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Fractures may be encountered during the

be maximally

hance well yield. In order to identify any
driller's log will be compiled and reported a
Section 45.001-000-000 of the EPA manual (EPA-

see Appendix B). 1In addition, a penetration rate log
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have drilled i h : ! f »COMIME
mall gravel size materia » USE >r Mr. Shoer
rommendation. Therefore a formation stabilizer grain S1ze¢
the order of #10 to $#4 (0.08 to 0.16 inches) mesh size
1 be used. The well screen slot opening will be designed

retain approximately 95 to 100 percent of the stabilizer.

The stabilizer will be placed by grav r feed. Placement of

a stabilizer by the use of & mie pipe is not

51"{&, iCs3 19753 page 203). The

stabilizer in the well will be 'wtf_'rrum;cj by per

measuring with a steel tape. When the desired height ¢ the
stabilizer is reached (approximately 2 feet above the top of
the formation), a 10 to 15 foot seal will be made by gravity
feeding bentonite pellets. Ben&onite pellets will be |
because of their success in the past and their

in field applications. A bentonite/cement grout

added in the borehole on tog the bentonite
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grout pipe and pump

should be added ; | ‘ em ' B.D

Fresh 1te . ] irculated through the

into the annulus for apj nate : walf hour until

drilling mud has been replaced (¢ ; 1976) after the

is drilled but prior to settin ¢ Fracture

development techniques will be ; aximize well

Air jetting using the drill ig and a bull plug will be

at the depth where the fractures were encountered prior
]

watelr $4d Then i

circulated, as discussed

The following procedure for well development will occur
after the casing is set. The well will first be air lifted
using the drill rig and noting the amount of sand being
lifted out of the well. The well will be allowed to recover
for approximately one hou 'he ) no further sand

is being extracted. '‘he well will N bailed for
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he baliling

Cing comprest

obtained from well devel«
llected in a portable tank and pumped int
disposal into Borrow Pit $#2. Upon comj
velopment, the water in the mud pits will be disposed of

Borrow Pit #2 and the pits will be covere!l.

The inside diameter of the casinag/screen to

m

inches. Therefore, a bailer with an outside diameter of
approximately 4.25 inches will be used. Water will flow

into the bailer from the top (see Figure 3). The bailer will

be lowered to a specified depth next to the screen and raised

and lowered rapidly. The effect i: surging action

well screen. The well will then
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Threads for hook-up to
drill stem

4.25" dilameter =
bull plug 4 001 cmm—— ( )
in length

(f\ 3/6" hole diameter spaced
- at 6" intervals on 4 equal
and opposite sides

| R S B I :1:1‘:0‘

(Not to Scale )

Figure 2 - Bull Plug
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Appendix A lists

and firms and the particu]

™

The resultes f his repo idicate that the well

should be constructed as modified open borehole:

screen and f«
mmendation and the recommendati
i1ltanting and private

>ilizer Dbe
ollowing conclus

Zones 1 and 3 at the site are near the ou
area and are thus more susceptible to
weathering resulting in a weaker matrix;
acid-leaching could have occurred thereby
weakening the matrix;

the potential of sluffing is increased be

of potential fracture(s) in the area;
previous drilling at the site has produced

a small amount of chips returned in the
drilling fluid indicating a loosely cemented
rock and

previous drilling at the site has indicated
sluffing occurs in open boreholes (BAI;

January, 1982).
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Should a fracture(s) be

the wells proposed herein, the

the fracture will be developed by the

jJetting techniques at that depth before

anticipated yields

resistance

approximate depth
use

setting

shoul
ze

lot si

effects

enapuntered in the drilling of

range of

of air lifting and

casing. The




consistent with i

SUulrgl ng




Appendix A: Personal Communicatiocn with Outside Sources
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Joe Renie

‘L(’lﬂ

dl€

Sugge 2d using a uniforn mation stabilizer

(uniformity coefficient less than 2) and 2 slot

Slze necessary to retain ( the stabilizer.

avoids the settling effects from natural
pack development and standard formation
stabilizer applications.

Suggested that we rely heavily on sources that

.
nave

tranovitch
=~ a gravel pack design was originally used for
municipal wells drilled in the Lower and Upper
Gallup formation. However, since that® time open
boreholes have been used with no sluffing or

sanding problems.
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" Bob Roager:

conventional (air lift, surge
fractured sandstones without

ure:s

actured sands
4. John Shoemaker; Consulting Geohydrologi

@ John Shoemaker

suggested using a stabilizer if expe nce hat

shown some indication of slu 3 (s fing hat
occurred at the UNC site 3AI; January, 1982).
his experience in the Gallup formation is not to
put a pump in the ground unprotected Jse at
least a screen and if the cost doesn't prohibit
it, a formation stabilize
suggested using a small gravel sized
stabilizer and a slot size necessary
all of the stabilizer.
suggested that for development, use ove
or air lifiting.

National Water Well Association

e John Voytek




taking return
not think coring was necess

gravel packed

suggested the developing of frac sandstones
best accomplished

£

concentrated flow o

fracture area.

IIntted Statee Geol Y = ] ™
WA LES =LA LR ‘.)l..'-i'.",:lf-h- -

W Ed Welder
doesn't know of any particular technique other
than conventional (air
developing fractured sandstones.

Public Health Services - Window Rock

e Masud Zaman

- his experience in the Gallup formation 1s to
develop the well by air lifting. Use air lift

and foam if the well is deep (i.e., greater than

400 feet) .

8. Dennis Engineering
e Ray Dennis
- discussed the procedures and problems involved

with sieve analysis techniqgues.




Appendix B: Well Dril)ing Specifications and Requirements




pecifications & Requiremen

yratior

Excavation of Mud Pit:
After well adevelopment

will be pumpet

#2 and mud pits will

1 Yalal
Gl d s

Prilling Technique
e Rotary
e Drilling will be accomplished with air un
such time as difficulty in returning cut
is obtained. By drilling with air, ar
approximation of the depth of the first
1

encountered will be made.

1t
S A- -
11.25" diamete

2L Lont

Note: Because 9 \ was drilled with a
borehole, this o 111 have to be drill
with a 13.00"

Drilling Fluid

e Revert (biodegradable)
@ Mix in quanitities thick enough to remove cuttings

Estimated Depths

® 4 Zone 3 wells - 125 feet

@ 3 Zone 1 wells - 195 feet

e Note: Gallup 3 (Zone 3 well) may have to be
reamed to a depth of approximately 200 feet,
depending on its present depth. This well will
also have to be sealed from its present depth
to the target formation depth.

Mud P ts
e 2 pits for each hole
e 10 feet x 6 feet x 4 feet deep

Driller's log (to be prepared and presented to the on-site
hydrologist)

Reference point for all depth measurements
Depth at which each change of formation occurs
Depth at which the first water was encountered
Depth at which each stratum was encountered
Thickness of each stratum
Identification of the material of which each
stratum is composed
Depth at which hole diameters (bit sizes) change
Total depth of the well
Any and all other pertinent information for a




and accurate
location of
fluid
The elative rate of penetration
DiE € n E £ ormation




Appendix C: Specifications and Requirements for
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Geophysical Logging and Surveying
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e All wells will be surveyed for their
1

coordinates as well as ground surface and toj
of pipe elevations




Appendix ‘D: Well Construction Specifications and Materials




Specifications |

’~
I
m
-
.

=C
6" diameter

Schedule 4

50 V slot (0.05 inches)

Wound Plastic

cTnNnm
ol b

e 6" diameter
@ Schedule 40
e Bell Enc

Stabilizer
e 95 percent passing #4 mesh (0.16")
@ 5 percent passing #10 mesh (0.08
¢ Uniformity Coefficient less than 2.0
e Well rounded gravel, not crushed rock
e Clear, quartz gravel, non-calcareous (i.e., no

1

lime material)

e On site quality control of the material will bec
made by obtaining 10 random samples and having
these samples analyzed for the above
specifications by a testing laboratory. From
this analysis, the on-site hydrologist will
determine if the materials meet specifications.

End Caps
e Schedule 40
e 6" diameter

S1lip Couplings
® Schedule 40
e 6" diameter

Bentonite Pellets
e 1/2 inch diameter

Grout Mixture
e One 94 pound bag of cement
s e 4 pounds of bentonite clay (loose bagged)
\ e 6.5 gallons of water
e Mix bentonite and water first, then add cement
to the clay- water suspension

Crout Placement
e Using a grout pipe, pump the slurry into the
annulus beginning at the desired bottom depth
and pushing the grout upward, slowly removing
the grout pipe
e¢ The mixing and placement must be in one
continuous operation
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Matoriale

L e = S A .

Materia Units

Screen feet

Casing feet
Bentonite Pellets pound¢
Stabilize cubic
End Ca}/\, ea
Slip Coupl eacl
PVC Prime! (
PVC ( ~

I

xtra cubic feet grout may be

Note: A maximum of 50 e
needed for well 613 (Gallup 3 reamed) depending upon the
present depth of Gallup 3.
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Deyvelopment

use of
a bull
pe &

rig and

oximately

o ater derived from well development W 11 Dbe
by the use of a ortable tank. This
then be pumped into a water truck for

into Borrow Pit #2.




Appendix F

$ Personnel Responsibilities and Time Estimates
As Related to Each Phase of the Project




(7 hours per well)
)rill Rig and Crew (duration) - see Appendilx
On-site Hydrologist (duration) -~ verification

of requirements and material specification
(Attachments 1 and «

e Senior Hydrologist
Geophysical Logging (3 hours per well
e Geophysical crew and truck - see Apppendix C
e On-site irologis (duration) - verification
of requirements and material specification:
esponsible for notifying logger to appear on
nediately after the well 1s drilled

Construction (4 hours per
e Drill q 1d w (duration) see Appendix |

& 4

- Crew > place n stabilizer,

ification
+ b ratilons
(At

)

Development / hours per well)
" Rig and Crew - see Appendix E
1lg and crew to perform air jetting, air
lifting, bailing and surging
e On-site Hydrologist (duration) - verification
of requirements and material specifications

(Attachment 1)

Surveying (4 hours)
e Surveying Crew - See Appendix F
- UNC personnel
¢ On-site Hydrologist (duration) - verification

of requirements and material specifications

Stabilization (10 hours)
e On-site Hydrologist (duration) - verification
of requirements and material specifications
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