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M~bil Exploration and Producing Services Inc. 

Mr. William Van Alen 
State of Alaska 
Alaska Oil & Gas Conservation Commission 
3001 Porcupine Drive 
Anchorage, Alaska 99501 

November 23, 1981 

-P,O, BOX 900 

DALLAS. TEXAS 75221 

ESC REQUEST NO. 311A78 
VISUAL KEROGEN, THERMAL MATURATION, 
TOC AND ROCK-EVAL ANALYSES, 
SOCAL CAPE ESpENBERG #1 , 
KOTZEBUE, ALASKA 

Dear Mr. Alen: 

This report discribes the visual kerogen, thermal maturation, TOC and 
Rock-Eval results from the SOCAL Cape Espenberg #1 well, Kotzebue, 
Alaska. Visual kerogen and vitrinite reflectance analyses are based on 
24 ditch samples taken at 300' intervals between 130' and 8320' (TO). 
Four core samples are also included in these studies. TOC and Rock-Eval 
analyses are based on 24 ditch samples taken at 90' intervals between 
190' and 3970', and 510' intervals between 3970' and 7750'. A plot of 
the low-gray Ro means (figure 1), a kerogen analysis sheet (table 1), a 
summary of the thermal maturity and hydrocarbon potential (table 2), 
histogram plots, and a copy of the TOC and Rock-Eval report are 
included. 

Results from TAl analysis of the SOCAL Cape Espenberg #1 indicate that 
the section penetrated from 130' to 1570' is transitionally mature, and 
the interval between 2380' and 4540' is slightly mature. The TAl 
results and vitrinite reflectance results are in conflict. The vitrinite 
data indicate the 130' to 4540' interval is thermally immature. The TAl 
values were taken from spores which tend to be thicker walled, 
therefore, darker than the preferred bissacates. It is possible that the 
dark color of the spores was caused by oxidation. In either event, the 
sparseness of palynomorphs inhibits any further breakdown of maturity by 
TAl analysis. 

Results from visual kerogen analysis of the SOCAL Cape Espenberg #1 
samples are listed on the attached kerogen analysis sheet (table 1). It 
should be noted that all of the samples analyzed from this well are 
dominated by cellulosic (gas type) kerogens. Fluorescence analysis of 
these samples supports this interpretation. 

~ ", 
'-' Gas COiiS. i.,;0;nrm.s~!Q.tJ. 

, X~~;;(~}4:g~ 



Alaska Oil & Gas -2- November 23, 1981 

Results from vitrinite reflectance studies on the SOCAl Cape 
Espenberg #1 well indicate that the interval between 130' and 5000' is 
thermally immature. The interval between 5000' and 7420' contains no in 
situ vitrinite. The interval from 7705' to 8320' is overmature. 
lithologies indicate a section of volcanic rocks from 5000' to 
approximately 7400' with pyroclastic rocks and metamorphic sediments 
from about 7400' to 8373' (TD). A plot of the low-gray Ro means from 
the Cape Espenberg #1 samples is attached (figure 1). A summary of the 
thermal maturity and hydrocarbon potential of the Cape Espenberg #1 
samples is also included with the report (table 2). Histogram plots of 
the Ro readings from each sample are attached. The reflectance 
measurements used in this study were made by R. R. Taylor. 

Results from TOC analysis range from "poor" below 5860' to "very good" 
for samples between 1030' and 1450'. Pyrolysis indicates "poor" to 
"marginal" hydrocarbon potential for the samples that have TOC's over 1% 
and gas as the most likely hydrocarbon they would generate. 

Time requirements for this job were charged to ESC Request No. 311A78. 
If you have any questions concerning the results or interpretations, 
please do not hesitate to contact me. 

TAT/jg 
Attachments 

Very truly yours, 

-JM~L,{r'70#1'\A~ 
T. e Timmcke 
Exploration Services Center 
Applied Stratigraphy 

"" ! ; ~ . ,- , 
',- ". '1<.; ~ ,. '. ~ r 
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FIGURE 1 
Plot of Low-Gray Ro Means 

SOCAL Cape Espenberg #1, Kotzebue, Alaska 
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TABLE 2 
Thennal r'1a turati on and Vi sua 1 Kerogen Ana lyses 
Socal Cape Espenberg No.1, Kotzebue, Alaska 

FIRST 
DEPTH OR LOW-GRAY % HIGH-GRAY 01 THER~1AL HYDROCARBON 10 

SPL. NO. Ro MEAN POP. Ro t~EAN POP. TAl ~'ATURITY KEROGEN TYPE POTENTIAL/REMARKS 

130' 0.22 28 0.8t 48 2 Immature Cellulosic Gas. type kerogen 

490' 0.23 65 0.87 35 2 Immature Ce"'ulosic Gas type kerogen 

850' 0.22 73 0.93 26 Immature Cellulosic Gas type kerogen 

1210' 0.25 92 0.76 8 Immature Cellulosic Gas type kerogen 

1570' 0.26 75 1.13 24 Immature Cellulosic Gas type kerogen 

1930' 0.27 89 1. 28 11 2+ Immature Cellulosic Gas type kerogen 

2380' 0.27 94 1.24 6 Immature Cellulosic Gas type kerogen 

2740' 0.25 85 0.86 15 Immature Cellulosic Gas type kerogen 

3110' 0.26 81 1.29 18 Immature Cellulosic Gas type kerogen 

3460' 0.29 73 1.05 26 Immature Cellulosic Gas type kerogen 

3820' 0.29 74 0.74 26 Imma ture Cellulosic Gas type kerogen 

4180' 0.34 84 0.76 16 2+ Immature Cellulosic Gas type kerogen 

4540' 0~40 92 1.13 8 Immature Cellulosic Gas type kerogen 

4900' 
l:>-

0.43 74 0.97 26 Immature Cellulosic Gas type kerogen £j 
c..~ 

tJ 
5260' c Sample lost :::.: 

6 Qo ;c 
5620'~~ '" ;!; 0.49 100 Immature Cellulosic Basalt-caved vitrinite w 

~~ C I"r'i 
5980~ 0 ...... - 0.49 100 Immature Cellulosic Welded tuff-caved vito 

~ <.0 ~ 
Co r-n § ""- I:;;? 

[1-
~ 



DEPTH OR 
SPL. NO. 

6340' 

6670' 

7060' 

7420' 

7780' 

8140' 

8320' 

Cores 

5000' 

5026' 

7705' 

lOW-GRAY 
Ro MEAN 

0.66 

1. 70 

2.13 

2.33 

0.40 

0.34 

1. 77 > 

% 
POP. 

100 

64 

77 

89 

65 

100 

94 

TABLE 2 
Thermal Maturation and Visual Kerogen Analyses 
Socal Cape Espenberg No.1, Kotzebue, Alaska 

FIRST 
HIGH-GRAY 

Ro MEAN 

1.09 

01 
10 

POP. 

28 

TAI 
THERf'1AL 
MATURITY 

Immature 

Overmature 

Ov'ermature 

Overmature 

Immature 

Immature 

Overmature 

KEROGEN TYPE 

Cellulosic 

Cellulosic 

Cellulosic 

Cellulosic 

Cellulosic 

Cellulosic 

Ce 11 ul os i c 

HYDROCARBON 
POTENTIAL/REMARKS 

Ins~fficient data 

Insufficient data 

Insufficient data 

Volcanic Agglomerate­
Probable caved vito 

Volcanic Agglomerate 

Gas-metasediments 

Gas-metasediments 

Gas type kerogen 

Basalt-caved vitrinitE 

Volcanic Agglomerate 

Insufficient data 



] 

1 

1 

] 

j 

j 

• 

Prepared by: 

ROBERTSON RESEARCH <U.S.} INC. 

REPOR T NO. 489 

GEOCHEMICAL EVALUATION OF 
TWENTY-FOUR SA.!\lPLES FRO:v! 
THE SOCAL CAPE ESPENBERG 

#1 WE!..L 

by 
Mary ~tichael Page 

Project No. RRUSI8121 III T/51 

Prepared for: 
Robertson Research (U. S.) Inc. 
16730 Hedgecroft, Suite 306 
Houston, Texas 77060 

:-Vlobil Exp. & Pro. Serv.lnc 
P. O. Box 900 
Dallas, Texas 75221 

September :!5, 1981 
ROBERTSON 
RESEARCH (U.S.) INC . 



I 
j 

INTRODUCTION 

Twenty-four samples were forwarded for Total Organic Carbon (TOC) 

analysis and Rock-Eval pyrolysis. The Rock- Eval pyrolysis was to be 

run regardless of the TOe value. Two of the samples exhibited high 

amounts of bitumen, as evidenced by the coalescence of the pyrolysis 81 

and S2 into a single peak. The suggestion was made to, and accepted 

by, the client to extract these samples and evaluate both the extracted 

sample and the recovered extract. 

SUMMARY 

The source richness based on TOC range from "non-source" below 5,860 

feet to "very good" for samples between 1030 and 1450 ft. Pyrolysis 

generally indicates "nonsource" to "marginal" amounts of hydrogen-poor 

kerogen. The T-max values indicate immature material but are probably 

not representative for the samples with the single S 1 + S2 peak. For 

samples 1450 and 2290, the S1 and S2 peaks merge, suggesting the 

presence .of significant amounts of bitumen. A portion of the sample 

was extracted and rerun; however the general shape of the pyrogram did 

not change. The extract consists of moderate amounts of immature 

bitumen, 'and gives no indication of the type of material responsible 

for the anomalous Rock-Eva! response. 

The increase in TOC for sample 1450 is reproducible ~nd probably due to 

the removal of sulfur together. with the bitumen during extraction. The 

high per cent carbon and character of the chromatogram are consistent 

with a coaly type material, which accumulates in an environment 

conducive to high sulfur concentrations. 

RECEIVED 
Nov 3 U 1981 
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APPENDIX I 

TOTAL ORGANIC CARBON DATA 

Total organic carbon is determined by pulverizing the sar.lple, treating 
a carefully weighed portion with warm hydrochloric acid to remove car­
bonate minerals, and analysing the residue for ca.:-bcn content with a 
Leco carbon analyser. It is generally accepted that samples with less 
than about 0.5 percent TOC cannot yield sufficient petroleum to form 
commerc:ial deposits and are therefore considered non sources ; samples 
with between O. Sand 1.0 TOC are ra~ed as oargi.'1al in source quality; 
and samples with oore than 1.0 TOC are considered to be good in source 
qUality. 
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Sample 
Interval 

130- 250 
340- 460 
550- 670 
760- 880 
970-1090 

1180-1300 
1390-1510 
1600-1720 
1810-1930 
2020-2140 
2230-2350 
2440-2560 

OEPTH 
( FEET) 

190 
400 
610 
920 

1030 

1240 
1450 
!GSa 
1970 
2080 

2290 
25e", 

TOTAL ORCANIC CARSON DAiA 

seCAl CAPE. ESPSN8ERC -i 

TOC Sample DE?TH TCC 
,% ) Interval (FEET) ill 

a.7S 2650-2770 27i0 1.48 

1 .48 2860-2980 2S20 1 .2tl 

1 .6.1 3070-3190 3130 0.36 

1.70 3280-3400 33.40 2.37 

2.78 3490-3610 3550 1.62 

2.32 3700-3820 3755 2.55 

17.17 3910-4030 ~S70 0.78 

2.5g 4540-4660 46e0 I .44 

a. 1 g 5800-5920 5860 ". 12 
1 .33 6430-6550 6490 2.04 

1 .10 7060-7180 7120 0.26 

1 . tl4 7690-7810 7750 tl.13 
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APPENDIX II 

ROCK-EVAL PYROLYSIS DATA 

Rock-Eval data are expressed as mg/g of rock and include four basic 
parameters: 1) 51 represents the quantity of free hydrocarbons pre­
sent in the rock and is roughly analogous to the solvent extractable 
portion of the organic matter; 2) S2 represents the quantity of hy-

. drocarbons released by the kerogen in the sample during pyrolysis; 3) 

53 is related to the. amount of oxygen present in the kerogen; and 4) 
T-max, in oc, is· the temperature at which the maximur.l rate of 
generation (of the 52 peak) occurs and can be used as an estimate of 
thermal maturity. . 

In addition, the ratio 52/53 provides a ·general indication of 
kerogen quality (type) and reveals whether oil or gas are likely to be 
generated. The ratio 51/(51+S2), or the productivity i"1de~, is 
an indication of the relative· amount of free hydrocarbons (in place or 
migrated) present in the sample. Hydrogen and oxygen index values are 
in rng of hydrocarbons (S2 peak) or carbon dioxide (S3 peak) per 
gram of organic carbon. When plotted against each other on a van 
Krevelen-type diagram. information on kerogen type and maturity can be 
obtained. 

Data are interpreted in the following manner: 

50urce Potential - values of S2 

Petroleum .Type - value of S2/ S3 

<2.5 
2.5-5.0 

>5.0 

<2.5 
2.5-5.0 

>5.0 

Generation Zones - values of T-max <435 
435-470 
450 + 

poor 
marginal 
good 

dry gas 
wet gas 
oil 

immature 
oil 
gas 

Productivity Index - high values of S11 (51+S2) indicate migrated 
hydrocarbons. R E C £ I V E 0 

NOV 30 1981 

Alaska Oil & Gas Cons. commissio[lRO B E RTSO N 
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1. 

II 

... DEPTH (FEET) 

190 
Aet!! 
611a 
820 

1030 

12413 
1450 
166~ 
1870 
2080 

2290 
2=~e 
2710 
2920 
3130 

3340 
3550 
3755 
3970 
4600 

S860 
64St!! 
7120 
7750 

ROC~-EVAL PY~OLY5IS RAV OATA 

SOCAL CAPE ES?EN8ERG " I 

51 52 53 52/53 5t/(51~521 T-MAX 

0.081 0.820 1.768. Z.464 0.090 423 
0.157 ! .514 4.284 2.354 13.094 421 
0.082 1.982 2.487 2.797 ~L :1)40 -415 
e.110 1: 855 3.106 ~.597 0.056 412 
!a. 102 3.105 3.113 :;:).997 0.032 416 
(3 114 3.747 3 266 1 ~47 0.03a 412 

0.04 3 0.328 0.927 2.354 0.1 i 5 401 
0.025 0.163 2498 2.328 ". i 31 415 
0.069 1.349 2.493 ~.541 0.048 425 

0.1357 0.416 3.8i8 2.1139 0.121 420 
e. \48 1.004 2.835 0.3::A 0.129 425 
0.664 \ .551 4.397 0.353 0. 3 era 420 
0.050 0.204 . 1.478 a.138 0.1 S8 362 

0.041 0.162 3.893 0.042 0.21?l3 445 
0.096 1 .598 3.457 0.462 0.057 434 
0.210 3.466 1.949 1.770 0.057 4'7-_:::l 
13.033 0.510 3.245 a.157 13.061 43~ 
2.070 0.8S6 2.267 0.391 0.073 426 
:a.018 0.029 1 . 151 ~.025 0.387 426 
0.017 0.008 0.550 0.015 1a.674 481 
0.015 0.1a83 1.069 0.077 0.155 425 
0.038 1a.044 0.641 13.069 0.458 405 
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HYDROCEN AND OXYGEN INOICES FROM ROCK-EVAl 

DEPTH 
(FEET] 

19() 
4~0 
610 
920 

1030 

1240 
1450 
1660 
187~ 
2~80 

2290 
25'-'13 
2710 
2920 
3130 

334~ 
3550 
3755 
3970 
4600 

586~ 
64g0 
7120 
77~0 

PYROLYSIS DATA. 'WITH TOC DATA 

SOCAl CAFE ES?ENBERG ~I 

HYDROGEN INDEX 
[mg HC/g TOC] 

1~8 
102 
121 
109 
112 

162 
13 
56 
86 

101 

211 
40 
68 

129 
57 

44 
99 

630 
65 
62 

24 
2fa 

138 
34 

OXYGEN INDEX 
(mg C02/g TOC) 

233 
289 
1:52 
183 
112 

141 
24 

l~'" ..... 1 

262 
187 

377 
367 
182 
366 
411 

1052 
213 
354 
416 
157 

959 
1374 
1781 
493 

RECEIVED 
NOV 3 U 1981 

TOC 
(Xl 

0.76 
1.48 
1.64 
1.70 
2.78 

2.32 
17.17 
0.59 
"'.1 9 
1.33 

1.10 
1. "'4 
1.48 
1.22 
~.36 

0.37 
1.62 
0.55 
0.78 
1.44 

0.12 
0.04 
0.06 
a.13 
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ROCK-EVAL PYROLYSrS RAW DATA 

SDCAl CAPE E5PEN9ERG al 

DEPTH (FEET) 

145~ 
2290 

23.548 
3.610 

S3 

13.384 
2.765 

52/53 

1.759 
0.000 

Sl/(Sl~S21 i-MAX 

362 

H 
Y 
0 
R 
a 
c 
E 
N 

, 
• 
N 
0 
E 
x 

HYDROGEN AND OXYGEN INDICES F~OM ROCK-EVAL 
PYROLYSIS DATA, WITH TOC DATA 

DEPTH 
(FEE';") 

14~0 
2290 

SOCAl CAPE ES?EN8~RC 4) 

HYDROGEN INDEX 
tmg HC/g TOC) 

137 
o 

OXYGEN INDEX TOC 
(mg C02/g TOC) (Xl 

78 17.17 
251 I. 1 ~ 

SOCAl CAPE ESPEN8ERG 41 

.... [ ('" 
80a I . 

, 

S0ia 
1(110CII.' c.&s 

I! 
II 
II 

400 

1 

20~ . 
/,,1%;oc.AS 

" " 113111 200 313111 400 500 6130 7013 81313 

OXYCEN INOEX 

F! GWRE 3: KEROGEN TY~E OEi'ERM I NA 1 ;ON FRCM ROCK-~~~(E I V E fJ 
PYROLYSIS DATA (AP~ENOIX Ill. 

NOV 30 1981 
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ROCK-EVAL PYROLYSIS RAW ~ATA 

SOCAL CAPE ESFEN8ERG ., - SXT~AC~ED 

wE?TH (FEET) 

1450 
2290 

16.745 
121.516 

53 

1=.649 
3.6;3 

52/53 

I. e=6 
;a. 132 

51/(51+521 T-MAX 

0.12l13 
0.12158 

393 
41~ 

H 
y 

0 
R 
0 
~ 

-
~ 

r 
N 
D 

-X 

HYDROGEN AND OXYGEN INDICES FROM ROCK-EVAL 
PYROLY5IS DATA. WITH TOC DATA 

SOCAL CAPE ESPENSERG -I - EXTRACTED 

DEPTH 
(FEET} 

1450 
2290 

HYQROGEN INDEX 
llftg HC/g TOCI 

92 
62 

OXYGEN INDEX TOC 
llftg C02/g TOCI C:l 

88 18.12 
471 0.83 

SOCAL CAPE ESPEN8ERG al - EXTRACTED 

1000 I.CII. 

80" 

S:1l0, 

I (II .011 ... ~s 
1/ 
U 

4~0 

220 

~IIl.~S + 

" '" 100 200 3~0 400 502 6Z0 ·700 800 

OXYGEN INDEX 

F ! CURE 3: rr-EROCEN iYPS OETE'RM I NA -;- I ON F'RG:1 ReCK -E~~fLC. E \ V ED 
PYROLYSIS :iA'iA (APPENDiX r r l. 
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APP E~I!) LX r II 

ORGANIC EXTRACT DATA 

Fiity grams of each sample is pulverized and soxhlet extracted for HI 
hours with dichloromethane to obtain the total amount of extractable 
material. The extract is first deas phaltened by precipitation with 
hexane. The soluble fraction is then separated i..'1.to saturates. aroma­
tics, and NSO compounds on a silica-alumina chromatograr?hic column by 
successive elutions with hexane, benzene, and benzene-methanol solvents 
respectively. The total extract is expressed in parts per million ef 
total sample extracted and the functional groups are expressed as 
weight percent of tctal extract. 

Gas chromatograms of the C 15+ saturate fraction were produced with 
a Perkin-Elmer, Sigma 3 gas chromatograph fitted with a 12 feet. 
~aN03/LiN03/K}i03 eutectic column. The chromatograph was pro­
grammed from 4110C to 36110C at 12°C/min. using helium carrier gas at the 
rate of 25, aU/min. 

Straight chain paraffins (n-alkanes) are normalized between C 15 and 
C40 to a sum of 100% and the percent of individual components 
plotted on bargraphs. Several ratios in"lolving pristane (P!-) and 
phytane (Ph) a~ also calculated and plotted. Carbon preference index 
(C PO values are calc~ated with the original Bray and Evans formula. 
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CONPQS1TION OF SOURCE-ROC~ EXTRACT 

SOCAL CAPE ESPEN8ERG ~1 

DEPTHC FEET) EXTRACT PPM ~ SAT 

1450 490 19.50 
2270 3536 10.713 

~ AROM 

18.30 
33.50 

% NSO 

8.50 
31.40 

RECEIVED 

% ASPH 

53.713 
24.413 

NOV 3 J 19B1 
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ROCK-::VAL PYROLYSIS 'KA'W DATA 

SOCAl ~: r·q UK PT. " 1 - EX7RACTEO 

DEPTH :r;EETl S1 ... 52 S3 52/53 51/(5""521 

1.535 2.023 21.758 0.000 
14.542 2.589 5.6\7 0.000 

HYDROGEN AND OXYCEN INDICES FROM ROCK-EVAL 
PYROLYSIS DATA, ~ITH TOC DATA 

seCAl MIMIUK PT. • 1 - EXTRACTED 

DEPTH HYQROGEN INDEX OXYGEN INDEX 
(FEET) (m; HC/g TOCl (nlg C02/g TOC) 

790 98 1313 
14213 1~6 28 

SOCAL MrMIUK PT .• 1 - EXTRACTED 

1000 (I'IlI:' 
H 800 
y 

Ll 
R 

o 620 
G 
::.. 
N 

Ii""" · '" 
1·lf 
I' 

I, ! !/ 
N 400 ri 
o :. 

~ 200 '~I" ". 

TOC 
(:: ) 

1.56 
9.32 

o ~!----~----------------~----~----~----~-----o 200 300 400 500 . 6aa 

OXYGEN INOEX 
700 800 

'i-MAX 

332 
331 

FICURE 3. KEROGEN TYPE OETER!'1INATICN FROM ROCK-EVAL .. RfCEpo:1'iI 
PYROL YS r 5 DA T A (APPEND! X I I I , V 1.; U 

NOV 30 1981 
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A?PE~~DIX III 

ORGANIC E..XTRACT DATA 

Fifty grams of each sample is pulverized and soxhlt:t extracted for l~ 

. hours with dichloromethane to obtain the total amount of extractable 
material. The extract is first deasphaltened by precipitation with 
hexane. The soluble fraction is then separated i...'"1to saturates, aroma­
tics. and N SO compounds on a silica-alumina chromatographic column by 
successive elutions ',vith hexane, benzene, and benzene-me<:hanol solvents 
respectively. The total extract is expressed in parts per million cf 

I 
total sample extracted and the functional groups are expressed as 
weight percent of total 8xtract. 

Gas chromatograms of the C 15+ saturate fraction were produced with 
a Perkin-Elmer, Sigma :3 gas chromatograph fitted with a 12 foot, 
~aN03/LiN03/K}j03 eutectic column.' The chromatograph was pro­
grammed from 40°C to 36UoC at 12°C/min. using helium carrier gas at the 
rate of 25 mll min. 

Straight chain paraffins Cn-alkanes) are normalized oet",veen C 15 and 
C40 to a sum of 1UU% and the percent of individual components 
plotted on bargraphs. Several ratios involving pristane (Pr) and 
phytane C Ph) are also calculated and plotted. Carbon preference index 
(C PI) values are calculated with the original Bray and Evans formula • 
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COMPOSlTION OF SOURCE ROCK EXTRACT 

SOCAL MIMrUK PT. Dl 

DEPTHC FEETl EXTRACT PPM .: SAT : AROM % NSO % AS?H 

15.20 
15.90 

790 
1420 

DEPTH 

r Fee t I 

790 
1420 

181 
2;(l0 

EXT/Toe 

0. ell 
0.002 

6.513 
2:;'.60 

19.60 
12.70 

RELATrVE COMPOSITION 

:SAT 

6.5 
20.6 

':NSO· 
:tARO AS?H 

19.6 73.9 
12.7 66.7 

HEAVY HYCROCARBONS NORMALIZED TO 

SOCAL MIMrUK PT. • I 

58.70 
50.80 

PR/PH 

13.42 
0.94 

Im~: 

CPI 

2.42 
3.13 

10 C-10 C- I I C-12 C-13 C-14 C-15 C-16 C-17 C-18 C-19 C-20 

790 
14213 

10 

790 
1420 

10 

790 
1~20 

10 

790 
1420 

10 

790 
1~20 

~L 00 0.G~ 0.00 0.~0 0.00 0.:30 21.212 060 2.83 4.30 5.11 
~l. 1:)13 0.00 13.00 0.013 0.00 0.10 0.50 2.50 3.89 3.79 4.39 

C-21 C-22 C-23 C-24 

8.91 16.72 1 .! 
~ , 7.71 I , 

8.16 14.77 1 • ." 87 998 

C-31 [-32 C-33 C-34 

4. 10 1.20 280 050 
2.50 0.00 13.70 ~L 30 

C-41 [-42 C-43 [-44 

0.30 0.130 0.00 0.30 
21.00 0.130 0.00 21.00 

PR/i" PH/i" PR/17 
X100 X100 

1. Ie 2.60 1.83 
3.39 3.29 1.24 

C-25 C-25 

8 1 1 3 8'2 
;~8 :3 99 

C-35 C-36 

~.70 35~ 
~.Z0 0.00 

C-45 [-46 

0.00 3.20 
~:l. 00 0.00 

PH/18 

0.93 
0.85 

C-27 C-28 \:-29 C-3a 

8.7' 2.23 4.60 1 . .10 
Q.89 1.80 8.08 1.00 

[-37 C-38 C-39 :-40 

0.50 ~L 00 0.00 0.013 
0.1313 0.00 0.20 0.00 

. C-47 C-48 C-49 C-50 

0.30 ~L 30 0.30 0.30 
0.30 o . ~lr3 0.00 :3.00 

ptVPH CPI C-MAX 

"'.42 2.42 C-22 
13.94 3.13 C-23 
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SAM?LE:: Standard 

PH 
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PR 
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II 
II 
A 
L 
I 
Z 

1. E 1. 
0 , 
E 
II 
C 

1. 
I: 
II 
T 

SAMPLE DEPTIi I 799 f .. t. 
: 3 
II 
II 

II A 
L 

A I 
1: 

T I : I. 

, 
0 .: • c 

.: .. 
31 .. 51 3oC6I T 

ItET 

SOCAL MIMIUK PT. II 
l·l~latanelTot.Q' 

2-1~tanelTotQI 

3-Prlat.aneln-C-17 
+-Phytan.ln-C-18 

S~ DEPTIi : 1429 f_t. 

• 
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Sample DEPTH 
Interval (F ee T I 

100- 220 160 
730- 850 790 

1360- l,80 1420 
1990-2110 2050 
2620- 740 2680 

3250- 370 3310 

TOTAL ORGANIC CARBON CATA 

SOCAL MIMIUK..PT. " I 

iOe Sample DEPTH TOC 
{XI Interval (FeeT) (X I 

0. 1 B 3880-4000 3940 0.14 
1.61 4510- 630 4570 0.12 
8.34 5140- 260 5200 0.06 
0.3i 5770- 890 5830 0.12 
1.11 6211- 310 6261 0.18 
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M'obil Exploration and Producing Services Inc. 

Mr. William Van Alen 
State of Alaska 
Alaska Oil & Gas Conservation Commission 
3001 Porcupine Drive 
Anchorage, Alaska 99501 

November 23, 1981 

PO BOX 900 

DALLAS. TEXAS 75221 

ESC REQUEST NO. 311A78 

(Jr(,r"'~1 

VISUAL KEROGEN, THERMAL MATURATION, 
TOC AND ROCK-EVAl ANALYSES, 
SOCAl NIMIUK PT. #1, 
KOTZEBUE, ALASKA ... ~ 

Dear Mr. Van Alen: 

This report describes the visual kerogen, thermal maturation, TOC and 
Rock-Eval results from the SOCAl Nimiuk Pt. #1, Kotzebue, Alaska. 
Visual kerogen and vitrinite reflectance analyses are based on 19 ditch 
samples taken at 300' intervals between 100' and 6310' (TO). TOC and 
Rock-Eval analyses are based on 11 ditch samples taken at 510' intervals 
between 100' and 6310' (TO). A plot of the low-gray Ro means 
(figure 1), a summary of the thermal maturit~ and hydrocarbon potential 
(table 1), a kerogen analysis sheet (table 2), edited Ro histogram 
plots, and a copy of the TOC and Rock-Eval reports are included. 

Results from TAl analysis of the SOCAl Nimiuk Pt. #1 indicate that the 
section penetrated from 100' to 5770' is transitionally mature. The 
vitrinite data indicate that the 100' to 5770' interval is thermally 
immature. It is possible the dark color of the spores was caused by 
oxidation or by the fact that spores tend to be thicker walled than the 
preferred bissacates. 

Results from visual kerogen analysis of the SOCAl Nimiuk Pt. #1 samples 
are listed on the attached kerogen analysis sheet (table 2). It should 
be noted that all of the samples analyzed are dominated by cellulosic 
(gas type) kerogens. Fluorescence analysis indicates traces of lipid 
rich kerogens are present down to about 2600'. 

" : ... >;, 

", .... 
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Results from vitrinite reflectance studies on the SOCAL Nimiuk Pt. #1 
well indicate that the sediments ~enetrated down to 5830' are all 
thermally immature. Igneous and metamorphic rock fragments are found 
below 5900'. A summary of the thermal maturity and hydrocarbon 
potential of the SOCAL Nimiuk Pt. #1 samples are listed in Table 1. 
Edited histogram plots of the Ro readings from each sample are enclosed. 
The vitrinite reflectance measurements were made by R. R. Taylor. 

Results from TOC analysis range from "poor" below 3940' to "very good" 
for the 1420' sample. Pyrolysis indicates little hydrocarbon potential 
for any of the samples, and gas as the most likely hydrocarbon they 
could generate during maturation. 

Time requirements for this job were charged to ESC Request No. 311A78. 
If you have any questions concerning the results or interpretations, 
please do not hesitate to contact me. 

TAT/jg 
Attachments 

Very truly yours, 

--J~t{J~ 
T. ~immcke 
Exploration Services Center 
Applied Stratigraphy 



TABLE 1 
Thermal Maturat;on and Visual Kerogen Analyses 

Socal Nim;uk Pt. No.1, Kotzebue, Alaska 

FIRST 
DEPTH OR LOW-GRAY % HIGH-GRAY % THERMAL HYDROCARBON 
SPL. NO. Ro MEAN POP. Ro MEAN POP. TAl MATURITY KEROGEN TYPE POTENTIAL/REMARKS 

100' 0.19 18 0.36 37 Immature Cellulosic Gas type kerogen 

460' 0.23 65 0.69 33 Immature Cellulosic Gas type kerogen 

820' 0.25 85 1.64 15 Immature Cellulosic Gas type kerogen 

1180' 0.28 36 0.58 37 2 Immature Cell ul os;c Gas type kerogen 

1540' 0.25 69 0.99 31 2 Immature Cellulosic Gas type kerogen 

1900' 0.25 74 1.10 26 1+ Immature Cellulosic Gas type kerogen 

2260' 0.34 85 1. 75 15 Immature Cellulosic Gas type kerogen 

2530' 0.35 80 0.91 20 Immature Cellulosic Gas type kerogen 

2890' 0.31 74 2.29 17 Immature Cellulosic Gas type kerogen 

3250' 0.37 66 0.72 34 Immature Cellulosic Gas type kerogen 

3650' 0 .• 35 100 Immature Cell ul osic Gas type kerogen 

3970' 0.39 45 0.59 32 Immature Cell ul os ic Gas type kerogen 

4330' 0.36 100 Immature Ce 11 ul os i c Gas type kerogen 

4690' 0.37 72 1.36 25 Immature Cellulosic Gas type kerogen 

5050' 0.41 47 0.74 38 Immature Cellulosic Gas type kerogen 

5410' 0.44 85 0.87 15 2 Imma~u[( E I V toll ul os ic Gas type kerogen 

DEC? 1 1981 
Af?ska Oil & Gas Cons. Com . 

Anchorage mission 
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Thermal Maturation and Visual Kerogen Analyses 
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INTRODUCTION 

Eleven samples were forwarded for Total Organic Carbon (TOC) analysis 

and Roclt-Eval pyrolysis. The Rock-Eval pyrolysis was to be run regard­

less of the TOe value. Two of the samples eXhibited high amounts of 

bitumen, as evidenced by the coalescence of the pyrolysis Sl and 82 

into a single peak. The suggestion was made to. and accepted by, the 

client to extract these samples and evaluate both the extracted sample 

and the recovered extract. 

SUi\ll\lARY 

The source richness bused on TOC ranges from "non-source" below 3,940 

feet to "very good" for sample 1420. Pyrolysis generally indicates 

"nonsource" amounts of hydrogen-poor kerogen. The T-max values indi­

cate very immature material but may not be representative for the 

samples with the very low S2 values or with the single Sl + S2 peak. 

For sample,s 790 and H20, the 81 and 82 peaks merge, suggesting the 

presence of significant amounts of bitumen. A portion of the sample 

was extracted and rerun; however the general shape of the pyrogram did 

not change. The extract consists of moderate amounts of immature bitu­

men. and gives no indication of the type of material responsible for 

the anomalous Rock-Eval response. 

The increase in TOC for sample 1420 is reproducible and probably due to 

the removal of sulfur together with the bitumen during extraction. The 

high per cent carbon and character of the chromatogram are consistent 

with a coaly type' material, which
D 

accllmulates in an environment 

conducive to high sulfur concentratig[C t J V ED 
NOV 30 1981 

Alaska Oil & Gas Cons. Commis:;;Jcp.-.. . 
Anchoraga HOBERTSON 

RESEARCH [U.S.) INC. 
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APPENDIX I 

TOTAL ORGANIC CARBON DATA 

Total organic carbon is determined by pulverizing the sample. treating 
a carefully weighed portion with war:n hydrochloric acid to remove car­
bonate minerals. and analysing the residue for carbon content with a 
Leco carbon analyser. It is generally accepted that samples with less 
than about 0.5 percent TOe cannot yield sufficient petroleum to form 
commercial deposits and are therefore considered nonsources; samples 
with between 0.5 and 1.0 TOe are rated as marginal in source quality; 
and samples with more than 1.0 TOC are considered to be good in source 
qUality. 

RECEIVED 
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APP ENDIX II 

ROCK-EVAL PYROLYSIS DATA 

Rock-Eva! data are expressed as mg 1 g of rock and include four basic 
parameters: 1) S 1 represents the quantity of free hydrocarbons pre­
sent in the rock and is roughly analogous to the solvent extractable 
portion of the organic rnatter; 2) S2 represents the quantity of hy­
drocarbons released by the kerogen in the sample during pyrolysis; 3) 

83 is related to the arnount of oxygen present in the kerogen; and 4) 

T-max, in °C, is the temperature at which the maximum rate of 
generation (of the S2 peak) occurs and can be used as an estimate of 
thermal maturity. 

In addition, the ratio 82/83 provides a general indication of 
kerogen quality (type) and reveals whether oil or gas are likely to be 
generated. The ratio 811 (81+S2), or the productivity index. is 
an indication of the relative amount of free hydrocarbons (in place or 
migrated) present in the sample. Hydrogen and oxygen index values are 
in mg of hydrocarbons (S2 peak) or carbon dio:dde (S3 peak) per 
gram of organic carbon. When plotted against each other on a van 
Krevelen-type diagram. information on kerogen type and t:laturity can be 
obtained. 

Data are mterpreted in the following manner: 

Source Potential - values of 52 

Petroleum Type - value of S2/53 

<2.5 
2.5-5.0 

>5.0 

<2.5 
2.5-5.0 

>5.0 

Generation Zones - values of T-~ax < 435 
435-470 
450 + 

poor 
marginal 
good 

dry gas 
wet gas 
oil , 

immature 
oil 

RECEIVED 

NOV 30 1981 

gas Alaska 011 & Gas Cons. COlT/miss! 
Anchoraga 

Productivity Index - high values of 511 (Sl+52) indicate !':ligrated 
hydrocarbons. 
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ROCl'--EYAl PYROLYSIS RA\J [lATA 

SOCAl M!MIUK PT. -I 

DEPTH (rEST) 51 52 S3 S2/53 51/[5: ... 521 T-MAX 

160 
790 

1420 
2050 
2680 

33i0 
3940 
4573 
522'0 
5830 

626~ 

~ 051 " 326 13 519 13 629 0 135 432 

0.040 0.261 1 746 0.150 0.132 421 
3.062 1.719 1.121 1.533 2 1035 415 

13 236 ;).181 ;:, 589 0.307 ;3 164 ~15 

3.225 3.238 3 378 ;). : 22 13.402 410 
3263 3.218 3.533 3.409 2.22'3 416 
e.2g7 ;:) 129 ;) 2<!2 21.532 3.5;8 403 
2.3::3 3.259 ;) 977 "1 29:: 2.577 3G2 ". 
0.1: 1 8.088 " 351 3.227 2.582 406 

~YOROCEN ANO OXYGEN INDICES ~ROM ROCl'--EYAl 
PYROLYSIS OATA, WITH Toe OATA 

SOCAl .MIMIUK ;::IT. "1 

DEPTH HY::ROCEN INDEX OXYGEN INDEX Tce 
(FEETI rmg HC/g TOC) (mg C02/g TOCl (::: J 

160 181 288 ;).18 
790 1 .51 

j420 8.34 
2050 84 563 0.31 
2680 lC:::-_:::l 10! 1 . l 1 

33;2 32 ~23 3.57 
3940 27 27Z 0. ~ 4 
4570 '82 444 2. ;2 
5200 2 1 ;; • ...J 403 3.06 
5832 2:5 731 ;). : 2 

6260 4.4 !ge 2. : 8 

I?ECEIV'£D 
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ROCK-EVAL PYROLYSIS RA~ DATA 
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1.949 
11.512 
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HYDROGEN AND OXYGEN INDICES FROM ROCK-EVAL 
PYROLYSIS DATA. WITH TOC DATA 
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Mobil Exploration and Producing Services Inc. 

Mr. William Van Alen 
State of Alaska 

November 24, 1981 

P.O. BOX 900 

DALLAS. TEXAS 75221 

Alaska Oil & Gas Conservation Commission 
3001 Porcupine Drive 
Anchorage, Alaska 99501 

Dear Mr. Van Alen: 

ESC REQUEST NO. 311A78 
VISUAL KEROGEN AND 
THERMAL MATURATION ANALYSES, 
J[E~EDUM NULATO UNIT NO.1, 

NORTON SOUND, ALASKA 

This report describes the visual kerogen and thermal maturation results 
from the Benedum Nulato Unit No.1, Norton Sound, Alaska. Visual 
kerogen and vitrinite reflectance analyses are based on 31 ditch samples 
taken at 300 1 intervals between 0 1 and 11800 1 (TO). A summary of the 
thermal maturity and hydrocarbon potential (table 1), a kerogen analysis 
sheet (table 2), and histogram plots of the Ro measurements are 
included. 

Results from visual kerogen analysis of the Benedum Nulato Unit No. 1 
samples are listed on the attached kerogen analysis sheet (table 2). It 
should be noted that all of the samples analyzed are dominated by 
cellulosic (gas type) kerogens. Fluorescence analysis supports this 
observation. Kerogen slides prepared from these samples were barren of 
palynomorphs, hence, TAl analysis was not possible. 

Results from vitrinite reflectance studies on the Nulato Unit No.1 well 
indicate that all the sediments penetrated to a depth of 11800' (TO) are 
thermally overmature. Only the first sample from 01-100' contains a 
low-gray Ro population which can be attributed to surface contamination. 
A summary of the thermal maturity and hydrocarbon potential of the 
Nulato Unit No.1 samples is also included with the report (table 1). 
Histogram plots of the Ro readings from each sample are attached. No 
plot was made of the low-gray Ro means because the means are too high 
and plot off scale. The reflectance measurements used in this study 
were made by R. R. Taylor. 
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TABLE 1 
Ro t1eans, TAl, and Kerogen Type 

Benedum Nulato Unit No.1, Norton Sound, Alaska 

FIRST 
DEPTH OR LOW-GRAY .% HIGH-GRAY % THER~1AL HYDROCARBON 
SPL. NO. Ro MEAN POP. Ro MEAN POP. TAl MATURITY KEROGEN TYPE POTENTIAL/REMARKS 

50' 2.62 62 Overmature Cellulosic Gas type kerogen 

400' 2.70 92 Overmature Cell ul os ic G"as type kerogen 

750' 3.28 91 4.07 8 Overma ture Ce 11 u los i c Gas type kerogen 

1100' 3.21 82 3.97 13 Overmature Cell ul os ic Gas type kerogen 

1450' 3.18 94 4.34 OveriTIa tu re Cellulosic Gas type kerogen 

1800' 3.27 72 4.12 16 Overrnature Ce 11 u los i c Gas type kerogen 

2150' 3.44 80 4.21 16 Overma ture Cellulosic Gas type kerogen 

2500' 3.38 84 4.52 7 Overmature Cellulosic Gas type kerogen 

2900' 3.45 92 4.82 5 Overmature Cellulosic Gas type kerogen 

3300 1 3.62 76 4.59 20 Overlnature Cellulosic Gas type kerogen 

3700' .3.77 72 4.59 22 Overmature Cell ul os i c Gas type kerogen 

4100' 3.61 92 Overmature Cellulosic Gas type kerogen 

4500' 3.98 78 4.98 8 Overmature Cellulosic Gas type kerogen 
:to> 

4900' N 4.07 93 5.45 3 Overmature Cellulosic Gas type kerogen Er 
5300' g 2 ;;03.91 74 5.04 6 Overmature Cellulosic Gas type kerogen J;!o 0 ?;'m <: rrr 
5700' g.~ \N ;:;; 3.91 92 5.52 5 Overmature Ce 11 u los i c Gas type kerogen 

oc") c., @O -6100' ~ ~ --- '<: 4.10 83 5.63 12 Overmature Cellulosic Gas type kerogen (D 

9 Co rn 
3 t::1 s 

en" 
(/) 

g' 



TABLE 1 
Ro t1eans, TAl, and Kerogen Type 

Benedum Nulato Unit No.1, Norton Sound, Alaska 

FIRST 
DEPTH OR LOW-GRAY % HIGH-GRAY % THERMAL HYDROCARBON 
SPL. NO. Ro MEAN POP. Ro MEAN POP. TAl MATURITY KEROGEN TYPE POTENTIAL/REMARKS 

6500' 4.09 88 5.92 Overmature Cellulosic Gas type kerogen 

6900' 4.10 71 5:17 13 Overmature Cell ul os ic Gas type kerogen 

7300' 4.07 65 5.09 9 Overmature Cellulosic Gas type kerogen 

7700' 4.22 70 5.41 14 Overmature Cellulosic Gas type kerogen 

8100' 4.23 79 5.45 12 Overmature Cellulosic Gas type kerogen 

8500' 4.32 76 5.39 21 Overmature Cellulosic Gas type kerogen 

8900' 4.28 86 5.61 7 bvermature Cellulosic Gas type kerogen 

9300' 4.28 85 5.35 12 Overmature Cellulosic Gas type kerogen 

9700' 4.33 77 5.50 17 Overmature Cellulosic Gas type kerogen 

10100' 4.30 80 5.64 5 Overmature Cell ul osic Gas type kerogen 

10500' 4.39 80 5.58 5 Overma ture Cellulosic Gas type kerogen 

10900' 4.39 63 5.61 17 Overmature Cellulosic Gas type kerogen 

11300' 4.42 , .47 5.39 18 Overmature Cellulosic Gas type kerogen 

11700' 4.43 80 5.72 8 Overmature Cellulosic Gas type kerogen 
. \N. ~SY,\'cj 

00'elCU.':) ~ ~ \\0 -e 
''5\lO~ sY. 

U{W~S\\llUlO~ ~ f\O~ 
y~u\ \' 

(l1hfj'l'1(\ 



~ ....... . 
~ .•......... ~ 
~ ••• 0 •••••••• 

4 •••••••••••• ............ .. 
~ - . . ............ . .. ..--... 

t ••• • ••• ••••• •••••••• 1..... · 
( . , 

.~ .... : .... ~ .... ~ .... ~ .... ~ .... ~ .... ~ .... ~ .... ~ .... ~ .. ··l···~····~····~····~· 
OMI 1'I~'fl lOft 1':.0 20(1 2,)fl '~:IHI <7·11 40n 4511 500 55f) ':.Of) 650' 700 7';'i11 

t = 1.::':.'-
"lfH"" 41":~: 

~ TTl. F.p~.,' :;: 
'T[I. ftF:\"., ':01', 
P( T. PflP. 1 n f' 

1 ", 
14 
I ~ 
1,=' 
11 
1 n 

",.f, .1':'flfl'- 4 B~~lJ:DUM Nf.lL ATD UN T T t'm. 1 • 8/. A'~~: H 

* 
· ... . · ... . .. .... . 
"' ..... . ....... . . ..... . 

rtJ{)- 31~ c 3.D~ [1~) 
~ ~2D- 5\'\: 1.01 (Q3/.) ---520 "'5Cooc -:;.'/$ C~~) 

4 ~. ::::::::: :::. ~ 
2 • ••••••••••••••• ••• • 
t •• ••••••••••••••••••• • •• 

. . . . . . . . . . . . . . .. . . . . . . . .. . . . .. . . . . . . : .... : .... : .......... ~ ................... . 
+ ... + ..... + ... +.+ ........ + + + + + + 

nnft ~ 1'1 lOft 150 2f10 250 31'10 ~50 400 450 SuO 550 ~on 6~O 700 750 

1.='0:; 
,,1 F 0=0, <7::: 

-nl. fOPP, 11 
- Tfi. rIF'.!. O:.c;. 
P'-T. POP.' '('1'1 

1 :: 
1.:' 
1 I 
1" 

p.nlt='fIl.I~l t"l~-'l tiTO UII IT NO. I • Al.A'S~' A 

* • • . . 
.~ 

...... . 

~-~t4 1/ 1...8'1 (J~%) 
* ;30-f8~ s ~ l11%') 

J(CzO .. ~So: ? OL( ({g e,;) 

~ ...•... 
c=; • • ........ . 
4 • • ••••••••• • • ...... ~....... .. 
? ••• •••••••••••••• ~ •• . .... ............... ... . 
....... , ................................................ 1_ ............ ' ........ . 

+ + + + + + + + + + + + + + 
0110 ('~'(I 1 flrl 1 'Sn 2ft.-, 250 30ft '<0:;,) 4rtrt 40:;1'1 5,).-. 5'5('1 600 ,:.'50 700 7"50 

t·1I='Ar· 
~Tr'. ~N·. 
- T fl. r'F\". 
p,-r. Pl1p. 

120:; 
""~7 

1(1 

'=.1 
1 nl' 

!:EN~!t1.l11 NULO=OTO ,-,~nT ND.l.ALA<:YA 

· • 

•• • • 

OOO""2B<\:: ).q~ (,r.) 
..". !,\O- "f~' : 3.Q, L't~',() 
~o .. ~~: S:S2. (5%) 

~ ::::::: :: . j 
~ ........... . ........... ... . 
~ ......•......•.... . 
I ............. ~ .............. ~ .. ~:::::~:~~:~::~:~~ .. ~~~. : .... : .•. :. j .......... . 

+ • + + + + + + + + + + + -4' + + 
111'11) .-,en I' .... ' 1'5(120(1 2"'.n 3(00 ~0:;11 4 (J,'I 40:;n '500 5'5ft ;:.Oit ;:.50 7nll 750 

".1 



E'O 
, • F , F- T : Ht-1Ft F rll1. -= 
.. I..Fl' '.,..t-IPI F nn, 
, .1 OH .-r,r-1HHHII" I P 

t- = 12'5 
r-II='At~ ,:? (I 

·~Tn. FPF-, = \4 
'Tn. tlE',i, (44 
.''-T. F-OF' , '1)1) 

to"~ 

\.:, 

1;­
\" 
I-=' 
14 
1 :: 
1-;:-
1 , 
III ," . ~ 

.:. 

4 

• 

... 
• 11"1. 
nf,. 
IIr,. 
rltt •• 
f!(I •• 

_fin •• 
flnrl •••• 
fI'"I •••• 

1 i, 1'1 (I(,n n •• 

+ + + 

. 
I) 11(1 1'1',1'1 Illil 1'5 n 

11'1-?"::118767 

t'll='Hr 
: Tr', Fj;-~'_ 

: Til. ['EV, 
F'r' T, POP. 

\'" 
1:0, 

1;' 
I';· 
Ie; 
14 
1 .~ 
,,:-
II ,n 

.;. 

'5 

t:~f';":' 
1'~7'~~, 

4 BENI=TII.IM NIILATO UNIT NO,l,RU:I~KA' 

~ 

• 

. .. . .. . . .. 
. ..... . ...... . . ....... . . ....... . ........... 

+ + + + 

000 ... J(, If :s D. ~S (3SYo) 
~ 110" 3\0<:: ~ (<D'2.%) 

+ 
211(1 2'5n 30ft 

+ 
4(1t1 

+ 
4'5(1 

+. 
60n 1.0.'50 

I (1ft' 4 fiElu::nUf1 tillLFlTO UNIT no, 1. t=tLASYA 

· . 
..... .... . ...... 
....... 
. ...•.. ....... . ........ . 

oco .. l11\ 1: I.(it If%) 
.. 210"){gO ... ~ 01.%) 

+ 
700 

+ 
7';(1 

........• 
~ ... ........... j i • . .. .•••....••••. • ~ 

( . \' "'-
.~ .... ~ .... ~ .... ~ .... ~ .... ~ .... ~ .... : ... ~ .... ~ .... ~ .... ~ .... ~ .... ~ .... ~ .... ~. 
flfIn fI~n Infl I-='O 2(10 2~n 3no ~'5n 4nn 4'5n ~nO ~'50 6nn 650 700 750 

" t-lt:"t=tt 
~Tft. FPP 
'TD. r'F'..I, 
p(:T. POP: 

14 
I:: 
t -? 
II' 
I') 

,;, 

4ft 
101} 

7'51)' 4 

• 
• 

BENFftU~1 NI)LRTO UtiIT no. 1. ALAS:KA 

:::. J .... ..... ....... .. ....... ........ 

000-2.'3t; ¢ 2.20 (O~) 
~ ViD- 3&t:: ~ l..9\U) 

a'tC>· "''So., "1.1>1 (8%) 

, 
I 

i 
I ! . 
! 

r' 

.,;. 

.~ . 



}.1.f;-, ~ • '1h '. • '." • • \ • 

, , 

, ' 

," 

........... . ............ ............ . . 
• • •••••••••••••••••• 

+ + + + + + + + + + + + + + 
nnn n", 1"1 1 (10 , cHI 2111'1 ';:''''0(1 3(11'1 3'51"1 4111"1 4"',1\ c;'ln 5«=;,1 I=,IHI ~,"'(I 7(1('1 7'5n 

II 1 ':.::: 1 1 ::<7":':' 

H == 12':, 
t'IFAI' :~,:-7 

: Tn. F.j;'f;', 

: TTl. fIE''''', 44 
>='(,T. !='np, Ifill 

::'" 
1':' 
1::: 
1;' 
1':, 
1"', 
14 
1 :: 
I? 
11 
111 

':. 

,.:, 

~, 

4 

... n II MI' 4 

.. 
.... ..... 
.... · ..... . · ..... . · ..... . ........ 

tXX> .. 21t: 1. t:k (i%) 
~ 215O-~~ BJ,(B2~) 

3(.0 -4(,0' 3. ~1 (n%) 

........ . . . . ........ . •• • .. . . ....... . .. 
+ + + + + + + + + + + + + + 

nnn ~~O Ion 1~1\ ?on 2<;0 ~OO 1'50 400 450 500 5'50 600 650 700 750 

II 

r'I>="t=!I, 
" r r,.- j:. P';' 

. f[1. IIF.V 
F:'I·T. pnp 

,;', 
c'll 

1':' 
1::' 
1:­
It-, 
1"', 
14 
1 .~ 
1,;' 

11 
III 

I (III 

BENnIlJ'" NIJl.t=lTO Ur'lIT I'IO.I.ALASVA 

• 

· • .. .. ' 

... .... ..... 
.... ..... 

-.'---~ 

000- 2.(Q~ ~ 2.,1~ (~~) '-
~ l.-=lO . ~, ~ m (~'f.%') 

'100- ,~So c i(.Y{ (O~) 

~ ·l~m~~~~u. J .. . ............ . 
t' • i 

.~ .......... ~ .... ~.: .. ~ .... ~ .... ; .... ; .... ; ......... ; .... ; .... ,;. .... ; .... ,;. .... ,;.. 
nnn n~o 100 1'50 2no 2'50 31\0 3~r 400 4'51"1 500 550 600 650 700 750 

II 
t'IER', 

• TIt. EI='J:;' 
- T [I. [IF",,.' 

p, T. F'OP 

Ie-; 
\4 
1 :: 
1,:' 
11 
I II 

." 

BEtl~Tlllt1 r'IUl.ATO ur~IT t'Hl.I.ALA~'I<A 

000- ~~:J Z.'2,(q (il.%J 

111'-' 
* l-=iO . '31C! 3.2.'1 [":f'z.~) 

390 .. ~O() 1.i2:' Glt,t) 



.. , 
........ .. ........ .. ........... .. . .....•.....•.. • · · · ... .......... ....... 1 

.... ~ .... : .... ~ .... :.~ .. :.: .. : .. ~.: .... : ........ ~ .... : .... : .... : .... :. 
n.H, 0"1";0"1 lnO 10:;n POll ,::''''1) -~n(l "''''0"1 4 (HI 4"',0 ... on "'io:;n ':'1)(1 ';,"in ("(In 7"in 

H 
"Ii='HH 

: Tn. F~'~' 
~ r rio r'~' .. ', 
P': T. PDF' 

17 
I": 
1 t, 
1..1 
I" 
IP 
11 ,,', 

~: 

44 
1(10 

50 21-:;0' 4 BEN~~JM NULATO UNIT NO.l.ALA!kA 

• 

. .. ....... 
...... 

.......... •........... ............. 

ooo-~~~ ,. 2.SI ('l~) 
*' 2I,o- Jli~ • '3·11 (S?U) 

J{oo - 'ifJJ '& -1. U (((,'6) 

. . 
" ... : .... : .... : .... : .... : : ... : ... '~ : .... : ... . J .... : .... : .... : .... : .... :. 

1'11'111 1'1':,11 1 nn , ... n .?nn c'-:;n ~nl) ':l5n 40n 4-:;(1 "ion ",0:;(1 ~n(l ".'::;(1 7nn '750 

I, 
I~FAI' 

, r fl. Fj;'P, 

:Trl. rl ;':'./ 

PiT. P(lP, 

10-
l"i 
14 
1 :, 
1P 
11 
11'1 

.. . ... ... . ......... .......... 

(}(l) - 2. ¥t ,. 2,. t::JD. L s % ) 
* ~-~l~ 1I-3.'?S '(8Jof%) -J{ZO"~(O. ~.'5'L (1-%) 

..... ............. . ... . · .m~~m~LJ: : . 
. . . . .. . ...................... : ... : .... ~ ............ J ........................ . .. " ... ... ... ... ... ... ... ... ... ... ... ... ... ... 
nnn n~n l(1n l"in ?nn ? ... n ~nn "'''in 4nn ,40:;0 ~nn c;"in ~nn ~5n 70n 750 

t. t.:· ... 
"IF>=tl':: :::':,1 

~,Tfi. EJ;'j;' , (i 

;' TTl. T'F\I, 5:=: 
P( T. P(lP., 1 no 

II', 
," 
:=: 

4 

t:Et.!:"rIU~l ~HJLATO UNIT NO.1. ALHSVA 

000- 2l£q: l.'l..1 (/%). 
"¥-ZSo- "i~ • ~ (i'l.%) 

)t. , JjJ-JO - «i')O:. 1.&z.. L ~%) . . ... . 
. . ..... ........ .......... . .... .......... ....•.•.... ..... . 

? •••••••••••••••••• • 

...... , ........ ~ ...... ~. ~ .. ~~~T~~~~~~~~~~~~~. ~~~~ .. ~~ .. J ............... II •• " •• 

... - + .. .. + • ... ... .... + + + ... 
1 .... 1 .. 1 n";I', 11',,', 1'5(1 ,::·1 .... 1 2':0" ;;nn ::,:.11 ·HII) 4':>11 ';111"1 c,"in ';111) ,::.'5 Ii 7(10 7">0 

1 1 'I'~, ,:. I 1 :;:;:';:'C:. 



t, 
t";;I'<t 

~ Tr', F"·F·. 
: H', [IF\!. 
F"t' T, pal". 

Ie:; 
1.1 
\',: 
1.-' 
II 
1.'1 

.::. 

", 

C:,';" 

... . ....... . ... ... .... . 

000- 2.1-\' oz. H (2%) 
'F' LBo· .l.f2.~'4 '3.t't,2 (1 t,!() 

1-,0 .. ,S?l)z 1.~i (zo:() 

... ....•..... . ... . . . .....•........ ..... .. j 
... ..... ... 

, : .... : ..... : .... ~ .... : .... ~ . , .. : . : .. ~ . : .. ~ .. ~ . : .... ~ .... j .... ~ .... : . '.' . : .... : . 
n.-..-. ,-,~n Iflf! Ic:;n 2n,-, 2'50 3no 1"in 400 4')0 5nn '550 600 650 700 750 

II,!':' :-:1 

1 :: 
\? 
11 
If' 

. :: 

1'-' 
C'tf 

I ('f, 

4 

. . . . . ...... 

UNIT I'm.I.AI.A'IA 

DOO"'30lt :: 2~S L4~) 
~ ~O .. J.t2.~ ~ ~.11- G2.~) 

1;()- S~Ch ~.~ (Z1.%) 

~. ; .... : .. ~. ; .... ; ... ;~ ... ; ~ .. ;;H~~~~~~~~. :f~~~~~~. ;~ ; 10 ... ; ~~.~~ .. ; .. ;-.-~-.---'--------'----"-
"',.-. ,',' n I,H, I C

"" ?O'-' ,:,c,1) ;:nn "C:;fI 40(' 4'5'-' "il)fI ,)C:;'-' ":,flf! ~c:;r", 7nn 7')(1 

, 1: 12'5 
t'I;:'At: ;:':.1' 

'TT', EF'F', 1 n 
: H" f'FV, '5':' 
F',- T, P[1P. 1 fin 

1'1 

000- 2.S9 '4 2..7.-~ ('f>~) 

* 2"D" 110 -: 3·(,1 L'!'~) --
I? • 
11 
I", 

':. 

". 
4 

.. ....... . ... . ....... . 
................ 

j
:::::::::.:... . 

: ......... ~~ ........... ~. ~. ~~~. ~~~~~~;~~~~~~~~~~~j .................... ' ........ . 
+ - + + + + + + + + + + + + + + 

1"1'-111 (IC. 1'1 1 (1ft llr.(1 P(I(I ;'~rl -':!ill'" ~c:'.(1 .:1()fl 4~fl c:;nr, C:;C'd~ ';flfI ~~n 7nn 7'50 

t = 1.?C:; 
r'I~Ht 3':'4 

:T11. fOF'F'" 111 
"TTl. P"'/. ~,::: 
peT. POP: 101) 

1", 

E:EIlI=DUt'1 IllJLATa UNl T 110. I. HLA~I A 

000 - :32..'1 ~ 2.~C; Crz.!') 
* 630-~((9' :I 3.&)S L1S%) 

* 110 .. SC5{).1.i fJUj 
.... 
...... .. ........... ~ 
.... .. 

••• 0 •••••••• ............ ........... j . 



t,,~~r: 

'Tn. F.f:'P. 
7TD. liE'll. 
F"( T. pnp. 

1 n 

::': 

":. 

Inn 

.. ... . .. 

c00-31'\ = !>.b5 

~ ~2()"L(~q s1.IQ(~3%) 

1)00- ~c;o ~ S.c.~ (t~~) 

...........•.. . . . .. ..•........... . . 
f 

·::::::::·····t 

2 •••••• : ....................... ~. ~. ~~~~~~~~~~;~~~~~~:. ~~. ~.~ •• ~. ~~~. j ........... . 
... • + ... + + + + + + + + + + 

Ihl'-I n<" 1 1"111 1 "\n ,:'(liI ,j"\(1 ':inil '<"\f) 4(1(1 4"),) 0:,01'1 ",':'On .. ,(In ":.'50 7nn 7'51'1 

E:Et~~[lUt~ t~I.IL ATo UIH T tin. 1. HLA S~ A 

I?"', 
~lF~( 411(1 

". Tft. Ff:'~·. 1 t 

ot» .. .31'\ :: 1..~~ (1~) 
k' ~2.1) -C;df ~ oJ{,O q (~~') 

~ t5'lO.~~ S.~t. (l~) 
7 Tr,. TIF\". ':'4 
P(T. POP. 10(1 

I? 
II 
l(' 

::..: 

":. 

• ... . ... . .... 
. . ............... . . . .. . .............. . j
. .:: ::: : . 

2 • • •••••••••••••••••• 
1 •• •••••••••••••••••••••• 

( . ) 

" " . " .. , . " ... " " " " " " " " " " " " " . " . , . " " " " " " " " ~ " " " . " . , . " " . " . 
... ~ + + + + + + + + + 

(III (I fl C, fl 1 II n 1 C, f' P 11ft ?~ (, :e (1(' -'c,f! 4,.n 4CJ r, C; (Iff 

... ~ ... ~J .... ~ .... ~ .... ~. 

,. 
<, 

,",,' 

.-'.{c,[i 
.----------------------+--------~~----~~ 

11,'1'''':-=:1 

r"~Ht 

- TTl. FF·· .. '. 
, TTl. [IF ',,'. 
F'( T. F·nF·. 

1 ? 
11 
1(' 

'''I 

1 ~'~I 
411 

1(' 
.;(, 
.:..~ 

-:1(1 4 BENF'rIUt'l HULA TO Uti! T l'lD. 1. t'iLA S Hi 

rxo~ 33~:: 3.1 t5 (il{.~) * 3qO-Jti~ -: ~ (1(%) 
411D-~. S.I1-(r~¥o) 

~ .... . 
~ .0 ....•.. : ::! :: :::::::: . . ... . .......... J .. . 

i ............................ :::~:: .. ~:~~:~;:::::i:~:~. ~~: ... 1 ........ ~ ...... ' .. 
+- ~ + + + + + + + + + + + + + 

... ,,(, (I" (, ,.H. , ,:,,(1 ,:'1'10 .~C;(I :':ilt(, :.c;n 4(11) 4c,fI 0:; ,HI ""'iff ",fI(. 0',"',0 71"1(, 70:;(1 

11 '1';' :=:1 187:~:c; 

I"IO'HI 
~ Tfi. FFF'. 
7rr,. Tlr:y. 
PCT. POP. 

14 
I ~ 
1 ~' 
1 t 
lf1 

,'" 
,:; 

"\ 

4 

10(1 

~,o 7300' 4 BHl~r'Ut1 t·~I.lLATo UNIT NO.l.RlA:::rA 

• 

... 

• OOO ... ~~ ;. :?2..'5 (~~~) 
'* 3{J) • .Lf9t : iJ-l ((,1 %) 

'1"'- (,ti).c 5. o~ (' ~) 

,:~:~~~~~~~~~~j. ... .. 
......................... :.:: .. ::::J:;::::': . :~~~:.:.: .... } ........................ . 

+ ~ + ... + ... + ... + + + + + + 

I~ 

0"(1 (.~ (, I (In I ~II 2('0 2 "H' 3(,n ::"\r) 4ft/) 4'5" 0:;1'11)" '5'5(' 6('(1 6'5(1 7(10 7'50 



,,-,,'" .. . ~~ . ..... .• ...,"'-............ -_._.-
• f' 

. . .......... , ................ -.................... . 
. • _.'-.... _. ,+_:~_._.'i...~_. __ .+,-",:_. ,.Y . . _-.'r+ -' -._+~_._.~ -t.,-~+-..... ::.. .. ,:-:~~'!(-~-~~':"-"~-!.,:-.;."'...l~.....,;.~-~ ... ~~--'~:~ ... 

nllt) n~ n 1 (In 1 '511 21'10 2",>(1 31'11) ~':;('I 4f10 

JI.:'~ 
t'II=A! 4,:'4 

: Tr', FF·f:'. I? 
• Tfi. TtF.V, ,n 
prT, F'nF'. :: '\1"'-1 

If' 

,;, 

.. *' ... . .... 
....... . ... -v.......... . . 

• 
. ~ .............. . 
~ ................. ' . 
1 •• •••• ••••••••••••••• ••••• • • 

• :. , • , ~ •• , , :' , • , :' ••• :' • , • : .... :' •• , ~ •••• :. : •• : ••• : : •••• : •••• :. H' 1- ... : .... :. 
nnn ~n Inn l~n 2nn ?~n ~nn ?~n 4nn 4~n ~nn ~~n ~nn 6~n 71'10 7~n 

11 "1 ':. .:~: 1 \::;7:::7 

,. = I,:'''' 
,,'FAr, 4::1 

c Trl. FF'P.: 1 (I 
C Tr,. f'f',I: ,;., 
P.-· T. PDP,' ,;;,.~ 

I? 
11 
1(1 

'( 
,:, 

"', 

FENI=~JM NULATO UNIT ND.loRLA?KA 

* • 
• .. . 

... ..... ... . ..... . .. 

'ltlJ- a'3~ s '3.\'Z.(~) 

i= 3CDo- ~I~'.: lli{t'ty.) 
~ - (s6o.. 5/1t; (h.%) 

I 
.1 

••••••••••••• • •• ' j~~ 

2 • ••••••••••••• •••• ',<',r" 

- j:.:::::::::.! . 
t • • ••• .............. ••••••• • ~:,:,: 

.: .... ~ .... : .... : .... :" .. :, ... : .. ,.,.: .. :,,:, :,-:.: .... -:~:-:-:: ... -:-J .. -: .-:-:-.~. --;-: --~~-:"~-:: .. 
nnn n~n Inn I~n ?nn ?~n ~nn ~~n 4nn 4~n ~nn ~~n ~nn ~~n 7nn 7~O 

, .. 
t~FFH: 

~HI. fF'P,' 
';.·fro. TtI='V. 

. F"~T. POP. 

I? 
11 
In 

,:, 

12'5 
4'53 

1 (I 
.,:.11 

tno 

r· 1?Cj 
t'1F.Ft'· 4::,=: 

c rro. FF'~·. ':0 

• Tr,. ro;=',,'. ~,;. 

PO: T. F'OF'.:: 1 (0 n 

1< 
12 
It 
II' 

4 

5(1 

'5n :;.·~I'I),. 

4 

4 

•• .. ... . .. . ... . .. ... . . ..... . 

F:EN(:tIUf1 NULATO UNIT NO.t.ALH~~A 

000" 35,\. 3.~~ (~'%) * 3/,O"S1C\ ~ J.f. '2.S (S~~) 
Su> .wp"J 5ZfL 1~) 

• 

.... . 
~ 

...... . ............ ........... 
~o •••••••••• 

,.: 
I . 
i 



I 

t'1FAI, 
c rro. F~'F'. 

- fro. IIF',I. 
PI' T. PDF'. 

1,:' 
11 
III 

,::, 

4 

4 

c, 

In 

.. . .. 
•• 

• .. ..... .. . . 
•• . . ........ .. • ........... ................. 

2 •••••••••••••• •• 
I • ••••••••••••••• ••• •••• • 

. ~ .... ~ .... ~ .... ~ .... ~ .... : .... ~ .... ~ .. :. : ... : ~ ... : ~ .... ~ .... : .... J ... ~ ... , :. 
,'h'I, f'~ ft I (II' I ~,(, ,=:'-'(1 2':>'-' ;<,...-, 3":.0 41''-' 4":,(' '51)0 5':'.(' j!,lIf, ';,50 7(10 75n 

11 1'" :=:1 

r' 
1"':"':'1 

,-Tf!. F~'~. 

'T r'. I'F',!, 
F''- T. PDP, 

11 
If, 

,::, 

1?"'i 
44;:' 

11 

·:.'{nn~ 4 'f:Ftt~nllt1 till\. ATD /.It-ll T ttn. 1. AI A~VH 

rx;o .. 3'1q t ).2., t (1%) 
~ ~-S"t>~, ~ ("1~) 

51 0 .. CDoso .. ':)·50 (Il'%) 

( , ' 
.:.j.~:~~~~~~~~~~:~~ .~.:: . ..j 

.~ .... ~ .... ~ .... : .... ~ .... : .... : .... ~ .... ~ .... : ......... : .... : ......... : .... :. 
,-''"', ,','" Il,f' 1 "'i(, '=-(11' ;:OC,f' :'f,f, ':!c,n 4f''-' 4<=;f' <;",-, c;c;n ",on 1',<=;'-, 7,H, 7"'i'O 

t = L.;~5 
t'IFAr, c 4,:04 

'-Tn. F~'F'. 1", 
~Tn, TlF'..I. ,.:,\ 
1",' T. PrJP. 10f, 

4 

BEN~NJM NULATO l~IT ~O.l.ALA~VA 

ODD'" ~S',: 3.3'/ (r~~) 
* 3fDo .. ~,q ~ J./,'30 (~o~) 

''1\7, 
S'lt> - 100-= S.~1 (~~) . 

.. 
......... . . ............ . ......... . .............. ...... ...... ....•.... ........ . . 

. : .... ~ .............. : .... : .... : ...... .. :.: .. : .. :.: .... : .... : .... : .... j .... :. 
fI':II', (,c,r, 1 (1(, l~d' 03'00 2';11 '3(1) :=:<=;O 4'-'0 450 500 55f1 6'-'0 ;:,0:,0 700 750 

r' t.:','':i 
r'lF.pt· 4 <c' 

o T n. FF'j';'. 1 n 
'TT,. r'FI/. c:,';; 
F',-r. F'nF'. 1 (,f! 

I? 
1\ 

,::, 

F:EtlFDUM NIIl.ATO Ut~rT no 1. AL A~~'A 

000 "3(g~, 3.'-/S (1'\%) 

'. J 
.. 

~ 310- 52.~ :~. ;,"q (,o~) 
'S3/) .. ("D ·~b (S~) 

I 
i; , 



.......... _ ~.-_~~ _______ -~ ___ L •• ~~ __ • ~ .... -+ __ .--:'"~ ....... ... _ ... _~_.~_~r 

.... . ... .... ...... . . . . .............. . . ............. j 
. . j............... . . 

. . . . . .. . . . .. . . . . .. . . . . . . ... .. . . ~. ~~~~. :~~~~~;~~~~~:~~. ~~~ ....... ~ .j .. ' ..... ~ .. . 
' ........... + ... + + + + + + + + + 
(i1)I', ne (, 11',1'1 1':'(' ,,::'ftn ':':'.(1 3('0 '::'5ft 4"1(1 450 '500 '5'5'" ",111) 6':'(' 70ft 7'5ft 

, .. 

1~'':' 
r·lfm. 40.14 

~Tr,. F.~.p". ·12 
'TTl, ['EV. = ,1 
peT. POP. Ion 

H 
I'. 
lo? 
11 
1(' 

4 

4 
IINTT rl~·~~1;R\ 3.C; ( (I'~) 

* 350" 'ioq. 1. ~~ ((q;~) 
-5"'0 .. ,00 , SZ( (i~) 

% • 
• 
• . . . . . . . .. . . .. 

.... . .. . 
.. ::::::::::: .: .... .......... . .... . ....... ............ ..... ..... . 

.... ... j 
. :" ... ~ .... :.' .. ':.' ... :. .... :. .... ~ .... :.' ~ .. ~ .. '::.' .... : ... :.' .. ':." . ':."." J. "':.' 
non ft-n Inn I~'" 2nn 2~'" ~nn ~~n 4ftn 4~n ,~ft,., '~~n ",nn "'~,., 7nn 750 

1'1 1?'5 
"'''''HI' 4 .~(, 

: TTl, F;;'J;>~! 1':--
',Tf\; ft':-I/.' = 7(, 
prT. POP; tOO 

11 
1 n . :, 

4 

• 
• 

, :.~ . .. 

~ :::~~~:"~~~~~~:~f~': · 
I •• ......... ••••••••• •• •• ••• •• 1 
.:. .... ~ .... :. .... : .... : .... :. .... : .... :~ ... : .. :.: .... ~ .. .. : .... : ........ : .... :. 
non n-o tnn l~n 2nn ?~ft ~on ~5ft 4~'" 450 ~nn '55n ~no ~'5n 7~O 7~n 

11 '1<:'·':=:1 

-TIt. 
'Tr'. 
F·r T. 

14 
I:: 
t:o 
II 

:=: 

..:, 

I· 
MFHI, 
Ff:'·p. 
rIF\!. 
F·flP. 

1 :::7';:'", 4 " FF.N':-T'II~1 IltlTT 

1';'5 
441 

11 
,.:,:: 

1 (II~ 

.' 

.... 

~ ~~~~~:~ :: .t........... • 
2 • .~............. ••• 

1 ••••••• : , •••••••••••••••• ~ ••••• ~~. ~ •• ~r~~~~~;~~~~~:~ ... ~.~~. ~~ .... ' .. ~ ........ . 
+ + + ... + + + +l+ + + + + ~ ... ... 

niH. 1'':(1 1M, 1':.11 (01) 250 ::,-,n ':?'';fI 4f10 4';0 '5(,,-, ,,'Sn 6M. 650700750 

, /., 

.:,. . ~ .~.' . 

.. ~ 


