.,. " :;: ,. 1, --,. .. 1 ;- ,._,:: 

H. Burns, Barr,ick, T.9rontq, Ontario (electronic copy) 
C. Burton, Barrick, forohto, _Ontario (electronic copy) . -> ' .:·> !: , .. 
G. Hoffrr1an, Hydro:Engirieering, Casper, Wyoming (electrcinic·copy) • 

·i. 

·' 

··, ,, 

I :. r. 

Page 15 

HatJIESTAKE' MINING COMPANY P.O. scix 98, GRANTS, NM 87020 'TELE: (505)·287:.4455 F'AX: (SOS) 287-9289. 



....:i 
00 
~ 
I 

E-4 
~ 

~ . 
> 
~ 
....:i 
~ 

6670 
6660 
6650 
6640 
6630 
6620 ~· ·~.' "' 

6610 
6600 
6590 
6580 
6570 
6560 
6550 

6510 '" 
6500~~~~-'-~~~--'-~~~---L~~~~"--~~~--'--~~~--'-~~~--'~~~~-'--~~~-'--~~~~~~~___JL..,,--__;_~-=-----L..-~--'-.:_:__-'--_._:_._~-----_u_-'--~~~L__J 

0 100 200 300 400 
DISTANCE ALONG CROSS SECTION 

EAST LOOKING 

6'00 . 7·00 
(FT) 

6670r---.~~~--,~~~~,,--~~~-,--~~~-,-~~~-,-~~~-,-~~~--.-~~~--.~~~~..--~~~-.-~~~-,-~~~-.-~~~~~~~~ 
6660 
6650 
66401---+~~~-+~~~-+~~~--+~~~~---~ ~--+~~~--+~~~--+~~~--jl--~~~h---'-'--~~1--~~~l--~~~l--~~~+--~~---I 
66301---+-rnmr~-nTlr~"DTn~-+~~~-+---=~~==-+~~ ~--f~~~--f~~~---1~~~---ll--~~~1--~~~1--~~~1--~~~1--~~~-1--~~--l 
6620 
6610 
6600 
6590 
6580 
6570 
6560 
6550 

300 

LAND SURFACE 
BASE OF TAILINGS 
TOP OF PERCHED SAND 
BASE OF PERCHED SAND 

400 500 

---BASE OF AIJ.UVIUM 

• 
TAIIJNGS WATER-LEVEL ELEVATION 
AIJ.UVIAL WATER-LEVEL ELEVATION 
TOE DRAIN CORRIDOR 

600 700 
DISTANCE ALONG CROSS SECTION 

EAST 
(14'T) 

LOOKING 

-"""""""" HORIZONTAL TAIIJNGS WELL 
(Secmented Line Indicates Perforations) 

ROADWAY 

00 0 

~1 
Fil 2 

~3 
4 

800 

DATE MADE BY 

DATE 
10-2017 

DRAWN BY 

ADA 

900 1000 

Well HWT1 
Figure 4 

Pro osed Installation 



' 

... "'- - ·."!:!: · · 

,: 

., . 

... -r 

·.6.670r------,-----.-----.....------,-----r-----,-----,--------,------,------.-------.-----r-----,-------, 
6660t-----t-----+----+----+----+----+-----+-----+-----f---:-:---+--:---,-,----f-'-----f---=--+-----; 
66501-----+----+----+----+-,----+----+----+-----+-----+-----+-----+----::=--~=+------+----~ 
,66401-----+----t--~-'- '+-" "---'----,-...:__:..-'-----+----+----+--~--+-----+'-------+--::::aa11---=-+-----f-----f------1 

S6301-----+-----+-----+-----+-----+-----+----+----+-----+--==-----=-ir----t------+------+-----1 
6620 

1
1 :-1, 111<:1.;H'"" 1<:NTH'Y 4" 1-1.1<: 

....:i 6610 ,' 
~ -6600 / 
I 6590 / 

-- -- ..... ,. 
~ fiV.t! .Un ft .l 

I 
I 

t 6580 --.. 

~ :6570~ -
> ·65'6~~ 
fj 6550 . . - . . 

I 
·+- JIii 

TI -1.. ..l c, __ ..l T .J----

-· -

·' 

-~500r--o--~-,-.1--o~o--~-2-o ........... o--~-3-o~o--~1 -4-o~o--~-5,......,....o~-o--~~_.6-o~·o--~-7--,--,_o o 

;·, , .. 

.-

DISTANCE ALONG CROSS SECTION (FT) 
LOOKING EAST 

- .,.,. 

;_ 

' 

--- LAND SURFACE --- BASE OF AIJ..UVIUM HORIZONTAL AIJ..UVIAL WELL 
(Sepnented Line Indicates Perforations) 

DATE MADE BY Homestake Mining Company 
Granta New Muico 

--- BASE OF TAILINGS 
_.;;.-- TOP OF PERCHED SAND 

BASE OF PERCHED SAND 

--- TAILINGS WATER-LEVEL ELEVATION 
--- AIJ..UVIAL WATER-LEVEL ELEVATION 

• TOE DRAIN CORRIDOR 
ROADWAY DATE 

10-2017 

DRAWN BY 

ADA 
Figure 3 

Well HWA2 Proposed Installation 



~ 
rn 

\ ~ 
• I 

E,-4 -~ 

·> 
-:: i::i:::i 
-~ 
: i::i:::i 

.. 
6670 
6660 
6650 
6640 
6630 
6620 
6610 
6600 
6590 
6580 
6570 
6560 
6550 

100 200 300 400 
DISTANCE ALONG CROSS SECTION (FT) 

LOOKING NORTHEAST 

1~ 

500 700 

6670t--~~~-,--~~~-,-~~~-r~~~---.--~~~.,-~~~-.-~~~--r~~~~,--~~~---,-~~~-.-~~~--,~~~~-,--~~~-.-~~~-.-~~~--, 
6660t--~~~-t--~~~--i-~~ ~--;-~~~--,t--~~~-t--~~~-t-~~~-+~~~~-t--~~~-;-~~~-+-~~~-----i~~~~+-~~~-;-~~~-+-~~~-----i 
6650t--~~~t--~~~+-~~~-t-~~~-t-~~~-+-~~~--+~~~--,f--~~~+-~~~-+-~~~-+-~~~-+-~~~-+-~~~-+~~~---1,__~~--l 
6640t--~~~t--~~~;--~~~-t-~~~-t--'--,.-~-t-~~~-+~~~--,t--~~~+-~~~-+-~~~-+-~~~-+-~~-,--+-~~~--+~~~--,,__~~--l 
6630~- ~~~-t--~~---t-~~~---~~~-+-~~~--~~--t-~~~--~~~-+-~~----i~~~-+-~~~--~~~+--~~--+~~~-+-~~~ 
6620~-- ~~~-t-~~~-t-~~~-+~~~~f--~~~;--~~~-+-~~~-t-~~~-+-~~~-+~~~-----i~~~~+--~~~-+--~~~+-~~~-+-~~~~ 
6610r--:----:---;-------r-------i--------i-------t-------;-------t-------+------+-------t-------+----~,~n~~ •• ~,1 ~-.~--UN~'N...-. , N~'Y~~., ... - hA~N~~r_",Jn_~- ---+-------1 
6600 "' 
6590 n1nnn nvv11 I HI l11US 

6580 - · 
6570 -

. -

- 1-'Pr, nPn :-,;::inn 1.HvPr- · 
6560 I 1-------+------;------,1-------t------+------+------+------+-------+-------+-----==---"'f=---===---l-------1-------1-------l 

~~~g , ;··:.:~:.--~· ~~-~-:=:.~L:X:.~: :~~~:~:~i ::.:·,,~Ifr::t-:~>~}~~;7.:~:,~f·s\-:.:/~<:~)_: ;~_:\>:: ~: -~~ ·;;:· :.~~,,;>: ; ;·~--~ ~~·~ '.~,-;'.: ~;~:.::;~~~·;: ~: ~-:~~6·j~~ i:°:.:};: il:'.:;}T;.~>i~-~:;!J;~;:;:~~-;·_'.;:.r.-~;· il1>:i0:::Y~~·; :~{;t :::.: :·;; _./z: ::~::\:< ;·:/;e.~'.::::· '._:;~·:::~:!~~~-~, i~~~:; -:~~~ 
6 5 2 0 , ......... J Of;.l'C·-= .. '!~ ..... , ,.... • .. :"~!:"·,~ .. . • :9,_lf1", .. ~ · , ...... . ··-·~·-'•\oil•· --.~ ..... ..,,. :,t• ,, •• . • . 

6510t--~~~-t--~~~-;-~~~-+-~~~-----it--~~~+-~~~-+-~~~-+~~~~+--~~~-1-~~~-+-~~~--4~~~~-1--~~~-1-~~~-+-~~~--l 
6500t--~~~~~~~~~~~---'-~~~---''--~~~-'-~~~-'-~~~--'-~~~~..__~~~-'--~~~-'-~~~--'~~~~-'--~~~-'--~~~-'-~~~--' 

700 800 900 

---LAND SURFACE ---- BASE OF ALLUVIUM 
--- BASE OF TAIIJNGS --- TAIIJNGS WATER-LEVEL ELEVATION 
----- TOP OF PERCHED SAND --- ALLUVIAL WATER-LEVEL ELEVATION 

BASE OF PERCHED SAND • TOE DRAIN CORRIDOR 

1000 1100 1200 
DISTANCE ALONG CROSS SECTION (FT) 

LOOKING NORTHEAST 

-····••••••• HORIZONTAL ALLUVIAL WELL 
(Sepnented Line Indicate• PerforaUona) 

ROADWAY 

rn o DATE MADE BY 
1§ 1 
Fnl-2-+---+----

i 3 
4 

DATE DRAWN BY 

10- 2017 ADA 

1300 1400 

Company 

Figure 2 
Well HWA! Pro osed Installation 



. ----L-;: 
-~--~-­
I /\-

Land SUJ;face Contpurs 
.. (ft abon KSLJ 

--- Base of Tailings Contours 

-
-- (ft above ~ minua 6500) . 

Roads 

_,. •••••.• ,.. H9-rizontal Alluvial Well 
·(Se1JD.ented Line Indicate• Perforationa) 

-········· H9-rizontal Tailina:s Well (SelJD.ented Line lndll:atea Perforationa) 

t'.· 

y 
I . 
I . 

rn o DATE MADE BY 
~1 

Company 

10-2017 ADA 
Figure 1 · 

Pro osed Horizontal Well Locations 

DATE 



I 
!-
1." 

I, 

·, ·. 

•., ,., .... ..,. : .. ~ . :.. .', 

t.~· . 

>. 

.- ·/ 

' .. ·;' •· ; ~ : _; . ·--~·. : .: ·, ~ -';_ i -"-

-S-0-'P-. .-,,-,2-2-.. -i._----,. P_ri_o_c~.e-d_li_re-.. -,o-r_D_r,_il_ii_n_g_a_n~. d-... -W-e-,,-,-n-s-~"ta~,,-a-t,-·o-·n~ .. -. -----=--:c--.--c . . ·=·,:·::--c,, .• :""": .. •=--...• · I'- ,,;;·.. .. ,., 

, ..fPotentialf-f Applicable Regulatory Basis or Bases: SUA-1471, Conditions 23 and 24]. 
' •, ;~ :J l 

. OBJECTIVES 

'.. "Theto~jed:i~e"c:if ttils standard' operating. procedure. (So'P), is to provid~ the. rr1~th~ds to be u_sed 
: · . : · for' the installation and development of groundwater wells, and to provide standardized reporting 

formats for documentation of data. This _SOP ha~ bee!J specifically designE;ld with the objective of 
installing and.developing wells. 

SCOPE AND APPLICABILITY 

This procedure is· intended for use for the installatiqn, development, and documentation of 
monitoring, collection, injection and water supply wells. 

Specific well- de,sigp, and installation procedures depend on project-specific objectives and 
subsurface 'conditions, and should be· discussed in project-specific planning documents. The 
following aspects will need to be determinedwhen planning a well installation: 

• Borehole drilling method .. 

• Construction materials 

• Well depth 

. • Screen lengtp 

• Well construction materials 

• Location, thickness, and composition of annular seals 

• Well completion and protection requirements. 

:· , . Grou~clwater well installation and development will be performed in accordance with applicable 
New Mexico State regulations, this SOP and the project~specific planning documenis. Drilling 
methods employed to pilot the borehole for well :installation will be dependent on:the' physical 
nature of the subsurface- materials (unconsolidated materials and/or consolidated materials) a~ · 
the site:·· The drilling contractor shall be.a licensed water well driller; in accordance with local and 
state requirements. 

Health and Safety 

All workers on the G~ants ReclEimatiq.11 Site. must wear Lev.el D Personal Protective ·Equipment. 
(PPE) when outside the main office enclosure .. Level D PPE consists of hard. hat, high,-visibility •· 
vest or clotj,\ng, long-sleeved shirt, pants, steel-toed work boots, hearing (in high decibel; n·oise · 
areas) and ey~ pr9tection. Pqtentjal .. physical.and chemical hazards will need to be addressed 

. when· planning well _installation. A health and safety plan _(HASP) that addresses known and 
. '9.nticipated ijeld conditio~~ must be p'repared prior 'to field work and be followed during well 

. , 1 installafion. On the Grants Reclamation Project, the primary radiological constituents of concern . 
of uranium, thorium-230, radium-226 and radium-228 may be encountered especially if drilling ori 
top of the Large Tailings Pile (L TP). A Radiation Safety Work Permit (RSWP) may be applicable if 
tailings will be encountered. The ·Radiation Safety Officer (RSO) must review the proposed scope 
of work to decide how to deal with contaminated drill cuttings and whether a RSWP is required. 
All staff must wear. proper Personnel Protective Equipment (PPE) such as long-sleeved ~hirts, 
work pants and gloves to avoid,skin contact with tailings. The drill cuttings must be kept moist to 

'.prevent wind-blown dust exposure. · ·· · 

_ .. , 

.,. 
- ;'. 

.. __ 

,~· 

,, 



RESPONSIBILITES 

The Project Manager is responsible for ensuring that the project involving:- well inst'alla'tfon is 
proper!y planned ,and ·executed, and·.that safety of personnel is provided·from·.·chemical and 
physical hazards associated with driliing and well installation activities. : .-'. , , ; · ·. . , , . 

The Radiation Safety Officer is responsible for ens~ring th.at the project ;involvihg·.rpotential 
radiological hazards is safe to perform and determililing what applicable mitigation is re.quired to 
maintain ALARA (As Low As Reasonably Achievable) standards. 

' , ' • ' , ' " ' ' ' I 1' ·~ · \, 

The Field Geologist or Engineer is responsible for dfrectly. overseeing' the. construction and 
installation of the wells by the driller, ensuring -that the well installati.on specifications defined in 
the project-specific planning documents are followed, and that pertinent data are recorded on 
appropriate forms and in the field notebook. Well construction arict°bo'ring' completion will be 
conducted under the supervision of an appropriately-qualified and registered person as defined 
by local regulations. 

The. ,Site Safety Officer (SSO), typically the field. geologist Of: engineer; il? responsible for 
overse~ing the health and safety of employees and for .stopping work if necessary to fix. unsafe: 
c'onditions observed in the field. If a subcontracted firm conducts installation and documentation 
activities, then the firm \/I/ill designate an SSO. · · ·· · · · · 

WELL PERMIT 

Prior to initiating any drilling operation on the Grants Reclamation Site, a well permit must be 
obtained from the Office of State Engineer (OSE). Typically a small fee such as $5 is required to 
be submitted for each well to be installed. This permit must be obtained before scheduling the 
work. · · ,, · · · 

ARTESIAN WELL PLAN 

For any well to be drilled and installed in a confined aquifer in the State of Nev•/Mexfc·o, the OSE 
is requiring completion and. supmittal of an Art~siao Well Plan with the well permit application. 
The Artesian.Well f..lan r~qµires that all !,Urface aquifers, such as the alluvial aquifer at.the Grants 
site, be cased off. fir~t .~ith. surfa~e casing prior, .to pr.oceeding to .drJII into the lower confined· 
aquifer(s). Ttie Art~sic1n \J\/ellPlan idel')ti.fies th~ type-.of casing and other materials to.be used in 
t~e well installation operat_iqris. · · 

, :r···.:·, ·: ,.· ·,, ;· 

REQUIRED:MATERlALS '>' 

Many materials are required for successfully completing the installation and development of 
wells. The drilling Subcontra~tor often suppli~s much of. the materiaL However, th.e field 
personnel should' be ·a~are of. what, is requ_ired' to conduct. the. work· sp they have. their own 
suppll!3S (if needed) and :can provide complete Subcontractor . oversight,: . Th~ following is a 
general iist ofmateriais thafare needed fo(performlng the tasks outlined in this SOP. ' 

": •.•.• ,; ; ,: • "•; ; • • I" • ' I • • ., • "· 

Geologi'st 
•:...·.,· ... ';"'l, 

• Hand lens for mineral and grain size identification 

• · Health and·Safety sup~l'lies {~'.g:, steel~foed boots, gloves:, h_ard hat, etc.) · 

Lithoi~gic Logs an~ w~(1 c~·mpletidn form~ .. , . . . · . • 
• . Logbook /. ,·.: . 
• ·Logging assistan.ce tools (e.g;, grain-site charts, color charts) 

• Measuring tapes. (both long w_eighted cloth type ~nd sinal(rrieasuring tape, 
0

preferabfy . 
marked in tenths and hundredths cif a foot) · · · 



.. ; :,,' ,• 

Drilling SuQcont~a.ctor , .. 
' . . ,: .. " : " . '. ·}·_ .. ' ..... -.·· 

- • .. · Drilling, equipment .(depends upon. the type,of drilling,, e.g;; drill'stem, -auger/generators; 
compressors, steam cleaners; etc.) . , · ' · · ··, · · . .-, ;,, · · · ' ' 1 . 

.. . . ,•.,.,.. yv~U.drilJing supplies (drilling mud) 
:~ ,j 1 

• '.._;,, I~ '--! ', : i , • '' ! . ' '· : ". ' . I • - ' • ' ' 

.: J c .. :·i:• ·· JDecontamination,pad construction supplies 

• Well construction supplies· (~:6r~en·: .. ·w~II' casing, 
. ~~ntoqite/c.ement mi.)51:ure, water) ... 

' ' ..... ·. •' ··- .· .. 

• · Health and:safety, records required for worki~g on-site 

!~- · Andl,ary support t~~icles · 

METHODS 

•: ~ I 

sand pack, bentonite chips, 

The borehole diameter must be a minimum of four(4) inches greater than the outside diameter of 
the· well" screen or riser :pipe used to· construct the well. · This fa necessary so that sufficient 
annular space is available to install lilter p·acks and grout seals. All boreholes will be cleared for 
shallow obstructions by following the SOP for Utility Clearance. In ·New Mexico, it is requirea to 
place an 811 call for underground utility mark-out. After placing the call, the caller typically 
receives a response from a// utility companies in the area whether they have a service in the are.a 
~~ ' 

Drilling' Methods 
• ' • . I/ • I ;, ' •. I ' '1 •. ' { : ':· ., ' 

Several drilling methods are available for use in creating a borehole for well installation. The.se. 
methods include hollow-stem, air rotary, mud rotary, and cable tool, among others. The drilling 
method selected will be based on the physical properties of the subsurface materials. 

' ' l ·' 

Hollq"":-SfE:m Auger Methods. 
• - ~' • ' • j l ' 

Hollow-stem auger u·ses continuous-flight hollow~stem augers With·a bit'on th:ebottom to drill and' 
maintain an open borehole .. The continuous-flight auger drives the drill cuttings to the surface as 
drilling progresses. The·walls of the auger minimize the-·amouht·dh.lncOnsolidated materials 
entering into. the space. inside the casin·g., Intact soil saniples are colletted: bf pburiding· a steel 
split-spoon sampler ahead of the auger. The well casing, filter pack ahd 'seal·are installed inside 
the auger. The auger is removed slightly ahead of backfilling as filter pack and grout are added. 
Careful recording of the amount of each material used should be recorded_i?Jh~1~i~Jdlogb~ok: . 

MudRotary Methods ·. , , , ·;. ·, · ;·;· · c·: .:,.: · 

M~d roiary drilling· uses\iriJling Ji'y.icis or synthet1i 9bis, to· circul~te/arili"cu·ttings·toih~· surf~~e:i'. 
Drilling fluid Will consist of water mixed '·witn benfonite. Po)IVdered beritonite ·.o·r an approved 
equivalent \viii_ be :used .as;" ~n _act~i(ive' 1_n th El c!r)Hing )ul~. ~,~nton./te. wlll):ie)ri,ix~c1 .into the';drflling 
fluid using a m·ud mixer and a portable mud ta·nk. -. Drilling fluid density and viscosity will be 
maintained at appropriate levels for the various lithology encountered and in accordance with 
material specifications. , 

·~" 1 ' 

A shale-shaker al')d de-sanding system will be, usE3d Jo n,aintain ~h_e qensity ar;id vi9cosity of.the 
drilling fluid. Sand content will be minimized to the de·gree possible by maintaining no greater 
than four (4) percent(%) sand by mud volume. ·. · .. · '.: ,, · '· : .. , .•,., :' · . · · · 

If water or other drilling fluids have been introduced into the borehole during' drillin·g or well 
installation, samples of these fluids should' be' obtained and analyzed for chemical' constituents 
that may be of interest at the. site. Also, an attempt shouJd b~ made to re.cover the quantity of 
fluid or water introduced by flushing the bcfrehole before.well instailation and/dr by pumping the 
well during development. · · · · · · · · 



Air Drilling Methods 

The following are descriptions of air rotary, "down-the-holEf', Air Rotary _Casing .Hammer (ARCH) 
method, and dual-wall reverse-drculaticin air rotary methods. Air rotary uses air as a primary 
means of transporting drill cuttings to the surface. A large compressor provides filtered'air that is 
piped to the swivel hose connected to the top of the Kelly .bushing or _drill pip!9. ::Th~ -air,.Jorced 
down the drill pipe, escapes through small ports at the bottom of the drill bit, thereby lifting the 
cuttings and cooling the bit. The cuttings are blown out the t0p bf. the hole and are collected at 
the surface in a cyclon~ u_nit and a container or pit. Injection of a small volqme of Glean water into 
the air s·ystem controls dust and lowers the temperature of the air sq that the l>Wivel is cooled. Air 
drilling is effective in semi.-consolidated or consolidated materials. · · · · 

A second direct rotary method using air is called the 'ldowr:Hhe-hole" br percu·ssion down-hole 
hammer drilling system. .A pneumatic drill. operated at the .end of the drill pipe xapidly strikes the. 
rock while the drill pipe is slowly rotated. The percussive effect ii;,, similar to the blows .deli'l,'.ered 
by a cable tool bit. Cuttings are removed continuously by the air used to drive the hammer. · 

A third direct air rotary method called the ARCH method is' used where ari outer steel casing is 
advanced slightly behind the drill bit. The drill bit reams material in front of the .casing and then 
the casing is advanced with a pneumatic hammer down the hole to prevent hole collapse. 
Cuttings are collected in a tube system that conveys them into a cyclone at the' surface. 

The dual-wall reverse-circulation air rotary method uses flu~h-joint~d, double-wall pipe in which 
the·air moves by reverse circulation. The airflow is contained between the two·walls of the dual­
wall pipe and only contacts the walls of the borehole near the bit. Dual-wall pipe can be driven 
into place in loosely-consolidated materials by a pile hammer as a drive bit is cutting the 
formation. Down hole i3ir .hammer~ and tricor:ie bit.s can also be used to .~ut the ~orrnation. The air_ 
lifts the cuttings to the surface through the· inner pipe. Dual-walr methods can be applied in 
consolidated and unconsolidated formations. 

Rotosonic Drilling 

Rotosonic is a cor~·.drilling nieth~d .thateriiploys sirnl!ltane9us high-frequenc/vibration ~nd lo~/, 
speed rotatidnal motion along' with "downw~rd pressure to advance the' core barrel without use of 
drilling fluid c;,r air., The. core barrel can gen.era11y" 'advance from five to 20 feet at one time; 
depending on th~ l~hgtli" cif thia core bamil. ,·· The drill .cuttings are broWght, to the surface by 
removal ofthe. entfre: core bar.rel fronJ the borehClle and. the cuttings 'are vib_rated out of the barreL. 
If required_'for logg)ng purp·oses, the cuttings 1,i'.re coffected in plastic sleeves. An outer casing is 
general.ly_washed7povitr:, witr V\lafor to:.stabi,lf:z;eJhe bor,ehole from coliapse and heaving sand. The. 
outer casing_ pr~v~nts c~os~-donta"t"nination ar;\d .. tc;,rm·ati61:1,1njxing .. The advantage of rot<;isonic 
core drilling is that rfo drilling fluids or muds· are' required to bring the cuttings to the surface and 
the aquifer is le~~ likely to be contaminated.by th!9 drilling meth9d. 

•• • •• • ~. • : • • • • • j ': • : • • ·' :;_. ' : • • ' • ' ' 

.·;. \• ::· ... 

' . ',./ ,, :., ; ,;:, 

Boreholes will be logged .using .cuttings·and· samples collected during drilling activities; Soil or 
rock samples,will · be collected c!S described iri .the SOP for Soil Sampling (SOP-23). Cuttings,· 
soil and · rock samples will ,pe described·: at'the frequency presented in· the project-specific·: 
planning documents ,following the' prdcedures ·outlined in ·SOP- for 'Soil and Rock Descriptio'ns:-
(SOP-24). · · . 

After drilling has been completed, the field geologisUengineer will measure the total open depth 
of the borehole -with a weighted, calibrated tape measure and document the depth. The field· 
geologist will -then collaborate with the supervising geologist ,by reviewing lithologic units 
encountered, water levels; if any, and other logged information to determine the well construction 
details. ' · 



Boreholes/well locations should be clearly designated in the field notes using notes and a hand-
sketched layout, and should include the following information: .- · , · ,::i ;.,·, 

' , . . • I I • • • • '. • • 1 • , , I · , ' '1 ~; .' ' ( : ; I '. -~ ~ i:; ; .. , • , ;,:: ~ : :,,:·,, ' ; ,' , .. , , :, ! ', 

• Measu.r~m.e~t~ of ~ach boring/sample point Jel?3tiV:e. to r~~d :qb,Je,cts .(b.uildi.ng1 ~tructure~, 
-, etc),,.,· · i · ... _·,; .· · . :. .· · · : .. , . .'; ·; · ,, . ,, .!· ..... : ..... , ,· . : 

: ; ... ! ./., Bor'il'lgisaniple 'location: with ·the identification~ riumber hated, . - · 
•:_1;11 ,)i'"'' .:;· ·,,:: • • : • ' ', ''.: ; • ' : I" ' ,- • ; > l • 

·:·. ,);.;_:~ ~or;tq arrc:i)N..or other .e::ompa$S directional indica~or; and 

·,{; ,: ,~~,, Other 'es~ential ·$ite features and/or: investigation' features .. (underground storage tanks
1 

. :·. plping,' above-grourid tanks, et~.).' . : ; . . 

WELL CONSTRUCTION PROCEDURES 

W~lls wJII be con?t'ructed' ir'l 
1

acc!'.:m;lanc~ :VJith state a~d local agency requirements:. and' .will 
include _at ,a minimum th.e following matei'riali::: . ' ... 

• • 1 ' ~ . . . ' ' ·, . . . . • 

• Borehole backfill for over-drilled boreholes prior to well installation, 
.I, • I ... , , • f•, ,, •• , • , 

• Well casing and screen 

• Filte_r pack_ rn~terials .. 

• Well sealing materials (e.g., ben_tonite pellets, cement, powd,ered bentonite), and 

• Surface seals and materials Jar well surface completion (e.g.,. concrete, protective steel 
casing, steel posts, surface boxes). 

A'discussion of these •rtiat~rials and how they are used is provided ·in more. detail Tn the follow·rn·g 
sections. :- . . . . ' ' . . . . . ' . . . , : ' : : . . ; 

Backfilling 

If backfilling the. borehole to the appropriate well installation depth is nec~ssary, neat cemer:it, 
benfonite groat, bentbnite·pellets or filter pack·sand 'rriay be used.' The ·backfill material selected 
for use will depend bn 'site conditions,' lithologY.,· i3nd Projed~$~~cifk: 'r'~quirertients." Most ofteriL 
the borehole requires compiete sealing with'·lo'Wer ·1iye'rs, so 'neat :cem~1nt, .bentoriite grout, 'or' 
bentonite 'pellets are u·s·ed: The setup time shouJ.~ be' a min1rryu1J1: of 4$.'hours fo~ ijeat cement' 
and 24 hours tor bentonife grout and beritonfte pellet~ pr)cir tc,· beg.inni.n_g w~li c9nstruction. · Field 
personnel should remeasure and verify thafth~ pqttory, onhe ·b.oreti6'[~ 'is 'e~~dtiy wtiere ,it sho~lq 
be set before proceeding· w_it_h ·well cori~tructi?11:' J~e··mic~ss~_ry setu.P, tim:~s)lJ~Y be reduced, i,f 
manufacturer-approved add1t1ves are mixed with the grout to accelera_te the cure June. . . . 

. ' . . J ! , . , • ! . : ,:-, , . ' ' ' , , l • r • , :·. : ' • • ~ : • ::. 

If neat cement or bentonite grout is i.rsed: a tr~mie pipe ~ill bi ~equired to' pla~~ the gro~t in tlie 
bottom of the hole. Grouting the borehole may be difficult to accomplish, __ if_ th~ pprtion of the 
borehole to be grouted is significantly lower than the groundwater level. Provisions will be 
necessary to support .the screen and riser pipe !to prevent. sinking· intoJhe,,grout. Care. will be 
taken:to frequently mec:1sure the totc;1l borehole depth wnen adding grout to the bottom of the,hole. 
Gr<;>ut .should h;:ive thiekened to:a hard.ened state,before proceeding. The thickness of the grout 
will be .calculated based or:i depth'.readings and.recorded, If a well has been backfilled too much; 
it may require reaming to clear out the overfilled material. · 

Deper:iding upon the lithology, some. distance should be planned between the:fill in a borehole 
and. the bottom ·of the screened interval.. Unless this· distance would result in a breach of a 
confjning. layer, or the well screen requires setting ,directly on the impe'rmeable zone due to site 
requirements, the bottom of the well screen .should _be set at a-maximum -of six inches above the 
top of any backfill. The distance between the top of fill and the bottom of the well screen should 
be filled with a fine sand buffer. 



Bentonite .pellets should be carefully dropped into the .borehole to minimize the risk of pellets 
sticking'to,the side of the 'borehole when dropped through a water. column. Pellets.are generally 
easierto·place than bentonite chips:.because pellets do not hydrate,as quickly; hence pellets are 
the ·preferred method for,'small backfill jobs where significant confining· zohes have not been 
breached.· ' · : -

.J' i 

· Well Casing and Screen :'·, '· 1 :',lfi:':· ., ,-

The well will consist of fac':tory~se~led c~mme~ciaHy-availablEl IJ'j~II sc/~en a~c!\as'ing:: 'W~lfJ 
screens and casing will typiGally be i:::onst.ructed of polyvinyl 'chloriqe (PVC), a typ'e of pi~sifb',· pi.it. 
may also be constructed o(stainless-steel or Teflon® 'depending qi, su~surfa~e ·coriditioris or 
other project requirements. Stainless-steel casing shall meet one of the following standards: 
Am~rican Society For Testing Materials (ASTM) A-53-93A · or B, A-589-93, or Americc\n 
P~troleum Institute 5L, March '1982 Edition to confonn to the minimum standards given in Taple A 
of that document. · · · ·· ' · · 

Plastic casing and liners shall meet the requirements of ASTM Standard F480-94. and th·e 
National Sanitati.on Foundation (NSF) International Standard. Nufllber 14-1~99, .Plastic. Piping 
System Compon.ents · and Related Materials. Evidence of compliance shall be included in the 
cur~ent NSF listing, display ·of the NSF seal on each section of casing, and marking the casing in. 
accordance with the requirements of ASTM Standard f:-480-9{ . Plastic weil casing and line.rs 
must be.Standard Dimension Ratio (SDR)7rated an·d conform to the minimum requirements given 
in Table B of the above-referenced document. · · · ' '· · · · 

I ' .. l 

Well screens shall be constructed of non-corrosive and rio~-reactive material. Well screens\;hall 
be permanently joined to the well casing and shall be centereq in the bore.hole. The anticipated 
length of s~reen ahtj the reasoning behind chcfosing th'e le:ngth'of screen will be d~terminetj when 
developing .ttie project-specific planning documents.' Modification can be made in the field, but 
will be done in 6ons4ltation .with the PM, or their designee such as the Project Technical Manager 
qr Respons.ible Geologist. . . . . . . : . : . . , , . . . 

Screen slot type and size will be dependent ori the sand pack material and th~ aquifer forniation 
material. Casing will be connected by flush-threads or coupled-joints, and will be .completed with 
a bottom cap. A collection sump may be installed below the screen· ·and wilf vari ,n length 
depending on lithologif and project needs. The collection sump and bottom cap will be connected· 
to the well screen by, flush-threaded. or coupled-joints. Plastic casing must have threaded joints 
and 0-ring seals,. '.Solvent; glue, ·or anti-seizei·compounds will not be used on the joints. With 
deep wells (greater t~'an· approximately 100 feet below grade), ce.ntralizers should be used to 
keep the well casing. plumb and straight · in-· the borehole. Centralizers · should be , placed at 
approximately 2o~footintervals in the scr,een interval ·and 40-foot intervals throughout the blank 
casing interval. · ·· : 

For water table:. wells, well ·screens should be placed such that some of the screened interval is 
above thewater table, and some section .is below the water table.· This allows for seasonal water 
level fluctuations.· The amount of split shciuld··be determined by the lead responsible geologist 
and be based upon, local conditions. . · ,, . 

Casing and screen (well string) must be clean, free of rust, grease, oil or contaminants, and be 
composed of materials that will not affect the quality of the water sample. All casing. shall be 
water-tight. The casing shall be centered in the borehole, be free of any obstructions and allow 
sampling devices to be lowered into the well. , The. well string shall be hung in the borehole during 
installation so that the well is sufficiently plumbed and straight after completion. 

Filter Pack 

Wells in'stalled in unconsolidated material will be constructed with filter packs. When used, the 
filter pack will be the. only material in cqntact with. the well sc,reen., The filter pack will consist of 
sand or gravel. The sand or gravel used for filter pack material shall be sized to match the 

' ' ·. ,; ·.. . . . . . . ' ;' . 



screen:slot size anddhe surrounding ·lithology to prevent subsurface materials from penetrating 
through :,the sand or' filter pack; and preventing· the sand· or filter pack from el]tering th~·.well., 
Sizrng · of:·.the · filter· patj<. material is· often conducted using·· sieve ··analysis· and,·'.following, 
interpretative·.procedures·outlined in Driscoll (1:986). The sand ti[ gravel shall·-be ·free· of clay,· 
dust, and organic material. Crushed limestone, dolomite, or any material containing clay or any 
other material that will adversely affect the performance of the monitoring well shall not be used 
as filter pack. The filter pack will extend a maximum of six inches below the bottom of the screen 
tq JIJ)lo to. thr:ee feet above the top of. !,Creen. The filter pack material may be placed in the .well by 
p,di./rirJg the ~a,ndJnfo th~. op~n boreh9le, .or tremie9 . into place dependirig upon site-specific 
cdtE!lri(." Hovvevijr,' in all cases, filter pack material should be added carefully with contirJUOUS, 
me,a,s:ut~n:ier1_ts l:>y th~ held !;jeo,logist to pr~veht bridgi~.g o! thefilter;pack mat~rial. 

~r6undiNater weils t:~rilpleted ih,o compet~nt b~drq~k mate~ial i;1.re often not ,compieted witt, fi,iter' 
pack material, anc:l'can be completed as ari open hole over the· screened interval .. Complet,,;:i~jn 
this manner should be carefully considered and approved by regulatory agencies prior to field 
mobili?:atio.n. . ., . 

Th~ w~n wili b~ ~~ritiy :bailed. and surge~-~itl) a)ailer and ~Lrge blo~k or air lifting after the filler 
pack has been .added to the borehole and before ~he' seaLis placed in th,El annular space. · A 
s'u·rge block COIJ_Si~ts. Of a -.rupber 01" le'~th~r ,and metal pl\Jnger attached to 8 rod or p'ipe Qf 
sufficient length to, reach the bottom of.the .screen. Surging should be !llaintained for at leastJive· 
minutes ·and the entire length of saturated screen will be surged to help ~ettle the filtE;ii" pack. The 
top of the filter pack will need to be gauged after surging and additional filter pack material· may 
need to be added if settling ha~ occ\,Jrred. 

~ ': ; . . ' 

Sometimes project-specific. retjuiremehts ·may identify that 'a transitiqi{ sand b~ -empl~·ced above 
the.,main filter pack: Thi!:i transitiori ~and is usually much sman~r grain s(~e thari the filter_pac~; 
and is emplaced to provide added protection :that grout invasion .. into the'filter pack will nofoccur: 
when deep wells (greater than 200 feet deep) are installed'. Transition sahds can be emplaced. 
up to 10 or 20 feet above the regular sand pack interval. An alternative to·tra·nsition sands is to_. 
use additional well seal material such as bentonite pellets. r··· • , : :.. ,• ; : ' . . /" ... · .. • ,' :' • I 

. W~II S~aff~g Material· ; · 
. ,, .... ; l. 

:: I•·,,.., . • . '. ·' 

The wells· wm have an· annular space seal thaLexte"nds from the .top of ,th,e·. filter· pack to the 
ground. surfaee. · The annular sealing rriaterial above the filter·pack,will,prevent the migration of: 
fluids from the surface and between aquifers;,. Sealing::material will bEl chemically,. compatible with 
anticipated contaminants: -Hydrated bentonite chips"·or pellets are typically. used as: ar.i·annular 
seal -directly above the filter pack. The annular seal sbould be- a rninimum:of three feet-thick 
unless .site-specific. requirements dictate otherwise.,,, For example,.·as mention·ed above,. deep 
wells may require additional sealant material (10 to 20 feet thick versus three feet)·between the 
sand pack and cement to prevent grout invasion into the filter pack interval. Cement and/or 
bentonite grout or bentonite chips -are typically used:'as annular ,fill above the seal. ,;Above the 
sealant material, a' bentonite grot1't mixture is. often ·used as.--an annular fill to complete the well 
installation to within two feet of the ground surface:: .Grout will be·emplaced using a·tremie pipe 
so that the grout fills the annular space from the bottom to the ground surface without allowing air 
pockets to form in the filled zone. · 

• i:: ·.· 

Surface. Completions. .. . · 

Above-G'rade'oi Monument Surface Well Head Completion, - • .• : ,;.' •I 

With above-grade well completions, the well casing will extend to two to three feet above the 
ground surface. A locking cap will be placed at the top of the casing and the cap will be water­
tight. The section of casing that sticks up above ground will be protected by a steel .P~otective 
pipe, set at least two-feet deep in~o ·a cqncrete surf~ce seal. A concrete PFl.d:.should be 
constructed around· the protectiv~ steel pipe.' The pad should ~e squarei approximately 1.5-by-
1.5 feet to two-by-twO feet, sloped slightly ·away from the· well, and the top of the pad should be 



approximately four inQhes off the ground, The top of the protective· pipe will have a. vented 
lockabJe cap, Protective steel posts will be installed in areas where t~e well coultj pe strucl< by 
vehicles.or heavy·.equjpment. · Als.o, a :"weep" hole should be drilled in the bottom. of the·protective 
steel. pipe, Jn areas· wl'JerE?. ,fr,eezir:ig mpy: occur, placer:nent of the. \/1/eep. h0le is· Qritical;. little 
volume should ex'ist in th~ protective.casin,g above the we.ep,hole where,:w.ater could accumulate 
and freeze.thereby damaging the well. A "V" not<::h or other permanent ma~k will be plaoetj.:cJUtie 
north edge of the top of the well casing that will be used as the reference point fo~ well ·eleV;~Jion 
surveying and water level monitoring. 

Gr~und or Grade Surface Well Head ConJp/etion 

vve11 casing may terminate at the ground surface with a flush-m~unte·d tra'tt'ic~rated road 'box. 
Road box instcii'llations must' use a water-tight well cap for the well riser pipe in addition to a 
water-tight road box to preventsuiiace water froni entering the well. The well c~sing should 
extend approximately thre'e inches above the sealant'iri the bottom of the well box:'The traffic­
rated road box and surface concrete completion should meet Class A s'pecificat'ions, 'Which meet 
a minimum 4000-pound comp.ressive ·strength. The surface ·corripletion should provide positive! 
drainage away from the well box to prevent ponding around the well. lri 'traffic areas and 
sidewalks, this positive drainage slope away from the box should be minimized to prevent 
physical hazards. The surface seal around the box should be ~:minimum of_12 inches around 
the perimeter of the box. As discussed above, a refer.ence mark should be placed on the top· of 
the well casing for well elevation surveying arid wa.ter.l~vel monitoring. · .- · ' 

Well Lo.cation and 'Surveying 

Wells will be located by parcel coordinates required by local permit requirements. Each well will 
be surveyed by a licensed surveyor in the state where the well has been installed and tied to an 
established state or county benchmark, site conditions permitting. The· vertical survey will be 
accurate to 0.01 foot relative to mean sea level. Both the top of casing and ground surface 
elevation near the well will be surveyed for- vertical control· .. The "V" notch cut on the north side of 
each well casing will .!Je. used a;s,the surveyor's reference mark. For horizontal control, ·each well 
will. be tied to. an existing site coordinate system ·and will be surveyed to a horizontal accuracy of 
0.1 foot. ., .. 

Well Development 

Well development is necessary to ensure that complete hydraulic con·nection is made · and 
maintained between the.well and the aquifer material surrounding the well screen and filter pack. 
The approp'riate 'development' method will. b'e selected for each project based on the lithology, 
objectives, and reql,iiremehts bf that project. . .• . . . 

. . ... ''!.• . .. 

ProjecH;pecific·'p1:ann_ing doc:'urr,ie~ts will identify the spe.cific devel.opm.eilt 'method 'to be used .. In 
general;" most weils. will be developed by ~using surge block and. bailing methods to draw the 
coarse and/or ffr1e material oUt of tfi'e sand pack .. Other developrhent method~rthat may be used 
include jetting;' airliffi a·nd 'submers.1ble pujnp methods .. These. methods' are discussed further. 
below: : Jetting is' typically 'not used as. a develbpinent method for 'e'nvironmerital investigations, 
but is commonly used for w~ter' resource m6nltodng wells or production wells. •' ' . . 

'. '. • .~~ • , • • • • - I : " " ' 1" •, ',' ' :·, 1 < • ' • • ' • ' -. '•. 

Well development should begin no sooner than 48 hours after well installation, if the well annulus 
is cemented. However, if drilling muds are used during well installation, well development should 
occur les$ than 24 hours following well; installation ~o that the drilling mud does not set up in the 
wen screen section. , .. ,, .. 

Generally, a phased procf:lSS is used to develop wells, starting with a gentle bailing phase to 
remove sand, followed by a surging phase then a pumping or air lifting phase after the well 
begins to clear up. The following paragraphs provide more diatailecl information. 



After a well is first-installed, and in fact', often before the bentonite pellet seal is set, gentle bailing 
is USed to remove· Watet'and sand- froni the well. 'The purpose •of this technique is:to seftiEfllie 
sarid pack: Afterr.further well sealant materials have been added and allowed to' set, 'for 
approximately 48. hours, bailing is resumed as part of well development. - The-·pi.Jrpose: of bailing 
is to remove any fine- material that may have acci.iriilllated ·in the ·well; arid start pulling in ·natural 
material·intci:the sand ·pack.· Bailing is 'often conducted until the sand content in the removed 
liVafer,,'begihs -to·decrease: · · · · 

After the sand content begins to decrease, surging is conducted. A surge block is used to move 
sediments from the filter pack into the well casing. A surge block consists of a rubber (or leat~er) 
and metal plunger attached to a rod or pipe of sufficient length to reach the bottom of the well. All 
surge blocks will be constructed of materials that will not .introduce contamination into the w_ell. 
Surge bl9cks should have some manner of allowing, pre~sure relea,se ·to prevent casing COllflP~e: 
The surge block is moved. up and down the vvell screen inte~al arid th.en removed, followed qy ~ 
return to bailing to remove ariy .sand brought into the well by the surging action. Care should be 
taken to. not surge(too sir.ongly' with suhsequent casing: deformation or .collapse; the well screen 
interval. iS:. ~ft-en the weakest part o(a well. Surging should beJoJlowed by additional bail/ng, to 
remove fine ·materials that may have entere.q_ the well during the surging effort., 

. . . :. •,· I . , . . 

After surging has been completed ·and the sand content of the bai_led water has .decreased, a 
submersjble pump 'is used to continue weU,development. The pump should be moved up.and 
down the well screen interval until the' obtaine.d water is relatively clear. Well development will 
continue until the water in the well clarifies and monitoring parameters such as pH, specific 
conductivity, and temperature stabilize as defined in the project-specific planning. documents. It 
should be noted that where very fine-grained formations are opposite the screened interval, 
continued well development until clear water -is obtained might be impossible. Decisions 
regarding when to cease development where' silty conditions exist should- be made between· the 
field supervisor and PM. · · ·,. · · 

During well development pH, specific conductivity, temperature, -and turbidity should be 
monitored frequently· to establish natural condition·s · and evaluate whether the well has been 
completely developed. · The main criteria· for well development is clear water (Nephelometric 
turbidity units or NTU of less than 5). As mentioned above, clear water can often be impossible 
to obtain with environmental monitoring wells. A further criteria for completed well development 
is that the other water quality parameters mentioned above stabilize, to· within 10% between 
readings c;,ver three well volumes. · . ., .. .i -.... 

'' , • , . , . •' \ , ' ., . ·., ; i • I ' ) • : :" .: i , : j ,. '• ' • • ', • 'i; ' ~ ~ '; :: ', .. : } ) • , ': ' 

The minimum volume of lo/c;lter purged .from .the_w~ll during devel9pment w,i)I be approximately a 
minimum of three borehole volumes (wells will typ.ically npt reach. stabil1ia~iop of .water_.quality 
parameters before this condition is achieved and may not nave reached stability even after this 
threshold has .been achieved). The ab.ave is a general. guideline for difficult well dev.elopnient -
projeC:t-specific planning documents ~hciultj -~ddre&s projec;;t co'nstrai_nts 9n::wefl development. 
Development water \/\(iii be temporarily stored in·'5~,gallqri Department of Transpoiiation' (DOT)­
appr9ved d~:ums; tanks. or ground pits depending '.up'on t'lie tCltal vol um~ pf purge' water removed 
fro~ the newly 'installed wells., .if 'the. Waterprodu_c-ed frO[ll .the.weH e~ceed!? or il:l expected '.to 
exceed the site standards. Welf develppment water.can be dis~harged 'fo 1.mlined, pits if the ,w.ell 
is completed in an area where site' standards in the completion intervar are not exceeded. · · 

'Disposal and D~contamination . \ . . . ·,. 

',-,I•. 

All· drill · cuttings and fluids · generated during Well . installatib'r'1 · and development will be 
containerized pending analytical results and determination of disposal options,· as site conditions 
determine unless project-specific requirements specify otherwise. Waste containment and 
disposal will occur in a manner thatwill not result in contamination of the immediate area or result 
in a hazard to individuals who rriay come in contact with these materials. For borings drilled in 
specific areas the following disposal procedures apply; 



L TP - All drill cuttings are to be left in the drill cuttings disposal pits, and a 1-foot thick layer of 
9\ear;i, (no.nsi:;9ntarninated) soiJ placed on top.· The area of the pit(s) must be physically ·inspected 

· occasiom;!lly .aij~r, t;:,overed t,o a.scertain if seWement has occurred. If sor additional clean soil must 
,be.appli~~.. . · ,·;-, 1·, , , , ., · . ::, : :; · .. , •.' 

1_ •• 

', , i.:; · ~ , i ' ~ , ':',it 

Off~Site Areas -:- Gro4ndwater contamination .h.al:i. only potentially impacted.the .saturated alluvial 
and .bedrock aq1,1ifers, Therefore, non-saturated c1lluvial materials· car:i be; dispos.ed. of on the land 
surface. All potentially contaminated alluvial and bedmck aquifer r:naterial shali be disposed of in 
Evaporation Pond No .. 1 (EP-1) wqic~ will be, the final dispos~I cell for all. lic.ensed. 11.e (2) 
material on the Grant$ site.' The material of aquifers that are not 'impacted can be disposed in a 
pit adjacent to the drill site. This includes the Chinle shale which is not impacted oue tCJ its very 
small permeability restricting the movement, of contaminants in the shale .. 

On-Site Areas - Gr9undwater contamination_ has oriiy pot~ntially impacted th~ saturated alluvial 
anp bedrock aquifers. Therefore, non~saturated allu,iial materials .. can,be disposed of on the land 
suifac~ or remain .in any such drilling cuttings pits that were constructed .. ,All : potentially 
.contaminated alluvial and bedrock aquifer material shall.be .dispos.ed of in EP-1. The material of 
aquifers that are not impacted and Chinle shale can be disposed in,~ pit adjacentto the drill site. 

. . . , ..... r,·, • , · · · 1 

qean non-contaminati3d water, SlJCh as from the S.an. Ar;idres-Glorieta Aquifer, will be allowed to 
drain naturally on the ground surface as long as there. is no danger of it draining to a surface 
water body or otherwise directed by regulatory auth'orities . .Contaminated water "c:ir fluids will be 
disposed of in EP-1. · · · 

Ail drilling and well cohstruction equipment. that_ comes .into .contact with the borehole will be 
decontaminated by following 'the Eq'uipment Decontamination SOP-25. . 

' ' ' • •, ''.;,'' • ' .I 

._., 
.QUALITY ASSURANCE/QUALITY CONTROL 

Borehole drillirig and' well construction details WIii be' doc~mented in detail' in ,th~ field. Field 
documentation forms will consist of a lithologic borehole log, a well construction icig, and daily 
field note forms. Deviations from project-specific planning documents will be documented and 
explained in daily field notes. The program manager will be contacted to discuss proje_ct 
deviations. 

i-\ 1 :. : ·' . ·.• 

Field quality control can be maintained through 1) making su~e employeJs ar~ prop~rly trained to 
conduct t~e work bEring implemented, an.d 2) .PElrforming ro.utine field audits to evaluate how well 
employees are f?'[lowil"!g ·p~ocedures. Th~~~ .ThY.9 aspect's .of quality assurance/quality control 
(QA/QC) are detailed·in the Quality Assurance Program documentation. . . . 

,, ·,;·:. 

RECORDS 

Field notes and l_qgs will be subrpitted to the Project Manager or design\3e immediately following 
tlie field' ·everif fo'r 9heGldn'g :c!nd revision 'purposes .. The '.P·roject Manager or' de'signee shall 
review and transniifthei' corrlpleted''formirfor\'ncorporation into th~ prdject file. . ' ·. 

HORIZONTAL: WELLS· ., ·;.· ·'· 

The practices mentioned in this SOP will apply to horizontal well 8rilffng with a few exceptions 
detailed below: 

• The minimum borehole diameter does not have to be 4 inches larger than the casing 
diameter. The effective minimum borehole diameter is the outer casing diameter plus the 
smallest annular space that will allow successful installation of the selected well casing. 

• Borehole logging using cuttings samples will be attempted. However, the consistency of 
drilling fluid and cuttings return for the horizontal drilling may limit the utility of the 
traditional logging approach. Therefore, the logging and sampling of cuttings is subject to 
the discretion of the drilling supervisor. A measurement of well total depth is not 



applicable for the. horizontal well. · 
, : · .... • In, cases· ;of'. shi:lllow entry· angles, a conductor casirig is likely to· be· needed to· help 

maintain the hole and facilitate :cuttings collection:: If used, the·,conducfor-casing·sfioUld 
extend down the boring to provide a minimum of five feet of vertical displacerri'erit from 
land surface and be grouted in place. 

I'·:.'. <The potential casing materials 'used iri ·horizontal 'drilling ma'y' differ from those used in 
rxi1,: ~,:, vertical' applications. -HDPE or' steel may be used as well as stainless steel, PVC, or 
,._, 'c '"'i" ::other suifable material.·· Commercially available combinations of these materials ·that 
.::::; :·. · ' incorporate·filter pack material or filter fabric between two pipes, such as Enviroflex, may 

: ' ·, <be used as well:· Wall casing material will be selected at the discretion of the driller.and 
· · projecf mariager. · , · · · 

• The filter pack requirements db 'not apply to horizontal drilling due to the difficulty in 
conveying a filter pack down the annulus. . , 

· • The s'ealing of the annular space around the casillg will be'done by grouting with cement 
or other suitable sealantto a minimum vertical displacement bf five feet from the land 

·.·'.surface'. This ·may include grouting ,of the casing within the coriciuctor pipe. The grbuting 
will be done by trem1e pfpe where p'ossible, but given the small annular space, the 
insertion· distance may ·be limited. . ' . . l 

• Well development of the horizontal wells will differ from that of vertical wells. Due tpJhe 
horizontal orientation: 'of the\veU: iurging and/or bailing 'of the well are not likely vfable 
options. Jetting, air lifting and/or pumping are expecteg to be potentially useful metho9s 
of well development for horizontal wells. . . . 

• Centralizers will not be used in horizontal wells . 
. • Because of the shallow angle of the well entrance, a typical well vault is generally not a 

suitable means of well protection.· A concrete pad with sl.irfc,1ce casing arqund the well 
casing will be installed. The well and casing access will be configu'red to prevent entry of 
surface water and debris. Protective steel posts to protect the well from damage by 
vehicles and/or heavy equipment will be installed as directed by th~ drilling supervisor. ,'A 
suitable well enclo~ure or protective i:;tr.ucture will be insta)IEld as directed by the drilling 
·supervisor. ,' . . " ', . ' . . ' ' ,• . . . . . . . 
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