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Osterkamp and Payne (1981) examined electrical-resistivity and acoustic-transit-time well logs from ogists and the Alaska Geological Society, Book 50, v. 2, p. 545-558. gs f::e‘;r;kl:zm[fl}zs 2? lg g }2 ]é g%?iggg? ig?? I:rg 1:}%5 gg g?? ﬂ;g 151 )
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Caliper (CAL)—The caliper log often indicates an enlarged bore hole within the permafrost horizon, (& Simpson Core Test-28 5027910026 915 do. Yes 61  Highland State-1 24 IIN. 11E. 5002920199 1872 1800 ND ND 1872 1849 1802
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/ 7 eutron porosity (NP)—In several wells, the neutron-porosity log shows a slight drop in recorded T BP 27-11-14 5002920006 2051 1903 do. No 77 Pmudhoe Bay Unit 1-16 8 10N. 15E. 5002920288 19900 1990 1957 1951
' j/ porosity at the base of the ice-bearing permafrost. Because of the density difference between ice and free U ARCO E Bay St-1 5002920133 2051 1903 e No 78  Pmdhoe Bay Unit 7-6 38 11N. 14E. 5002920294 1933 1904 1948 ND ND 1933 1909
e / 800 4 water there would be a hydrogen density difference between a unit saturated with water and one V* Tulageak-1 5002320018 1001 -~ Lachenbruch and others, 1987 Yes 79  Kuparuk River Unit 1A-8 5 IIN. 10E. 5002920313 1I5T6RESISTOR 1 578 S SINIDES S S90RER1 SO0 -~ ND 1576 1543 1477
! r‘7‘ containing ice. w West Dease-1 5002320014 919 853 il Yes 80  Prudhoe Bay Un%t Q3 16 TN 13IE. 5002920322 2020 2020 184 ND - - - - ND 2020 1994 b
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/ J Gamma ray (GR)—The gamma ray device detects the base of the ice-bearing permafrost because of a Y Tunalik-1 5030120001 951 do. Yes 82 Prudhoe Bay Unit 14-5 9 10N. 14E. 5002920327 e 1oe e M e e e Tt OB 1919 1880
. B «, w r/ high concentration of potassium ions in solution at the freezing front. Z Peard Bay-1 5030120002 1017 886 do: Yes 83 Reindeer Island STRAT TEST-1 18 13N. 15E. 5002920342 1016 1019 NDI 1075 ND ND 1016 989
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; 5 'DXX{\_( s /—A !ithology (fig. 1), and. thgir r.nagnituée of log shifts are summarized (table 2). However, presence of o Kul;}anakleide—l Sgi e 1882 2 gg: Y:: 86  Prudhoe Bay Unit TERM-B 20 1IN, 13E 5002920355 2020 2000 - ND ND ND ND 2020 1993
/ W r BOUN interbedded shales within a ice-bearing permafrost sequence affect the well-log responses, making the DD Bt Sama) 5027920005 1214 919 iy Yes 87  Prudhoe Bay Unit TERM-C 3 IIN. 12E 5002920356 1983 2022 - 2004 ND ND @ - - 2m2 1983 1954 a5
_ £ - / interpretation of the depth to the base of the ice-bearing permafrost difficult. The 156 wells and EE Ikpikpuk-1 5027920004 15 9l Ao Yes 88  West Mikkelsen Unit-2 13 I0N. 19E. 5002920357 1876 1872 1878 - 1800 ND ND 1874 1837
\rx: / log-determined depths to the base of the ice-bearing permafrost shown on the map are listed in table 3. FF Drew Point-1 5027920002 1066 820 i N 89  Gwydyr Bay State-1 9 12N. 13E. 5002920375 1845 1845 ND 1900 ND ND 1845 1820
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i i ’\ S K\\ 8 : A Physical factors that control the response of a well log within a stratigraphic section include (};I(); IS:mCITg?lPLKuP amlk'l gggg;%}? 32; :o' zes 13(9) g:;:l::::: ;,er o ;3 }} ;I 13 g g%ﬁgg%g 1785 1772 NDL ND Nb ND 1785 1758
s < I / \ mineralogy, porosity, temperature, pore fluids, and, of special concern for this study, the physical state of AN d s it o 4 5 101 Klpanik River Unit 16-1 16 1IN, 10E 5002920464 o SRS | S e e 1539 1493
o e = / ! the pore fluids. The ability of a well-log device to indicate presence of ice within a rock mass is dependent ss Exxon Canning River A-1 5017920005 925 o Yes 102 Kuparuk River Unit 1B-1 9 11N. 10E. 5002920465 17200 1732 - ' ND — 171g " ND 1720 1625 -
AREA OF MAP 7 \\ ’ it (ANWR) on the sensitivity of the device to detect ice and the volume of ice within the rock. Observations made TT. Umiat-9 5028710009  projected 1168 do. Yes 103 Prudhoe Bay Unit 17-1 22 I0N. 15E. 5002920476 1924 1920 1923 ND ND 1922 1882 =
e G , , / using well logs from the North Slope indicate that a substantially thick wedge of ice-laden strata s present 104 Prudhoe Bay Unit 11-4 34 IIN.  15E. 5002920480 1924 1922 1924 ND 1890 1895 - ND 1924 1892
: \/&4’4\ ~ MM I ( in the Prudhoe Bay area (discussed below). The base of the ice-bearing permafrost in the high-porosity }gg gr":i:z; g:y %‘:;f"é_ i ;‘11 :g E ig g g%ggggg?é }g;g ig;g ND 1?_3:5 ND ND 12;3 :gg,g,
‘”‘\ ' /\ 8?)(/\\ A 5 ol : ‘\ Sf'in'dstones ar}d cqnglomeratgs of the Prudhoe Bay region is Sasﬁly deteCt?d, and the IF’Q responses are 1 American Petroleum Institute well identification number (Alaska Oil and Gas Conservation Commission, 3001 Porcupine Dr., 107  Sag Delmqy 36 12 N: 16 E. 5002920518 1458 1475 e ND ND ND i R ND 1458 1422 o
S /V{Vo 4/?\\ FRON/ G ! similar to the .1deahzec'i ones (fig. 1). Here, the de.pth of the 0 °C isotherm is at app‘roxm?ately the same Anchorage, Alaska, 99501). 108 Sag Delta-8 ; 27 12N. 16E. 5002920519 1460 1442 ND ND 1460 1422
= _% e 5/’7 TR ’ = depth as the ice-bearing permafrost. However, in many of the wells from NPRA in which the shallow 2 Depths measured from ground level. 109 Kuparuk River Unit 1C-1 12 1I1N. 10E. 5002920526 1800 1758 -~ ND - -~ ND 1800 1757
ALASKA  ~ \¥ / e OUNT Aﬁ// potentially ice-bearing sequences are characterized by siltstone and shale lithologies, the well logs fail to | b e e s by R T R LT 110  Prudhoe Bay Unit TR 15-11-12 9 IIN.  12E. 5002920524 1885 1877 ND 1960 ND ND igﬁg ?1(5)2
% «, T i ___________ Wil N . indicate presence of ice, even though the depth of the 0 °C isotherm often extends deep into the lithologic P[value s iod Y Ps P : 8 T } ié i;s ']I?elm-33 it 32 }(2) ﬁ g g g%%gggggz ;g;g ;Z);g gg Do e 2]:51 e e
68° L = e > “““““ s ) B e R T T e e l ; section. In these wells, either ice does not exist within the permafrost sequence (above the 0 °C isotherm) 4 ] Tact(43- -U 3 )6 : oo gl e e 166 M e e s
& . ’ b OO Ly ! : A \ ; or the volume of the pore-filling ice and related physical characteristics were such that the well-logging For complete reference see References Cited. i}i \WN::: gi gzz: Ugi:i,, 36 13 N‘ 9 E 5002920542 1710 1718 ND ND 1765 ND 1704 1708 ND 1710 1680
N e o el L devices did not respond as expgcted. §hales that were not deeply buried have high pqrosity anc% fluid Indicates whether or not well was logged using conventional wireline tools in IBPF. 115 MP Tract(22-31-11-13) 30 1IN, 13E 5002920545 2071 2072 - 2044 - ND 2071 2036
iy i e : content; however, waters associated with shales are ionicly bonded to the clays preventing formation of * See table 3 for the depth to the base of the IBPF as determined from subsurface well-log data. 116  MP Tract(32-30-11-13) 30 11N. 13E. 5002920546 2094 2060 - ND - - 2096 2094 2059
\/> ’ : B _lgge ice. Therefore, ice may not exist within a section where clay-rich rocks are found, even though water and 117  Prudhoe Bay Unit TR T-3C 17 11N. 15E. 5002920555 192351923 1909 * 1837 1880" =“ND ND 1923 1891
£ ‘ temperatures below 0 °C are present. The thick shale sections present within the shallow substrate of 118 Kuparuk River Unit 1C-8 12 11N.  10E. 5002920585 If9amEs AR s SN ND 1794 1751
INDEX MAP SHOWING LOCATION OF STUDY AREA \ ; ! B R O O K S R A N G E parts of NPRA may affect pore-filling ice conditions; but currently there is no direct evidence to support 3(9) gesz Sak R‘V‘l“ Unit-23 1; lg ﬁ 22 g g%gg%%? iggg ND Eg ]I;HS)Z 11;?0 l;g iggg }g;g 1;2;6
\. : \ this possibility. However, many of the NPRA well-bore temperature surveys also fail to reveal a Table 2. Comparison of well-log responses within ice-bearing permafrost (IBPF) with those 121 E:sitM;‘;km;Ss-en Byt 7 ON. 21E 5008920002 1950 = joEE . NB ND 1950 1923 1970
| | | | | | | \ ’ | | | | 1 | \ -\L | \ discontinuity in the near-surface geothermal gradients like that observed in the Prudhoe Bay area; this below @he base of IBPF it) sandstone - 122 Alaska State A-1 27 10N. 24E 5008920003 1395 " 1376, ND  ND ND 1295 @ - ND 1395 1364
162° 161° 160° 159° 158° 157° 156° 155° 154° 153° 152° 151° 150° 149° 148° 147° 146° may also be due to the presence of the near-surface shales. [Resistivity and acoustic-transit-time logs were most reliable for determining the base of IBPF] 123 West Staines State-2 25 9 N. 22 E. 5008920004 2029 2029 1986 ND - - - - ND 2029 2009 2010
INTERIOR-GEOLOGICAL SURVEY, RESTON, VA-1989 The lithologic variability that complicates selecting the base of ice-bearing permafrost 124  Point Thomson Unit-1 32 I0N. 23E. 5008920005 1978 1974 2140 ND 2005 ND ND 1976 1955
Base digitized from U.S. Geological Survey 1:260,000 SCALE 1:1 000 000 Map data compiled in 1985 from well logs is shown for 11 wells located across the North Slope (fig. 2). Each well is represented by a Well-log response In Below Remarks 125 Point Thomson Unit-2 3 9N. 22E. 5008920006 1980 1979 1990 ND 2120 ND ND 1980 1961
Barrow, DeLong Mts., Flaxman Island, Meade River, Point Lay, Point Hope, Tesheckpuk, Wainwright, 1355; Arctic, This work was funded by the U.S. Department of Energy under U.S. Geological Survey-U.S. Department of Energy resistivity and gamma ray log or spontaneous-potential curve. The resistivity log was selected because of IBPF IBPF 126  Point Thomson Unit-3 34 I0N. 23E. 5008920007 1820 ND ND S RO IRASIE ND 1820 1800
Chandler Lake, Howard Pass, Ikpikpuk River, Killik River, Lookout Ridge, Misheguk Mtn., Mt. Michelson, Umiat, 25 (o] 25 50 75 100 MILES Agreement No. DE-AI21-83MC20422. its ability to reveal the presence of ice; the gamma ray and spontaneou&potential curves were used to add 127 Mk finte -1 e ah BE 5008920011 1942 1634 5 Hp o NP B T N L 1ot ¥
kok River, 1958; Beechey Point, Harrison Bay, Philip Smith Mts., Sagavanirktok, 1976 === — == E : ‘ ‘ Sy : ; B by ; LB b 128  Challenge Island-1 8 I0N. 22E. 5008920012 1613 1610 - ND 1605 ND  --- - 1640 1611 1584
Mkt R R SRRl e i relative lithologic and stratigraphic data. The depth of the base of the ice-bearing permafrost, as picked Resistivity (RES)--Substantial drop >1000 Qem 5-15 Qem a2 *129  Fish Creek-1 15 1N 1E. 5010310001 610 590 610 597 o
- LRI N = 2L L 12 RICGRErRRe from the well-log data (fig. 2), was compared to the depth of the 0 °C isotherm and to the depth to the base in resistivity; the long- 130  Colville Delta-1 9 13N. 6E. 5010320002 I8G5HENRIRS0F = S IRANE NS BN e eqg 1850 1830 1551
of an ice-rich layer. normal curve separates from 131  Cape Halkett-1 5 I6N.  2W. 5010320004 102088 o5 == 06N TEEIND R 1020 997 997
In sections A-A’and B-B’ (fig. 2), the base of the ice-bearing permafrost has been identified in 7 of the the short—normalp cnre itk *¥132  South Harrison Bay-1 6 12N.  2E. 5010320007 920  ND s IND SO0 EIND ND 928 gg i
11 wells. In the Prudhoe Bay Unit N-1 (fig. 2, A-A"), the apparent base of the ice-bearing permafrost is the IBPE *gi ngar; 1;101(13“-11( : }‘i’ i‘l‘ g 12‘5 ggiggggg 332 ;53 s 19\?8 ND ND gg 302 =
interpreted to be at 1,919 ft, near the base of a long transition zone from resistive to conductive strata. In 3 135 we,;t F:-an-iee i 1 R aw i ol 380 ND 380 354
the J.W. Dalton-1 well (fig. 2, A-A’), however, the base of the ice-bearing permafrost at 887 ft appears to 4 ’ S - 80 " 130 fi *136 N<;ni1 Kalikpik-1 3 BN 2 W: 5010320011 418 417 420 ND ND ND 418 393
coincide with a distinct lithologic contact. The interbedded sediments in this well complicate the selection coqstlg lransq L ,TT)" mes/ft mes/ qiv 137 West Sak River Unit-15 5 10 N. S$E. 5010320013 1457 1466 ND ND 1457 1437
7 of an accurate well-log pick for the base of the ice-bearing permafrost. Farther to the west, in the South Slgm'ﬁ(:'flnt T 1IN 138 West Sak River Unit-20 5 9 N. 8E. 5010320018 1370 1370 ND 1420 1370 @ — ND 1370 1343
A A Z 3F 147.A 150,X 132,JJ 38,P A Barrow Test Well-3 (fig. 2, A-A’), the base of the ice-bearing permafrost is obscured; however, it is transit time. 139  West Sak River Unit-18 16 11 N. 8 E. 5010320019 1522 1522 === ND - - - - ND 1522 1492 35
TUNALIK-1 PEARD BAY-1 SOUTH BARROW TEST WELL-3 SIMPSON CORE TEST-13 J.W. DALTON-1 S. HARRISON BAY -1 PRUDHOE BAY UNIT N-1 INTRODUCTION possible that the slight resistivity deflection at 790 ft represents the base of the ice-bearing permafrost. In : ) 140 E"“S‘ K‘"l"l""l Unit-1 g 147 l\sr 22 g ggigi%g 485 485 485 ND 485 458 680
APl 5030120001 APl 5030120002 APl 5002310011 APl 5027910013 APl 5027920006 APl 5010320007 APl 5002920079 Bl ans Rudlnates fommnwithinga (I doamps it = ioe ibenikae aqidlibrivm BiDeatuse many of thg NPRA wells, shales may reduce pore-fillingice and effect the extent to which a well-log device Cahper. (C}AL)"OﬁCH shows large Larger Smaller Relative cl'lange':, dependent il legir{l;ﬁt-l - L 1680 1665 - ND ND ND 1679 1672 1672 1680 1652
RESISTIVITY IN RESISTIVITY IN RESISTIVITY IN RESISTIVITY IN RESISTIVITY IN RESISTIVITY IN RESISTIVITY IN data are necessary to calculate the depth and thickness of the gas-hydrate stability field. Acquiring these can detect ice. 25 : l b : variations above the IBPF. On engineering parameters. Kavik Unit-3 8 3N. 23E. 5017920004 844
GAMMA RAY OHMS-SQUARE GAMMA RAY OHMS-SQUARE SPONTANEOUS OHMS-SQUARE SPONTANEOUS OHMS-SQUARE GAMMA RAY OHMS-SQUARE GAMMA RAY OHMS-SQUARE GAMMA RAY OHMS-SQUARE data is difficult because drilling activity often disrupts equilibrium temperatures in the subsurface, and a The plot of the 0 °Ciisotherm on cross sections A-A’and B-B’(fig. 2) reveals the difference between 142 Canning River Unit B-1 32 4N. 34E. 5017920006 1830 1850 - -~ ND  ND = e 1830 1804
IN API UNITS METERS PER METER IN APl UNITS METERS PER METER POTENTIAL METERS PER METER POTENTIAL METERS PER METER N APl UNITS METERS PERMETER  IN API UNITS METERS PERMETER  IN API UNITS METERS PER METER il ittt Al hicrmal e e basia LS <ob uhvuchand Baatvar, 1959). On the well-log pick for the base of the ice-bearing permafrost and the 0 °C equilibrium isotherm. The Spontaneous potential (SP)-- more more 20 to 30 mV shift 143 Susic Unit-1 2 2N. 13E. 5022310001 8 80 N 35 Np WD o - WD 845 829 834
0 150 0.2 2000 0 150 02 2000 : 0.2 2000 ; 0.2 2000 O 150 0.2 2000 O 150, 0.2 2000 0 150 0.2 2000 the North Slope of Alaska, a series of 46 oil and gas exploratory wells, which were considered to be near difference is variable, for instance, in the Pridhoe Bay Unit N-1, it is 115 ft, but in the South Barrow Test Drift from negative to negative positive *144  E hooka Unit-1 32 IN. 16E. 5022320008 gdg ND  ND 3‘558 I?DS ;“i()) 855 - 850 ggg g}’;g 809
: I : I : !—r‘#\)/—l I I I—#](\)/—| j l [ : I ; I : thermal equilibrium (Lachenbruch and others, 1982; 1987), were surveyed with high-resolution Well:3, the differenceis approximately 510ft. A summary list of all North Slope wells, where comparisons positive below the IBPF. }ig ﬁ:sfg;i%n;;l] 32 :1)’ g ié g ggggigig 924 940 in) ND ND - ND ND 964 947 949
; Hpi LITHOLOGY b LITHOLOGY e LITHOLOGY PG LITHp LOGY s LITHOLOGY S LITHOLOGY 5 temperature devices (see table 1). However, several thousand other exploratory and production wells 10f this tﬁgf el b,e :nade,tls;f}own (ttable 4),tand o f(.if theLl 4 ‘;:e“i’ thehdepzlhs tt(; the bf 95;20.f ?;é;;a_rmh Simpson Core Test-1 10 18N. 13 W. 5027910001 1017
- et T g have been drilled on the North Slope, and although they do not include temperature profiles, their ayer (IRL), as interpreted from temperature profiles (Lachenbruch and others, ; puare Drilling rate (DR)--Increased Slower Faster Relative rate depending *147  Simpson Core Test-13 24 I9N. 11W. 5027910013 725 SND 725 719
o T e =5 =8 : 200 geophysical logs often allow discrimination between ice-bearing and non-ice-bearing strata. At the outset indicated. drilling rate is often on geologic conditions. 148 Simpson Core Test-17 24 I9N. 11 W. 5027910018 i o L e e e - i
400 |- ] g ] g & g - 400 of this study, the coincidence of the base of ice-bearing strata being near the same depth as the 0 °C observed below the IBPF. *igg ?"W“P%’;lgz_rf Test-20 }Z 119; l; 1(5) & ggg?}gégggé 38(5) ND gg ND 885 895 38(5) gg;
600 L o : 1600 isotherm at Rrudhoe Bay (Lachenbruch and others, 1982) appeared to offer an opportu.nity to quickly Drew Point-1 2 18N 8W. 5027920002 810
S o ; 887 |2 gnd 1pexpen51vely expapd the size of our subsurface-temperature data base merely by using well logs to Gas chromatograph (GC)-- No gas Gas detection ~ Geologically dependent 151 East Simpson-2 23 9N, 11W. 5027920007 s NDT NDD o NDEE NDE 5000 ND L NDL L ND 630 612
900 identify the base of the ice-bearing strata. Umiat-1 35 1IN 2 W. 5028710001 1100
1000 |- B 101 1050 f \ -{1000 Accordingly, the log suites of more than 440 publicly available, North Slope exploratory and i?e(;?jlggsfrg;esgﬁaor& 152 Umiat-2 2 18 1W. 5028710002 1050 - 1050 - ND ND 15(215(? 1505‘;0
; ) 5 » oty 2 * O o= o N -
5 1200 - \ é) / \ it 12300\ 41200 ?roguctfon wells were examined. Of these, 156 wells have log responses allowing discrimination of ICE-BEARING PERMAFROST THICKNESS i i ol basg IBPF.y }gi 3::1&131‘ Iljnit-l 13 ; g gg gggg?}}%}s ;7,2 i 530 II:IIB gg g e 258
w ce-bearing strata, and these log responses were used to map the depth to base of the deepest ice-bearing ] ' : ] :
< 1400 |- 41400 strata. In wells outside the Prudhoe Bay area, a considerable difference exists between the depth of the 0 The wells used to map the base of the ice-bearing permafrost were selected on the basis of the quality *58 Rl Uil 1 48 SE . SRetng L e D SR T DR ha i ;(5)(5)
ElEr 1 1 °Cisotherm and the base of ice-bearing strata. This discordance is great enough to diminish there liability gf the }fo.g dgta ang ge"k’gf‘c "‘tf‘;rmagon‘ V\{)ill .locjl(‘tlesl age) ‘1‘2")“1"“}1“‘;0 (liwﬁllts & Wh’ih depthfs.l 9 tt)het Density (D)--Increase in recorded 2.1 gm/c® 2.4 gm/c® 156 Bt Harison Bay State-1 % BN 8E  sos00l 1570 1570 1582 ND 1580 ND ~ -~ 1553 ND 1570 1538
S 1800 | \ ; 11800 of using well logs for estimating the depth of the 0 °C isotherm. Nevertheless, understanding the ase of ice-bearing permafrost have e.en obtained (table 3), (2) wells for which temperature profiles bu e s e
\ 9191 e IRL 1968 distribution of ice in the subsurface, as determined by well logs, may be important for predicting the no well-log picks are available (table 1; not used to determine contours), and (3) wells for which both below the IBPF
2000 - [ < - 2000 ; well-log picks for ice-bearing permafrost and temperature surveys are available (tables 1, 3, and 4). Of the s S : 1 ; : s
= = 2034 presence of natural gas hydrates. . . . . . American Petroleum Institute well identification number.
2200 : 2200 In arctic environments, where temperatures below 0 °C persist, permafrost terminology is used to 46 yuells listed in t.able 1, only 14 have well-log picks for the l?ase of the 1ce-bearm3 permafrost A(table 4), @ ] : St ; i o . .
2400 12400 explain temperatures and the physical state of pore-filing water in the subsurface. However, this while the remaining 32 wells were nqt logget;l, or the confidence level was low in the selection of an eutron POTO.S“)’.(NP)“STnal to 25% 22% S IBPF depthli lfrom V?lﬂgils. ;;)IHOE i;ievllces; STC lable; for abbreviations and explanation of well-log devices and responses.
2600 L 12600 terminology is often inconsistent (Desai and Moore, 1968; Hoyer and others, 1975; Walker and Stuart, accurate well-log pick for the base F’f 1ce-bgarmg permafrost. no reduction 1o ?alculated 1 g v el Narala vl g henepgiee
% § 1976; Osterkamp and Payne, 1981), therefore, “permafrost”, “ice-bearing permafrost”, and “ice-rich The depths to the base _of the ice-bearing permafro§t as selected by Osterkamp and Payne (1981) apparent porosities, often IBPF depth interpreted from all logs (this study). ---, no data.
2800 - ] - 2800 permafrost” are defined below. (table 3) compare closely with the depths We'obtamed in our study. However, 12 of Qsterkamp and masked by geologic 12 1gpE depth corrected to ground surface by subtracting distance between kelly bushing and ground elevation from the interpreted
3000 3000 “Permafrost is defined as the thermal condition in soil or rock having temperatures below 0 °C which Payne’s (1981) 61 wells were not incorporated into our work, because of lack of well datain our study or conditions. IBPF well-log depth. ---, no data.
persist over at least two consecutive winters and the intervening summer” (Brown and Kupsch, 1974). uncertain reliability of the well logs. In addlt}on tothe 49 wells used from Osterkamp and Payne (1981), we 13 For complete reference see References Cited. Wells without map number were not used to contour. -—-, no data.
The presence or absence of water or ice is not included in the definition of permafrost, and the depth to have added 107 wells to the data base, which allowed us‘to reduce t.he contour interval from 200 a8 Gamma ray (GR)--Small deflection Lower Higher 5- to 10-API unit deflection
the base of permafrost is the depth to 0 °C. used by Oster.kamp and Payne, to 200 ft. Furthermorg, this map provides easy reference for evaluation of to higher API values. * Temperatures measured after well bore reached near-thermal equilbrium conditions (see table 1).
Ice-bearing permafrost refers to soil or rock that is interpreted to contain ice that can be detected by local ice-bearing permafrost conditions at selected sm?s on thg North Slope of Alaska.
subsurface well logs. Contours on this map illustrate the depth to the base of the deepest ice-bearing In the central a“d, south—cen_tral parts Of NPRA, no ice-bearing permafrost del?ths have been denoted
permafrost-asdetermined-fronrsubsurface geophysicat weltfogs (exclusive of temperature fogs) for 156 hf’m"m of problems in-welllog-interpretation-The-presen & ofnear ShiesioisanEiina s sans i
exploratory and development wells on the North Slope of Alaska. highly compacted sanc;lstone probably mask the basg of the ice-bearing pgrmafrost in the log data.
Using equilibrated well-bore temperature surveys, Lachenbruch and others (1982) were able to The pronounced linear trend of the coqtours,whnch follows the coastlTne from thg nqrtheastern part
differentiate thawed, water-bearing sedimentary rocks from ice-rich horizons in the Prudhoe Bay area. of NPRA eastw.ard,. shows that maximum ice-bearing permafrost depth is a feyv miles mlan@ from the
The geothermal gradient of sediments with ice-filled pores is usually different from the geothermal coast, and that it thins to ﬂ,‘e north (offshore) and south (onshpre). Offshore thinning of the 1cg—bearmg
gradient in sediments with water-filled pores. This difference in geothermal gradient is a conspicuous permafrost has been attrnbutegl to presence of the Qverlymg water colump of the Arctic chan
indicator of the base of ice-rich permafrost. In the near-surface coarse gravels of the Prudhoe Bay area, (Lachenbruch, 1957)~ .ln the Pom_t Bafrov\{ and Cape Simpson area, ice-bearing permafrost thickens
the discontinuity in the geothermal gradient represents the ice/water phase boundary at the base of the toyvar.d the coast, similar to the situation in the Prudhoe Bay GHEEL Howevgr, thg sgspected offshore
ice-rich permafrost (Lachenbruch and others, 1982). However, in the finer grained sediments found to thinning is not shown on t}_ue map because of the laclf of well sites. The substantial thinning south and west
the west of Prudhoe Bay, in the National Petroleum Reserve in Alaska (NPRA), observed changes in the of the Prudhoe Bay area is attributed to a change in the near-surface geology (Oste.rkamp and Payne,
geothermal gradient are not as pronounced (Lachenbruch and others, 1987) and often not present. 1981, Lach.enbruch.and others,.1982). Th‘e shallqw substrate o.f the Prudhoe Bay area is c'haracte.rlz'ed by
Described in the section below are terms and methods used to study ice-bearing permafrost and to coarse-grained §ed1ment§ of high porosity, whlcb have relatively low geotbermal gradl-ents within the
B LL NN 129,11 64,5 B’ interpret the well-log responses. The relation between permafrost, ice-rich permafrost, and ice-bearing permafrostRho.rlzont. '1;215 louihgeo(tihermta} ?rasllsgkcﬁ”%ponds to ; th“t:k .lce(-ibgarfl.ng pe;r_naf(rjost
: sequence. Regions to the south and west into , however, are characterized by finer grained or ; : : " ;
AWUNA-1 KOLUKTAK-1 FISH CREEK - 1 BP 12-11-13 pesmaleast, an thi NariiSlope of closke, or s gl lower porosity sediments, which exhibit high geothermal gradients in the permafrost that correspond to a Tal;}leotinN:i);ﬂ;i? i?)}:)eal:: g; ;’;';’;'_i::jlez;p:: ?Igllff : :3{;’:5:;.':‘; g‘::g : (())fs iﬁi}gﬁgl&gs&f: al}fzg;
APl 5015520001 APl 5011920001 APl 5010310001 APl 5002920221 EXPLANATION PERMAFROST relatively thin ice-bearing permafrost sequence. In this region, permafrost thickness is also influenced by (IBPF) i o " 9
RESISTIVITY IN RESISTIVITY IN RESISTIVITY IN RESISTIVITY IN Cangaliarate Permafrost, or perennially frozen ground, is Widespread in arctic regions an'd underlies approxi- an increase in mean annual surface temperature of approximately 5 °C from Prudhoe Bay to the south
GAMMA RAY OHMS-SQUARE GAMMA RAY OHMS-SQUARE SPONTANEOUS OHMS-SQUARE GAMMA RAY OHMS-SQUARE mately 20 percent of the land area of the world (Ferrians and others, 1969). Information about permafrost into the northern foothills of the Brooks Range (Lachenbruch and others, 1987). 1 9 3 4
IN API UNITS METERS PER METER IN AP UNITS METERS PER METER POTENTIAL METERS PER METER IN API UNITS METERS PER METER thickness and variability in composition is necessary to solve engineering and scientific problems such DR CAL SP GR RES ATT NP D GC Map index  Well name API No. Depth to 0 °C IRL IBPF
Y 150, 0.2 2000 Y 150, 02 2000 | . 0-2 2000 Y 150, 0.2 2000 Sandstone as: (1) correcting seismic-reflection velocity data; (2) developing safe procedures for oil-well drilling, e ke 2 e S R N e i (fr) (ft) (ft)
: : I : —40—] : ; : I 2 completion, and production in permafrost; (3) developing regional ground-water models; and (4)
LITHOLOGY : LITHOLOGY ! Y i LITHOLOGY Siltstone assessing the distribution of gas hydrates within or beneath the permafrost sequence.
# = ehml wom i ¢ Shal Study of the thermal regime of North Slope permafrost using serial temperature profiles in wells SUE South Barrow Test Well-3 5002310011 1300 --- 790
200 : 200 ale dates from early days of exploratory drilling in this region. These data and permafrost thickness are SUMMARY AND CONCLUSION g g 13,V Tulageak-1 5002320018 1001 --- 553
400 400 s e bt o beariinpe e ateatsEronwel reported by MacCarthy (1952), Brewer (1958), Ferriaps (1965), Lachenbruch and others (1966), s e i g et v o i E 5 & 31,0 ARCO N Prudhoe Bay St-1 5002920049 1985 1837 1804
600 L - ) : 600 lsige. Henth shown ks & ashed-where Lachenbruch and Marshall (1969), Stoneley (1970), Howitt (1971), Gold and Lachenbruch (1973), and % fe primary pu:pose o :;1 ;s study wz:js ot e(\i/etop a.metho do (tql}luc ; ta}? llnexper;s:]:e y evz;l ug 1ntg i <§( 38.p BP 08-11-13 (P.B.U. N-1) 5002920079 2034 1968 1919
T - terpalated auaried heswiseriaed Lachenbruch anc? others (1982; 1987). Temperature profiles from 46 wells that are near thermal shosunace temperature conditions in order to de SEINg e il ana TICANCSS On e das IaraLe w 64,5 BP 12-11-13 (P.B.U. F-3) 5002920085 2100 2034 1983
800 - 800 2034 e D ) equilibrium constitute the temperature data base for the North Slope (table 1), and they show that stability field. We evaluated the response of all available weu logs from 440 wells from the North Slope, oy 120.11 Fish Creek-1 5010310001 853 459 597
1000 |- 3 i 1000 e 000 1sotherm~Frpm temperature surveys. permafrost ranges from 656 to 2,165 ft in thickness. The wells indicated with an asterisk have been used to using information from the U.S. Geological Survey well-log library. Comparison of well-log responses to 2’ e 5010320007 1230 900
= Depth shown in feet interpret wireline well-log responses and are described below. equilibrium temperature profiles in selected wells showed that the well logs were responding not to rocks (ED Base of ice-bearing 132,J3 SO_Uth Harr_lson ay- ===
m 1200 |- . 1200 < RL1017 Base of ice-rich layer—From temperature " ICE-RICH PERMAFROST with a temperature of less than 0 °C (permafrost) but to rocks with a certain content of ice (ice-bearing @ permafrost 133, KK Atigaru P(‘)mt.-l 5010320008 1329 1083 960
< 1400 - ' _5: 1400 surveys. Depth shown in feet i ) ; permafrost). In addition, the comparison suggests that a certain amount of ice is necessary to produce & 136,HH North Kalikpik-1 5010320011 705 e 393
?_-5 1600 L : 15 Lachenbruch and others (1982) noted a flexure or change 1n°thg trend Qf the temperature profiles at the characteristic log response. Because the depth to the base of the ice-bearing permafrost is controlled 2 \ 144 RR Mobil Echooka-1 5022320008 919 853 834
i -k e a depth of about 1’909 ftanda temperatu.re of approximately -1 C iaserics of w'ells‘froTn the Prudhoe by factors other than temperature, this measurement cannot be used in determining the depth and =0 147,.A Simpson Core Test-13 5027910013 1050 --- 719
‘ - Bay area. They attrlbutgd tbe change in the temperature profile .to a discontinuity in the therm§\| thickness of the natural gas-hydrate stability field; equilibrium temperature profiles are necessary to N Z 150,X J.W. Dalton-1 5027920006 1345 1017 887
2000 - z = 2000 conductivity caused by ice-filled pores above 1,900 ft and water-filled pores below that level. This determine the depth and thickness of the natural gas-hydrate stability field, this study provides es 153 H Bast Uiniatd 5028710016 770 e 553
el fian ice/water interface, as inferred from the gradient discontinuity in the temperature profiles, defines the information about a upper limit for the depth of permafrost (0 °C isotherm). & g 155 PP Sinclair/BP Kuparuk-1 5028710018 084 i 693
L 2 o base of ice.-ri?h pe¥mafrost (Lachenbruch and Othel‘f, 1?87)- The base '?f ice-rich pe¥mafro's't “{ﬂl not We have summarized and tabulated the depths to the base of ice-bearing permafrost on various logs 2 :
exactly coincide with the base of the permafrost (0 °C isotherm) but will usually be in equilibrium at in 156 wells from the North Slope. Although as many as 9 different logs or borehole measurements may
2600 - 2600 temperatures lower then 0 °C. The ice/water phase boundary was not observed in the recovered cores of be used to indicate the base of ice-bearing permafrost, we found the resistivity and the acoustic-transit- . American Petroleum Institute well identification number.
2800 - 2 2800 thg PYUdbOG Bay wel.ls; bowever, analysi§ of th? rejtarc.iing effects of latent heat on th? dissipation of the time well logs to be the best indicators in most wells. This map shows the depths to the base of ice-bearing Figure 1. Idealized log responses in uniform sandstone lithology at the base of ice-bearing 2 E e
3000 L S drilling disturbance indicates that the discontinuity in recorded temperature profiles represents an permafrost based on the well-log determinations and indicates a linear trend of maximum thickness of permafrost. See table 2 for comparison of well-log responses and explanation of Tom adie L
ice/water interfane {Lachenbruch andothers, T ISRy true for the Frudbos Balywells) the dota ice-bearing permafrost that parallels the coastline between the Colville and Canning Rivers. The ice- abbeviations. Arrow indicates direction of increase. 3 Depth to base of IRL picked from temperature profiles by authours listed in table 1. ---, no
is inconclusive for NPRA. The depths to the base of an ice-rich layer were reported by Lachenbruch and bearing permafrost depth ranges from less than 200 ft in the west to greater than 2,000 ft in the east and St o
others (1982; 1987) for 22 of the 46 wells listed in table 1. These reported depths may in some cases thins to the north and south. Most of the National Petroleum Reserve in Alaska has no ice-bearing 4 R
represent the base of the deepest ice-rich layer, thus representing the base of ice-rich permafrost. permafrost detectable from well logs. Well-log picks from table 3.

Figure2. Section A-A’and B-B’showing near-surface sediments, gamma ray and resistivity measurements, and distance between wells and, where known, depth

to ice-bearing permafrost, base of an ice-rich layer, and 0 °C isotherm, North Slope, Alaska.
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