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February 21, 1989

Dr. J. Reeder

Alaska Division of Geological
and Geophysical Surveys

P. O.Box 772116

Eagle River, AK 99577

Dear John:

Please find attached the geochemical data for Hammerhead-1 cuttings samples. Most of
the analytic data are industry standard and a glossary is attached to explain any BP
specific terminology. In general, the samples were poor yielding small amounts of
cutting material when the mudcake had been washed off. There is also some doubt as
to whether drilling additive contamination has occurred but this cannot be conclusively
demonstrated.
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¢ GLOSSARY OF TERMS

1. Source Rock Parameters

PL.P2  =Pyrolysis yields obtained from Rock Eval type pyrolysis, equivalent to
IFP S1 and S».

HI = Hydrogen index derived from
P2 x100
TOC

units of mg hydrocarbon/g organic carbon.

GOGI = Gas Oil Generation Index. This is a measurement of source proneness
from pyrolysis - GC (pyrograms included) analysis.

GOGI= (XC;1-Cs)

(2C6 - C36)
Empirically: GOGI <0.2 = QOil Prone
GOGI0.2-0.5 = Qil + Gas Prone
GOGI = 0.5 = Gas Only prone.
2. Hydrocarbons Data
ISE =Total Soluble Extract, obtained by soxhlet extraction in refluxing
dichloromethane.
FRACTIONS:
SAC = Saturate Alkane Content
AROM = Aromatic Hydrocarbon Content
RES = Residue (Equivalent to NSO Content)
All Obtained by HPLC Separaﬁou.
Asph = Asphaltene Fraction by precipitation from n-hexane, prior to HPLC
separation. _

O13C kR = Stable carbon isotope composition of kerogen.

S13C 7sg = Stable carbon isotope composition of Total Soluble Extract.
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GML Uvatad Keport Lio

BIOMARKER IDENTIFICATION - PENTACYCLIC HYDROCARBONS

BP CODE

-3 =3 -

MNO O MDR UL NOZARARIMODPaUOX O

TENTATIVE ASSIGNMENT BASED ON MASS SPECTROMETRY
(m/e 191)

9-DODECYLPERHYDROANTHRACENE [INTERNAL STANDARD]
18a(H)-22,29, 30~TRI SNORNEOHOPANE
17a(H)-22,29, 30~TRISNORHOPANE
178(H)-22,29, 30-TRISNORHOPANE
17¢(H)~25, 30-BISNORHOPANE

17«(H), 18(H), 21 8(H)~28, 30-BISNORHOPANE
17«(H)-25-NORHOPANE

17a(H), 218(H)-30-NORHOPANE

C 0 PENTACYCLIC TRITERPANE

178(H), 21 a(H)~30-NORMORETANE
18a(H)-OLEANANE

17a(H), 21 8(H)-HOPANE

178(H) , 21 B(H)-30-NORHOPANE
178(H), 21c(H) ~MORETANE

(228)-17 «(H) , 21 8(H)-30-METHYLHOPANE
(22R)-17(H) , 21 B(H)~30-METHYLHOPANE
GAMMACERANE A
178(H) , 21 8(H)~HOPANE

178(B), 21 a(H) ~30-METHYLMORETANE
(228)-17«(H) , 21 8(H)-30~ETHYLHOPANE
(22R)-17«(H),218(H)-30-ETHYLHOPANE
178(H), 21 8(H)-METHYLHOPANE

(228)-17 «(H) , 21 8(H)~30-n—PROPYLEOPANE
(22R)-17a(B), 21 B(H)-30-n-PROPYLHOPANE
178(H), 21B(H)—ETHYLHOPANE

(228)=17 «(H) , 21 B(H)-30-n-BUTYLHOPANE
(22R)-17(H) , 21 B(H)-30-n-BUTYLHOPANE
(228)-17e(H) , 21 B(H)-30-n-PENTYLEOPANE
(22R)-17a(H) , 21 8(H)-30-n-PENTYLHOPANE

BIOMARKER IDENTIFICATION - STERANES

BP CODE

10

TENTATIVE ASSIGNMENT BASED ON MASS SPECTROMETRY
(m/e 217)

(205)-138(H) , 17c(H)-DIACHOLESTANE
(20R)-138(H) , 17 a(H)-DIACHOLESTANE
(205)-13a(H) , 17 8(H)~-DIACHOLESTANE
(20R)~13(B), 17 8(H)~-DIACHOLESTANE
(24S/R)-(208)-13B(H) , 17 ¢(H)-24-METHYLDIACHOLESTANE
(24S/R)-(205)-138(H) , 17 «(H)-24-METHYLDIACHOLESTANE
(245/R)~(20R)~138(H) , 17 «(H) -24-METHYLDI ACHOLESTANE
(24R/S)~(20R)-13B(H) , 17 «(H) -24-METHYLDIACHOLESTANE
(24S/R)~(20S)-13(H) ,17B(H)-24-METHYLDIACEOLESTANE
(208)-5a(H) , 14a(H), 17c( H)-CHOLESTANE
(24R+8)~(205)-138(H), 17 (H)-24-ETHYLDIACHOLESTANE
(20R)-Sa(H), 14B(H), 17 8(H)~ISOCHOLESTANE
(208)-5«(H), 14B(H) , 17 8(H) -ISOCHOLESTANE
(20R)-Sa(H) , L4e(H) , 17e(H)~CHOLESTANE
(24S+R)-(20R)-136(H) , 17 «(H)~24-ETHYLDI ACHOLESTANE
(24S+R)-(208)-13(H),178(H)-24-ETHYLDIACHOLESTANE -
(245+R)~(20R)-5a(H) , 148(H) , 17 8(H)-24-METHYLISOCHOLESTANE
(245+R)~(20R)-13(H), 17 B(H)-24-ETHYLDIACHOLESTANE
(24S5+R)-(20S)-Sa(H) , 148(H) , 17 8(H)-24~METHYLISOCHOLESTANE
(245+R)-(20R)-50(H) , 140(H) , 17e(H)-24~METHYLCHOLESTANE
(245+R)~(208)-5a(H) , 14a(H),17e(H)-24-ETHYLCHOLESTANE
(245+R)-(208)-5a(H) , 148(H) ,178(H)-24-ETHYLISOCHOLESTANE
(245+R)-(20R)-Sa(H) , 148(H) , 17 B(H)-24-ETHYLISOCHOLESTANE
(248+RY M IORY Sl HY 1Al HY. 17 ( HY-24_FTHYLCHOLESTANE

rage 3744



N

BIOMARKER IDENTIFICATION - AROMATIC STEROIDAL HYDROCARBONS (AROMATIC STERANES)

BP CODE TENTATIVE ASSIGNMENT BASED ON MASS SPECTROMETRY
(m/e 253 mass fragmentogram)
F22 C,, DIMETHYL MONOAROMATIC STERANE
F23 C,, DIMETHYL MONOAROMATIC STERANE
F1 Cz,(ZOS)Sﬁ(H)DIMETHYL MONOAROMATIC STERANE
F3 C,,(20R)58(H)DIMETHYL MONOAROMATIC STERANE
F4 C,(20S)50(H)DIMETHYL MONOAROMATIC STERANE
F5 C,,(20S)58(H)DIMETHYL MONOAROMATIC STERANE
F6 C,,(20R)5a(H)DIMETHYL MONOAROMATIC STERANE
F7 Czs(ZOS)Sa(H)DIHETHYL MONOAROMATIC STERANE
F8 C,, (20R)58(H)DIMETHYL MONOAROMATIC STERANE
F9 C,4(208)5p(H)DIMETHYL MONOAROMATIC STERANE
F10 C,,(208)5a(H)DIMETHYL MONOAROMATIC STERANE
F11 C, s (20R)S(H)DIMETHYL MONOAROMATIC STERANE
F12 C, ¢ (20R)SA(H)DIMETHYL MONOAROMATIC STERANE
F13 C,,(20R)5(H)DIMETHYL MONOAROMATIC STERANE
Q C,oH;, POLYAROMATIC HYDROCARBONS

(m/e 231 mass fragmentogram)

Fl4 C20METHYL TRIAROMATIC STERANE

F15 C21METHYL TRIAROMATIC STERANE

F16 C26(20S)METHYL TRIAROMATIC STERANE
F17 C26(20R)METHYL TRYAROMATIC STERANE
F18 C27(20S)METHYL TRIAROMATIC STERANE
F19 C28(20S)METHYL TRIAROMATIC STERANE
F20 C27(20R)METHYL TRIAROMATIC STERANE
F21 C28(20R)METHYL TRIAROMATIC STERANE

BIOMARKER IDENTIFICATION - NORHOPANES

BP CODE TENTATIVE ASSIGNMENT BASED ON MASS SPECTROMETRY

(m/e 177)
v 17a(H)-25,30-BISNORHOPANE
Y 17 a{H)-25-NORHOPANE
D 17«(H),218(H)-30-NORHOPANE
Cl (22S)-17a(H)-25-NOR-30-METHYLHOPANE
G 17«(8),218(H)HOPANE
Cc2 (22R)-17(H)-25-NOR-30-METHYLHOPANE
C3 (22S)~17a(H)-25~-NOR-30-ETHYLHOPANE
C4 (22R)-17a(H)-25-NOR-30-ETHYLHOPANE
C5 (22S)-17«(H)-25-NOR-30-n-PROPYLHOPANE
Cc6 (22R)~-17a(H)-25-NOR-30-n-PROPYLHOPANE
Cc? (228)-17a(H)-25-NOR-30-n-BUTYLHOPANE
c8 (22R)-17a(H)-25-NOR-30-n-BUTYLHOPANE
Cc9 (22S)-17a(H)-25-NOR-30-n-PENTYLHOPANE

C10 (22R)-17a(H)-25-NOR~-30-n-PENTYLHOPANE
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TABLE

VERSION TABLE
FEET

PEETH.
WELL: HAMMERHEAD-1

PERTH. OOWERSIQN, TRBLE

WELL: BAMMERHEAD-1
LOCATION: UNITED STATES
METRES

GMC Data Report 116

:
:
gg
é
£
:

e =T OO T A
= L I N P A A o163 n N

L L T e B e e e e e e T Lt C L L L L L L b D D T T I [

OOOOOOOOOOOOOOOOSOQOOOOOOOOOOOOO0O0

rUvTIIIIQT

<O~
SRS R RARI RN IAREIARAIRNS AN -

Page 5/44




TJLL rvwmvg taeU NS

vvs/y ©°v=a

TABLE

91T 340d3y ejeQ JWY

LITHOLOGY AND STRATIGRAPHY
WELL: HAMMERHEAD-1
LOCATICN: UNITED STATES
D}(-."g;!i DEPTH RANGE FORMATICN AGE LITHOLOGY
] I I I
886.97 877.82 TERTIARY + SANDSTONE-GY
38%.%1 §g§.%z 8@ ?1 TERT g%%mi‘aslgo% 188% 108
. odl= TBEKI

31d.1 38:347812: %8 TERTIARY

932.69 923.54-932.69 TERTIARY

932.69 923.54-932.69 TERTIARY

941.83 832 69-941 83 TERTIARY

941.83 2.69-941. % TERTIARY

960.12  950.98 szg.l - TERT

869.26  960.12-96 - TERT,

978.41 96 .2?- TERT1Z

987.55 . 7.5 TER

996.70 7. 58: 7 TERTI1.
1005.84 g. %. 4 TERTIARY
1 14.?% 1005.84~ .98 TERTIARY
1 24. l & 4. 3 Iﬂ!IM
1033.27 1 24. 1033. Z TERTIARY
1042.42 1 %. .gs TERTIARY
1051.56 104 1 TERTIARY
1060.70 1051. 56-1060 .70 'IERI'IARY
1069.85 1060.70-1069.85 TERTIARY
1088.14 1078.99-1088.14 TERTIARY
1115.57 1106.42-1115.57 TERTIARY
1179.58 1170.43-1179.58 TERTIARY £h UET 9 : DS
1225.30 1216.15-1225.30 TERTIARY > BUFF_90% : MUDSTONE-GY

10% :QUARTZ-TR PICKED OUT

/9 3bed




WELL: HAMMERHEAD-1
LOCATICN: UNITED STATES

LITHOLOGY

TABLE

AND

STRATIGRAPHY

DEPTH RANGE

n§§¥a FORMATION MGE LITHOLOGY
1234.44 '1225.30-1234.44 TERTIARY ! : (OOBL, 50%: SANDSTONE-BUFF
1243.58  1234.44-1243.58 TERTTARY m%‘%i’ésso%' ZKPI&%E AD
1252.73 1243.58-1252.73 TERTIARY ngs%‘zqzafx 30% : SANDSTCNE-BUFF
70%: PICKED
1271.02  1261.87-1271.02 TERTTARY I ;Ds%% PIE%:) SANDSTONE-BUFF
1298.45 1289.30-1298.45 TERTIARY p%ffﬁﬁgﬁggix 30%:
70%2 PICKED OUT
1316.74  1307.59-1316.74 TERTTARY A
95% :MUDSTCNE~5% ; PICKED QUT
1344.17 1335.02-1344.17 TERTIARY %BES’IO‘JE—BUFF Y 1
1380.74 1371.60-1380.74 TERTIARY msmm—sy‘ 2 1ooim?wnsmm—cy' e Ut
1417.32  1408.18-1417.32 TERTTARY N 100% : MIDSTONE-GY
TERTIARY A DOTNE G 008 MUDSTONE-GY
1444.75 1435.61-1444.75 s\ chégg%éUT
1472.18  1463.04-1472.18 TERTIARY 5%: GY 95% : MUDSTONE-GY
1517.90 1508.76-1517.90 TERTIARY N :9ba:§izx;u:nm-nx GY
10%: PICKED OUT
1527.05 1517.90-1527.05 TERTIARY GY 40%:SANDSTONE-GY
60%: PICKED OUT
1554.48 1545.34-1554.48 TERTIARY GY 30%:SANDSTONE-GY
70%: PICKED OUT
1572.77 1563.62-1572.77 TERTTARY :ﬁ%ﬁ 45% : SANDSTONE-GY
1591.06 1581.91-1591.06 TERTIARY S GYCEEBO%C:SMDSIOQE-GYDI
R Lot O
1609.34  1600.20-1609.34 TERTIARY MDS P% % : SANDSTONE-GY,/BUFF
1618.49  1609.34-1618.49 TERTIARY nans% Lo AN TONE-GY
70% : XBRTZ-PICKED OUT
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TABLE
LITHOLOGY AND STRATIGRAPHY

WELL: HAMMERHEAD-1
LOCATION: UNITED STATES

911 140day eleq JWH

D%;’J)}I DEPTH RANGE FORMATION AGE
1 | ] {
1627.63  1618.49-1627.63 TERTIARY MUDSTCNE~GY._30% : SANDSTONE-GY,/BUFF

1636.78  1627.63-1636.78 TERTIARY Z,gu’gg?&m_m‘z&
MBI 7 3

1664.21  1655.06-1664.21 TERTIARY

1673.35 1664.21-1673.35 TERTIARY LA

1700.78  1691.64-1700.78 TERTIARY IR &

1728.22  1719.07-1728.22 TERTIARY nggﬁm
1755.65  1746.50-1755.65 TERTIARY - mbms% 303

1792.22  1783.08-1792.22 TERTIARY TR T

‘ 85%: PISKED
1801.37 1792.22-1801.37 TERTIARY gggs%g-%—yp% 9
1810.51 1801.37-1810.51 TERTIARY Réﬂggs% 259
1874.52  1865.38-1874.52 ' TERTIARY mdns‘% 385;

7082
1892. 189 TERTIARY B et
9 I e G
l§ i:l g TERTIARY SANDS
1833:%8 TERTIARY S

. %8221%% 28_%%%:%8%2%% TERTIARY SanD:
2139.70  2130.55-2139.70 TERTIARY N oR

yv/8 obed




TABLE
LITHOLOGY AND STRATIGRAPHY

WELL: HAMMERHEAD-1
LOCATICN: UNITED STATES

DEPTH DEPTH RANGE FORMATION AGE LITHOLOGY

91T 340day e3zeg JWH

(m)
] ! —— Ly
%%%%2391 %é?l%i%i%%%% TERTIARY i o ?5%:nné§£um-am
: SANDSTONE~BUFF

2258.57 2249.42-2258.57 TERTIARY GY
%%m‘-m:émg@ﬁ-@/ww

2414.02  2313.43-2414,02 TERTIARY W 588%&105'10@-”?
80% : (UARTZ~PICKED OUT

I I ! I
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GOGI .44

80007

941.83m (CUT)

GOGI .32

1014.98m (CUT)

KEROGEN PYROLYSATE (P2) DISTRIBUTIONS

WELL_NAME : HAMMERHEAD-1
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GOGI .65

£0026

1243.58m (CUT)

GOGI .24

1627.05m (CUT)

KEROGEN PYROLYSATE (P2) DISTRIBUTIONS

WELL_NAME : HAMMERHEAD-1
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GOGI .22

80068

2148.84m (cuT)

KEROGEN PYROLYSATE (P2) DISTRIBUTIONS

WELL_NAME : HAMMERHEAD-1
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EXTRACT DATA-1

SOLUBLE

WELL: HAMMERHEAD-1

LOCATION: UNITED STATES

FORBTION/AGE

)

%

(

)

%

&

)

(M5C) (mac) (&)

GMC Data Report 116

Page 16/44



TABLE

CARBON ISOTOPE RATIOS

WELL: HAMMERHEAD-1
LOCATION: UNITED STATES

DEPTH 14, PICKED SAMPLE ISOTOPE RATIO
(m)  TLITHOLOGY (per mil)
41, BULKED TSE 28, A
41.g§ BULKED KER —25; :

1 14.§§ ‘ BULKED TSE N

1014. BULKED : KER -25.
43. BULKED TSE 584

1243.58 ¢ BULKED KER 505

C-12/C-13 _ISOTOPIC. RATTOS ARE RELATIVE TO
P%CSMRD:NBS-ZZ AT ~29.8 per mil

911 340day eieq JWH

vy/L1 abed




8TD4

STANDARD

941.83m " (CUT)

SAC FRACTION CHROMATOGRAMS

WELL_NAME : HAMMERHEAD-1
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L

10414.98m (CUT)
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PP

1243.58m (CUT)

SAC FRACTION CHROMATOGRAMS

WELL _NAME :
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[GCB ref, 88412SED0O0O7




80044

1627.63m {(CUT)

4673.38m (CUT)

SAC FRACTION CHROMATOGRAMS

WELL _NAME : HAMMERHEAD-1
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SAC FRACTION CHROMATOGRAMS
WELL _NAME : HAMMERHEAD-1
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vt

woon B it o i sanaacan

80014

L

1014.98m (CUT)

L

4243.58m (CUT)

SAC FRACTION CHROMATOGRAMS

WELL_NAME : HAMMERHEAD-1
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80044

1627.63m (CUT)

80047

1673.35m (CUT)

Gy SAC FRACTION CHROMATOGRAMS

WELL _NAME : HAMMERHEAD-1
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F5N ~

BP GEOCHEMISTRY BRANCH GC/MS ANALYSIS

SAMPLE: SATS EX HAMMERHEAD-1 1673.4° $88125EDOB7S0R475

DATA FILE: ACO78
99. 9- b I 4
2
(9]
51 m N o
Er —
3
= kE ( K
191 ] M/2 191,
= w wy

1 L] 1] l L) 1 1 i 1] I L] L] L] 1 l 1 L) L] L] l 1 LI 1]
43,11 10
21R
23
217 a8 Mz 217.
y2
R )
&
12
: |
~
ﬁ M&N._ o
L] L) 13 I v L4 T 1] ‘ T T ] L] l T T 14 ¥ I L 1 L 1 l ) ] 1] ] I L) L]
24:36 32:48 . 41:00 49:12 57:25 65:37 73:49 TIME

911 140day e3eq W9
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BP -GEOCHEMISTRY BRANCH GC/MS ANALYSIS

SAMPLE: SATS EX HAMMERHEAD-1 1627.6 $8812SEDOBTS00445

DATA FILE: ACO??

911 15 vadey eieq WS

(-]
}

—

D

PRUV'

911 340da3y e3eq WD

Ms2 191,

C
=
=

AL AR S e L

M2 217,

vp/s2 abed

| 657 7243 TINE[
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BP GEOCHEMISTRY BRANCH GC/MS ANALYSIS
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Geochemical data of cuttings and sidewall cores from the Union 0il Company
0CS Y-0849-1 (Hammerhead No. 1) well

Supplement A to the Geologic Materials Center Data Report No. 116

This material is from the U. S. Minerals Management Service

Total of 4 pages in report (A-1 through A-4)
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December 3, 1985 '%6, ¢ Sy
Craig K. White 4_
District Exptoration Geologist - North ’o
Alaska District o

Mr. 8rian F. Schoof

United States Department of Interior
Minerals Management Service

Alaska OCS Region

P.0. Box 101159

Anchorage, AK 99510

Dear Mr. Schoof:

Attached are the final results of geochemical work on samples from Union, OCS
Y-0849#1. Table 1 includes data from cuttings samples. Table 2 includes
sidewall core data. The contents of these two tables are described as follows:

Depth Measured depth, in feet

T0C Total organic carbon, in percent

Sl Sl Rockeval yields in mg/g

S2 S2 Rockeval yields in mg/g

S3 53 Rockeval yields in mg/g

Tmax iemperature at S2 maximum, in degrees C

VR vitrinite reflectance, measured on whole rock (%)

These comprise all the geochemical logging data Union has concerning the rock
samples from this well. We would be willing to answer questions concerning
these data at anytime.

Smcerely,

Craig K. White
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