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INEL COMPREHENSIVE WELL SURVEY

FITNESS-FOR-USE CHECKLIST FOR AQUIFER AND PERCHED GROUNDWATER

MONITORING/OBSERVATION WELLS

LOCATION: MIDDLE INEL PAGE 1 of 7 Well Name/Neo. INEL-1
A. WELL USE
1) Year well was drilled: 1979
2) Current use for well:
( )DOE 5400.1 Monitoring
( )JRCRA Monitoring (X)USGS Observation
( JCERCLA Characterization ( )No Documented Use
( )Other: _
3) Constituents monitored currently: None
4) Water level monitored: (Yes X No _ Insufficient data _)
5) Is the well used for USGS observation: (Yes X No )
(The sampling protocols for the USGS are "Technigues of Water Resources
Investigation” and "National I—landbook of Remmmended Methods for Water-
Data Acquisition™.) L
6) Is the well used or proposed for compliance/detection monitoring:
(Yes _ No X) If yes, specify regulating program plan: _
7 Responsible organization/Contact person: USGS / Larry Mann

WELL SHOULD COMPLY WITH INEL BEST MANAGEMENT PRACTICES
(BMP) REGARDING SURFACE COMPLETION

Surface completion data is documented in "Idaho National Engingering Laboratory
Well Catalog" (DOEAD-10380). The elevation and coordinates of the measuring
point and brass marker for approptiaté INEL wells are being resurveyed as described
in "INEL Well Inspection and Surveymg Proy.ct" (EGG-WM 9890). The project
started in the summer of 1992,

Well located by field inspection: (Yes X No )

Protective posts: (Yes _ No X) or Fence posts: (Yes _ No X)

Concrete pad/apron present: (Yes X No )

Does the well contain a survey marker: (Yes X No )

If no to 2, 3 or 4, is the well planned for upgrade: (Yes _ No X N/A )
Based on location of well, is existing or planned surface completion adequate:

(Yes _ No X) Explanation The well has a plywood cover and is located in a
10-foot wide concrete pit. The pit is filled with water and covered with old
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boards. The well and the pit should have steel covers and be protected with
a lock, or the pit should be filled in and the well extended above grade.

C. WELL IS EVALUATED TO IDAHO DEPARTMENT OF WATER RESOURCES
"WELL CONSTRUCTION STANDARDS-RULES and REGULATIONS" (1989)

1) Surface Completion

State of ldaho Reg. 3,2,1. The top of the casing shall be completely covered with a
1/4-inch, thick, solid, new or like-new stee! plate welded in placé, a threaded cap, or
a watertight sanitary seal cover cap. State of Idaho Reg. 3,11. The well shall be
equipped with an access port with a plug that will allow measurement of the depth
to water.

a) Well capped and protected: (Yes _ No X Insufficient Data _) The well
currently has a plywood cover.

b) Access to measure water levels: (State of Idaho Reg. 3,11):
(Yes X No _ Insufficient Data _)

2) Casing

State of Idaho Reg. 3,3,2,1. Steel surface (.asmg shall be;installed to a minimum depth of
18 feet below land surface with -a bnxehate size 2 mches greater than the Q.D. of the
casing. :

a) If well is completed in surficial sediments, does the casing extend to a
minimum depth of 18 feet: (Yes _ No _ N/A X)

b) If well is completed in alluvium, is borehole size at least 2 inches
greater than the O.D. of casing: (Yes _ No _ N/A X
Borehole size _ Casing size )

. State of Idaho Reg. 3,3,4. Steel surface casing shall be installed into bedrock or to
a depth of 18 feet, whichever is greater, w:th a bqrehnie size 2 mches greater than
the O.D. of the casing. . :

c) If well is completed in bedrock, does the casing extend to a minimum
depth of 18 feet or bedrock, whichever is greater:
(Yes X No _N/A )
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d) If well is completed in bedrock, is the borehole at least 2 inches greater
than the largest diameter casing from ground surface to top of

bedrock: (Yes _

I.D. or O.D.?)

No X Borehole size >30 inches Casing size 30 inch

€) What is/are the type of casing(s), diameter(s), interval(s), joint type(s)
and casing thickness(es):

State of Idaho Reg, 3,2,1. Casing shall extend at least 12 iches above land surface. Casing
joints shall be welded or screw-couple joints which shall beé water tight or by other means
dpprtwcd by the Director of Idaho Department of ‘Water Rcsoumes. All permanent steel
casing required ta be installed in a well shall meet the minimum specifications listed below.

State of Idaho Reg. 3,2,2. The specifications of ; any pidsnc casmg to be used s!uﬁl meét or

exceed ASTM Standard F-480.

Permanent Steel Casing .hﬁuim_um'Spwifimtilms

Nominat Size Outside Diameter . Nominal'Wall Thickness
{(inches) (ipch_egi) ‘ {inches)
112 490G - 445
2 A3 454 .
21 URETS . e
3 L 35007 5 -6
312 ~-'-u‘40m iy a2
6 or greater e 250
Casing Type Casing Casing Interval Type of Casing Stick-up of Casing Compliance
Diameter (feet) Joints Casing Above Thickness W/ State
(inches) Ground (inches) Regs. on
(inches) Casing
Thickness
N.F. (surface casing) 30 LD. or O.D.2 0-40 NF. 0 N.F. N.F.
Steel 20 1.D. or O.D.? 0-1511 NF. 0 NF. NF.
Steel 131D. or O.D.? 0 - 3559 NF. 0 0.375 Yes
Steel 9 1LD.or O.D.? 3282 - 6796 NF. N/A NF. NF
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3) Seal

State of ldaho Reg. 3,3,1 and 3,3,2,1. The annular space between surface -¢asing and
borehole shall be filled with cement grout, puddling clay or bentonite grout from ground
surface to 18 feet or top of bedrock, whichever is: greater, to prevent the Ix:ssihle downward
movement of contaminated surface waters. Tf well is cumpleted in alluvmm and greater than
18 feet in total depth, a seal to 18 feet is required. - ‘ o

Annular Fill Material Interval Mixture/Volumes Material Approved by
(feet) State of Idaho Regs.
Cement Grout N.F. NF. NF.
a) Does the surface seal extend at a minimum from ground surface to 18

feet below land surface (if the well is completed in the alluvium) or to
the top of bedrock (if the well is completed in bedrock): (Yes _ No
Uncertain/Not documented X )

b) If the seal is documented, how was it emplaced (provide intervals if
there was more than one grouting event): N/A _ Uncertain/not
documented X Explanation for seal emplacement _

State of Idaho Reg. 3,3,1. The casing seal shall ‘prevent the downward movement of
groundwater from zones that have been eased out of the weﬂ due to quahty or other
Teasons. L ‘

C) Is the well located in proximity to surface water bodies such as
percolation ponds, influent streams and spreading areas or other
sources that may contribute to perched groundwater above the
sampling interval near the well: (Yes _ No X)) Explanation The well is
located approximately 1 mile west of the Big Lost River. There are no
spreading areas or percolation ponds near the well.

d) Is there evidence of saturated formations above the sampling interval
from drilling logs, geophysical logs (USGS Open-File Report 90-366)
or other indicators: (Yes _ No X Insufficient data _) Explanation
(Qualify data/specify perched intervals if applicable) There is no

evidence of saturated formations above the sampling interval from the
CWS files or the geophysical logs.
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e) Is the casing sealed adequately to prevent groundwater movement
within the annular space: It is uncertain. A casing seal is documented
but _its extent is not known. However, no evidence was found of
perched water near the well.

4) Gravel Pack. Does the well contain a gravel pack: (Yes _ No X) If yes, is
there a packer or adequate seal to prevent the migration of surface water or
perched groundwater into the gravel pack: (Yes _ No _ N/A X)

IS THE WELL USED FOR RCRA MONITORING (Yes _ No X) OR IS THE WELL
TO BE EVALUATED TO RCRA GUIDANCE AS A BEST MANAGEMENT
PRACTICE (Yes _ No X). (If no, proceed to section E)

The State of Idaho Well Construction Regulations and INEL Best Management
Practices that overlap with RCRA guidelines and regulations will not be duplicated
in this section.

1) Were the drill rig, equipment, casing and screen steam cleaned before drilling
and installation: (Yes _ No _ No documentation _) Explanation _

2) Were drilling additives used: (Yes _ No _ Uncertain/No documentation _)
Drilling Method _ Additive(s)/Quantity _

3) Are the casing (that portion which is within the sampling interval), the screen,
the pump and the pump discharge pipe constructed of nonreactive material
which does not affect/interfere with chemical, physical, biological or
radiological constituents of interests: (Yes _ No )

Material
Casing
Screen
Pump
Discharge Pipe
Explanation

4) Is the screen factory fabricated: (Yes _ No _ No screen _) Type _

5) Is the monitoring interval adequate to detect the contaminants of concern, i.e.

"floaters", "sinkers" or dissolved constituents: (Yes _ No _) Explanation _
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6) Is the monitoring interval greater than 30 feet in length: (Yes _ No ) or does
the well monitor more than one type of lithology: (Yes _ No _) Monitoring
interval(s) _

7 Is a filter pack present: (Yes _ No ) If yes, is the filter pack comprised of
chemically inert material: (Yes _ No _ Uncertain _ N/A ) Does it extend no
more than 2 feet above screen: (Yes _ No _ N/A_) Filter pack type _ Filter
pack interval _

8) Has the well been developed to ensure turbid free groundwater samples, i.e.
<5 NTUs: (Yes _ No _ Not Documented _) and to restore the natural
hydraulic conductivity of the formation, i.e. stabilization of parameters:
(Yes _ No _ Not Documented ) Well development type and duration _

9) Is the pump intake location documented: (Yes _ No _) Depth _
10)  Does the pump type collect representative groundwater samples:

(Yes _ No _ Not Documented _) Type_ Explanation _

E. THE PRIMARY SOURCE OF INFORMATION FOR THIS CHECKLIST ISIDAHO
NATIONAL ENGINEERING LABORATORY COMPREHENSIVE WELL SURVEY
OR AS REFERENCED. OTHER SOURCES: None

N.F. - Not Found/No Documentation
N/A - Not Applicable
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F. WELL FITNESS DETERMINATION

Intended Use/Applicable Regulations: USGS Observation/State Regulations and
INEL Best Management Practices

( ) Well complies with applicable regulations and is acceptable for intended use.

( ) Well complies with applicable regulations except for minor construction details and
is acceptable for intended use. for minor construction details.

(X)  Well does not meet applicable regulations, a variance should be obtained. If variance

not obtained, remediation is required to comply with the regulations.

Well does not meet applicable regulations and intended use, remediation is required.

Well does not meet applicable regulations and should not be used for this purpose.

Insufficient/uncertain data is available to evaluate compliance to the regulations.

Abandonment, well is unneeded or cannot be remediated.

TN SN SN N
Nt N N’ Nt

Deficiencies: The well’s compliance with state regulations could not be determined because
the extent of the casing seal was not documented. The well is located at least 2 miles from
TAN and NREF, the nearest INEL facilities, and about 1 mile west of the Big Lost River.
Since no evidence was found of surface or perched water near the well and the potential for
contaminant migration within the annular spaces is extremely low, a variance should be
requested if this information can not be ascertained. Also, the following minor deficiencies
were noted: the casing thicknesses and joint types were not documented and the borehole
was not two inches larger than the casing diameter as required but was about the same

size.

Remediation: The well has a plywood cover and is located in a concrete pit, which is filled

with water. The well and pit should have lockable steel covers or the pit should be filled in
and the well extended above grade.
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GEOLOGIC LOG Well Name INEL-1

Source:EG&G Generalized Lithologic Log
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Interval (feet below surface)

Begin End Description
0 92 Basalt
92 113 Cinders
113 453 Basalt
453 480 Cinders
480 539 Basalt
539 567 Sand and Gravel
567 680 Basalt
680 718 Sand / Silt / Clay
718 813 Basalt
813 845 Cinders
845 966 Sand / Silt / Clay
966 1007 Basalt
1007 1040 Sand / Silt / Clay
1040 1100 Basalt
1100 1133 Sand / Silt / Clay
1133 1213 Basalt
1213 1533 Sand / Silt / Clay
1533 1633 Basalt
1633 1659 Sand / Silt / Clay
1659 2166 Basalt
2166 2446 Tuffaceous Intzbed

COMPILED BY/ORGANIZATION: F.S. Mocker / GAI Date August 25, 1992
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GEOLOGIC LOG

Source:EG&G Generalized Lithologic Log

Well Name INEL-1
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Interval (feet below surface)

Begin End Description
2446 2800 Welded Tuff

2800 2846 Tuffaceous Interbed
2846 3039 Welded Tuff

3039 3080 Tuffaceous Interbed
3080 3312 Welded Tuff

3312 3353 Tuffaceous Interbed
3353 3426 Welded Tuff

3426 3454 Tuffaceous Interbed
3454 4233 Welded Tuff

4233 4289 Tuffaceous Interbed
4289 4487 Welded Tuff

4487 4512 Tuffaceous Interbed
4512 4774 Welded Tuff

4774 4800 Tuffaceous Interbed
4800 5080 Welded Tuff

5080 5106 Tuffaceous Interbed
5106 5987 Welded Tuff

5987 6006 Tuffaceous Interbed
6006 7053 Welded Tuff

7053 7087 Tuffaceous Interbed
7087 7146 Welded Tuff _

COMPILED BY/ORGANIZATION: E.S. Mocker / GAI Date August 25, 1992
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GEOLOGIC LOG Well Name INEL-1

Source:EG&G Generalized Lithologic Log
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Interval (feet below surface)

Begin End Description
7146 7174 Tuffaceous Interbed

7174 7226 Welded Tuff

7226 7259 Tuffaceous Interbed

7259 8074 Welded Tuff

8074 10365 Rhyodacite Ashflow

COMPILED BY/ORGANIZATION: E.S. Mocker / GAI Date August 25, 1992
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ONSTRUCTION DATA (1)

Source ot O
Const. Data

Zg [1-Ta o wle} EnmNo

00d, doiete, modity

Omte o1 Conmrucoon (6 0 - SRR S gD e |

month cay yoasr

z ||

e of ¥ ] l l "—f‘-"" - /7 .
wmlbnllu[.:-[ngx/Ih/f-fl—ﬁlo-'f‘hi 2 2 s /"‘,T/:’ -ﬁ/”' G_—/
oot [es-] & B c 0 0oy 3 R T v w z [+
.-, . bored, cable , dug. hydraulbic, jetted, aw-par- reverse, trenching, driven, drive, other
0187y  or sugered tool rotary cussion retery wash
Type of 2
w fee-| c F G H 8 P s T w_ x oz s (Troter.] B i SN
poreus, grovel w, gravel, horuontsl, open, perforated, screen, sand point, walled, open, other bentonie, clay, coment, other
concrete pert screon pellery, ond or slotted hole grout
tom thod Number of Hours
A CEBRD || e D O R R N | e S TR
aw-hitt, bailed, compressed, jetted, none, other, surged, other
i pump e pump
~cal Treatment Z x|
ving Déve) l 71 I c D E F H M r4 ] !

chemicals, dry 1ce, explosives, defloculent, hydrofracturing, mechansal, other

NSIONS OF THE HOLE CONSTRUCTED (2)
ale] [rfa o o el e R 1

sda, deiste, modify
Top of Hole Segment Below LSD

Bottom of Hole Segment below LSD

Diameter of Hole Segment

G, . . . .o0l*] [s-]l fs2fL&.00*x [s-[ . 24..53%]
3% z.a. 22 c00%] [14-] 258.2..00l*x] [5-1 . .  7.7.50[*]
New Cord for Each ol Segment | [73 #] VRS OTe]  [74-] A o] [ Esle)
i o===. 0.0*] 74~ £.5, .00 * [2s=] . | @ si+]
2 ST L N L T R e TRl e e |

<G SCHEDULE (2)
AD M [

bl = N

::v‘a:y";:tirn [5 9 ”]

] l‘]

l New Card for Each Casing With Same R, T & Field 5 94}

Too of Casing Segment Below LSD

Bottom of Casing Segment Below LSD

Diameter of Casing Seament

Casing Material &

Thickness of Casing

2280 ;0 g ool *] [78=] , | J%a’vo‘dﬂ EEET 13~0v'|003*l lﬂo-‘ I"‘] ﬁ"[ T T 1—]‘]
TIRES - aol* L] /5727 .00l [s= 20.c00* [8o=[ ix] T R [*]
2l ., ceolr] [ 35500+ [13F: /£3.00% [80-] ix] [B1-] , o3.7 5[*]
173] BB, 2, 0 O *] 78= 75 < .00 * [r9=l | 9 ..C0*] [8o= %] Eeasl v ]
178] oy 4 ogey o %) Erse] i e v e [7= . o, . 1%] [8o-] ix] e e i

NINGS SCHEDULE (2)

u [+]

Construction [ 59 #

-"{‘] lT-lA D Entry No

e

[N:w Card for Each Open Section With Same R, T and Field 5 SJ

add, deletes, modify

{Openings Data) (Openings Data) (Openings Data)
7090‘ SOCXIDH Be‘ow LSD 83 g 4»—11/'A] .Oo‘:l 83# Lél?}gléJ.JOld:] [83 #I/ﬂalzle' lolo *
" [} .
Botiom of Section Balow LSD| 8 4 = 6.2.2.5. «.00* 841, £3.2.2...00%| 4-VD.26 5 .. 00"
Type of Openings © 85=|D* 85-|y|=* 85=ix|*
Yyp-n!Mnuill® 86= * 86= * 86= =
Dramaeter of Open Section 87= . 19['10‘10‘ 87= ,/,2:.,_7_,5 * '7-‘4 171'101(3‘l
Width of Opening 88= A ey * 88~ R o R % Lot ¢ L0, e TR SN ) *
7 Le ¢ = = =
ngth of Opening 89 L ey 88 i e e e T
" ROTES:
J Sourcs of Dats Codes: (& Casing Material Codes
e TRy e ER v’ MW e § 3 v pw 1
-"-.v. driler, geolognt, logs, memory, owner, other, reporting, other brick, concrete, copper, galv, wrought, other, PVC or, rock or, steel, tile, costed, wood, other
o't reporied agency iron iron metal plastic stone stosl

 Type of Openings Codes

T} Type of Material Codes for Open Sections

k L M P R S T w X & ] rB C G 1 M P R S T Z
Wectera, lowvwed, mash, perforsted. wwe scresn, sand, walled, open, other brass or, concrete, galv, wrought, other, PVC or, staniess, steel, tile, other
htter ad o¢ slotted wound (unknown) point hole bronze won iron metal plastic steel
Zfzﬁ 4240 4300 AR IO wersy GHET gwmse. S
9270 <2375 <20 <790 SHao S o557 sos0

7 A » 2 » A A 2
9.co 9. co S.00 9.00 9.00 9.00 goo

gd.oo
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C;EO-4VDRC1 OCGIC UNIT DCSCRIPTIONS (1)

[reso |} fr-]a o ll]?l (:'LBIBI. . Is] :::["‘] St AN ]‘]D:Dmmuz' l s T']

% sad. doiene, moady

'J- ’ 2 1 1 1 3 : d " ‘Jo‘.l ‘j 96 1 1 1 % 7 | 1 1 1 1 1 1 3 | 1 1 1 1 1 1 1 % ﬂj
[ ] - [« [Cse-] I-] Ler- ] 1

Urst Identsdeer ng Unnt Lithology Lithologic Modifier (\
{

AQUIFER DATA (2)

gheofe] [Tolke ¥ Wiol prtloiod IETTE IR C

add, deiete, modify

Date [95#] 1 / ! / A Ko l‘] WnerLev.llEs-l Lol idzsote it ]:l :ov:;::ned ‘

month day vear

GEOHYDROLOGIC UNIT DESCRIPTIONS (1)

[r-s0l*] [r-Ta b METIE';:;VLz“g| g :'_“,’;:l Bye o e D;::'o:s S T ey

add, delete, modity

ELR R LR BEE A8 T T LTINS e

Unit Identifier Contributing Unit Lithology Lithologic Modifier

[+

AQUIFER DATA (2)

EEEN Ol e e 3 R oo 3 T

add, delete, modify

3 gk | % Water G PR s
Date [35#1 ! / 1 / LB m Water Level lﬁ-! SR SR R T RN l“ Comributedu

month day year

PERTINENT REMARKS

[r=183]+] [t-Ta © M [*] limcms;:men&ﬂ

add, delete, modify

Remark ~7
"°~L311#'11m185.!lv-li"l|l]lllil"'!"ll'
Gl T foo] . .
~
[3“#] 1 I—I:J bl l 1 ' i ! ! ! 3 1 i | T W § dud PR ! ! 1 | 1 el 1 el 1 ! ! i 5 | 1 !
Lave] o} fes=]
-
[i."#l e | ]q rese j : 422 § LN B Y | I S KRR R REAT WG (e ) et - R T o S| dicck ! NS | S S | Lisl ot ry
1

3 Coniributing Unit Codes

e s N v ]
R
primary secondery non- unknown

9 9 9
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v 34 slyy |
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WELL DATA
MEMORANDUM TO FILE

oate: 8140 .
ORIGINATOR: A W/ieson
ORGANIZATION/SOURCE (PERSONS CONTACTED):

WELL NAME: swpz /

LOCATION COORDINATE: 73w -2 29— b/
FACILITY LOCATION:

REFERENCE NUMBER: w00/

PROBLEM/INFORMATION DESCRIPTION:

- (,;,a&—.. Gole IV THE COnALE TN Fopus APS A DFns T oF 7//494.5/44-’ }%
HoLE LAmETET oty et was F75 C =5 s /aa:r.r)!éﬁ

RESOLUTION (DATE):




Well Name: INEL 1

composite confidence level: D

Coordinates

TRS: T3N-R29E-labdl
Northing: 713320.97
Easting: 294408.53
Tatitude: 433717.00
Longitude: 1125635.00

Elevation Information

Elevation (ft.): 4873
Datum: NF

Well Category

Well type: Observation
Well status: NF
Well installation type: Single

Drilling Information

Driller's name: Brinkerhoff
Year: 1879

Drilling method: NF
Work-over year: NF

Depth

Bore hole total depth BLS (ft.)

Well total depth BLS (ft.): 10333

Water Information

Initial water level BLS (ft.):
Date: 05/02/79

Trtermllent

Water quality sampling frequency: =¥¥

Pump Information

Pump type: ¥& /\/0'74—

Depth BLS (ft.): NE
Discharge rate (gpm): NF
Water level access type: NF

Available Information

Construction diagram: N Gamma gamma log: Y
Lithographic log: Y coppillier's légr ¥

Natural gamma log: Y Geologist's log: Y
T.V. camera/photo log: N Site schedule:

Fluid. conductivity log: N

Caliper log: Y
Neutron log: Y
Electric log: N
Field book: N



« F

ATLL DATA
MEMCRANCUM 70O FILE

pate: \O|23)a0
ORIGINATOR: Ser ety WiMtame

ORGAMIZATION/SOURCE (PERSONS CONTACTED): \ASGS / Rod WSQ“‘&W\ and ~
Dennen ¢ (gee rek X \’ZLD

VELL NAME: IO
LOCATION COORDINATE: ~—
FaciLITY Location: Ghemesa\ TXWEL
ReFERENCE NuBER: — ( See 12R0)
PROBLEM/INFORMATION DESCRIPTION: |
WSGS  wos \“coLmskec\ b EGAG Yo vevew Hae D.CO\S«&
TNEL Comgvc\r\ens\&e, Lo\ Su\we\g@e@er& ana ??0.0\A\Q
cormmes . R.Densen and B, Oce (WE&GSD Ceuewed
C\\\ ol Qm?‘t ol Xhe &raQt Yc@ovk. T\’\e. ftsu\\":j
Mmosed  up Copu \os \oeen C\w\;}:%«a\ os cekerence
A\ (= Me\wnc.sB _ Whe Comimenty uweve
W coc eecaeAd  vve e COMQ\‘c\mev\s\‘b-e woe \\
AN genyoc , for Q_GS\.\ % «’(P/we. ag?ccgr\o\?sc_ C.omments
wece O‘?zracb\eﬂ\ Yo 'a co % s ITE  anc
Cece | evyeredN  AnXo eacd E\e Qo\d\er aS
Pefecence Yo Hae C‘)\Aaﬁé‘ts Frayr wece vhacdke.
C’om‘“ﬂ\h’S oy were  ynade

wWert Yrang\aleA o @q c and a¥adi. 4 3o
«\'Q/\'\s MM - Yoo B\e NN \4(:.&0\ wAa o e
G@f{OS)C\OJ&C well &0e Coldec. T\ﬁf. e snal

ComMmmMenky ate Contorimed v (el x \ 2
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Table 1.--Types of geophysical logs-avallable and number of each digitized for wells and coreholes

________________________________________________________________________________________

- o e B e e B e B e B B B oy ke e

Well Total Bamma- Natural Temper- Resis- Specific
identifier depth Neutron gamna gamma Caliper ature tivity conductance Other
GIN-6 201 - 11 1/1 - - - - --
GIN-7 151 - 171 1/1 1/1 -- -- - --
GIN-8 203 - 2/2 1/1 2/2 - -- .- -
GIN-9 204 - 171 UL 1/1 -- - -- --
GIN-10 161 -- 1/1 /1 /1 -- -- -- --
GIN-11 163 - 1/1 1/1 2/2 - - -- --
BIN-12 140 - 111 1/1 2/1 - - -- --
6IN-13 142 - 1/1 1/1 2/1 - - -- . o--
GIN-14 75 -- 1/1 1/1 /1 -- - - --
GIN-15 74 -- 2/2 1/1 1/1 -- - - --
GIN-18 75 - 1/1 11 2/2 - -- -- --
GIN-17 16 -- a2 2 171 - -- - --
GIN-18 188 -- 1/1 1/1 1 -- - - -
GIN-19 199 -- 1/1 1/1 11 - - -- -
GIN-20 198 - 1/1 1/1 11 -- -- - --
HIGHWAY-1 1280 -= 43 4/4 3/ -- -- - M. 1/0
HIGHWAY-2 788 - 3/3 4/3 -- 1/0 1/0 1/0 -~
HIGHWAY-3 754 .- 1/t 1/1 1/1 11 - -- --
1ET-DISP. 250 - -- 1/1 - - - - -
IHEL-] 10240 -— -- 743 6/3 1172 410 - -~
INEL-1(WS) 698 3/3 1/1 6/3 171 - -- -- --
LPTF{Disp) 317 -~ - 1/1 -- - -- - -
Leo Rogers 717 .- 3/3 2/2 2/z 1/0 1/0 -- -~
M-ETR-Disp 1235 ~- 20/4 12/3 13/4 4/0 2/0 -- : F.1/0
MTR-1(TEST) 589 1/1 1/1 5/5 -= i/0 4/0 1/0 -~
HTR-3 598 - 1/1 1/1 i/l - - -- -~
NAB9-] 237 e/ 171 14 -- - - - -~
NABY-2 234 /1 1/1 /1 -- - - - -~
NONAME-1-TAKE 549 - e/e a3 kTF] 1/0 -- - -
NPR-TEST 600 1/1 171 111 1/1 - -- - -
PBF(Cw) 222 - 1/1 1/1 2/2 -- -- -- -
PBF {WW) 224 -~ 2/2 2/2 2r2 -- -- -- --
PSTF 314 - 1/1 2/2 - 4/0 4/0 2/0 --
PW-1 115 1/1 1/1 1/1 - - -— -- -
Pu-2 129 éfe 2/2 2/ - - - - --
PW-3 122 2/2 1/1 1/1 - - - - -
PW-4 142 2/2 1 - 1A1 - -- -- -- --
PW-5 122 2/2 171 1/1 .- -- -- -- -
PV-6 124 3/3 o2/ 171 - -- -- - . --
Pw-7 232 2/2 2/? 1/1 - - -- - -
PW-8 164 /e 1/1 1/1 -- - - - -
PW-9 196 2/2 2/fe . 1Al -- - -— - -
PaW-1 - 432 - 3/3 3/3 - 2/0 2/0 2/0 --
PaW-2 383 - 1/1 3/3 -- 2/0 2/0 2/0 -
PaN-3 a07 -- 1/1 3/3 -- 2/0 2/0 1/0 -
QAB . 1102 - 111 1/1 1/1 -- - - .-
RRYW 623 1/1 11 2/2 2/2 - - L - -
RWMC78-1 78 1/1 - 1/1 -- - - -- -
RWMC78-2 234 1/1 1/1 1/1 1/1 - == -- -
AWMC78-3 166 1/1 11 1/1 1/1 - - - --
RWMC78-4 43 1/1 1/1 1/1 171 - - -- --
RWMC78-5 227 1/1 1/1 1129 1/1 - -- -~ Co=-
RWMC79-1 239 1/1 1/1 1/1 1/1 - -- -- --
RWMC79-2 218 3/3 1/1 111 1/1 -- -- - -
RWMC79-3 255 /1 1/1 11 1/1 -- -- -- -~
RWMCBB-10 232 2/2 272 2/2 2/ -- - -- -
RWMC88-020 220 e/ 2/2 2/2 . 2/2 - - - --
RWMCB9-D1D 242 212 2/2 2/2 2f/2 -- - - -
S5G-TEST 1325 -- 17/5 17/3 17/6 5/0 3/0 -- --
$56-2 599 - /3 /3 ¢/ - - - .-

12




Well identifier:

W21l location:

Latitude and longitude:

Site identifier:
County:

Remarks:

DEPTH BELOW LAND SURFACE, IN FEET

INEL-1 ‘Altitude: 4873 ft

03N-29€-01abbl Depth of well: 10333 ft
432717 1125835 Depth of hale: 10385 ft
433717112%63501 Total depth logged: 10240 ft
Butte

Additional digitized and undigitized logs are available (see Table 1).
Digitized and unprocessed logs are on disk 10. Digitized and processed
logs are on disk 12. Gamma log shown is a combination of 2 digitized
logs. Line breaks separate INEL1GA and INEL16B1-4. Caliper log shown is
a combination of 3 digitized logs. Line breaks separate INELICA, INELICB,

and INELICC,

INEL10A ‘ IMELiICA
api=156_(3-3~79) ‘ ss=in_(3-3~-79)
] -1} -} 6a
Q -]

50 - L 50 - R
100 A - 1990 - . -
150 - ~ 159 - =

N

200 - io:aﬁizm - 200 - o
ase -obzzozsgaizet - @S0 T B
300 - surface. i 100 |
359 - - 3se 4 =
400 -~ - 409 - _
450 - - 450 - =
6RO - B Sa00 - | -
§50 - 558 - L
Gee - — 00 - =
852 - ‘esa ~ -
Toe - - 700 - -
750 758

269




INEL1GA--Continued INEL1CA--Continued

api=150_(3-3-79) sc=in_(3-3-79)
i ] Y-} 9 (-]
i ;
k- 750 780
] |
|8 804 - = 800 - -
| B 8se - - 850 - -
.
[ j:
3 g00 - - se9 -
x- :
" g0 - 960 - L
j 5 i1ede ' - 1000 - =
&=
=
‘ 2 1050 - - 1068 - -
4 -
l -
k‘ 8 11ee - - 1100 - -
| z
‘ £ 1150 - - 1150 - -
|. L)
£ 1200 - = 1200 - =
<
.q .
2 1250 o - 1280 - -
|
: =
= 1300 = 1360 - -
=
&
L 135@ - = 13850 - =
i 1499 = 1400 - =
1450 - - 1458 - =
‘ 1509 = 1800 +— INELICB |
1558 | No gamma L 1850 - 3
log from
H 1g880 - o 1800 - L
1500 to 3550 ft
1650 | below land 1850 -
surface
1790 - = 17980 - L
1759 1750

270




© A maeas,

PR,

DEPTH BELOW LAND SURFACE, IN FEET

1750

1899

1859

1500

1969

2009

L]
n n n N ] n n N
= [A] [F] n n - = )
© ] @ a o [ o a
] © [ @ o @ @ o

2459
2600
2558
aseq
28589
2798

2750

INEL1GBL-=Continued

api=186_(5-18-79)

1760
4 o 1890
R o 1850
- - 1908
. - 1959
4 -~ 292e
- - 2059
- = 21090
- o 21&5a
- - F=t=1-1-]
- - 2250
- ~ 2309
A - 2350
- B 2400
- o 2458
- = 2599
i o 2558
- u 2680
- - 2659

- — 2799

27849

271

INELicB-—-Continued
se=in_(3-27-79)

=1




INEL1GB1--Continued INEL1CB--Continued

apiz152_(5-18-79) sc2in_(3~27-79)
) se 0 Y
2760 2760
20800 - - 28e0 - -
2868 - - 28se - -
1 2900 - 2990 -
29680 - o 2980 - -
| .
1 3090 —{ - 3eee 4 -
¢ 3050 - 300 - -
23]
| &l
] <N
; 3100 - 3100 - -
=
[
o 3180 - 3158 - R
L&)
]
N 3200 - - 3200 -
[==]
A
o 3250 - - 3280 - -
-, 3300 - - 3300 - -
&
B
i 3350 o - 3350 - -
j=-]
£ 3400 - - 3400 - -
<]
[
3450 - - 3480 - -
3see - -  agee -
38se - 3880 - -
INELLCC
3500 - - 3800 - -
3sE0 - - 3850 - -
3700 - 3700 - -
3780 JTER
i
272
)




INEL1GB1~~Continued INELACC--Continued

apiz150_(5-18-79) sczin_(4-23-79)

@

L35
. g 3759 3760
§ 3280 - - 3see o -
2 3860 - - 385e - -
i
¥
z 3500 - 3949 -
!
@ 3960 - - 3sse -
2 490a - 4000 - -
2
: e
V) i3 4050 - - 4989 - -
f o
g Z 4100 - -~ 4199 - : -
- -
‘ 3
: S 4160 - - 4150 - -
b ™ !
2 -
p 4290 - 42808 - -
% 4250 - - 4250 L
A .
2 4300 A - 4300 4 L
o |
3]
M
4360 - 4380 - -~
= :
e
Py
i ase0 - - 4400 - L
4459 - |~ 4450 ~ =
4500 - - 4509 - L
4560 - - 4558 =
4580 - |- 4508 - L
;' 4658 - - 4BE0 -~ L
4790 - 4700 - L
4760 4768
273




'DEPTH BELOW LAND SURFACE, IN FEET

4780
4800
4883
ageo
4959
5000
5080
5190
6150
g200
5250
5300
5380
5409
CPTT
5500
5550
6500
£650
5790

5750

INELige1——Continued

api=16a_(5-18-79)

INELiGEZ |

INEL1CC--Continued

sc2in_(4-23-79)

-1

4754

4800

46869 -

4900

4958 -

Bleo

5160

254

5300

8360 -

-T-1-1)

5458

5560

BE6868 -

B8700

5768

274




" atand o hewian

LR BN Ay Tk AR AR ey - o,

DEPTH BELOW LAND SURFACE, IN FEET

6760
5804
E8%0
949
s980
gaeo
€0%e
6100
8169
ﬁEBB
gase
6306
6360
64080
8450
== 10
-{-1-1:]
SE09
=111
€708

G750

INELLGE2--Continued

api=158_(5-18-19)

a B4
- -
- -
. -
7 B
{ -
7 I~
7 INEL1GE3 (™

BT508
6800
5860
3-1- 1)
S950
-1-1:1-1
1=1-1-1:
€100
6160
c208
6250
€300
6359

6490

275

INELL1CC--Continued
sc=in_(4=23~79




INEL1GB3~-=Continued

api=160_(6-18-79)

Q 62
8TE0
680280 - =
6060 "‘ ~
6998 - =

8982 -

Tee8 ‘ -

7052 T :
7180 -
7152 -
7200 -
7250 4 . -
7300 - -

7360 B

DEPTH BELOW LAND SURFACE, IN FEET

7400 -




.
A L N i Lo e L TS

PN ] L TR A T L

YR T T YT M sn—

DEPTH BELOW LAND SURFACE, IN FEET

INEL1GB3~-Continued

api=150_(5~18-79)
e =F)

789
. 7800 - -

7880 -

[
7909 - -
T960 r
8000 - -
ee6e - -
8100 - -
8180 - -
8200 W -
8280 - -
saee 7 INEL1GB4 [
8350 -
8400 - -
8469 - -
2529 - ' -k
8880 - : -
2600 - r
28669 -
e709 - -

g7se

277




DEPTH BELOW LAND SURFACE, IN FEET

aT759

88548

agse

9e6e

2100

9160

g200

93ee

a36e

S490

5450

26589

9700

a7ee

INEL1GB4-=Continued

api=180_(&-18-79)

278
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L/ " W,

FORM NO. 9-1904-E : .5.DEPT. OF INTERIGR
GEOLOGICAL SURVEY
WATER RESOURCES DIVISION

GROUND WATER SITE INVENTORY
WATER-LEVEL DATA

counry__. et/ LoCAL wiELL No, 03N " §529E §i /=t [ OWHER U Dok

Site Ident. Ne. ?AMZZJ&J;?J@{;I w"'fﬂﬁ:'" Method of W/ L Seleciion from Recorder W

Suity daly  meam Rewding
Repding

fnaus.PoinlﬁL&—olﬂ ﬁ_‘_l_ggyﬁ%l?h‘%@ M.P. Begin Dale EHE N 74 I e ‘-| E1 v i

w. endpate P22 L A 0 16 M. P, Height [223.2] 4 La,.g&l!l%%“ fzéwopfc?&:'.{u“; :::j::' .
et ne, Jum, 5
M.P Remork [2224 = [Py N0 Tol eF |IZL2 FLANGE 4874 &1l FllT, ABp VE M3y 111 1] s
: 0
IZEIIIIIIIllllllll!ltlllllllLlllIlllll_llllIlll’m]DuieM.P.Punchtdl—_'M|Vl1lllB!
DATE WATER LEVEL (DEL&%Z&’) STATUS METHOD | HOLD T ";EQ’E‘:‘Q_ .ﬁ:; S r:ulcTn!:n

m# 127238/ 1985M o= | BLEMLTM .22 [ | e [s|¥ { 3202 |2.08 20652 | f 1328

m# |2/ 0,3/ 19858 297 . _Qlélé.u_alﬁﬂ 38> ] wve |5 | 3/0.00 | 329 |204-87 |25 rs¢0

s Q?—/O -%/lﬂ.‘& il 287 = |'zsll"l‘5“u|.9|5|n el ¥ 29 B | 310,00 3:30' SOL.T0 P 1550

™ #104/2,9/ 19248 | 220 | 305.8™ | 28" e |sIW | z/0.00 (344 |F0c.5¢ 2 /337

o Wl 0787 19560 Lo | 30592 [ | [d | oox s | 3/0.0013.33 | 30667 B3 1035

2 #|,2/ 2,2/ l.i.,%lﬁ wre | 30505700 [ eoe [ M |2 1P | 5000 [269 |206.32 PLF p452

238 75,2/ 2,58/ /2B 7* 21 | 3050, 2388 d | 20 |sl® | 3/0.00 |Hog | 32574 P sng

2 (04 s 2.0 7 1,987 {07 | a@Siehr (] [220- [ 1M | mon LW | Fog.00 |/78 506,22 _\RJ 1545

mlog/ i, /12821 | - 305l o] | 20 [ M | 230 S | 3ip.oe 14,15 20585 |K) 1510

2 gl /067 1,987 | 210 | 304.88[F | *2* - K[W | 30%.00 |3.37 | 305.¢3 |K) 1355

230 A 0.///:2/’1933” 237 S0 o3 ,0P 238. L '3 TR ML _._2'09, 00| 335\ 05.65 L) /1505

o3/ 2,0 /7,988 2| _3rdeé s | zmes | P | amox, SE‘ 309.00 | 3.65 | 305.35 |£J 1100

v ptlos/ 20/ /9682 - "é‘eﬁﬁ’ﬁiﬂﬂ zen - % | adoe [Sim 3Blo.oe | 487 | 305. 19 |pJ /005

s 7 06/212/1193P r,\;) 2879 | 30,025 2. 1 239 - S‘ﬂ 310.00 00 | 295,00 2 p9io

o |,/ VA "’d are Laa_ter o Lol e | 239 ad

e R T T YO L. ) B LA L L |

wage] /7 T ] e 298 = 233 = ¥

et / o/ o b | e [ | 22 | 2v9- fid

ot /L | e L i w. | X
are ame L23821 0 E F g~ H N o P R s T v W x z |

éry, tiowaed, flowing, nearby, nearbdy, measuremani, abstruciion, pumping, racenily, nsorby, nearby, farelgn, well, surfoos, other
recenily : flowlng “:;?':;1 disooniinuad putpsd ponping l::;l::'l: subatonce dadiroyed :al.o.r'. '4/ , #,?:

Msthod of F239:=] A ¢ . E G H L M R s T Y z | L IVEL

alrtine, rollbroled , evlimated, prossure, cafihrated, grophyelonl, manometsr, reported, stecl, eleeirlc, callbrated, other
airtine grge  praviure page loqe lope tape slecinle tape




Wi

WELL DATA
MEMORANDUM TO FILE

DATE: 10/21/91

ORIGINATOR: Richard Willson

ORGANIZATION/SOURCE kPERSONS CONTACTED): EG&G/Jack Barraclough (see ref #141)

WELL NAME: Many

LOCATION COORDINATE:

FACILITY LOCATION: General INEL

REFERENCE NUMBER: (See #141)

PROBLEM/INFORMATION DESCRIPTION:
EG&G reviewed the Draft INEL Comprehensive Well Survey Report and
provided comments. Jack Barraclough provided the actual comments to
parts of the draft and well reports. This MTF only addresses comments
pertaining to the well reports. The mark-up copy has been designated as
reference #141. A copy of the appropriate comments for each well is
attached to this MTF and has been entered into the appropriate well
folder. The well folder reference sheet (at the beginning of each well
folder) has also been updated. Since documentation of the changes did
not accompany EG&G’s comments, only items identified which are "not
found" will be changed. If/when the documentation is acquired, the
remaining changes will be made (if they are different, and if the
documentation has a better confidence level than what was originally
used). The complete set of comments are contained in ref #141.

RESOLUTION (DATE):




Well Name: INEL 1

Composite confidence level: D
Coordinates Jgbc 2
TRS: T3N—R29E-

Northing: 713320.97

Easting: 294408.53

Latitude: 433717.00
Longitude: 1125635.00

Elevation Information

Elevation (ft.): 4873 4 &35
Datum: NF g5z

Well Category

Well type: Observation. was Geo%ée/ﬁaa/ Ex,o/or:z//or? W//
Well status: Lt rv-e
Well installation type: Single

Drilling Information

Driller's name: Brinkerhoff
Year: 1979 )
Drilling method: W& Eprary
Work-over year: NF

Depth

Bore hole total depth BLS (ft.): 10365
Well total depth BLS (ft.): 10333

Water Infdrmation

Initial water level BLS (ft.): 306
Date: 05/02/79
Water quality sampling frequency: NF

Pump Information

Pump type: NF Nom / was 54/5/»@/{75/ —716»7/)0*"'3 /”“"’//g”'
Depth BLS (ft.): NF Januard . wn
Discharge rate (gpm): )l( 57jﬁ/rl /44/98/ wz‘f‘ ZQD#@’LOp C/ded/au
Water level access type: NF §;7QC/-F'(: C@M{é = 0.209 Pm/j[*  dvawdhwr
Available Information

Construction diagram: N Gamma gamma log: Y Caliper log: Y

Lithographic log: Y Driller's log: Y Neutron log: Y

Natural gamma log: Y Geologist's log: Y Electric log: N
T.V. camera/photo log: N Site schedule: Y Field book:)()/v/’
Fluid conductivity log: my
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Well: INEL 1 (continued)

Construction Information

Borehole Dimensions:

Top/Bottom BLS (ft.)

Diameter (in.)

0/1524 26.50
1524/3561 17.50
3561/10333 12.25
10333/10365 8.75
Surface/Protective Casing:
Top/
Type Material Bottom BLS (ft.) Diameter (in.)
Surface NF 0/40 30
Well Casing:
Top/Bottom BLS (ft.) Diameter (in.) Material
0/1511 20 NF Sfeet
0/3559 13 NE SHer/
3282/6796 9 N cter/ "
Cement/Fill:
Top/Bottom BLS (ft.) Type
NF/NF NF
Completion Zone:
Diameter
Type Top/Bottom BLS (ft.) (in.) o -
. eV—:[omﬂ/"‘/ o/l oF
Perforated 4210/6275 9.0 * — se fecTed
Open hole 6796/10333 12.25 Ce vfpve flors
Open hole 10333/10365 7.0
Material Slot Size Filter Pack Type
NF NF NF
NA NA NA
NA NA NA

Concrete Pad: NF

Locking Cap: NF

8-142
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Well: INEL 1 (continued)

Comments

FOR THE INTERVAL (4210-6275 FEET) GIVEN IN THE COMPLETION
ZONE, 10 PERFORATION ZONES EXIST W/SECTIONS O K CASING BETWEEN,

F,B
EACH. Drilled for ggm‘éearm/ exp/om Fron: Waler em parature 1o by Mo
15 295°F

8-143
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Well Surveyor’s Fence Guard
Name Monument Apron Post Pad Posts
Arbor Test x° -0 -- X -
NTP Area 2 X X X -- -
Badging Facility Well X -- -- -- --
Corehole 1 X X X - -
Corehole 2A X X X - -
DH-1B X - X X -
DH-2A X X X - -
EBR 1 X -- -- -- --
' EOCR Production Well X -- - - .
Fire Station Well X -- -- -- -
Highway 3 X -- -- -- --
INEL 1 X -- -- -- -
OMRE X -- -- .- -
Rifle Range Wel] X -- -- -- --
Site 04 X -- -- -- -
Site 06 X -- X X --
Site 09 X -- -- X X
Site 14 X X X -- -
Site 17 X -- X -- -
SPERT Disp. 1 X .- X -- --
SPERT Disp. 2 X -- X -- --
SPERT Disp. 3 X -- X -
USGS 001 X -- -- - X
USGS 002 X -- X -- -
USGS 004 X -- X .- -
USGS 005 X -- X -- --
USGS 006 X -- X — -
USGS 009 X -- X -- --
USGS 012 X -- X - --
USGS 015 X -- X -- -
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WELL UPGRADE CHECKLIST

WELL NAME: IvelL. | s £

UPGRADES: Describe upgrades installed at well. If item was already
existing at well before upgrading activities occurred, place "AE" on
appropriate line. If item is not needed, place "N/A" on appro%riate line.

MEASURING POINT (MP): NowE \/ HA ARGy S A_z_sa/

MP DIRECTIONS: Nowe

IMPINGEMENT POSTS/FENCE POST:__ AI//A

paD/APRON: Y/ /4

SURVEY MonmenT: Leonze,  Manpen  [u awca,ere
/u Ruger  MNore WMoyt To PiT

~ . ADDITIONAL INFORMATION:

PHOTOGRAPH NUMBER(S): Nove

SIGN-OFF: | |
Inspected by r[(/v\/ W Date: q//IL’L/q [




Table 9.

/=l "8

N g

Outlier wells listed in the CWS but not found.

ACRE T Well

EOCR Injection Well

PBF Chem. Wst. Inj. Well
Testhole 0

USGS 003A
USGS 010
USGS 033

Table 10 shows the_we]]s found in outlying areas and the hardware

existing at each well.

Table 10. Outlier Wells.
Surveyor’s Guard ,
Well Name _ Well Type _ Monument Pad/Apron __ Posts MP®

ARA 1 Production --P xe N/AY  --
ARA 3 Production -- X N/A  --
Arbor Test Observation -- -- N/A  --
NTP Area 2 QObservation -- -- N/A --
Badging Facility Well Production -- X N/A O --
Corehole 1 Test Well -- -- N/A  --
Corehole 2A Observation -- -- N/A  --
DH-1B Observation -- -- N/A  --
DH-2A Observation -- -- N/A -
EBR 1 | Production -- X N/A  --
EOCR Production Well Production -- X N/A  --
Fire Station Well Production -- X N/A O --
Highway 3 Production -- X -- --
INEL 1 Observation -- X N/A  --
NPR Test Observation -- X X --
OMRE Production -- X N/A  --
PBF Clean H20 Inj. Well Injection -- -- N/A X
Rifle Range Well Production -- X N/A  --

17



WELL INSPECTION CHECKLIST

weLL name: INEL | CHS #:
GENERAL LOCATION: ﬁ)afrwaau NLE ¢ CPP. WeeT Op
: oWwAY MILE

WELL IDENTIFICATION:
. Is the well identified? Nes

If yes, explain (how, it is identified):
Pirve. e w] (ve ]

MONUMENT (BRASS CAP)
1. Does a survey monument exist at the well-site? D’o

If yes, describe (material, location, how monument is affixed,
, survey rod indentation, etc.):
2. Write down any inscription that exists on the monument (well name,

coordinates, elevation, etc.): {15

CONCRETE PAD:
Is there a concrete pad around the well casing? Yes

If yes, descrjbe (thickness, dimensions, etc.):
0)\4 1" Louciere. T

IMPINGEMENT PROTECTION: ‘
1. Are there any impingement protection posts present? /\/3

If yes, describe (number, height, diameter, spacing, material,
condition):

LN

2. Is the well-site in a high traffic area? Ny

WELL HEAD DESCRIPTION: No

1. Does the well have an outer control box?

2. Is the well capped? Outer casing &5 2 Inner casing —
If yes, describe (type of cap or control box, etc.):

3 Is the cap/box locked in place2~_ (Yo

4 Does the well appear to be (abandone@ or destroyed?
If yes, explain:

5 Distance outer and/or inner casing extends above ground surface or
pad: N /A

6.  Well cas1ng diameter:  Inner - Outer_A~ Z-4 '}

7. Well casing material: Inner____ _ Outer__&. 5Teer~

8 Well use (circle one): monitor, Qiéégg;;;;{ or Ryjection well?

9 Is a water level probe pipe insta e

If so, describe (material, diameter, etc.):

10.  Is a pump or other instrumentation 1nstalled? ND
If yes, describe:

11. Does a measuring point (MP) exist? ND
If yes, describe what the MP is and what directions exist as
to where to find the MP:

s o A A . e e e

R R T A
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WELL PHOTOGRAPHS:

Take photograph of outer well head including any monument, pad, and
nameplate; close-up photograph of inside of control box; and wide-angle

photograph of well-site. L 5Y

1. Initial for photo of the outer well head: jve

- Initial for photo of inside of control box:

2. _
3. Initial for wide-angle photo of well-site: 65> KV6
4 Remarks (include description of additional photographs:

55 Lve

U&SAFE 2R UNUSUAL CONDITIONS AT OR NEAR WELL-SITE: f IWere SITG /U
1LLep W[ WaTee o (svenep w/ouD 2oends

DESCRIBE THE GENERAL WELL CONDITION: /00/4—— '

SOIL OR BEDROCK SURROUNDING WELL HEAD: __ Crowenere- Soi

»ADDITIONAL INFORMATION 0/€U Cﬁt?hUé /9

SIGN-OFF: W / /
Inspected by Z@/\/\/ Date: l/1%/92—
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INEC-1; 3

age 2
el data for INEL wells Sept 27, 1989 : UJ‘OO q’?'
el easting northing elevation depth comp code use_code comp date bh_elev aka mp_offset
BR-I1-2 371000.00 703322.00 5121.91 PRO 1957701723 |
OCR 306144.03 677079.01 4940.00 1237.00 AQ PRO 3703.0
IRE RANGE 282850.40 A85735.60 4968.75 626.00 AQ 4342.8
IRE STA 2 295186.24 T04351.11 4902.31 516.10 AQ PRO 1957/09/26  43BS.2
JIN-01 360720.00 7B8806.00 4787.13 373.00 AQ &414.1 1.45
-IN-D2 3561166.66 788941.41 47B6.72 402.00 AQ 43847 1.51
JIN-03 361552.00 7B8538,00 4786.68 3B6.00 AQ 4400.7 2.29
JIN-04 361164.00 7BBB72.00 4786.81 306.00 AQ 4480.8 1.84
JAN-05 361368.00 789394.00 4787.14 430.00 AQ 4357.1 1.80
(IN-06 350940.00 796420.00 200.00 GP
IN-O7 350300.00 796840.00 200.00 &GP
N-08 349550.00 796520.00 GP
[IN-09 350950.00 795500.00 203.00 GP
(IN-10 349440.00 795730.00 163.00 &P
AN 348940,00 797000.00 163.00 GP
AN-12 348440.00 795050.00 142.00 GP
JAN-13 349650,00 T97500.00 141.00 GP
IN-14 349880.00 794305.00 75.00 GP
IN-15 349370.00  796450,00 75.00 GP
iIN-T16 349570.00 796635.00 75.00 GP
JIN-17 349560.00 796470.6G0 78.00 GP
1IN-18 349890.00 796300,00 200.00 GP
JIN-19 349180.00 795370.00 200,00 GPF
GIN-20 349605.00 794930.00 200.00 GP
IRAZING-2 325383.02 583046,08 4771.67 390.00 AQ PRO 1939701701 4381.7
"ANSEN 255715.22 T95427,92 4945.00 201.00 AQ PRO 1961/07/31  4744.0
AIWAY-1" 459046.18 682124.98 5089.83 1100.00 AQ 3989.8
1TWAY-2 41163114 687427.66 5216.55 7856.00 AQ PRO 1950708729  4430.5 1.46
HIWAY-3 277297.85 6B7160.41 4580.88 750.00 AG PRO 1967709715  4230.9
IDAHO F&G 445616.52 B20462.52 4818.15 58.10 AQ 0BS 1953709725 4760.0
1ET-01 359081.00 801623.00 4790.14 324.00 AQ {1 . 1953/08/01  4466.1 JET DIsSp 4,73
INEL-1 - 294408.53 713320.97  4895.00 10333,00A07 -5438.0
INEL- 1S T 4R AQ 2.08
LF2-01 294431.90 682893.30  4932.44 27.17 VI 4905.3
LF2-02 294010.20 6B83042.40  4933.37 31.00 VvZ 4902.4
LF2-03 296420.60 &£82893.70 4932.20 22.00 WP 4910.2
LF2-04 294011.00 683051.10 4933.26 21.47 NP 4911.6
LF2-05 294589.20 6B83235.50  4930.03 21.58 VI 4908.4
LF2-06 294323.00 683321.50 4931.79  19.25 V2 4912.5

LF2-97 294595.10  683241.80 4929.70  18.17 WP 4911.5
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TEMPERATURES AND HEAT FLOW IN INEL-GT!
INTRODUCTION

We have logged temperatures in the deep geothermal test at therINEL test site on the
eastern Snake River Plains in Idaho (INEL-GT1) three times over a period of 8 years. The first
logging was on 8/20/82 when we reached a depth of 2100 m. We were unable to get past the
casing shoe at that depth. In 1983 (7/25/83) we relogged the well with a centralizer on the
temperature tool and got past the casing hanger to the end of our cable at 2870 m. In both cases
the logs were made at a 0.5 m recording interval, our finest depth increment of temperature
measurement at that time. In 1990 we relogged the well for a third time and for the first time
reached the bottom of the well at 3130 m. In this log the temperatures were measured at 0.2 m
intervals, The temperature-depth plots for the last two logs are compared in Figure 1 and the
gradient logs for the three logs are compared in Figure 2. The differences in temperature are
almost too small to see on the plot. The only significant differences are in the depth interval 700
to 1850 m, a section of the hole with a number of fluid disturbances that will be described
below.

TEMPERATURE AND GRADIENT COMPARISONS

To clarify the discussion the hole will be divided into sections for the purposes of
discussion. These sections are listed in Table 1 and the characteristics of the gradient in each
section are summarized. The average gradients of some intervals are listed in Table 2.

The temperatures and gradients for the two loggings in 1982 and 1983 are identical
within the resolution of the temperature tool, even in the section of the hole that shows extreme
fluctuations of gradient, 700 to 1850 m. There is a data gap for the logging of 1990 between
2110 and 2205 m so this section will appear different in most of the plots and should be
disregarded. The thermal conditions in the hole are generally conductive in the region 250 to
700 m and 1850 to 3150 m. The gfadient variations there are generally associated with thermal
conductivity variations related to lithologic variations. The best heat flow is determined in this

section of the well and will be discussed in a subsequent section of the report.




The temperatures from the 1990 and 1983 loggings are compared in Figure 3. The
temperatures are essentially the same above 1100 m. Between 1100 and 1850 m the
temperature differences range from about plus 1°C to minus 1°C in the areas of the well
disturbed by fluid effects as described below. The background differences are about 0.2°C at
1850 m and systematically approach minus 1°C at the bottom of the 1983 log. The slight offset
between 2100 and 2200 m is due to changing the range on a DVM. We believe that the
differences below 1800 m are due to electrical leakage in the cable head in 1983 at temperatures
above 100°C. We are pursuing the discrepancy in more detail at this time, however, to resolve
the cause or causes.

The fine scale variations of gradient (the noise in the gradient plots, see Figure 4) are
associated with small convection cells in the fluid column related to the decrease in density of
water with depth due to the positive geothermal gradient. The greatest noise is in the interval
850 to 1000 m where the gradient is highest and the fluctuations are lowest in the interval 1600
to 1820 m where the gradient is lowest. For the gradient of 40°C typical of much of the hole
the noise is lower in the section of the hole that is 9 5/8" in diameter than in the larger sections
of the hole above and below. The decrease in the gradient in the bottom of the hole is an end
effect of the bottom of the hole.

A summary of several of the geophysical logs for the well are shown in Figure 5. The
plotted curves are based on 6.1 m (20 ft) averages of the original open hole logs used by
Williams (1981) in a study of the thermai conductivity of the well. This study will be discussed
in more detail in a subsequent section. We do not have original copies of the logs at this time,
50 the comparisons in this discussion will refer to the logs as displayed in Figure 5. The logs
shown include natural gamma-ray, travel time (displayed as velocity), and density (from the
gamma-gamma log). The 6 m averages were prepared to smooth out the local fluctuations due
to hole size so the areas where there are cbvious hole size effects on the logs (areas of low
velocity) are major zones of hole enlargement. Many of these areas coincide with areas of

anomalous temperature gradients.
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Convective Disturbances The temperatures and gradients depart from conductive behavior in 2
significant way in the interval between 700 and 1850 m. The interpretation of this region is
shown diagrammatically in Figure 6. The gradients in the interval between 750 and about 1100
m are disturbed by two major areas of moving water in the rocks around the drill hole. There
appears to be water moving from higher elevation to lower elevation past the driil hole in the
ash flows directly below the thin layer of sediments encountered in the depth interval 670 to
750 m. The evidence for this behavior is the negative excursion of the temperatures in this
interval relative to the interpolation of the temperature-depth curve through this region. This
general downward movement past the hole is _r_nirrored by a similar upward movement past the
hole in the depth i&térval 1000 to 1100 m. The temperatures in areas of the hole adjacent to the
zones of water flow have changed temperature significantly between loggings (Figure 4, down
about 0.1°C in the upper zone and up about 0.1°C in the lower zone), indicating the disturbed
nature of the temperatures in these areas.

The most obvious disturbance to the temperatures and gradients in the well is in the
depth interval 1580 to 1850 m. The shape of the upper part of this disturbance is a classic
example of up-flow in the well bore between two water bearing zones connected by the drilling
(in this case the water is flowing in the annulus outside the 9 5/8" casing). The bottom part of
this disturbance is a classic example of down-flow in the well bore between two water bearing
zones connected by the drilling (in this case also the water is flowing in the annuius outside the
9 5/8" casing). The geophysical logs show evidence of porous zones at 1600 and 1820 m that
may be the acceptor zones. The donor zone (Or zones) is not so obvious from the available log
data although the original logs need to be examined again for evidence of the location of this
zone. It should be in the 1680 to 1720 m depth interval. The temperature in this 270 m
interval has decreased about 0.7°C in the time interval between loggings again indicating that
the temperatures in this portion of the hole are relatively unstable.

The behavior of the temperatures and gradients in the interval 1100 to 1540 m is the

most puzzling in the whole hole. The gradients vary by too great an amount to be explained by
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simple conductive heat transfer. The gradient pattern on the logs of 8/20/82 and 7/25/83 was
identical, so the effects do not appear to be transient. The pattern was similar, although slightly
more simple on the 1990 log. The temperatures changed the most between the loggings of 1983
and 1990 in this interval, being plus about 1°C at 1380 m and minus about the same amount at
1450 m. The geophysical logs show evidence of major hole enlargements at both depths. The
pattern in 1990 between 1380 and 1460 m appears to be a miniature case of the interval between
1600 and 1800 m described above. Perhaps flow began in the well between the two logging
periods. The zone between 1280 and 1320 m is enlarged. Blackwell et al. (1981) found that
areas with hole enlargements in a geothermal well in Oregon were characterized by areas of
sigmoidal gradient-depth plots. Thus some combination of intrawell flow and hole size
complications may expiain the complicated gradient pattern in this region. The average
gradient in this interval is about the same as in the rest of the hole so the heat flow does not
appear to be affected (see discussion below). The Schlumberger logs need to be examined in
conjunction with this new temperature data for a final evaluation of the controls on the
temperature and gradients in this interval of the well.
THERMAL CONDUCTIVITY AND HEAT FLOW

Several cores were obtained during the drilling of the well. Thermal conductivity
values were measured on samples of these cores at room temperature and the temperature
corrected values were used to calculate a heat flow for the hole by Brott et al. (1981; the results
are also discussed by Blackwell, 1989). Williams (1981) also measured the P-wave velocity as
a function of pressure on these core samples and developed empirical relationships relating
thermal conductivity, P-wave velocity and some of the well log properties. Plots of these
predicted thermal conductivity values at room temperature conditions for four different
relationships are illustrated in Figure 7. For the purposes of this report the curves are not
significantly different and only curve THC! was used in the analysis. The thermal conductivity
was calculated from the 6 m average velocity log for intervals divided into lithologic sections

using the lithology and natural gamma-ray information using the relationship
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TC = -0.36 + L.38*Vp

for the section of the hole in rhyolite and by the relationship
TC = 0.26 + 0.86*Vp

for the section of the hole in basalt..

The gradient, thermal conductivity, and heat flow values for the well were averaged
over a 100 m interval to smooth out the smaller scale fluctuations in the values and are shown
in Figure 8. The thermal conductivity values shown are corrected for temperature effects so
they should closely reflect in situ values. The heat flow panel shows that the bottom of the well
has an average heat flow of about 100 mWmiZ

A better way to evaluate the heat flow for the well is to prepare a plot of the sum of the
thermal resistance down the well and the corresponding temperature (Figure 9). The thermal
resistance is calculated from the inverse of the average thermal conductivity for each 6.1 m
interval from Figure 7 (after temperature correction) multiplied times 6.1 meters and added to
the preceding value representing the sum to the preceding depth (or temperature). The
advantage of this form of the calculation is that the slope of the straight line between
temperature and thermal resistance is the heat flow for that interval. The second and third
panels in Figure 9 show a straight line fit for the intervals 21 to 137°C and 100 to 137°C

respectively. The slopes of the lines are 99 and 107 mWri2

respectively.

The best heat flow for the hole is the 107 mWni2 value. This value agrees with the
heat flow at USGS-2a and is determined for the portion of the INEL-GT1 well below the
sections of the hole disturbed by water flow outside the well bore (above about 1100 m). The
line representing this heat flow value passes through the midpoints of the disturbances
associated with the intrabore water flow zones below 1200 m so the inference that they
represent disturbances related to the connection of fractures by the drill hole, and not natural
flow, is reinforced. Theré appears to be a small net cooling of the upper part of the well, but

the effect is most pronounced above 700 m (40°C). This may be real, or it may be due to an

incorrect estimation of the thermal conductivity of the basalts in this part of the well.
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TABLE 1. CHARACTERISTIC GRADIENT INTERVALS

INTERVAL (METERS)

0-100

100-240
240-700
700-1200
1200-1580
1580-1850
1850 3100
3100-3150

TYPE OF GRADIENT

Near Zero

40 to 60 °C/km ,
Negative to 80°C/km
Fluctuating

High to Isothermal
40+5°C/km

Low

CATEGORY

Air-above water table
Snake River Plain aquifer
Dominantly Conductive
Water flow past hole

Hole size (?) and water flow

Intrahole water flow
Conductive

Hole end effect

TABLE 2. AVERAGE GRADIENTS FOR SECTIONS

DEPTH (m) GRADIENT AND S.E. (°C/km)
250 - 3120 43.6+0.1
1880 - 3120 44.4+0.1
250 - 760 52.040.1
760 - 1580 41.9+0.2
760 - 1880 40.9+0.2
1580 - 1880 28.64+0.7
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Figure 1.

Figure 2.

Figure 3.

Figure 4.

Figure 5.

Figure 6.

Figure 7.

Figure 8.

Figure 9.

Figure Captions

Temperature-depth and gradient-depth curves for 9/22/90 log. 1 meter average
gradients are plotted. There is a data gap between 2110 and 2205 m.

Comparison of gradient-depth measurements for the logs of 9/22/90, 7/25/83, and
8/20/82. 1 meter average values are plotted at each meter.

Temperature difference for 9/22/90 and 7/25/83 logs. Difference plotted at each 0.5
m.

Gradic_antydifference for 9/22/90 and 7/25/83 logs. Difference plotted at each 0.5 m.

Plot of natural gamma-ray, P-wave velocity, and density (gamma-gamma) log values
from Schlumberger open hole logs. The plotted values are averaged over 20 ft
(6.1 m) intervals (after Williams, 1981). The gamma-gamma log was not run
above 1085 m.

Schematic diagram of the nature of fluid disturbances to the well.

Plot of calculated thermal conductivity based on several empirical relationships
between thermal conductivity and various well log parameters (Williams,
1981). Values are not corrected for in situ temperatures.

Plot of 300 ft (90 m) average geothermal gradient, thermal conductivity (corrected
for temperature effects), and heat flow.

Plot of thermal resistance as a function of temperature for the well. Lines

representing least squares fits to the sections of the curve between 21 and
137°C and 100 and 137°C are shown in panels 2 and 3 respectively,

INEL-GT1 Heat Flow p.8
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ABSTRACT

A 10,365 ft (3,159 m) geothermal test well was drilled in the
spring of 1979 at the idaho National Engineering Laboratory, eastern
Snake Riﬁer Plain, Idahe. The majority of rock types encountered in the
borehole afe of volcanic origin. An upper section above 2,445 ft
(745 m) consists of basaltiec lava flows and interbedded sediments of
alluvial, lacustrine, and volcanic origin. A lower section below
2,445 £t (745 m) consists exclusively of rhyolitic welded ash-flow
tuffs, ailr-fall ash deposits, nonwelded ash-flow tuffs, and
voleaniclastic sediments. The lithology and thickness of the rhyolitie
rocks suggest that they are part of an intracaldera fill.

| INTRODUCTION

The U.S. Department of Epergy drilled a 10,365 ft (3,159 m)
exploratory geothermal test well at the Idaho National Engineering
Laboratory (INEL), eastern Snake River Plain, Idaho, from February 15 te
.May 19, 1979. The well is designated INEL-l and is located in the
SE 1/4 NE 1/4, sect. 1, T. 3 N., R. 29 E. in the Circular Butte 3 SW
U.S. Geological Survey 7 l/2-minute topographic gquadrangle {(fig. l).
This is the deepest well drilled to date on the eastern Snake River
Plain. INEL-! was sited primarily on the basis of resistivity and
seismic refraction ancmalies defined by the U.S. Geological Survey in
hcooperation with the U.S. Department of Energy. Well cuttings were
collected every 10 ft (3 m) during the drilling process, and seven cores
were obtained at various depths. Few cuttings were collected from the
upper 1,6C0 ft (488 m), where loss of circulation of drilling fluids to

porous basaltic rocks and alluvial sediments was a major problem.




Samples are also missing from one other thick zome, from 2,750 to
2,940 fc (838-896 m). The first casing was set at a depth of 1,511 ft
(460 m) and drilling proceeded in 2z normal fashion below that depth.
Approximately 90 percent of the bore is represented by cuttings and |
core. The maximum temperature yet recorded is 302°F (150°C) at a depth
of 10,110 ft (3,081 m).
GEOLOGY

Basaltic lava flows, interbedded with silty to sandy alluvial and
lacustrine sediments, rhyolitic air-fall ash deposits, and ash-flow
tuffs, constitute the upper 3,000 ft { 900 m) of Lhe eastern Snake River
Flzin in the vieinity of the INEL (Walker, 1964; Zohdy and Stanley,
1973; Nace and others, 19753 Kuntz and others, 1979: Runtz and
Dalrymple, 1979; and Doherty, 1979). Rocks below 3,000 £t ( 900 m) have
been inferred from geological models and limited geological data and had
not been drilled until INEL-l. The drilling data from INEL-l support
the hypothesis that upper crustal rocks bzsueath the baszlt-sediment
layer of the eastern Snéke River Plain are chiefly rhyolific tuffs.and
ash~flows that formed collapsed calderas. Precambrian, Paleozoie, and
Mesozoic sedimentary rocks fouﬁd in mountain ranges north and south of
the eastern Saake River Plain may also be present locally below the
volcanic cover of the Plain (Armstrong and others, 1975; Eaton and
others, 1975; and Christiansen and McKee, 1978).

LITHOLOGY OF ROCKS IN INEL-1

The rocks encountered in INEL-~1 comprise 10,365 ft (3,159 m) of

volcanic rocks and interbedded sediments of alluvial, lacustrine, and

volcanic origin (fig. 2). The upper 2,445 ft (745 m) consist of




basaltie lava flows interbedded with cinders, silt, sand, and tuffaceous
silt. The basalts are mostly fresh, diktytaxi;ic olivine basalts that
are typical of eastern Snake River Plain tholeiitic basalts. Below
1,600 £t (488 m), propylitic alteratien and secondary zeoclite
mineralization in the denser vesicular to amygdaloidal basalts are
common. Alteratiom is mﬁst intense from depths of 2,000 £t (610 m) to
2,160 ft (658 m). The depth intervals of the altered basalt in INEL-l
com#are closely to similar zones of alteratiom in basaltic lavas in core
hole 2-2A (fig. 2), located about 9 mi (15 km) northeast of INEL-l
(Doherty, 1979).

The overlying basalt section is separated from a rhyolitie ash-flow
tuff sectionm below by 275 fr (84 m) of slightly altered, tuffacecus silt
and silty clay. In the rhyolitic ash-flow tuff section, individual ash-
flow sheets typically are separated from one another by 10-100 ft
(3-30 m) of altered wvitroclastic air-fall ash, nonwelded ash-flow tuffs,
or reworked tuffaceous sand. Several of the welded ash-flow tuff sheets
-ate over 500 ft (152 m) thick, aund one sheet is nearly 1,100 ft (335 m)
thick. Most of the rhyolitic rocks are devitrified and dense.

Bydrothermal alteration is most evident on fracture surfaces within
the rhyolitic rocks. Nearly all fractures are sealed by propylitic
alteration products, including caleite, quartz, hematite, pyrite, a
septechlorite mineral, and a variety of clay minerals.

A dense,.hydrothermally altered, recrystallized, aphanitic
rthyodacite porphyry occurs below a depth of 8,070 fr (2,460 m). This
upnit is at least 2,295 ft (700 m) thick. Gamma and electrical logs

suggest a slight change in the characteristics of the rhyodacice, at




approxiﬁately 3,950-ft (2,728 m) (A. Zohdy, U.S. Geological Survey, oral
commun., 1979). The rhyodacite above 8,950 £t (2,728 m) may have
sustained more hydrothermal alteration than rock below that depth.

Petrographic evidence such as broken and resorbed phenocrysts of
plagioclase, sanidine, and quartz suggests that the rhyodacite may be a2
thick ash-flow tuff. An alternate possibilicy is that the rhyodacige
represents a high-level intrusive rock, possibly the source for the
hydrothermal alteration and mineralization within the overlying
thyolitic welded tuffs and basaltic lava flows.

GEOLOGIC INTERPRETAT 10N

The thick sequence of rhyolitic rocks encountered in INEL-1,
without intervening basaltic lava flows and alluvial sediments, suggests
that it constitutes the £ill of a collapsed rhyolitic caldera. The
ring-fracture zone for such an inferred caldera is probably buried
beneath younger rhyolitic rocks, basaltiec lava flows, and associated
sedirents 2 the eastern Snake River Plain. We wish to emphasize that
‘the inferred ring-fracture zone, shown in figure 1, has been locafed
with a minimum of geological and geophysical data and should not be used
alone as a guilde for future drilling.

Rhyolitic domes typically are emplaced along ring-fractures of
calderas about 105 to 106 years after the major caldera collapse, as in
the model presented by Smith and Bailey (;968): On ;he basis of
unpublished regional geologic studies of the eastern Soake River Plain
by us and our colleagues, and of radiometric studies by Armstrong and
others (1975), we believe that the ash-flow sheets associated with the

caldera inferred in this study are about 7-9 milliom years old. Thus,




rhyolitic domes on Ehe inferfed ring~fracture zone shculd be no younger
thaun about 6 mlillion years old. Radiometric ages of rhyolitic domes
(East Butte and an unnamed dome between East and Middle Buttes) and the
basalt capping !iddle Butte on the ring-fracture of the inferred caldera
are less than 2 million years old (Kuntz and Dalrymple, 1979). This
suggests that either they are related to a2 longer and more complex
caldera history than the model presented by Smith and Bailey or else
they are rﬁyolitic domes emplaced by processes and structures unrelated

to a caldera. We favor the first hypothesis b#sed on the thick sequence
rof rhyolitic rocks present, the absence of numerous basaltic vents
within the inferred rim of the caldera, recent faulting with the
downthrown side toward the plain, on the north side of the plain, and
the positions of East, Middle, Cedar, and Big Southerm Buttes and the
unnamed dome between East and Middle Buttes. (Middle Butte 1s capped
with Soake River Plain basalts and its slopes are covered with talus
from the capping basalt. Magnetic and gravity data suggest the core of
Middle Butte is rhyolitic.) |

Some calderas have eruption and thermal histories lasting at least
3~4 million years. If the inferred caldera of this study is of that
type, it may represent a significant geothermal resource for many of the
facilities at the Idaho Naticnmal Engineering Laboratory. Porous and
fr;ctufed rocks in ring-fracture zonmes provide channelways for
cireulation and stérage of water and, therefore, rocks in these zones
may be likely targets for future geothermal exploracions.
PQst-Pliotene,'north- to northwest-trending faults with

displacements of several hundred to several thousand feet are exposed in

-




the Léﬁhi and Lost River Ranges a few miles north of the inférred

caldera (M. H. BRait, U.S.'Geological Survey, oral commun., 1979}. The

faults may intersect the suspected calderz ring-fracture zone and
increase the potential for a geothermal resocurce.

Extensive geological and geophysical studies need to be performed
before a more precise location for the ring fracture zone can be
determined.
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HYDRAULIC PROPERTIES OF ROCK UNITS AND CHEMICAL QUALITY
OF WATER FOR INEL-1—A 10,365-FOOT DEEP TEST HOLE DRILLED
AT THE IDAHO NATIONAL ENGINEERING LARORATORY, IDAHO

By

Larry J. Mann

ABSTRACT

A 10,365-foot deep test hole drilled at the INEL (Idaho National
Fngineering Laboratory)} in southeastern Idaho provided hydraulic informa-
tion for rock units underlying the Snake River Plain aquifer. Four
aquifer tests showed that the hydraulic conductivity decreased with
depth~—from an average of 0.03 feet per day for the interval from 1,511
to 2,206 feet below land surface to an avérage of 0.002 feetr per day for
the interval from 4,210 to 10,365 feet. In contrast, the hydraulic
conductivity of the Snake River Plain aquifer ranges from 1 to 100 feet
per day. The hydraulic head increased with depth; the head at depth was

about 115 feet greater than thar for the Snake River Plain aquifer.

Water temperature in the test hole increased from 26 °C (Celsius) at
600 feet below land surface to 146 °C at 9,985 feet. The gradient was
nearly limear and averaged about 1.3 °¢ per one-hundred feet of depth.
Water from the Snake River Plain aquifer contained 381 milligrams per
liter of dissolved solids and had a calcium bicarbonate chemical compo-
sition. The dissolved solids concentration in underlying rock units
ranged from 350 te 1,020 milligrams per liter and the water had a

sodium bicarbonate composition.

Hydrologic data for the test hole suggest that the effective base of
the Snake River Plain aquifer near the test hole is between 840 and
1,220 feet below land surface. The upward vertical movement of water
into the Snake River Plain aquifer from underlying rock units could be on

the order of 15,000 acre-feet per year at INEL.




INTRODUCTINN

A 10,365-ft deep test hole was drilled in 1979 at Idaho National
Engineering Laboratory (INELj. The main purpose of the test hole was to
ascertain whether a hydrdthermal resource existed beneath INEL and, if
so, whether it would be economically feasible to develop the resource.
Drilling and completion of the test hole was performed under a contract

administered by the U.S. Department of Energy's Idaho Operations Office.

\ Few drill holes penetrate‘the rocks underlying the INEL more than
1,000 fr and most holes are less than 750 ft in depth. Because the test
hole penetrated more than 7;000 ft of rocks that had not previously been
explored by drill holes, the test hole also yielded new information on
the physical, chemical and hydraulic properties of the rocks and the
chemical characteristics of the ground water contained therein. This
report preéents aquifer hydraulic and ground-water chemical data collect-
ed as part of the test-drilling program. A geologic interpretation and
lithologic log of the test hole was presented by Doherty and others
(1979), and a general discussion of the drilling techniques and hydro-
geclogy of the rocks penetrated was presented by Prestwich and Bowman

(1980).

The INEL includes about 890 m12 of the eastern Snake River Plain
in southeastern Idaho (fig. l). 1t was established in 1949 and is used
by the U.S. Department of Energy to test different types of nuclear
reactors. The INEL is one of the main centers in the United States for

developing peacetime uses of atomic energy.

The 10,365-ft test hole—referred to as INEL-l on figure l—was
drilled in the SE4%NWkNB: of section ! in Township 3N, Range 29E. The
altitude of the land surface at the drill site is 4,875 ft. Hydrologic
data for a drill hole located about 200 ft south of the INEL-1 test hole
are also described in this report. The drill hole was completed at a
depth of 595 fr below land surface to supply water for the drilling

of INEL-l and is referred to as the Water-Supply well.
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GEOLOGIC SETTING

The eastern Snake River Plain is a structural basin about 200 mi
long and 50 to 70 mi wide. The plain is underlain by a bedded sequence
of basaltic lava Flows and cinder beds intercalated with alluvium and
lake-bed sedimentary deposits. Individual flows range from 10 to 5¢ ft
in thickness, although the average thickness may be from 20 to 25 ft
(Mundorff and others, 1964, p. l43), The‘sedimentary deposits consist
mainly of lenticular beds of sand, silt and clay with lesser amounts of
gravel, Locally, rhyolitic lava flows and tuffs are at the land surface
or occur at depth, The basaltic lava flows and inﬁercalated sedimentary
deposits combine to form the Snake River Plain aquifer which is the main
source of‘ground water on the plain. The total thickness of the sequence
of the volcanic rocks and the nature of the underlying rocks are poorly

defined in all but a few places on the plain.

At the INEL-1 drill site, basaltic rocks that are highly fractured
occur at the land surface. The highly-fractured basalts likely extend
downward to at least 840 ft as evinced by geophysical logs and the loss
of circulation of drilling fluids. Circulation was first lost at 137 ft
and was not regained until casing was set to a depth of 1,511 ft (Prest-
wich and Bowman, 1980, p. 14). Above a depth of 840 ft the test hole
penetrated mostly basalt and cinders although three sedimentary units
vere encounﬁered (fig. 2). Ar 840 ft, =2 iZO-ft thick bed of sand, silct,
and clay was penetrated; from 840 to 1,530 ft the material penetratedrwas
largely sedimentary deposits with 20 to 80 fr layers of basalt. From
1,530 to 2,L60 ftr, the test hole penetrated a thick sequence of basalts
with one 20-ft thick sedimentary unit (fig. 2). ‘Below a depth of about

1,600 ft the basaltic rocks were altered and mineralized (Doherty and

others, 1979, p. 3).

Between 2,160 and 2,435 ft tuffaceous interbeds were penetrated
(fig. 2); a 5-ft core recovered between 2,340 and 2,361 ft showed a
calcareous and occasionally silty claystone (Prestwich and Bowman, 1980,

p. 15). From 2,435 to 8,080 ft, the material penetrated mainly consisted
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of welded tuff-with several 20- to 40-ft thick tuffaceous interbeds. And
from 8,080 to 10,365 ftr the test hole penetrated a hydrothermally altered

rhyodacite ash flow.

HYDRAULIC FROPERTIES OF ROCK UNITS

The hydraulic properties of rock units underlyiné the eastern Snake
Riﬁer Plain below a depth of about 1,500 ft were, for the most part,
undefined prior to drilling the INEL-1 test hole. During and subsequent
to the drilling and completion of the test hole, four tests were conduct-
ed that define the transmissivity and hydraulic conductivity of selected
intervals of rock, Aquifer test 1 tested the interval from 1,511 to
2,206 ft; test 2, the interval from 3,559 to 3,713 fr; test 3, the
interval froh 3,559 to 4,879 ft; and test &, the interval from 4,210 to
10,365 ft. Each test consisted of & pumping phése and a recovery phase.
On the basis of depth-to-water measurements made during the recovery
phase of the aquifer tests, the hydraulic head increases with increasing

depth.

Aquifer Test 1: Interval from 1,511 to 2,206 feet

On March 23 and 24, 1979, the interval of rocks from 1,511 to 2,206
ft below land surface was tested to define the tramsmissivity and hydrau~
lic conductivity. Prior to testing, 20-in. casing was set and grouted
from the surface to 1,511 ft. lA 17-1/2 in. hole was drilled from 1,511
to 2,518 ft. At the beginning of the test the hole was open from 1,51l to
2,518 ft, but during the test sediment filled the hole from 2,206 to
2,518 ft; the tuffaceous interbeds from 2,160 to 2,450 ft were probably
the source of the sediment. It is likely that the sediment filling began
when the viscosity of the fluid in the hole began to decrease as a result
of pumping. Therefore, it can be safely assumed that the interval tested
was from 1,511 to 2,206 ft and that units below that interval were

effectively sealed off by an admixture of sediment and drilling mud.




The aquifer test was plagued with pump motor problems. The test was
started at 0800 hours on March 23 and the pump was pulled later on that
day to replace the motor. Subsequent to the rveplacement of the motor,
the pump repeatedly overloaded and tripped a circuit breaker until about
2255 hours. Beginning at about 2255 hours and continuing until 0814

hours on March 24, the pump functioned without fail.

The depth to water, pumping rate, and temperature of the water
pumped from the test hole from 1530 hours on Mareh 23 to 1100 hours on
March 24 are shown in figure 3; prior measurements are not shown because
of the pump problems. Depth tc water in the test hole at the beginning
of the test was about 104 £t below land surface. However, ground-water
levels measured during the recovery phase of the test indicate that the

static water level was about 330 ft below land surface.

An analysis of the drawdown data does not give a reliable estimate
of transmissivity because of the sporadic failure of the pump prior to
2255 hours on March 23; drawdown cannot be calculated because the water-
level trend for the previous 5 hours was eratic owing to the repeated

failure of the pump.
The recovery phase of the aquifer test shows that the transmissivity
of the interval from 1,511 to 2,206 ft is on the order of 20 ftzlday.

The average hydraulic conductivity, therefore, is about 0.03 ft/day.

Aquifer Test 2: Interval from 3,559 to 3,713 feet

Following aquifer test 1, the test hole was drilled to la depth
of 3,713 fr and 13-3/8 in. casing was set and grouted from the land
surface to a depth of 3,559 ft. From 3,559 to 3,663 ft the diameter of
the borehole was 12-1/4 in. and from 3,663 to 3,713 ft it was 7-7/8 in.
The welded tuff in the interval from 3,559 to 3,713 ft (fig. 2) was

tested on April 6 to 8, 1979 to define the transmissivity of the unik,
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The depth to water, pumping rate and temperature of the water pumped
from the test hole are shown in figure 4. The fluid level in the test
hole was abour 18 ft below land surface at the beginning of the test
owing to the presence of the drilling mud. The level declined to nearly
800 fr below land surface in the first 90 minutes of the test. During
the following 18 hours of pumping, the water level recovered to about 745
ft below land surface and remained near that level for the rest of the
aquifer test. The recovery and stabilization of the water level was
probably due to one or a combination of three factors: (1} the tést hole
was developing during the pumping phase of the test—that is, drilling
fluids and mud used during drilling were being removed from the formation
in the tested interval; (2) the pumping rate decreased by about 10
percent during the test; and (3) it is likely that there was vertical
movement of water into the tested interval from overlying and underlying

rock units.

The transmissivity of the welded tuff in the open interval from
3,559 to 3,713 ft was calculated using data collected during the recovery
phase of the test. An analysis of the recovery data indicates that the
transmissivity of the open interval is about 2 ftzlday. The average
hydraulic conductivity for the welded tuff in the 154-ft open interval is

about 0.01 ft/day. Water levels at the end of the recovery test suggest
that the static water level would be about 290 ft below land surface.

Aquifer Test 3: Interval from 3,559 to 4,879 feet

Once aquifer test 2 was completed, the test hole was deepened to
4,879 fr. A 12-1/4 in. diameter open hole was drilled from 3,663 to
4,839 ft and a 7-7/8 in. diameter core was collected between 4,839 and
4,879 ft. The rocks penetrated from 3,713 te 4,879 ft were similar to

those from 3,559 to 3,713 ft except for a few thin tuffaceous interbeds

(fig. 2).

On April 14 to 16, 1979, a cthird aquifer test was performed to

define the transmissivity and hydraulic conductivity of the open interval
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from 3,559 to 4,879 fr. The transmissivity of the open interval was
calculated using drawdown data collected between L1245 hours on April L4
and 0600 hours on Acoril 15, and from about 3 hours of recovery data
collected after pumping had stopped (fig. 5). An analysis of both the
drawdown and recovery data shows that the transmissivity of rocks in the
open interval is about 8 ftz/day. The average hydraulic conductivity of
the rocks in the open interval is about 0.006 ft/day. The depth to water

at the end of the recovery test was about 290 ft below land surface.

Aquifer Test 4: Interval from 4,210 to 10,365 feet

On May 26, 1979 the test hole was completed at a depth of 10,365 ft
below land surface. At completion, the test hole was cased from 3,282 to
6,796 fr with 9-5/8 in. casing; the casing was grouted at the top
and bottom of this section and the mid-section was kept free of cement in
the anticipation of perforating it. The casing was then perforated with
730 one-quarter 1inch holes between 4,210 and 6,266 fr. Below 6,796 ft
the test hole was not cased. The open intervals through which water
could flow from rock into the well bore, therefore, was from 4,210 to

6,266 fr and 6,796 to 10,365 ftr.

During January 1981, a fourth aquifer test was run to define the
transmissivity and hydraulic conductivity of rocks opposite the apen
intervals. The test hole was pumped for seven days. Water-~level
measurements were made to document the amount of drawdown owing to
pumping and the rate of water—-level recovery once pumping had stopped.
Depth to water, pumping rate and temperature of water pumped from the

test hole are shown on figure 6. .

For the first 23 hours, the average pumping rate was 50 gal/min.
After 23 hours of pumping the rate was increased and averaged about 57
gal/min  for the remainder of the test. After the pumping rate was

increased, the water level declined to about 570 ft below land surface

and remained near that depth for the duration of the test.
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- The -transmissivity for the intervals open to the well bore was
calculated using drawdown data for the first 23 hours of pumping and the
recovery data. Transmissivity calculated using drawdown data was 10
ftzlday and that using recovery data was 7 ftzlday. Less weight is

"given to the 7 ftzfday value because the recovery data would be affect-
ed by the increase in the pumping rate at the end of 23 hours of pumping.
Using a transmissivity 10 ftzfday, the average hydraulic conductivity
for the 5,625 ft of rock open to the well bore is 0,002 ft/day. The
recovery -data indicated that the static water level would be about 280 ft

below land surface.
Hydraulic Head.

-Hydraulic head differs from one interval to another as a functicnm of
the depth of a specific interval below the land surface. In general, the
greater the depth that an interval is below land surface, the greater the
hydraulic head. The head in intervals deeper than 3,559 ftr below land
surface is about 100 ft higher than the head in the upper 200 ft of

basaltic rocks of the Snake River Plain aquifer (table 1).

Table l.--Approximate depth to water and altitude of the water level
for intervals tested in INEL~1l test hole

Interval open Approximate : Altitude of
to test hole depth to water water level
(feet below (feet below {feet above
land surface) land surface) sea level)
* 395 to 595 395 4,480
1,511 to 2,206 330 4,545
3,559 to 3,713 290 4,585
3,559 to 4,879 290 4,585
4,210 to 10,365 280 4,595

*Information is for the Water-Supply well which taps the upper 200 ft of
the Snake River Plain aquifer

14
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TEMPERATURE AND CHEMICAL QUALITY OF WATER

The phvsical and chemical properties of water pumped from the INEL-]
test hole differ with depth. Water temperature in the INEL-! test hole
gradually increased from 26 °C at 600 ft below land surface to l46 °C at
9,985 ft (fig. 7). The temperature log was run on July 19, 1979, after

the test hole had been undisturbed for slightly more than one month.

The temperature of water in the test hole, however, had not come to
equilibrium after being undisturbed for slightly more than one mouth.
The temperature at a depth of 600 ft below land surface was still about
13 °C greater than the temperature of water at the same depth in the
Snake River Plain aquifer. The greater temperature may be the result of
the circulation of water in response to convection currents within the
well bore. The temﬁerature gradient In the test hole was nearly linear
and averaged slightly less than 1.3 °C per one-hundred feet of depth
below land surface. From 600 to about 4,000 ft, the temperature gradient
was not as uniform as it was below 4,000 ft (fig. 7). In the interval
from 1,300 to 1,600 ft, the temperature increased about 1 °C or about 0.3
°C per one-hundred feet. This decrease in gradient corresponds to the
thick zone of sand, silt and clay (fig. 2). From 2,450 to 2,750 ft, the
temperature increased about 1 °C (fig. 7), also about 0.3 °C per one-
hundred feet. This decrease was near the contact between the tuffaceous
interbeds that immediarely underlie the lowermost basalt and the underly-
ing welded tuff (fig. 2). The relatively low temperature gradient in the
two intervals may result from the rocks having a slightly greater hydrau-

lic conductivity than adjacent rocks.

The dissolved solids and chemical composition of the water pumped
from INEL-1 change markedly with depth. Water from the Water~Supply
well, which taps the upper 200 ft of the Snake River Plain aquifer,
contained 38l mg/L (milligrams per liter) of dissolved solids and had a
calcium bicarbonate type of chemical compeosition with significant amounts

of magnesium and chloride (table 2).
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Table 2.--Selected water-quality data for Water-Supply well and INEL-1
test hole

[Analyses are in milligrams per liter unless otherwise noted.
Constituent concentrations in dissolved state unless otherwise
noted. Abbreviation, ug/L, represents micrograms per liter.]

Water-Supply Well INEL-1 Test Hole

Interval tested
(feet below 395- 1,511 3,559~  3,559- 4,210-
land surface) 595 2,206 3,713 4,878 10,365
Alkalinity 160 210 720 670 740
Arsenic (ug/L) 1 20 24 73 -
Bicarbonate 19¢ 220 780 320 900
Boron (ug/L) 280 900 580 530 560

. Calcium 76 10 8.1 8.9 7.3

: Chloride 74 17 17 13 12

: Chromium-total (ug/L) 20 20 10 10 0
Fluoride 0.2 1.1 12 13 13
Tron (ug/L) 0 0 770 1,200 1,100
Lead (ug/L) 0 0 0 0 -
Lithium (ug/L) 5 50 290 280 -—
Magnesium 28 2.0 L.1 1.1 0.5
Manganese (ug/L) 0 20 110 60 50
pH 7.8 8.2 8.2 8.1 7.9
Potassium 3.0 i0 9.2 8.1 7.5
Dissolved solids

{calculated) 381 350 915 957 1,020

§ Selenium (ug/L) 2 L 0 0 -

;- Silica 2 60 33 39 47

’ Sodium 12 92 330 370 390
Strontium {ug/L) 370 100 120 140 150
Sulfate 50 32 69 97 99
Water temperature

{°c) 12 34 38 50 57

FF




The dissolved solids concentration increases from 350 to 915 mg/L
in the interval between 2,206 and 3,559 ft. Whether the increase is
gradual or abrupt is not known, because this interval was neither pumped
nor was the water sampled. If the increase is abrupt, it may occur at
the contact between the altered basalt and tuffaceous interbeds at about
2,160 ft below land surface; the vertical and horizontal hydraulic
conductivity also would likely decrease at this depth. From 3,559 to
10,365 ft, the dissclved solids inerease from 915 to 1,020 mg/lL— a
relatively small increase when compared to the 565 mg/L increase that

occurs between 2,206 and 3,559 ft.

The smaller concentration of dissolved solids in the upper 2,200 ft
of rocks tapped by INEL-1 is attributed to dilution by the infiltratiom
of streamflow, rainfall and snowmelt and underflow from upgradient
recharge areas. Streamflow in the Big Lost and Little Lost rivers has a
calcium bicarbonate type of chemical composition (U.S. Geological Survey,
1982)., The infiltration of streamflow along the channels of these rivers

constitutes a significant part of the recharge to rocks that underlie the

INEL.

The transition from a calcium bicarbonate to sodium bicarbonate
type of chemical composition occurs in the interval between 595 and 1,511
ft below land surface (fig. 8). It is not known whether the tramnsition
is gradual or abrupt because the interval was not pumped and samples
were not collected. The transition most likely occurs in the interval
from 850 to 1,220 ft which is mainly sand, silt and clay (fig. 2). The
change in chemical composition is caused by an increase in sodium and a-
decrease in calcium in the water. Dilution of the sodium type of water
with a calcium type of water, ion exchange, and precipitation of calcite
accounts for the change in the chemicallcomposition of water, In the
vicinity of the INEL-1 test hole, dilution is the prime controlling
factor. The sodium-type water at depths greater than 1,511 ft below
land surface vertically moves upward in response to a higher hydraulic

head. It is diluted by the calcium-type water present in the shallow

basaltic rocks.
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EXPLANATION

CHEMICAL-QUALITY DIAGRAM~—Shows major constituents in milliequivalents per liter.
The diagrams are in a variety of shapes and sizes, which provides a means of
comparing, correlating, and characterizing similar or dissimilar types of water.

Number, 381, is the dissclved salids concentration in milligrams per liter.
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Figure B.--Chemical quality of water for open intervals in Water-Supply
well and INEL-!l test hole.
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Water samples collected from the Water-Supply well and INEL-1l test
hole were analyzed for selected trace elements in addition to dissolved
solids and common ions (table 2). In general, the concentrations of
trace elements increased with depth. = The larger concentrations are
likely associated with the higher water temperature and the hydrothermal

alteration of rock units below a depth of 1,600 fc.

Chromium and selenium, on the other hand, were present in slightly
greater concenfrations in water from the Water-Supply well which taps the
upper 200 ft of the Snake River Plain aquifer than in the deeper rock
units tapped by INEL-1 (table 2). Strontium was present in a signifi-
cantly greater concentration in the ‘aquifer—370 yg/L {(micrograms per
liter )~~than in deeper units—I100 to 150 vg/lL. TFor the observed concen-
trations in water from the Snake River Plain aquifer, chromium, selenium
and strontium are likely introduced into the ground-water flow system via
water recharged along the major stream channels or is derived from

minerals in the sand, silt and clay deposits that are intercalated with

the basalts.

Boron and silica concentrations were greater in the interval from
1,511 to 2,206 ft than in underlying or overlying units (table 2). The
reasons for these greater concentrations are not known, but probably are
associated with the altered and mineralized basaltic rocks that occur

from 1,600 to 2,160 ft below land surface (fig. 2).

HYDROLOGIC IMPLICATIONS OF THE DATA

Geohydrologic data collected during the drilling and testing
phases of the INEL-1 test hole and the Water—Supply well can be used to
make some geﬁeral statemenﬁs regarding the ground-water hydrelogy of
INEL. The hydraulic head increases with depth below land surface. If
these conditions persist over most of the INEL, it is likely that water
locally recharged to the basaltiec rocks of the Snake River Plain aquifer

does not circulate to depths of more than 1,000 to 2,000 ft. This
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supposition is supported by the age of the water pumped from the interval
between 3,559 and 10,365 fr below land surface. Carbon-14 age dating
indicates that the water is on the order of 35,000 years old (J.T.
Barraclough, EG&G Idaho, Inc., written communication, August 1985). If
significant quantities of water moved downward to depths greater than
2,000 ft, the water would be markedly younger. Circulation to greater
depths could occur along the mountain fronts that bound the Snake River
Plain or deep-seated fracture systems such as the rift zones delineated

by Kuntz (1978).

The hydraulic conductivity of rocks below 1,500 ft is markedly less
than that of the upper 200 to 800 ft of basaltic rocks. The basaltie
rocks generally have a hydraulic coaductivity of 1 to 100 fe/day. By
comparison, the hydraulic conductivity of rocks below a depth of about
1,500 ft is from 0,002 to 0.03 ft/day—two to five orders of magnitude
less than that of the upper 200 to 800 ft of basaltic rocks.

The marked reduction in the hydraulic conductivity may be coincident
with cthe sand, silt and clay in the interval from 1,220 to 1,540 ft below
land surface. But, it also could be associated with the sand, silt and
clay in the interval from 850 to 960 ft. On the basis of data from
INEL-1, the effective base of the Snake River Plain aquifer near the test
hole is somewhere between 850 and 1,220 ft below land surface. These
sand, silt and clay beds are likely to be continuous over most, if not
all, of INEL. Similar sedimentary deposits have been penetrated in other
deep holes drilled at INEL. The change in the chemical quality of water
with depth, carbon-l4 age dating, and the increase in hydraulic head with

depth also support this c¢onclusion.

Although the rocks below 1,220 ft have a small hydraulic conduct-
ivity when compared to the basaltic rocks of the Snake River Plain
aquifer, the higher hydraulic head at depth indicates that there is an
upward component of flow. The amount of vertical flow across the inter-
val between 595 and 1,511 ft can be crudely estimated on the basis of

field measurements and laboratory data, using the following equation:
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Q = KVIA ' _ (1

where Q = vertical flow (ft3/day);
R = vertical hydraulic conductivity (ft/day);
"1 = vertical hydrauvlic (ft/ft); and

A = unit area through which the vertical flow occurs (ftz).

The wvertical hydraulic conductivity of the sedimentary deposits
which make up a large part of the rocks from 595 to 1,511 ft is estimated
to be on the order of 0.001 ft/day. This order of magnitude estimate is.
based on values for fine-grained sediment as shown by Bouwer (1978), and

Freeze and Cherry (1979).

The hydraulic gradient across the interval from 595 to 1,511 ftr is
based on the field measurements shown in table 1. The depth to water for
the interval from 395 to 595 ft is 395 ft, and the interval from 1,51l
to 2,206 ft is 330 fr. The vertical hydraulic gradient, therefore, is
65 ft per 916 ft or 0.071 ft/ft.

By substituting these estimates plus a unit area (A) into equation
1, it follows that the vertical flow across the interval from 395 to
1,511 ft is on the order of 0.00007 (ftafday)/ftz. If the geohydro-—
logic conditions at the INEL-l test hole are widespread, inflow into the
basalts of the Snake River ?lain aquifer from underlying rocks on the

890-mi2 INEL area could be on the order of 15,000 acre-ft/year.

Given that the vertical movement of water into the Snake River
Plain aquifer from underlying rocks could be on the order of 15,000
acre-ft/year at INEL, this amount of inflow could have an influence on
the way the aquifer would respond to applied stresses. The contribu-
tion of water to the aquifer could be of significant importance, although
of a smaller magnirude than the 130,000 acre-ft/year of recharge from the
Big Lost River estimated by Robertson (1974, p. 26). Geologic and
hydraulic information is inadequate, however, to define the magnitude of

this inflow and the effective base of the agquifer at all but a few
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locations at the INEL and on the Snake River Plain.
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EXECUTIVE SUMMARY

The dynamic elastic moduli of nine volcanic tuff samples were
determined from ultrasonic wave velocities and bulk densities at
temperatures and pressufes simulating in-situ conditions. Table

1, on the following page, summarizes the results.
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INTRODUCTION

Ultrasonic velocity measurements were performed on ﬁine
samples of volcanic tuff and basalt provided by EG&G. The samples
were saturated with water prior to testing. The objective of these
tests was to determine the dynamic mechanical properties of the
samples from acoustic ultrasonic wave velocities and bulk densities
at temperatﬁres andl confining pressures simulating in-situ
conditions. Temperature data was provided by EG&G. Confining
pressures were calculated from the overburden density and depths.

‘Calculations are presented in Appendix A.
SAMPLE PREPARATION

VTwelve, unpreserved, core samples were provided for
preparation by EG&G. Suitable test specimens were not obtained
from samples 2-2A (122 ft), 2-2A (2735 ft), and INEL-1 (2340-50
ft), due primarily to dessication fractures. The samples had been
unpreserved for approximately ten years. A‘total of nine samples,
all approximately 1 inch in diameter and lengths varying from 0.4
~to 2.0 inches, were cut and endground to within ASTM and ISRM

standards. Each sample was placed under a vacuum and saturated

with distilled water.




TEST PROCEDURES

For testing, each sample was fitted with titanium endcaps,
each with a built-in piezoelectric wave transducer. Transducers
were mounted on the sample to measure axial strain and two radial
strains in orthogonal directions. The sample was sealed in a
Teflon jacket and placed in a servo-controlled pressure vessel for
testing. Pore fluid lines were connected to the endcaps and
vented to the atmosphere. The pressure vessel was then sealed and
flooded with confining fluid. The confining pressure was raised
at a rate of 1 psi/sec and the sample allowed to equilibrate for
approximately ten minutes at each confining pressure selected for
analysis.

The pulse propagation method was used to determine the
ultrasonic velocities of compressional (p) and shear (s) waves.
A pulse generator system is used to generate periodic electrical
pulses at a set repetition rate, which excites a transmitting
piezoelectric transducer built into one endcap. The transmitting
transducer converts the electrical impulse into an elastic,
mechanical impulse, and the energy is transferred through the
sample. A receiving piezoelectric transducer, in the endcap at the
opposite end of the sample, converts the incoming mechanical
impulse back into an electrical impulse. The impulse travelling
through the transducers and the sample was compared to the impulse
originating from the pulse generator with an oscilloscope. A

schematic drawing of the system configuration is shown in Figure




1. The resulting transit time for the compressional and shear
waves was calculated by subtracting the full transit time (sample
-plﬁs endcaps) from the delay factor (time for the wavé to travel
through the endcaps). Wave velocities, bulk densities, and dynamié
mechanical properties were calculated indirectly using strains and
,ultrasonic wave travel times.

Appendix A contains pertinent

information on calculations.

PULSE
GENERATOR

SPECIMEN

ATTENUATOR

Y

3ol OSCILLOSCOPE |ug—r!

Figure 1. Schematic Drawing of System Configuration.




RESULTS

Table 1 (page 2) contains the dynamic elastic moduli and
velocities for the samples tested. Sample 2-2A (2938 ft) was
tested prior to communication concerning the pressure gradient and
overburden density and, thus, the confining pressure does not

correlate with the other tests.
DISCUSBION

The samples tested can be placed inte five groups based on
dynamic mechanical properties, density, and lithology (Table 2).

Group 1 consists of weakly indurated, very fine grained tuffs
with the following average properties: density, 1.90 gm/cc;
Poisson's ratio, 0.23; Young's modulus, 0.70x10° psi; bulk modulus,
0.53x%10° psi; and shear modulus, 0.30x10° psi.

Group 2 consists of a single tuff which is lithologically
similar to Group 1, but well indurated. This sample has a density
of 2.47 gm/cc; Poisson's ratio, 0.32:; Young's modulus, 3.28x10°
psi; bulk modulus, 3.07x10° psi, and shear modulus, 1.24x10° psi.

Group 3 consists of welded tuffs with the following average
properties: density, 2.26 gm/cc; Poisson's ratio, 0.26; Young's
modulus, 4.00x10° psi; bulk modulus, 3.12x10° psi; and shear
modulus, 1.59x10° psi.

Group 4 consists of a single, fine grained, well indurated,

altered tuff with a density of 2.44 gm/cc; Poisson's ratioc, 0.28;




Young's modulus, 4.84x10° psi; bulk modulus, 3.59x10° psi; and shear
modulus, 1.24x10° psi.

Group 5 consists of a single basalt with density, 2.78 gm/cc;
Poisson's ratio, 0.25; Young's modulus, 8.79x10°; bulk modulus,
5.95x10°; and shear modulus, 3.50x10° psi.

Acoustic wave velocity readings were taken at bench and in-
situ conditions for comparison purposes. Groups 1, 2 and 4 (tuffs
and altered tﬁffs) showed no considerable differences in velocities
between bench and in-situ conditions. Group 5 (basalt) showed an
increase in shear wave vélocity, from approximately 8,300 ft/sec
" at bench conditions to 9,700 ft/sec at in-situ conditions.

Sample INEL-1 (3,690') of Group 3 (welded tuff) showed a major
increase of approximately 1.5 percent in the velccity of the shear
wave from bench to in-situ conditions. There are two possible
explanations for this increase, Pirst, the shear wave may be
considerably slower at bench conditions due to open fractures.
These fractures were closed by the stress applied to simulate in-
situ conditions, thus accounting for a faster shear wave.

The second possibility is that a measurable shear waveform may
not have been obtained at low stress bench conditions, but appeared
at higher in-situ stresses. Examination of the core sample
revealed several visible fractures; thus, the first possibility
appears more plausible. For correlation of the dynamic mechanical
properties presented in this report with downhole geophysical logs,
the measurements taken at in-situ conditions are unguestionably

more reliable.
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APPENDIX A

ULTRASONIC WAVE VELOCITY
EQUATIONS




A-1l: Determination of Confining Pressure

Confining pressures used 1in this testing program were
determined by expressing an overburden density of 2.73 gm/cm’ in
psi/ft (Dick Smith, personal communication). A pressure gradient
of 1.18 psi/ft was calculated. Confining pressure for each sample
was then calculated (1.18 psi/ft x Sample Depth (ft) = Confining

Pressure (psi)).

A-2: Calculation of Mechanical Properties Using Ultrascnic
Velocities

Ultrasonic wave travel times:

Pr. = Pt(absarvad) - P (delay time)

[)]
o
Il

st(obsar‘ved) -8 (dElaY time)

where:

P.: P~wave (compressional) travel times (usec) through
sample

Piiopsarvedy: Observed P-wave travel time (usec)

P (delay time): Travel time of P-wave through endcaps
(usec)

S, S-wave (shear) travel times (usec) through sample
Seiobserveqy: Observed S-wave travel times (usec)

S (delay time): Travel time of S-wave through endcaps
(usec)

Ultrasonic wave velocities:
=) = Ls/Pt

Vs, = L/S;

v




where:

: P-wave velocity (ft/sec)
L,: Sample length (ft)

P.: P-wave travel time {sec)

S.: S-wave travel time (sec)

Dynamic Elastic Moduli calculations

Pocisson's Ratio:

v = 1/2[(Vy/V)? = 21/[(V/V,)? = 1]

Young's Modulus:

Ey = p[(V, x 0.3048)% x 0.145] x [(3(Vy/V,)% = 4)/((V/V,)?P - 1)]

Bulk Modulus:

K = (Ey/3.0)/((1.0 = 2.0(v))

Shear Modulus:

G = Ey/2.0)/1.0 + »)




Depariment | afyrmation

ldaho 550 Second Street
Operations Office {daho Falis, {D 83401 FOR IMMEDIATE RELFASE
JUNE 11, 1979

FINAL DRILLING PROGRESS REPORT FOR INEL-1

Geothermal Exploratory Deep Well at the Department of
Energy's Idaho National Engineering Laboratory

Location: NE NW Section 1, T3N, R29E (BM) Butte County, Idaho
Operator: Department of Energy, Idaho Operations Office
Contractor: Brinkerhoff-Signal, Rig 26
Spud: 2-15-79
Present Depth: 10,356 ft.
Surface Casing 20" set at 1,511 ft.
Intermediate Casing: 13-3/8 set at 3,559 ft.
Production Liner: 9-5/8 set between 3,282 to 6,796 ft.
Open Hole: , 12-1/4 6796 - 10,333 ft.
7-7/8 10,333 - 10,356 ft.
Drilling Fluid: Water
Formation: Dacite(?)

Operation to Present Drilled 12-1/4 in. hole to 10,324 ft. Took Core #6 10,324 ft. te
10,330 ft; recovered 1,5 ft. Reamed core hole to 10,333 ft. Ran nitrogen 1ift and ran
logs. Set cement plug with 62 cu. ft. neat cement, Top of plug at 6,794 ft. Ran 9-5/8
in. liner between 3,262 ft. and 6,796 ft. Cemented 200 ft, overlaps and bottom 500 ft.
of casing to avoid cement contamination of intermediate production zones. Drilled plugs;
ran temperature log. USGS took bottomhole Core #7 10,333 ft. to 10,365 ft., recovered
16.5 ft. TLaid down pipe and released rig. BHT: 302°F.

Drilling Summary

The well began 2-15-79. A 30 in. conductor had been set to 40 ft. Anticipated
lost circulation problems indicated drilling one pass with a 26-in. bit was the better
method for drilling the +1,500 ft. surface hole. A gel/lime/water (spud) mud was used to
drill the surface hole, vis. 50-60, wt. 8.5-8.7. Lost circulation at 136 ft. which
continued to 1,524 ft. A primary lost circulation zone has since been defined at 325 to
350 ft. just above the water table, Drilling continued by "dry" drilling with water and
periodically pumping high viscosity pills to clean the hole. Penetration rates averaged
5-10 fph, bit wt. 15-40,000 1bs, The surface hole was drilled to 1,524 fr. Logs were

bu 00r quality due to the large hole siz BHT was 63°F, which was expected
in the Snake RIver Plain Aquifer system. Ran 38 jts 20" casing - 24 jts K55 1334 and
14 jts K55 94# jts = 1,558.13 ft. (set at 1,511 ft. - G.L.). Cemented casing with 7,526
cu. ft. class G cement with 20% silica flour 25 sks kolite and 8% gypseal. Cement was
tagged at 210 feet from surface. Cemented to surface in stages. The major thief zone
during cementing was 130 f£t, WNippled up the 20" BOP stack——liradenhead, spacer spool,
double gate, hydril, and rotating head. Ran pressure test on casing and BOP.

Began drilling a 17-1/2 in. hole on 3/16/79. Drilled to 3,564 ft. without lost
circulation problems. Penetration rates ranged from 10-20 fph with a bit wt. 30-45,000
lbs. Hole deviation did not exceed 3/4°, The hole was drilled with a gel-water system,
wt, 8.5-9 vis. 32-47., Cores were taken during the interval:

{continued)
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Core #1 2,340-2,361 rec'd 5 ft.
Core #2 2,507-2,518 rec'd 8 ft.

Pump test #1 tested the 1,511-2,518 ft. interval, The purpose of these upper aquifer
tests by the USGS Water Resources group was to sample water quality, established head,
temperature and permeability and also define the Snake River Plain Aquifer, intermediate
aquifer and the geothermal aquifer. Logs were run prior to casing the interval, BHT
was 130°F. Ran 87 jts 13-3/8" P110 72# casing set at 3,559 ft, Cemented with 4,781 cu.
ft, Class G, 1:1 perlite, 40% silica, 3% gel. Cement top at 245 ft. (This was cemented
during 9-5/8" liner job.) Nippled BOP for 12-1/4" hole. Stack = 20" braden head 20x12
WKM expansion spool, 12" WRM master gate valve, flow spool, banjo box, double gate,
hydril, rotating head. Tested BOP and casing,

Began drilling the 12~/14 in, hole with water and pumping occasional high viscosity
pill (100~200 bbl) for hole cleaning. Drilled to 6,486 ft. Ran temperature, borehole
televiewer and caliper logs with USGS. BHT 161°F. Prior to reaching this depth, cores
and pump tests were taken. Core #3 3,661 to 3,718 ft., rec'd 44 ft. and pump test 3,559-
3,713 ft. Core #4 4,839-4,878 ft, rec'd 39 ft. and pump test 3,559 to 4,878 ft. Selection
of coring intervals was based on alteration and flow pattern changes of the volcanic
sequence. The pump tests were to better understand the basal Smake River Plain Aquifer,
and intermediate aquifers. Drilling continued to the objective depth of 7,500 fr, with
no significant temperature increases or lithologic changes. Drilling was continued to
9,810 ft. where there was a subtle change in cuttings and drilling rate. Took Core #5
9,810-9,816 ft., rec'd 1 ft., core barrel jammed. Borehole geophysical logs were rumn to
analyze lithologic changes and to compare with the surface geophysical models developed

by the USGS., A subtle lithologic change was noted on the log data at 9,460 fr., bt rhe
yisual inspection of the core and cuttings showed little change. BHT was 238°F. Drilling

continued to 10,324 ft., Took Core #6 10,324 to 10,330 ft., rec'd 1.5 £t. The core sub~
stanciated a change from the rhyolite lithology. Rigged up to rum nitrogen lift and run
spinner and temperature tools simultaneous with lift. Set 4-1/2 in. drill pipe at

3,500 ft. The wellbore bridged during nitrogen lift at several places between 4,300 and
5,300 ft, However, flow was too irratic to define. Rigged down nitrogen lift equipment
and finished logging. BHT was 262°F and rising, indicating significant cooling of the
wallbore by the drilling fluids.

Set a cement plug at 6,860 ft,, 62 cu, ft, neat cement, with a 70bbl 80 vis. mud
pill set below the cement. Top of plug was tagged at 6,794 ft. Cleaned off the plug
to 6,801 ft. Ran 84 its. 9-5/8 in S~95 special drifted, 40" LT&C liner 6,796 ft. with
top of liner at 3,282 ft. Cemented bottom between 6,796 and 6,250 with 251 cu. ft. Class
G with kolite and silica flour. Cemented top of liner with 241 cu. ft., Class G with
kolite and silica flour between 3,700 and 3,282 ft. A temperature survey was run to total
depth after drilling the cement plug, BHT 302°F and rising. Circulated and cleaned the
hole for Core #7 10,330 to 10,356 ft., rec'd 16 ft. Lay down pipe and released rig
May 27, 1979.

Remarks

Hole guage was good throughout drilling with few washout areas, Hole deviation was
not a problem with one exception~~the surface hole, The 26 in. hole had to be reamed
prior to rumning casing., The 26 in, bit had "walked" in the fractured basalis. This
condition occurred near surface before full weighted and stabilization drill string was
established.

Washout zones depicted on the caliper log correlate with "kicks" on the temperature
logs and are being defined as production zones until more extensive testing is completed.

{continued)
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The 9-5/8 in. production liner was cemented only at the top and bottom to
insure no cement damage to moderate temperature production zZones betrween 4,000 and
6,000 £fr. These zomes can be produced at a furure time for direct geothermal appli-
cations.

The lower production zone was left in a static condition during the setting of the
9-5/8 in. liner with no circulation below 7,500 ft. to better establish static bottomhole
temperatures

The well will undergo both airlift and pump tests by mid-July te establish well
producibility and temperatures.

Future Reports

1. Well Completion Report by DOE~-ID and EG&G Idaho, Inc.

2. Aquifer Tests Open File Report by Jack Barraclough, USGS Water Resource Divisicn.

3, Well Testing Report by EG&G Idaho, Inc. Reservoir Enginegering

4. Open file reports by Dave Doherty, Lisa McBroome, Mel Kuntz, USGS Geological Division:

Publication Possible Title Publication Date

1 Preliminary geologic evaluation of 3-4 weeks after drilling
INEL-1. Open-file report,. is completed

2 ' Lithologic and geophysical logs of 6-7 waeks after drilling
INEL~1. Open-file report. ' is completed

3 A geological evaluation of INEL-l. 2-3 months after drilling
Open-file report. is completed

4 A multi-authored bulletin or 6-10 months for open file.
professional paper discugsing geology, 1-2 years for bulletin or
geophysics, and geothermal resources professional paper

of INEL-1. To be published first as
open~file report, later as a USGS
bulletin or professional paper.

-~

News Media Contact: R. L. Blackledge, (208) 526-1318
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“Providing research and development services to the government”

INTEROFFICE CORRESPONDENCE

Date: September 1, 1992

To: L. V. Street, MS 1545

From: »D. D. Faulder, MS 2107 Q Q‘M
Subject: [INEL-1 EXISTING COMPLETION AND OPTIONS - DDF-30-82

The visit to the INEL-1 on August 27, uncovered many serious deficiencies in
the existing conditions of the well and a general lack of good housekeeping
for the Tocation. The purpose of this meme is to point out the deficiencies
in the existing well completion and offer several options to correct this

problem.

Findings

" The INELZI lacks a proper wellhead assembly. One 12" 900 series WKM gate

valve is present on the top of the well, but is partiaily closed. The
10,365 well is literally open at the surface. At present, a round piece of
weathered plywood is used as a cover for the well. This is a gross
violation of geothermal regulations and extremely poor operating practice.
This aspect alone is a serjous ES&Q issue. The well internal diameter is
approximately 12.5", thus providing the opportunity for entry of almost
anything into the well and possible contamination of subsurface fluids.

The well sits in a 10’ deep concrete cellar which currently has
approximately 8’ of water with oily scum and debris fleoating on top. Thus,
most of the casinghead, flanges, surface kill and annular valves are under
water, inaccessible and vulnerable to corresion and plugging. The cellar is
covered with a Toose collection of haphazardly placed bridge planks,
providing a ready means te fall into the 10’ deep cellar.

Adjacent to the well cellar is the old rathole used during drilling
operations. This rathole consists of one joint (=30') of 13 3/8" casing.
The rathole should have been removed at the end of drilling operations._ It
is no longer required and constitutes a safety hazard.

The INEL-1 used a nearby source water well for drilling water. This well
was located and apparently still has the submersible pump in the well. This
pump may still be used intermittently for the collection of water samples.
Adjacent to the source water well is a below surface pump house which
contains the discharge line from the source water well and a manifold and
valve. The pump house is a confined area, approximately 10’ deep, with
access provided by a steel 1id and ladder. The confined area is not noted
as such and there is no padlock to prevent unautherized entry.




L. V. Street
September 1, 1992
DDF-30-92

Page 2

Recommendations

The first priority is to immedjately secure the well. This can be
accomplished by the following steps:

1. Sample the fluids in the cellar and develop a plan to pump out the
water, and muck out the bottom of the cellar. This step will
provide safe access to the wellhead for the next steps.

2. Once the cellar has been cleaned out, inspect the welihead assembly
and determine the condition of the casinghead, flanges, casing,
valves and lines. The wellhead assembly should be inspected by a
qualified oil field wellhead specialist. Depending on the
condition, it may have to be rebuilt.

At a minimum, the final wellhead configuration should consist of the -
existing 12" WKM valve, with the 12" diameter nippled down to a 3-4"
stem with a fully opening ball valve install at the bottom of the
stem, a pressure gauge located on one side of the stem and a 0.25"
bleed line and valve located on the other side. At the top of the
stem, a second fully opening ball valve with a.flange and bull plug
should be installed. Once the wellhead has been rebuilt, it should
be pressure tasted to a nominal pressure, i.e. about 100 psi. When
the wellhead has been rebuilt and tested, the 12" gate valve should
shut, the valve handle chained and padlocked. The padlock should be
tagged indicating the well custodian and how to contact, including a
phone number.

3. The bridge planks covering the cellar should be removed and a tight
fitting, expanded metal grate installed. To prevent the :
accumulation of water in the cellar, two options exist. One is to
drill several holes in the bottom of the cellar to allow the rain
water to drain out. The second is to place a easily removable
building over the cellar to prevent water from entering.

4. A sign should be placed at the well noting the name of the well,
: surface coordinates, dated drilled and completed, the owner of the
well, casing configuration, and depth of the well.
The rathole can be removed by'a backhoe and the hale back filled.

The pump house 1id should be padlocked and tagged.

Options for the INEL-1

Once the well is secured, several options exist for the well.
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The first is to properly plug and abandon the well. This course is not
suggested as the well, the deepest on the Eastern Snake River Plain, has
scientific and research value. One possible future use would be to re-enter
the well and deepen, as part as a deep continental scientific well. The
existing well configuration could allow the well to be deepened te a total
depth of 15,000’ to 20,000/, depending on drilling problems encountered.

The second option is to properly maintain the well for future access to
conduct various geoscience projects, such as vertical seismic profiles,
velocity surveys, testing of new geophysical tocols, groundwater sampling,
etc. If it is decided to maintain the well, it would be highly advisable to
conduct a casing inspection and cement bond logging program of the well.
With the well sitting idle for the past 13 years, the casing at the fluid
Tevel is.susceptible to corrosion. It would be prudent to conduct the
casing inspection logging to measure the current condition and to provide a
baseline for future casing inspection logs. The cement bond log would
determine the present cement conditions and indicate if there are any
problem areas with potential annular flow and mixing of subsurface fluids.

The lack of a central location of well records for the INEL-1 is a serious
shortcoming. If the well is to be maintained, all available well records
should be located, inventoried, copies made and micro-fiched, and a central
repository established. The well has too much scientific value for
important well records to be haphazardly maintained and stored.

Costs | : !

Detailed costs estimates have not been made for any for the above proposed

actions. A rough estimate of costs to properly secure the well would be

about $20,000, However, a more detail estimate cannot be made until the

cellar is drained and the wellhead inspected. The cost to plug and abandon

the well would probably be on the order of +$100,000. A casing inspection
"~ and cement bond logging program would cost an estimated $10,000.

If provided with a approved course of action, I would be available to
prepare a detailed cost estimate for your use and to conduct well site
supervision. I am a registered Petroleum Engineer in the State of .
California and have over 11 years of drilling, production, and reservoir
axperience for oil & gas, and geothermal operations.

vek

cc: W. E. Harrison, MS 2107

P. North, MS 2214

J. L. Renner, MS 3526

T. R. Wood, NS 21077]AM/
Central Files, MS 1651

D. D. Faulder Letter Files
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Terralelk

Geoscience Services TerraTok Inc,

July 19, 1989

Mr. Dick Smith

E. G, & G,

IT. §. E. L. :

Idaho Falls, Idaho

Telaefax No.: (208) 526-9822

Dear Mr. Smith: ﬁ

The following is interim reporting on the in-situ acoustic bahaviorx
of an unwelded rhyolite tuff from a depth of 2938 ft.

The results may be summarized as follows:

200 “EEast TSR e
p-Wave Velocity (£f%/s) 6290.51 6399.76 6453.34 6483.96
5-Wave Velocity (ft/s) 3192.19 3220.60 3240.74 3380
Dynamic Young's |
Modulus (10° psi) . 612 . 625 633 .65%
Dynamic Poiasson's Ratlo . 327 .330 .331 313

SaturatedsBulk Density
{gm/cm”) 1.680 1.680 1.681 1.681

. As indicated, a more formalized report will be issued clearly outlin-
ing the test conditions, test procedures and analysis methodology.
Sincerely yours,
TERRA TEK, INC,
Sty D7) Forman:
John D. MclLennan

Vice President
JDM:ja

University Research Park * 400 Wakars Way » Salt Luke City, Uteb 84108, U.S.A. « Telephone (801) 5H4-2400 ¢ Thlax 910-5255284
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