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Abstract

In order to practice Deep Boring Research Plan, it is important to establish more accurate direction
boring techniques.

However, conventional boring techniques are not necessarily sufficient for future requirement of
accuracy and environmental contamination prevention.

In this report, advanced boring techniques were summarized based on bibliographies, and were
extracted the elementary and applicable test items for achievement of deep boring.

Especially, bending prevention technigues and non - mud drilling water techniques for boring were

emphasized with view of proposition of elementary technique tests and applicable technique tests.

Work performed by Toyo Engineering Corporation under contract with Power Reactor and Nuclear
Fuel Development Corporation ‘
PNC Liaison : Geosciences Research Program Radioactive Waste Management
Project(Seietsu Takeda)
* Plant and Energy Sales and Operations
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Scientific Drilling in Russia and Countries of the Former USSR

Well D?ﬂﬁ;h E:;{;:;f Type of section 1

Tuimazinskaya 3840 | 1964-65| Crystalline basement
Kola* 12261 | 1970-94 | Crystalline basement
Minnibaevskaya 5088 t 1973—-75| Crystalline basement L
Kuban 4000 | 1980-90! Sedimentary cover
{Ural ** 5350 | 1985- Fold belt
Timano—Pechora 6904 | 1985-93 | Sedimentary cover
Kolva 7057 | 1986-90 | Sedimentary cover
Tumen 7502 1987 Sedimentary cover
Tyrnauz 4001  1987-90 ! Granite massif !
INovo-Elkhovskaya 5740 | 1989-95! Crystalline basement :
Worotiloy * 5347 ! 1989~92 | Impact structure g

Kazakhstan ‘
lAralsor 6807 | 1961-68 | Sedimentary cover i
Biikzhalskaya 6022 | 196772 : Sedimentary cover i
'Caspian 6031 | 1984-89 | Sedimentary cover

Ukraine

Dniper—Donetsk 6915 | 198391 | Sedimentary cover
Krivoy Rog 5700 | 1984-94 | = Crystalline basement

Uzbekistan
Muruntan 4290 | 1984-91 Fold belt
Almalyk 3722 | 1984-90 ! Fold belt &

Aczerbaijan
Saatly 8324 | 1977-90 | Sedimentary cover
[Total by the Program 114923

* — Deep Geolaboratories

** — Under Drilling
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REROWRMEERF LT3, SG-3ALEEOME DEARKEEES ZRE L. heat fluid
flow data, HFD#30—68mW,/of Y (L LTWAZ L 2R L. JhicES Seykain
2Y31V— b L2 RAEESSAEREEF N 2 AV ESG-ILELON K- RERTE
FIVERRELTVDI,

B1.1.1-2iTiESG-3fLAA T OB -~ REHEF N ONR L 2o = ESH (SG-3
FLABTEREEAREDGER) 2, FAHLLISKIRIEROIMNE LTORETD
74V (10kmTH200C) 27T DL ICHE - ROFEIEBTE—) > VEHD
TARBRTH 5,

SG-3FLBADR—Y) > 7 & L TUral X ¢id15,000m% Hi8IC L S iz Mg e
LTHR—=D T %1985F L D BIIE L. 19965 C5,350micE Lo ZOF—1 L FHIT
(J426mm T — 7 (steel) #3,942mFCHAL TV S, (F1.1.1-128)

Tumen Superdeep Well (-—X VHBEEER—1) ¥ Z7L) Cit8,000m % HiEI- Hige
TEDNbasalt (ZHKE) %315 & | Tharyte-bentonite mud (1.92D HE) % i
T7,502m Z2HHI L 7zo FURBEEIZ215.9CTH ok (FLLI-1BE)

£, SHOMAL LTSG-3icDeep Geolaboratories BB E N, &AHE - HEIZH
RERTPF TV S,

SROMARABEE L LT, RESE, BANCESEER Y OER2EEIHE 25
ROZMORRES, oY —§iff, P CcORERBRESED X7 L0EZEHOTE
BAsE R &R EIF T3,

112 kAW
FA Y TIIKTBEE (KEEBEEFR—Y > /&HE, Kontinentales Tief Bohr) %25
EEHCTEDTER, T N VEBBRFRRRFES 70V = 7 N8 3406
(5 BIEHIRE0%) 22U TSMELLY B TERL T S EEER—) o V5HE
THDo HMEHMIL19826 ~19944F (FIHEEHIRI19824 ~844F, JEMIBIRI1990%10H
~94F12H) T, /843w ML (4,000m, VBAL) & A4 V7, (9,101m, HBL) *iF
HIUTzo SBRIBFTZ B RAE AN E W (14,000mEEE T $300°CLLF LiEE X hi=)
Windischeschenbach®Qberpfalzit X ¢ % 3 o
KTBOHW YL LT TROSEHZHITTN 2,
O HBILDLSITLUTESNED, MBOBEIILY > PE2EET 2,
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- Geological map of the deep drill-hole area with HFD data
paints (Table 1). Simplified from Nalivkina er ol (1987).
Abbreviations in the inset arer A = Archacan. Pr = Proierozoic,
C = Caledonides, EEP = East European Platform.
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TEEHAEMEE S WO R E2HET 2,

EARAZEPEREEL S 20 HRAET 2.

BE/ EHBHERET 2,
ERBOELSUEHRET S,

KTBOEHIEMTHHE D HE L LT, HICEER $DIZVDS (Vertical Drilling
System) ¥ X7 LHH 29 (R1.1.2-1) o FERD ¥ ) IVEHCOMERBIENIE L=,
VDSZERWTRI ESA FEN-RE LEATT ) v 7 BfiE ke LEREEN (¥
D=V A) BRETZILICA D, 7,000mE TR D EEZ IS AITH o 12,

2 2 CVDSIZ DN T AR D TR S 9, .

FUNEY ;O LEIZVDSEMITONE, ¥y MNELOAEFEC LD, FLHEOESIR
BRI N D,

TROLDL, BV —KLK O REIRAEA, T2 02k bhVY LAk
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MO 2REXIED, ER. BERLEOBRIIEK IV GEELEBICL hEETLZ,
les BV —DPHFANRTA—FTERET 2, RF—FIE 70 v P L DIGENS R
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EIETD420VTIZV7IOTOER M U bkEERZIT, POCEBERD BXh
ZILWRD. L. EESHFELUTHRERPTHONDBEIR., FLHOEEMER K
YOREHBIEPER I NS, TOZLdh. ENERShEY TERNEOY THILH
EERC T AEER T2 LiCiRB,

ZOVSDZEAWTE LEREEO—FE LT KA YR TS0EM _ LOmEIHThhiz,

@ ® 0 6



VDS-5 components
' " FIGURE 1

Flex Sub
Data Pulser \ 2
Sensors

Top Stabﬂizer%
Electronics N

Batteries
Ganseratar

Control Vatvas

Internal Rotor
Flexible Shaft

Cownhole iMotor

Extandabla Ribs on
Bearing Assembly

Drive Shaft
& Drill Bit

Inclination vs depth
" FIGURE 3

200 g -
00 /(
7000

& ¥ w 1% n ; ; 1 3
° {rom vedicad [ m] Incirwation [ 2]

(Adapted from “Vertical Drilling
Technology: A Milestone in
Directional Drilling”, SPE/IADC
25759, presented at the 1993
SPE/IADC Drilling Conference, held
Feb 23-25 in Amsterdam,)<»

E1.1.2-1 KTBTAHWHNEZVDS (Vertical Driliing System} LFLEIY EE




....................... ’.-....... Drill Stﬂng Mud Column uununuu’noun.nu

Remols Driller's
— - Display
rJ "““_
Stand Pipe
Mud Puiser Rressure L%
El:ndru:lu, . +
BOf
Downhole Surface Control Unit
Closed Loop iggaa:r?:ly
Assembly :
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6,760m ¥ TIRAIS N LHOFIFOWER 2R 1.1.2-1ICR T o LHOHRNL 1 ELUTF
THD: 6700mEETOREN SO X LD THImTH .

FETH, VSDRESESSNTWAY, BERVWIRZAETHIEELS 2 585
HEWENEETH 5.

VSD-5iZexternal negative steering device (BiD 2@ ETH-DFHERISIES A
Y—2EARER) A7V TY—NVERL, 2o¥— =V 7 bO=2 R BHO
B, AR E R U 3 AN EBA200C (300°F) OEE. 8000mBHE
LORBTTEDTZ LS KEHETI TV,

KTB710 ¥ = 7 b Cid 2 DODborehole$d 59 1. 8, MIEVBILLHBILTH D, T D2
FLRIEE R 200m T B B o H1.1.2-3~4DHEEFIZ L. Crystalline metamorphic
rock (GREZME) T. 60° M EO~SHERT S BRERTHD. RL121, 2RV
TEICE2E—1 ¥V O R R BRITR T,

1) VB
Dehydrill HT (X7 A& A4 b D—F&) #0.8~2.5%FHE L., pHHFI~11HY TCHE
LODMEIKERVE Ly 7RS4 TAR (D=3 V—FRRETA ¥ =54 V5
R) . JEHIEHIZ560H TH > o
HESREANE L EAFETH D, BHDHBISHEE LTV,
EDHEE LT, By N RFT 7/ — L VO OEZEEANE < L. PO
HAD = DOTE%E 3EEMH L 7o ZORRL000mE T Im, 4,000mT4md X L
BT Eo L
Ur—IVIREBYAL RS vXL T (BiED) HEMLE,

@ HBI SR

TV E—F REAL UCREIREMR LE, 2T HILHEL LT
VDS (Verfical Drilling System) %R CRAEER - #A Lz,

JEBLKIZ, BEHE0~2,100midDehydrill HT%. 7,220m% Ti3Dehydrill HT DM
Hostadrill 31187 ) v —FAPkH & L6% M L7z BAE. Zh B TIdPyrodrill (~
Y hFA P EAMPSRERY v—FK) BAKEHAW,

ERBE L Y — XF7 ) L VEY T 4 @R AN T D IR R 25,




8 5/8" casing
478 m
| ~#— formation (luid
cement 4* 6" borehole
l— 5 1/2" casing
3670 m \ water
_ 5" casing
3850 m
open hole
4000.1 m

Casing & cementation scheme KTB pilot hole, VB.

drilling diameter ' casing diameter

28" 24 12" (622mm)
1000 m - (711mm) €5=29%0m
2000 m 4+ (7 12" 16" (406mm)
{d45mm) c5=3000.5m
3000m T mud
4000 m + '
13 314 13 5/8”,13 3/8"
L (375mm) (346mm 340mm)
000 m ¢5=6013.5m, ch=4350m
DOm L 311 mm) 9 58", 10 3/4"
i (244mm 273mm)
7000 m + 1h=5893 m, cs=7784.8m

7 5/8" (194mm)

8000 m + 8 112”7 (216mm) 1h=7695.7m, cs=8665 m

9000 m L 612 (165mm) 5 1/2* (140mm)
b4 1h=8544.7 m, cs=9031 m
open hole ch=8550.5m

=cemenl  cs = casing shoe  ch = cement head  |h = liner head

¥1.1.2-3 KTBT®@D/SA Ow ML (VBH) &A1 >3 (FBH)
(FEIF mud iZ. 5898m P 6DEAF— = /%‘:f:r—_))"‘-%;GJOD

3000.5m FTCELTWRWI L 2RT)
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#1.12.-1 KTB VBHh—V I {1k

Technical specifications of the pilot borehole VB:

total depth: 4000.1 m (dd)

latest accessible depth: 3997 m (Id)

cased hole section: 0 - 3850 m (dd)

open hole section: 3850 m - bottom hole

difference Az=ld-dd depends on depth: +1m/1000m, e.g. at 4000 m > Az =4 m.
latitude: 49° 48.98' N

longitude: 12°7.16' E

height above sea level: 513.4 m (ground level)

smallest ID: 108.75 mm

mud weight: (water) 1000 kg/m?

pressure bottom hole: 39.2 MPa

expected temperature at BH: ca. 120°C (248°F)

temp. gradient, AT/Az: 27.8 K/km -

maximum hole inclination: 11.5° at 1065 m

drilling time: 18-SEP-1987 - 04-APR-1989, 560 days
long logging/testing phase: APR-1989 - OCT-1990

#1122 KTB HBHR—V 7 {L#k

Technical specifications of the main borehole HB:

total depth: 9101m (dd)

latest accessible depth: 9085m (1d)

cased hole section: 0-9031m (dd)

open hole section: 5031m - bottom hole

Az=ld-dd depends on depth: 0-8050m: approx. +1m/1000m, e.g. at 8050m > Az=8m. In
the lafter stages of drilling after kick off at 7800m the difference is not well known.
Reliably are only the liner shoe marks: at 7800m -> Az=9.7m; at 9031m -> Az~6.2m.

Jatitude: 49° 48' 58.8" N

longitude: 12° 07" 192" E

height above sea level: 513.8 m (ground level)

smailest ID: at least 98 mm (casing deformation at 8663m), probably 105 mm
mud pH 11.4 at surface

mud weight: (water/Na,CO, solution) 1170 kg/m?

pressure bottom hole: 104.5 MPa

maximum recorded temperature: 256°C (493°F) at 9070 m (1d)

expected temperature at BH: 260 - 270°C (518-536°F)

temp. gradient: 27.8 K/km

maximum hole inclination: 20° at 8647 m

drilling ime: 06-OCT-1990 - 12-OCT-1994, 1468 days
no operations within the well since: 16-JAN-1995

-12 -



HMEEER LT (200CETHIEE) . 7,000mETHEA L. ThURIEAZSDE,
> T D IX7,000m E ClE2° MATH oM. ZNLIBES 600fFET21° Loz,

ZOBEIILEFIA LEMEEe e UTiX. im0 E L B OBRETT 2
FoO AR K BEAFARASEHEND S (K1.1.2-5) 910,

ZORR. HE4,000mizx U COKERBEIC X 56 AEZ110MPaTH > 72

F7-. KTBY+ M TODGFZ (Geo Forschungs Zentrum : R WHWEKRIZHHEtE >
»—) Cid. KTBILEF2M A L-SBHEERFTLITHED, 1996F1IARF—MT
5ERS HEICERTA25ETH D, ZhiZGFZ—TO (Tiefenobservatorium) plan
EEEY LT B, |

FIZIE, 1999EFTITKE (BK) HEEEBL, AThBRWRETCORENEZ
ERETHEHEHIET N TS, THEER—-Y U FAICEADIHE - FIREAL L
CAOHBEETTNS (FL126) o LI

@ BEK L2 &drill rodsk (HEY—VORFEEBET 5. REBMAL LTI35

BADMT®H 3.
@ KONV TEBEBWERELI-RIMAKREENET 3,

113 Ao =—F

BFACEDLINELANF-2FRICERBTILEMDP S, RV o —F V PREA
EOBREIEE LTRSS Y V—Y ALBICEFR—) »TE2EBL, > PVE
BLIhdAP L EERG L TIEBHRAOBEREHE (VY22 V—FEHIEHE) »
HDo ELEDERY z—F U HEBHS Vattenfall CTdhp 5o 19865 ~1988F T H
FC7,500m%E BRI LAY VI BEERAS WX LA NS TV CHRREE
THEYET. FERARAPERINZLOHFEBEP RN, VattenfallfH I HRE R —
1) ¥ 7 £t Dala Djupgas Provborrningar (DDP) %#& 3 L. W40fEF (55
Vattenfallzt 38132 4) % »I1F CGravberhgl5H 2 LM L /2. TES,000m i TiX
BEKDPSYy—IVITBHEELE, LPLIDO NI TNVEEREFHATEEEZET S
KETCHDZZ L ER U, E-TLHED 65000mBEAE{RD, HED 22~ 33X
ML=, (B1.1.3-1)
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&5 —u— Grtesbach ocation
500 - &1 ~ Falkonbery test site
] &
°lm- \ \\
1 \
1 AY
$ =
\ AN
-1500 -4 \‘
\
1 \
\ \
E \‘
r -0 . =y
= i
& \
8 \
1
-2500 - 1
1
\
\
1 &
-3000 &
3300 -
—4000 — r
0 m

L
“0

&0

STHESSES, MPa

REBSBEIC X 2 EEOBES 3% (Baumgirtner et al,, 1990)

X1.1.2-5 KTBOA L EEDER
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1.14 7A)h&EE

%Lf@%@ﬁ—uyﬁmiﬁabfﬁ\ﬁﬁ%ﬁv&wﬁﬁﬁbtéwﬁﬁﬁwt
TATFELRWV, 7272, REARMERL10kn~15kmiZHFNICIZATETCH B L LTH
D, Skm%ZHZ 5 OMABHOERIIEFET 5. BEETR—V L VHEL LTI, XH
ABEEFIESIEE (U.S. CSDP) %% b, FTROBMEZET TV A,

@ TARNF—, KRUEHBEEOBT RS

@ HHEMETCHFEREDORERIEH

Q@ MBRT UMLK & BHEEDEN

@ HHSBCBIIHEEAOAEE

® RELIRABTOEESOHK

=, FICEHENWTWABEER— I LTE. chECLELIIHERE 2
DTWAY U 73 RATENWT YT Y U7 ANBERESE S 22 (B1.1.4-1)
P77V FL 7 RNEIR. EEEATEPREEEZEECINTS 5 VR 74— A
ET%D\ﬁU7%»:7¥%t@ofﬁwtﬁbﬁﬁ%zuvTLTMété\ﬁ%_?
I b MR IR & 72 3 WTAEEIR B b, 10kmiK—) V7D 5 B2 5km CHIER T2 &
SBRF—VN U THMOBEBEELL TN COFHEIZ. TRVEOELICETEER
— VT 2RBLHHIFEEICETILZIroAEMITFCIRVEZ2EEIEZ2HOT
b%oif%mﬂﬁ\%@%ﬁ&%ﬁ%ﬁth%%ﬁ%tﬁumm&ﬁﬁtbfh5o
BB, KRETIZ1985E~1904FIZBITZ2BEEFR - L F/EHL LTE61F. 2K
31,310mA—" > 7E2ERBL. £BHS83, 721,000 KV EBEL TS, DS H16%IEA
Y7 7R, 4A%HPEMEARICEALEZL LTINS,
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SAN ANDREAS PILOT PROJECT

SAN ANDREAS
FAULT ZONE

|<—1 km ——>|

MAIN

HOLE

PHASE [

1. Rotary Drill with
Spot Coring (20% )

2. Downhole
Measurements
and Fluid Sampling

3. Case and Cement

4. Seismic Monitoring
(6 months)

\

%

S A A A s s e

PHASE Il

1. Continuously Core
Through Fault Zone
(3 attempts, one with LWD)

2. Case, Cement, & Perforate

3. Downhcle
Measurements
and Fluid Sampling

4, Long-Term Fault Zone
Monitoring

)

.

aana

A
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e
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A
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|

{

FAULT CREEP

AND

MICROSEISMICITY

'

Schematic of the proposed pilot drill hole at Parkfield. Downhole seismic

monitoring at the end of Phase I would allow for more accurate microearthquake locations and

targeting of the fault zone during Phase II. The first fault-zone crossing in Phase II would employ

B1. 1. 4-1

rotary drilling in conjunction with logging while drilling (LWD); subsequent crossings would be
continuously cored and logged with conventional wireline techniques.

X(EH T RFLTREBR—Y A
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1.2 BOPEHOERIN—) A JICEbSHEA

ﬁﬁ*@f%ﬁﬁéh?‘*%%h&iiﬁqﬁmfu VT onT, A én‘ﬂ\%ﬁﬁﬁ\ wE
R ) ¥ VEHE, EROFEHEICONTHEL . B

WEE LRI EFAER CEHE én’CL\%&EE‘J‘—- ) UEE JUDGE‘E‘T%FEE@:I
HEAMRICJUDGEZ O Y =7 MEEF— LA RRE L. 1RSSO EKHcHEMICHIT
BHOLNTWS, L. BERHEBEORETH D, 10knF—) > ViEHIROFLA
REBEYV 7 VEERERESI N TS D @@%B‘%Eﬁﬁﬂ%ﬁ%@i&ﬁ%ﬁﬁﬂ&i%ﬁﬁé T
RN, F12-1CHKFTEOBE R TR T 74 1) 1:"/157“1/— b PEAIAHER O IR I AT
K ) YT REMT Do Uy MEV—3 L IR ST, EKEEREAS A TTH Do

JUDGEHHEODT— »TE=20 7 = —XiZ4hh, BREEEEIknIZE#ET S I
EEEELTWS,

Z7x—X1: FEHE (%m#%i i WEE) @ﬁﬁk’?kml—lﬁ@%ﬁ*'f— Vo T%

| _,~fﬁm B LR LRFET o _ .
7xz—X2: ?L“é:l ?—ﬁ bt7km§“€#ﬁﬁ']?‘%o L\fPLEO < E?L?S:EEU'C%
BPREREENT S0 |
72—Z3 12—V FPTb—bET A I:“/zﬁ'/‘”l/ rOER (HFEMNIOkm) £T
R—D U EEHETSE (H10km) , ZOFEEOBIABEIIREI00CLF
BEN, LpdavF Y M —VidS3~5emly CRESRARATNS LE
_'.":'-'bn'a\%o (®1.2-2)

NEDOTI;tkakkonda prOJectl: be%%E@#%{Tﬁmgi‘EEﬂiﬂﬁﬁﬁﬁf— D%
1994&1%#51995@7}51 @@ﬁsﬂf%ﬁﬁ L7=18, ZDER, hB500CE G ToR—-) T
ﬁ_.\“:’__f 'C%Z)TEE! t b'Cmud c1rcu1at10n (BABEE) L bR TR TIZIT0°CLL
3 :'Fc‘_‘.i'ﬁ% 2‘:%337‘)6”(1:\% EU‘B\ return (’) 5’ ./) ﬂé?k’amud coohng system
i (pump rate: 2001;1/9#) 'cr‘*fs?ﬁz&k%&&m?zs z k%iﬁf\fb\%o
. iEl 2 1L1‘— 1) /ﬁ%@‘%@{mﬁlﬁﬁfﬁﬂv*@l 2 3&.‘1‘—- ‘) /0@%]%@1@%%&1‘?;
_03121& MTI (%ﬁczmﬁlu) RUMTO (fykzmﬁﬂm) ﬁE}E%Stop UrzRe 5D
REERFR : ST L. ST#Tﬁﬁsﬂ%‘ﬁ“ﬁ'n & 3, 500mﬁ%§'c300°c tt;:% t 83&5%5%‘
BENITW0CLRBLHDI 5B, SR DR ;

%@@@ﬁ@f—u/ﬁaufam%%f—u/ﬁmiﬁéiumu\itmﬁﬁ$%7
R EWHL EOEER—) T 2kl1.2-3IIRT,
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&L 21 NEDOBREAMMN—Y v 7YI-UATHRI SRR — U v IS oErRe

Temperature limitations for major drilling tools and materials.

: Temperature
TOOIS/M&T.CTI&IS Limitation (oC)
Downhole Motor Stator Rubbers:

Now 150~175
Under Development . 175~200
Bit Seal Materials: =~~~ o

O-Ring & Dlaphragm R 150~190 .
Traﬁectory Measurement DeV1ces RTINS
etrievable MWD _ 150
Non-Retrievable MWD S ;.:-“-w; 175
Mud Dispersant . . 250~300.
Explosives: =~ = ' e
Backoff 220
Perforation 150

Based on Manufacturer Data, not Field Data{(Jan. 1996)

.22 .



Depth {m)

500

Temperature (deg.C)

0 100

200 300 400 500 0

250

Pump Rate (kl/h}

1000 § e

1500 |oeveerene

2009 §-

Well-18 : T
5.T,=120days

2500 [§'--n

ed with
Lost Circulation

.......... freveerernrarssnnnsne

3000 |ereednboenns

3500

4000

} Estimated Formation
=1

’
.
0
"
*
a
.
B3

&1. 2-3

WD-1A borehole temperature data

w014
Drilling Data
—— Mud Temp. In {MT))
— Mud Temp. Qut {MTQ)
o Thermometer Temp.*
4 MWD temp.™
Temp. Log Data
—— 1: §T= 7 h (hours)
—2:8Ta 12h
~——3:58T= 34 h
—4:8T= §3h
e 5:8T= 831
—6:5T=108h
B ST=159h~
—— T7: 5T= 64 days

Well 18
—— B: §T=120 days

RemarkwMotes:

MTIMTO:  Drilting  Floid  Temp.
measured at Suction Tank & Flow
Line.

= The Ternp. inside the BHA about 15m
abeve the Bit less than 1.5 hours
aller circulation ceased. Recorded
with Thermormclers,

"= Battom Hole Mud Circuiation Temp.
measured with MWD Tool,

*"= Measured by Meclting Temp. of

Taermal Indication Materials.

ST: Standing Time: revovery time singe
circulation stopped.

Temp. Log Nos, [ through 4 and 7 were
recorded with Platinum  Resistance
Thermmometers.

Temp, Log Nos. 5 6 and 8 were
recerded with Kusier Thermometers.

NEDOSRAMMER—Y 7 COEE LIEEOBMG
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#£1.22 BHEORWHEREFERE LEEER—Y LY

” ”
wHE OB gﬁf i ; T FREIRE, m HEMTDmE
2#A deiEsE 1981.09.23-1951.12.11 3,310 - it
g % i 1683.01.14-1983.03.16 3,305 T+ = o, ~RE
E W Z W 1984.10.20-1985.01.11 3,020 PF AR
/1 dbdzE 1985.07.24-1986.06.02 5,023 BELEERm
S HEE 5 o8 1986.10.20~1987.10.29 5.240.5 Tk FTILE
CHE ® & 1987.10.01-1988.05.05 5,000 SEFE AL RS
f B B o 1988.12.10-1989.03.26 3,230 BT/ A
FiBFE 8 1989.10.17-1980.05.27 6,000 chiftt-Ea 8
WE R 5 1989.09.15-1990.09.27 6.004 PFTit-E B S
oA Wy B 1990.11.719-1991.09.16 4,800 chF it a3

= B E 1991.09.01~1992.07.31 6,300 FFit LM
FATEHT B8 1992.10.14-1993.05.09 6,310 FHt e
x i i 1993.10.01-1994.06.27 5,050 B L Egam e

#®1.2-3 HPEEOBRBAREER— VY

No. | BEAFR| &< mEm| 88 R No. | BlAINE <345 BEEm)| B8 %

1| T3 | 1971 | 2146 | RRA | HRETRE| 36 | 72 - 650 | HEBA | AR THRE
2 = - 1880 | %8 - 37 EHR | 1958 | 615 b ] -

3 B 1940 1708 | 3R F oy 38 | B | 1949 612 | REA kg

4 = — 1540 | #R — 39 | FB —_ 611 | kA LokiE

5 | dEMEE | 1974 1370 | MR BR 40 | #FHE | 1971 610 | AR g~

6 | db¥siE | 1930 1201 | #8 B 41 | deFEE | 1960 606 ¥R RIRA R
7| A 1976 | 1200 | 2R =R 42 | KR | 1964 | 604 | WMBA | mxTRERA
8 | duisE | 1978 1105 A RE 43 HH | 197 601 | IxR -

9 i} 1968 1097 | %5 - 4 | W | 1978 601 <35 =3

10 & 1976 1059 | =8 2R 45 | FF;: - 600 | AIiHR LrkiE

i1} F3E — 1050 | BER | AR TEB| 46 | Sb¥EE [ 1973 600 MR 2R

12 | dbisiE | 1978 | 1000 | ®A B 47 | WEE | 1971 | 600 -] -

13 | de¥sE | 1977 950 | %8 B& 48 | HE | 1973 | 600 | BRBRB | ML TER

14 | Hi#HE 1974 944 =323 — 49 | KE | 1976 600 ¥R AR

15| HH# 1977 930 ¥R BR 50} W | 1976 | 595 MR BHa

16 ] ¥ 1977 916 MA "R 51 | k¥R | 1934 570 — -

17| KK 1963 507 | RUA | wakdhTRE| s2 | ®HH | 1961 569 | A&iHR Bk

18| #F#: 1977 500 ¥R - 53 | Bk - 553 - —

19| &8 1965 %00 - — 54 | M¥ — 553 R -

20 & 1978 801 =453 - 35 B — 551 ¥R B8

21 | deimid | 1976 300 ¥A B 56 | W& | 1972 | 550 | ASHR kiR

22 | dk¥EiE | 19%0 800 #A "A 57 S | 1968 | 541 - -

23| W& 1980 800 b= 4z — S8 [ = - 540 ¥R -

24 | 1975 776 - - 59 | IWLFE | 1947 | 525 — -

25| HE 1977 756 -3 - 60 | T3E - 520 | BBIA | ATt TER

2% | TR 1977 | 750 ¥R - 61 TH#H | 1973 520 | TR -

27 | BHE 1963 720 ¥E — 62 | dtiem | 1953 510 A B2

28 | 1953 720 | KA k7RE 63 5] 197¢ 508 | ARiER A

29 | HEE 1979 703 ¥R — 64 | HE | 1974 | 508 MR -

30 | A8 | 1976 700 #A B’BE 65 | il | 1955 503 MR FRRH A

3l BE 1972 700 | BBIE | mARCTER 66 | HH | 1974 503 | AREA meR

32| wEN | 1978 700 #R Bz 67 | kM | 1974 | s0t A Bna

33| X 1961 700 | AKiEHA b 68 | dbdgE | 1975 | s01 #A Ba

M| =ZE -— 1 700 ¥R - 69 | BB | 1956 | 501 A -

5| HE: 1970 666 MR 87
—REREL

(1) ARIERIZLVWHRFES I, BRALE LTEHERABTO 1,832m O,

SHHEPRFRHICS 3,000m HOFR—"1) » THEET Bo
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AMBERA—) /S CREMRPHHWENZOERSF—Y & LTREFMTERC
6,310m, =B7T6,300mAH b, BRAFLE LTEZTEER (HEET) 02,146mbsETF 5N 3

16},
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13 BRER-) VU HREE

HER—) TR BRIEY OB CORRNERICESEHEREIN, BECE>TW3,
COFITEETRIRR ) VROV RNV OWTBER R0 b5, Ll b BhiEEil
REFRBEHICONTHAT 2, BFNEEOLAVOTE—) v VT EBEESEBIC L - T
EXGBETIERDES KRB,

R LR

HER : AEY RVE, O—2 ) —F—TNVEB, RS54 7~y B, )30—2 4 ~JVHE,

SE ISR BT

FTROICEBS N TS FHAEEODVWTERS, EHFEIRIEY =) o 7T
MA0.2~0.4m/s, TEHEH F—Y > 7 CHHEO0.3~0.5m/sThHh b, FIGIEEREIEEIT2~
4cm/min, ERAIL3~6em/minTH 3,

Oy FEEIEEED OFHRERIE. BEDA—) L I C@EDIBA0T~1.0m. 85
DIFELO~15mER D, RO F—1) >V Cid2.0~3.0mTH 3,
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54 OB, BEL) S OEECRET S (F 18.47) .

(i) FERE—

BRROF 2 M IBIEET TN 54 L CHEICHD 7503 (0 154
8) .

(ix) oo NhxrwFy—

BOF A VTG TNVBERBETTN—1 54 VRO 30 FFRY—D
BLTNWBLE, AvT Ay TREBRTIILHTED, dLRARF X &L
2% LD NS TVOTEERSEL NS (F1.349) o

(x) HRR=Z77»—
TN—A T4 VIO T HZ 2N E 5,
i) EAREER
BRI ESE 2T —T 2 BETH S0 - (K1.3.4-10)
(i) FEF T —A
WENESENIEL RS, TI—LMMEHT B,
Gii) X MYV Zyo—h
AR E RS ORFEE ¢
(xiv) /8—2¥w b
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BOOATER COMPRREEBBORS
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(49 Z=IBOLEH
IZ7FINMERIBLTERRI LI, ESRERRTH 5. FiELE 1,000t/d
OEEWEIOBE. BEELHEIE 2,000~2,400cfmin T#H3 (7.876inch FH—ViZ
4.5inch BOWMEEFEA) . LFEHSRELRNWELERBIEZ 5, FHATOERED
HATHHDPEPOHED. AEHFHTHOICES 1,000t 470 1 FEBI RN
LTCHBo
#®1.3.4-1 IBENRIBELEEIC L IREERRETT,
WEKOEENHHBRITIE. IRAMRYITHIVEHEEAFEE &R, 32X
FOBECIFTEEREL 30~40%E L 2%, COBSEEROZEREITX 200 B
L 400psi C, ¥ RAF 2 Fic b~ T# 100psi H< 230
AT A Y TIAPBRTRVWESE. 1) EIEEZENT 5. 2 FEAEZEALT
LEZEF TS, 3) RESZV—LICR2ETREERITIZIZEDOHENVH B,

Gy fLREZA
RO (K - k%) ZHRL. ABEHRZIET FI/iCLrhidisi
W,

(6) FL#EDS b PEIE R
PO ZHIET2HEE LT RO TS0 EMeny 7 bA—NVERDFH 3.
RUF1IZAFMERIVNAS—DOBERENATA2ORN L. /3y 2 bR— Vi
AEETATF—2ES,
(i) o525 LhEH
RyFaZAT7ETVEEY bEHEEOROZRDOEINAES—L DS, KV
NWAZ—OERFRD FEHICLDEY Nomb 2 A2HEHT 5,
1Pl UCESEREERN SRV T 2T AR ETRT, HEE < CEERIBBIC
B LRSI ZRARFINVAZ—DERIELLRVWED, Ev M SEER
BETH DAL RD, COXIRBANEIEHBN X — 0TI L7
B TYDITLER—S 3 Y AIRIITH B |
(i) 2¥8w& MR—VE .
N PE=NATPEVTVIREKIDDRFET A P—, EWKORDO FIIVA
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ESTIMATED PENETRATION RATE - 50 FT. PER HOUR

#134-1 =7 FUNLAREZSE (ft3/min)

AIR REQUIREMENTS

Hele brill Cepth and Volume Required S.C.F.M.
Size Pipe 1600 2000 4000 6000 8000 10000 12000
6 5/8 6150 6600 7150 7700 8400 8950 8500
17 1/2 5 1/2 6450 6700 7400 8000 8550 9100 9650
4 1/2 6600 6850 7550 8100 8700 9250 9800
6 5/8 2600 2800 3000 3400 3700 4150 4500
12 1/4 51/2 3000 3100 3350 3800 4300 4700 5000
4 1/2 3100 3350 3700 4200 AS500 4900 5400
6 5/8 2000 2150 2350 2650 3200 3550 3900
1 51/2 2300 2400 2700 3000 3300 3700 4000
4 1/2 2500 2600 2900 3200 3400 3800 4100
51/2 1700 1850 2150 2400 2600 2850 3100
9 7/8 5 1900 2000 2300 2600 3000 3300 3600
4 1/2 1950 2100 2400 2700 3200 3500 ADOQ
_ 5 1450 1550 1880 2150 2350 2550 2850
9 4 1/2 1550 1700 2000 2300 2500 2700 3000
3 1/2 1700 1850 2200 2600 2700 3000 3300
5 1350 1500 1700 2000 2200 2400 2700
8 3/4 4 172 1450 1650 1850 2140 2400 2600 2850
31/2 1600 1750 2000 2280 2620 2800 3000
4 172 1100 1200 1500 1800 2100 2350 26580
7 7/8 3 1/2 1300 1400 1650 1900 2120 2400 2700
7 3/8 3 1/2 1670 1150 1300 1550 1800 1850 2150
6 3/4 3 1/2 850 1000 1200 1420 1650 1850 2100
31/2 710 790 930 1030 1280 1420 1650
6 1/4 2 7/8 780 850 970 1150 1420 1700 1800
4 3/4 27/8 430 500 650 _ 790 930 1070 1200
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PACKED HOLE ASSEMBLY
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STANDARD 8" STEEL DR2ILL COLLAR STRING
STIFFNESS20.6 » 10" |b-iad
Wi rFe s 380 id/Fr

FLIEXIBLE DAILL COILAR STRING
STIFENESS 1 021%10'0 |p-:n?
{STIEENESS OFf 6 174" » 2™ COLLAR)
Wit/Fr = 160 1b/Fr

STANDARD 5TEEL DRILL COULAR STRING

WiITH 18 Fr URANIUM BOTTOM COLLAR
STIFFNESS OF URANIUM COLLAR:0.43*10% 1b+in?
Wi/Fr OF URANIUM COLLAR = 326 TbsFT

e NEGATIVE
o= POSITIVE

COLARS 8" = 2™
HOLE S5IZE: 12 122" DIAMETER
HOLE ANGILE: 5°

MUD Wr 2 10 1b/gel

- o

[
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*100
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Location of test well USW H-4 and nearby geographic features
in southern Nevada.

E141-1 Zyh<wyry L USWH-4RE— ) Y ZHLE

-70 -



STRATIGRAPHIC UNIT
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#1411 2vAYIUFrTOUSWH—4E— Y > 7O T k{62

[A1] units are milligram per Titer unless otherwise indicated; sample
collected 05/17/82 during pumping of depth interval from 519 m to 1,219 a)

Chemical constituents or physical property Value
Bicarbonate (HCO;) (onsite)-—-----—- 173
Alkatinity (CaC0;) (laboratory) - 140
Calcium (Ca) - - 17
Carbon-13/Carbon-12 ratio (513C)2 : -7.4
Carbon-14 (H,0)AGE - 17,200
Chloride (C1) 6.9
Deuterium/hydrogen ratio (§2H)3--- -104.0
Fluaride (Fl=——m==—m oo oo e 4.6
Lithivm (L1, micrograms per liter) : 130
Magnesium (Mg)-- ——— ~-- - 0.29
Oxygen-18/oxygen-156 ratio (51%0)4--- -14.0
pH, laboratory (units) “ i 7.9
pH, field (units) -= 7.4
Potassium (K) - 2.8
Residue on evaporation-=-=——-==———-memmam . 248
5ilica(Si0g}--- —— 46
Sodium (Na)=-==w=--—=mmmnuau_ - 73
Specific conductance, field (microsiemens)S-=-—-mmmeuea 340
Specific conductance, laboratory {microsiemens)---------- 381
Strontium (Sr, micrograms per 1iter) 27
Sulfate (S0,) B R e 26
Temperature (degrees Celsius)----- ~——— 34.8
Tritium (picocuries per liter) == 10
Cations (milliequivalents per liter) 4.114
Anions (milliequivalents per liter)———=—cmmem o 3.785
Difference (percent)--—----~-— 4.156

Chemical analysis made by U.5. Geological Survey Taboratory, Denver,
Colo.

2Deviation of carbon-13/carbon~12 ratio of sample from PeeDee Belemnite
standard (PDB} relative to PDB, in parts per thousand.

2Deviation of deuterium/hydrogen ratio of sample from standard mean ocean
water (SMOW) relative to SMOW, in parts per thousand.

“Deviation of oxygen-18/oxygen-16 ratio of sample from standard mean
ocean water (SMOW) relative to SMOW, in parts per thousand.

SEquivalent to micromhos per centimeter at 25°C.
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Fia, BEVA P ERZE URVWEBRR-DJHAZRALETNV I ZOLEZFHOD
BEHEREEYAS OB R BTN D5, Thid, knoF—) X 7E2EHIL T,
km RDERTICA T 3B TH 5. R—1) o FILIX05~0.TnEETHH. 1045
BT50MT 7NV b= A RBMATEZFEIAERLE (K1.4.1-8) o

142 4¥Y2R
) ®Z74—NF

19974 2F . NirexCidt 3 7 4 — )V R - UV WVHBTHER (EXE
o SRRt FEERR (RCF) ) oBREEER LTS, XL LTHRMETOER
HEASBIERE TS ). BTEB0EMA, SREEOFARISENLRBESN TS,
Bi7e (19964F) BEER—) L /B, 1950mTHRA—) ¥ 7 Eid25,712mCH 5.
NET7 4=V ERRESX106m2LE X 5N T3, FHEFAET -SREOLHIT HIT,
FEREB R I N TS (91.4.2-1~-2) 5,

COR—Y Ly OEME, HEREEE, 07 OEN - HE, BTAKESRE, 1
B, ki, FUEE=S ) Y TR ETH . |
B—) Y VRACRBENAE LTRYT—2EA L, ZOFICLid ML —¥ %
1,000mg/1E4 L. LiZ#E=¥ LTW3, pH, redox, WP H—K>, CL-14HH
HELTWA,

hd 0)—-5@0)7]“5;-—:1:) v U DR, Mesozoic He 5 & 1 3 Carboniferous & Permo-
Triassic HBEP B . HEI00mE EOEE THlAED 5 12kmBEN T3 BT T,
B 0~1,600m Pl HRE TH b, ZOTFICEMRSE (Ordovician) . KIUEHEFEET
BT ritbpoT NG, T, EME, KIEOE Eidbressia (ABEE) H49450m
ETHE L. AABTEIIbase brecciaTh BDED LI A/ —0 v 2 £ LTE
Eﬁ@@ﬁ,%@Lt#ﬁﬁﬁ@%ﬁ#&?%:tﬁb#ormé(EL¢zmo
Nacl DEXRMMHESH D . HAHLFT F—VORS L& bIBINT 3 2 LA
7= Total dissolved solid (TDS) TixlgAl FHEEE200~300miZ £ L7z, 1,000
~2,000mEE ClIEARErSTEIZEr > TEMT 2 2 b o 2,

PRZ (Potential Repository Zone) iX. 25~30g1TdH o7/= (1,600mBEE COHIE
DRER) o

BABEESHICESWT, TKIZEKRBETHD. ZOFIAEL T 74—
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Locations of deep boreholes at Sellafield site.
H1.4.2-1 €57 4= ER—Y) 2 THALE
PRZ
WEST e T T 1 EAST
8
oD -
Permo-Triassic
Sandstone
and shale
{ @ Basal breccia
1000 .
mbO 5 W \\RCFI Hills and E Carboniferous
\ 5 RCF3 Basement Limestone
\ . regime
\ ‘
Irish Sea Y 2 ‘ 1km I___I Basement
Basin Regime Scale
2000 .. = — — Chloride
mtOD Concentration

Contours (mg/l)

E-W schematic section through the PRZ and surrounding rocks, showing approximate confours for chloride
concentrations (mg/l) in groundwaters. (Boreholes have been projected on to section from array in the PRZ for iltustrative
purposes only; RCF] and RCF2 were drilled as deviated holes, in west and south directions respectively.
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WREIZLDE LTnD (X11.4.2-4)

143 Ry z—FYv

SKBTit. MABIcBIT 2T AKECEERAED =D, 9TTFLEESEEDS L
F#EE, TElE, BANWERZRRL LT, 994 H-.:lawtmkw?h/"b‘ff rDH—
V2T EERLRZ. BER—) »7E1,000mTdH o 559,

% OR—) T HERREEREIR L W ElSh. FY Jvzkai&*a‘m%ﬁnf il §= 7))
EFEAFUNVICXDIES LD SRE LR,

D=V LY REPSHAAMBADIEA LR (BBOHEDHERT) &
DPHERENE. FUNICLABERDSUINGUTOBETCML —XTEZ2 L bH -
Jzo FLEH D (& 200m~500m CiTEMEHE AN TS0mEIcHEL 1° , 500m~1,700m T
E100mBICF >y FiE (7 vKEERT v F2 7)) 2HNT2° ThHo

FoKY > 7)) 7w —Y down hole Ry TSk b, FLAKD(LZEIMER. &
LR HABSrEhiz. SIZEEN, pH, pS, pOABEMECREIhE, ASH
DERRE KPP ORTBERZORIGERT 270, AKLOBMER L L TKASHHRTE
BZEEEZAVWE (K1.4.3-1) .

HTFAERE « SHECOVTUTITl~S (#£1.4.3-1~-2KH1.4.3-2) o

BFAREGR T, R 72AAREAL, Ny B—2HNTHY 7)) W 75T
DT, HMEBEBHUCH D, WAUKIZEEBIZAFIN:,

BHEZET 2NV EACEA LEL, pHR X ZIRAV FNVY £ AEEhiz, pH
SEAFEHZ REBICL D, ERZERUT7SFFEREBE LTCHRELE. w5 =
VERBKIIBEPLMN =Y - L, £/, 0453700 74NV —RALTA T
PORPMIZT A RERARI Y ST 4 b A—FEFAWT, Fe, Mg, S, Ca, Si&% %L
7o

SHOFERD 5. EETIn~860mIZ BT, Na, Cl, SO4 Ca, Mg, HCOsE MK =
< POPHBREWEZILYERMP /NI WERSD Do =, BE L pHEUELDBEEHILER
TP ol. ZOMOTHENMTL LT, AMfiPuicid O EEET 2 MY D A2 RH
THILTAHPuEZRD, V5 SHRITRedoxRIEIC BT 22 L R, 4EUIZE
iU (REMEEHHRICELEE) DB —F —ZLBMEMNNMS NI L E2EELT,
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.1 COASTAL PLAIN REGIME L
Fﬁshwamr . 5.;-.‘~--

E:_—j Permo-Triassic sandstone = Regime Boundary
£ shales and basal breccia <& Flow Direction (large flux)
@ Carboniferous Limestone «—  Flow Direction (small flux)

Basement

Schematic illustration of the conceptual groundwater regimes for the Sellafield area

F1.42-3 €3 74—V FRBOTFAENLEE

BH2 BH4

West-cost cross section showing contours of environmental head in groundwaters interpreted from
hydraulic tests
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. Flow meter

. Surface chemical
prode (pH. Eb. pS. pC,
conguctvity)

. Cafibration unit

. Inline fiter 0.45.0m

Carbon-14 sampler

. Sampling for.
A. Field analysis 1
B. External analysis

-

[ YL

ANALYSED PARAMETERS

d

\ Fe (1ot HCO, F CI St-1l}

DRAILLING WATER CONTENT:
Uraring !
DISSOLVED ELEMENTS: |
MNa K CaMg 5 O;Mn }
Fe (tot} Fe {tl) HCO, F €I

Br SO, 5{-l) NO, NO,

NH, PO,

DISSOLVED ELEMENTS.
Na K Ca Mg S Mn

MO, NOy+-NOy NH, PO, A
SrLiJRaThURn

FILTER RESIDUES:
CaAlFeMnS &

C. Backup storage

DOWNHOLE CHEMICAL
PROBE" pH. Eh, pS

GAS SAMPLER

PUMP

ISOTOPES:

I O BRCHC BY
ORGANICS !

TOL Fulvic and humic acds

GASES-

8, O, H; 0O CO, Ar He
CH,...CHy

A schematic illustration of the integrated groundwater chemical equipment
consisting of dowh-hole sampling and measuring devices connected to a

mobile field laboratory by a multi-hose system.

SKBTHELAEMTARERSIT AT A

B1. 4. 3-1

#1431 SKBTEMEULKR—) ¥ VA TAEEER (HIFRAE)

Methods and detection limits of the analyses which are performed in the

field laboratory,

Method Elemen$ Concentration

Element Concentration

mg/1 mg/1
IC Na 0.1 K 0.1
IC/SP NH4 0.1/0.003 N03 0.05
mwe/sp NOZ 0.05/0.001 F 0.1
Ic C1 0.1 Br 0.05
IC/sP PO4 0.2/0.002 SO4 0.05
SP. Fetot 0.005 Fe2+ 0.005
5P Mn 0.01 SiO2 1
2_

SP stot 0.01 Ca
Tit Mg 0.4 Hcoa 0.6
SF nranine {0.1% dxilling water contamination

IC = ion chromatograph spectrophotometer

‘ Tit= titrations

spectrofluorimeter



#1.4.3-2 SKBTER Ui A— o VA FAILEER

Chemical composition of +the groundwaters analysed in the mobile field
lahoratory. All concentrations are givenm in mg/l, exept for pH and Eh.

2+

Bore level Na K Ca Mg HCD3 €1 BD4 511 retot Fa~ pH Eh/mV
hole =
Fj 2 488 a6 1.4 27 3.0 182 -3.7 2,0 0.2 0.85 0.8% 6.9 -220
Fj 7722 300 1.3 40 0.Z 1B 470 0,5 0.5 0,005 0.004 3.0 -350
K1 1 406 43 1.0 14 2.3 78 453 1.8 0.1 ©0.013 0.01Z 8.2 -303
K1 2 326 28 1.1 31 1.0 137 17 0.1 0.08 0.140 0.134 7.6 -290
741 38 1.6 16 2.0 89 23 0.1 0.24 0.045 0.039% B.2 -340
761 12 3.0 23 4.0 106 7 0.5 0.03 0.330 0.345 8.0 -2%0
860 B3 1.§ 2.3 1.8 102 51 1.5 0.12 0.043 0.041 B.1 -300
K1 9 6386 16 1.3 29 3.0 120 6 4.4 0.02 0.0%6 0.034 7.6 -275
Fi 9 94 410 6.2 101 16 286 670 100 0.22 0.3530 0.580 7.5 —-243
182 1050 17 708 78 150 2900 220 0.24 0.915 0.915 7.3 -220
360 1600 g 1200 110 233 5200 300 0,01 0.310 0.310 7.7 ———-
FiBl 71 23 3 76 6 220 81 8 <.01 9.01 B.B8 6.9 % 40
234 630 9 320 40 260 1500 140 0.03 0.437 0.432 7.7 -Z270
HK1 839 1500 7 950 170 75 4100 340 <.01 0.470 0.465 7.5 -140
HK10 140 1500 16 1100 2350 104 5000 490 <.01 5.25 5.25 7.5 + 50
Fj = Fjdllveden Kl = Klipperas Fi = Finngjan HK = Forxsmark

Eh/mv
i
& Surtace \ measurements
T Downhole

-200
L= X
- zg
| “<i‘?

~-300- N - &
| ~ :
| TR
v & -

- 8 9 pH

Eh versus pH of all the waters where stable electrod? reading§ have been
obtained., The line represents the equilibrium magentite-hematite.

M1.4.32  SKBTHMELL#TADEh & p HOBIE
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HEBBEOERAPOW DDPOI I RIZIN-Y U TEERB U=, /=, HWTFKb2ED
BEE4 70 Z{Xcarbon-dioride, —EbY (BEE) THHI &5 L

—7A. EFEEBINELT00mEER—) > FiE, ForFR—h B RImyE
(ESHERIA R, SR o7+ [EES26M) 2L 7200m (OF215mm @)
ETHEEIL. FhE (OFT6mm @) T 74 ¥ 51 > THREEA LIS 55,
Lz FOF L LTHEBRRIEHITE (Vasterbo Henfl Malati, 19904 8k~1992
FF) BREEBLTCNE®, AvFoF2Ez7V) 7 FEFAL. BEHEICHEK
DHZRANZ DM TRADMLENT VI IR2ME LI LHBTERELTNS, LHL
WKBEAT AL RUCEERANNVEANWIBENH S L LT,

144 HF ¥

Whiteshellfi% K8 (WRA) I 35\)C Canadian Shield BELRIEMEAORER
DHREO—FR L LTHRTKERFAEFEREI M=% (M1.44.-1) . #FARPOE# A
—RYBEE T S 7 F ¥ —V— 2 CIRIEH08+0.1mg/L, FH (HAH) T8+
0.8mg/LCTH o/ AHRIIFAMD 2 W IFHESD SRS D DHE0~T0%EE L
7= (91.4.4-2) ,

RN T L DMTRBROEED, WS2rDRHETRONE. FhSIZHIK
th - PEME TH oD KRN T YR T LAFOKERT R AR ERRIC
FEELRWZ RTINS,

WhiteshelliZ B1F 2 RABFHATEHHEATLRT T > ¥ v Vid2.9X 10%g/LTH - =0
BHEAERA—RVEE (DOC) 2HE L. BEEERFEF —F—2XBMER L. F—
V> Z7iE. 0~350m, 350m~1,100m & 2 BEEIZ4T TEEIEh. BEAECIE, BE
155mm®@air-percussion F V)V, FHFXERT6mmDY L ¥EY Ry FrE2HW:, B
KPMOIERIIER Lizh o=, vigorous pumpingdkffiic X o> TIEEIERTIEDR A%
B Lizo BoKiZHhES C025~1L/SOFE CELSHIH LAY Zic Lo TRy 77
w7 L,

—7. TIF 74 FPEBREERVSEIAOBRNESEEORHFEZE LBILIZ WS
L. b UBRERENT 570 4 K EBEGTR 0, BHLSTRoTNEI Y
ZERELTY7F /4 RERIETEREOZEERE Uiz, £ HBHRRRICITELE
BEXI0ng/IRENEFH LD, RABTIXI0UugILUTCH B hibhok,
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ManitobG

i

Location of the Whiteshell Research Area (dotted line), including the Whiteshell Laboratories and
the URL, which is the location for most of the groundwater sampling. The area is located northeast of

Winnipeg, Manitoba, Canada.

1. 4. 4-1 H1F FWhiteshell R— U ¥ FHifE

‘ SamPle
Orig.
v
100 000
Sample -
Ultrafiltration
¥ v
10L l | 2t03 L I
10000
NMWL 430 nm
Ultzafiltration Filtration
k 2
Retentate Filtrate Retentate b
R2 F3 R3 :
Dissolved Enriched in Enriched in Enriched in
Species Colloids Colloids Particles
(<1 nm) (1-10 nm) (10-450 nm) (450 nm)

Scheme for fractionating organie and inorganic groundwater components into suspended particles

(> 450 om), colloids, and dissolved species by tangential-flow ultrafiltration.

®1.4.4-2  HFFWhiteshell K—Y o FHFARRSH L AT 5
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S b ORERD S, WhiteshellCldAm, ThED(LERIEIE BRGRIOEKILIC S
SRBOC EEBRTND,

X1.4.4-3ICEURLEFEOR—Y v VRE,SHESNHBEHER T, 75 2Fv—
VeV R AT BIHANEET 5T L ERT . FRRLALLTE MV Y A
HRUDOCEE®RT, o

—HERE T, 1978~T0F K AT CTHAnE—) ¥ 75 12&FE LT3 (WNY
) —X) s, 61, ﬁb%iiﬁiManitobaJ‘H Lac du Batholith®fEEE 7NV b EENZRE L
Feo AT VLT COKEER) 7037V 0T (K+Y b FA PREK+ZP—) LI
TEISRE ST TN B

ERASRITA VI 4 U IH (302~349m7) , Fo Ly R—Nn Y —Tik (18~
302m./ »3aF7) , O—&Y—T¥ (0~18m./ > I 7 RUHEI) A VE, EEIKCE
WK (BEKEHFA) +)2 b F A P OBRSWEER L. FLEDMEEZY v/ 10X
2 —7 R - HHTE (Sperry Sun Gyroscopic) % Lizo FLEID OIBMIE DM
RRERVPEEICH LT MATH ok, ¥y MEESRCEHERRIZL h LMD
Bk 24T oo BT 25 ¢ 7RI D BIERELHNE LORRITR V. ALY F—
YavEFEDLRNIEL LTV,

145 74250k

BV RVEEHEREYLS YA VEETOVSAD 1D LT, 1980FEHHE TIoE
HEHERBER-) Y 7E2RT (B1.4.5-1, -2) 9, ThOERE—) > T3%EhL 7
V7 EEEEENRIT 22, EFEREEII2~3mell 5100giDETH D, TS L
EBIERBEDSERT e PBbroiz, 50905 QKM 2R Lize R7H—
WVERF46mm T, 1,000mBE»F ST 7Y VT Uiz BERS 7S AF v ItEF 21—
T TRy A—Aa—H o 7I AWz, V75— LD E50mEI Sk
U774 )VEBRT WAL R >/, HTFAIIEIES 4> & LTBicarbonate (&
KB ) , Sulphate (BiEEIE) , Chloride (BE{#) EORBEYHP KD .
Bicarbonateld B EEWE1g1LL T C&H b, Sulphateid1~10g/, Chlorideid2~180g/
ETERETZI b oik, EWEEMA2 L, Bicarbonateid % { L/E200~300m
$CCHD. Chloride® LEBDONTVWBZ Ltsbhoks

Eiz, H-3IdEKPOBENE BT ESRVWE L, C-142ERIEDIETR
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0 275
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£
§-
Fraciure Zones @ Hydraullc Heod (H1.00)
Pre-Excavafion
Grey Sparsety :
P———— ) -
Fractured Gronite S om0 Verical Fractuing
Ank Moderately -
Fractured Granite - Fraciure Zone Designation
) Geological cross-section showing the-main subhorizontal fracture zones and the vertical fracturing
in the vicinity of the Underground Research Laboratory, Whiteshell Research Area. The section also gives
the contours for hydraulic heads before the excavation of the URL, whose 240 and 420 levels are shown.
B1. 4. 4~3 AECL URL WNYU—XR—V 7 iE
1. 4. 4-1 AECL URL WNI Y —XR— v VLM TF AL ER
Contribution of voiatile and semivolatile organic compounds to the observed DOC of WRA groundwater samples
Total measured
volatiles and DoC Principle type of volatile or
Sampleandyear  semivolatiles (mg/L) DOC (mg/L) (%) sernivolatile
HC26-90, 92 0.000 * 0.67 0.0
HC29-90 0.000 * 0.26 0.0
HC33-92 0.000 * 0.22 0.0
HC38-20 0.001 * . 012 0.8 hydrocarbons
HC35-90 0.003 0.60 0.5 plasticizers
HCE8-90 0.007 1.68 0.4 unknown, hydrocarbons
PH3-Z4-90 0.010 - <01 unknown
GC3A-91 0.014 * <0.1 Toluene
HC33-90 0.016 * o022 7 unknown
HC33-91 0.030 : * 0.22 14 plasticizers
HCI16-90 0.040 0.67 6 plasticizers
M4A 0.040 0.70 6 unknown
PHS5-Z6-90 0.041 1.80 2 plasticizers :
HCs-50 0.054 - 2.59 2 plasticizers LP
URLI10-92 0.054 2.15 3 plasticizers
HC34-90 0.054 1.28 4 unknown
¥B1-7-91 0.069 0.30 23 plasticizers
HC13-90 0.11 0.40 28 Toluene, alcohols LP
HCi6-%1 0.13 0.67 19 plasticizers
HC27-90 0.13 * 0.55 24 plasticizers
HC27-91 0.20 * 0.55 37 unknown, plasticizers
GC3A-Z1-90 0.96 1.45 66 Toluene
PH3-Z5-90 1.12 7.35 15 plasticizers LP
HC37.91 -1.43 2.64 54 Chloropheny! sulfone, LP
Benzene, unknown
HC15-Z3-91 19 19 100 Toluene LP

The total measured volatiles and semivoiatiles includes estimated concentrations for “unknown compounds”, whose peaks
couid not be matched to compounds in the database. * This DOC value is an average for the borehole. The other DOC values
were determined for the characterized samples. LP: Low permeability borehole, yielding water at less than 1 L/min.
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E Archean gneisses
/774 Archean schists

- Prot. layered intrusions
Prot. granulite

I:' Svecokarelian schists

Svecokarelian pluteonics
Rapakivi granite

% Jotnian sandstone and shale

[]]]]]ID Paleozoic rocks

-----

. Location of the
sampling sites studied
(black dots). Map com-
piled after Simonen
(1980).
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NagraTig 7V AENVEBRY 1 MITELDOF A MR=Y U IDBEMEINTNE D,
FEATLIEZE L 5N TW RV, —4, Schwandraint 4 b (o—)b, BKE) KT, K
A VBRER—) VY ERE LR ANRDPEERBER -V LV EERE L. JOFR—
VY73, AMBARF—Y VX b IR M HENA 1990FE5F15HICBIB L. MBaElC
102H A5 D 98 17H C757.6m ZFHH L =69,

FUNTERE L Tidrotaly drilling (diamord bit) ZHW., IF7Y 7Y 7SIk
TAYSA A7) VTRV, 13D S ORI L b direct flush boring %
DJze W—V ¥ T8I hydraulic rotary swievel, coring Wirth B5-R16% £ 7 ¢&H b,
175kw, 500 kNEEEZH LTW5, 20° FCOMPAR—) v IHAEETH o720 58.4m
E TikRoller bitZ AW, FRUFERZIFTEY b (FA1PEL FEY ) EHOE,
T03.5mEFE T, 96mmdD F U WVE (2 7HEIF5Tmm) 2HVWTBY, 7576mET
104.8mmiZ4EFL U i=o '

SEEO/NN—< 2> Mr—3 2% (American Petroleum Institute : APIHR) %5
Weo HIENRIC X2 MTRERD & EEE 4B LTS8, EEEE T +SKESK
RN,

NagraCTHFEEEREELEZTH . T AANOEEEXOZEEIHEDEELT
Wik, P80 TRy ML MERAWRILICIZZ S Y b EEHLTWS,

147 75V 2R

ANDRAWL, 19975 2R REMTREYMRMBRBEI IOV A POWThHI TR
BT DLOEEOAMNE. BENREBICERI PP TS, BIRIZITMEHLED
hTnad,

ANDRADQHLWE U REGREDERIZHD 2 1991EMEOERIZ, MTERHTE
WERBRT 5 b0 THD, REAr HORTERRBEEE (T— hoVA, I2-X,
H=, ExUR) HBICHULR—=Y I L3 EERE - KBEHEEFEHEIATN
%,

F—=bINVALRTI 2—XDRETIE, MLEIC4E (2,600miE) H—1) >V HERE
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EZbh3,
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UT3,000mB&EER—) > 7 1K (BEEEME) , 2,000mBI2ALZERL, BT
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@ HEZWMEBCIFIFICDPAERSR, T—F L I I N—THRBIN TS, 1§
AT LT, REERLETBREMAR—) LI U—F v T TN —7 (BREKESH
HERAR) VB2 —REHTL, PURVTLAREELTVWS,

iz, HEMEFHRIL > TEDSNTNBBELERR—) I T—% 2 T TN
—T TR —Y > 7 L UTHKA, Flb, AKBREQEUEN RO E 2D, BHIR
FWR—) L URE (1, I, I2H7T) 250, K- v r/0Esk%, GE, ¥
B, BRREE2UELTWS,

©® ICDPr558EEEY »HEY Y A (Feb,96)
¥ EIEHISE (ODP) OEBEGIEY 345X - LY ) 2—3 5 v B2 AWTER
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2. IGFAEAN R OEH HSE E o
- 21 SBORFEEOR—) vV ~DBEBERE

GPSHlTP L — ¥ —Eil%E., toBORFRMOR—1) » F~OHARGEEIZDWNTR
HEfTo%=,

2.1.1 GPSEff®

Global Positioning System (IRHEBRFAI R T 4A) TP A ) WSEEIFHREED T
EEALHEEZAVEF LWV R T LT, ALBEEPSREINIBEEZET 5,
Navy Navigation Satellite SystemZWR L=dDTH D, ZIULKEZEEN 197256
REBEEAY—PLEBDOTH P, TOVAFLICLD 2 SMOBEEENZ2. EHRO
SBIIZRTMICBERSRDZ I EHTES, (K21.1-1)

GPSiZ. BREERAAEE LT, ZOTEEERREVWEEI SN 00, BEENR
— VT OBERLITHT IV ANVICEBWOFRRTH S, COVXTALAEZFAATS

CBE. 2EM, PUFFRUIVEL I -2EHETIHEDNH S, GPSIZEI00km
ETOMBICEDLEDN TN S,

GPSIZ L A HBHIEIX, BEO L ZA1~2mDBEZ BBV TWE, ZORBEE.
+ { (Btmm~2cm) + (1~2ppm) XD} tWwbh T, I T, DRIERORS
(km) T#H %,

HKRERPFIE LT, HFFPN—F HEHOH800mD KETiThi. M Eicidef
OEBEREL. SATIA4LEBEO7 o7 FERDFTHRARL LEER, Hom
~2cmBEOBETH LB UORTND, (F2.1.1-2)

BMERAL LT, BEPRKORBRUVBHARLOBEY R EDREEZZITPT N
», REOHMRCBARORBREZERT DLRID S,

2.1.2 L—¥—Fifes .

. VYR EEHICL D, ZOBSFEREM (F2) T5. HECEET
. BRENEEAOREN LD, DI LB ERRHENE U S TN Do
ZOVL—¥HEKRA L ZEREEIL. 1960FR. XETAFEREHNOZODFIRFERD
ok LTH L OFMEIFT DN

FAETHY < DHOBBFRISRINEN, L —YHRIEE Ui S RmEIE AL
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K2.1.1-1 GPS (Global Positioning System) #:%

1.00r
"50. -
| 10
0= L]
K002 e
g0 o
. =] o
L]
L
! |

1 L]
1 10 160 1000
%3 & )

€2.1.1-2 GPSOEE

-92 .



ENBIEEBESTHVRN, FOBHE LT, KEHP NV —TFREBOAFHEE
Rk, BAPLV—VEAANOFHRMRFENC & ERT—IHFRELTNWSHI L,
REBETONE, HXV—V—FINVOREBF. TiLOLBHTHB. (H21.2-1)

L—¥—H771013Win2l F 2 ERQICERHI Y, HARECH L TRRL AN F—
R OBTOHEREREI Y, BEEONE—LEHFEIE L, HLFHRELECZTIRCE
HEWHT RV F—0.02%kwh/in?% BEL T 5 Lbh., 206WEL LI T ISmERE LR
THENWDNTWD,, RERZETEIVRL—TF—EAWE100kwEm 1% BIFZCER
BEDLNTE D, REoESL L HIC. BREHICEHEREZEDN, DETRES
DU —VERIEVRERE NG LEDN D, |

#2121 BFL LTV —-RVIEEDLEHF LWL F I NVOBEER T,
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£2121 FLWwEkUNL

FYvo BE | SEomMME | RAM@ES (vho
By RisesEm 70--280
i R ” 70~-280
BREY " 50~140
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