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1. INTRODUCTION 

In September 1976 the Geothermal "SLudies section of the Earth Physics 

Branch participnted in a survey conducted by Beaufort Delta Oil Project 

Limited (B.D .0.P.L. ) in the Southern Beaufort Sea . This report presents 

and 'omments on the thermal measurements recorded during this field 

programme 011 board the M. S. Norweta. 

2. B.D.O.P.L. AND EPB's INVOLVEMENT IN THE CRUISE 

Beaufort Delta Oil Project Limited was formed in 1974, by a consortium 

of five companies (Gulf Oil Canada Ltd., Imperial Oil Ltd., Shell Canada Ltd., 

Interprovincial Pipe Line Ltd., and Trans Mountain Pipe Line Co . Ltd.) , with 

th . intent to file an application to build a crude oil pipeline from the 

Beaufort Sea - Mackenzie Delta Rcgion, through the Mackenzie Valley to 

ronnPct with ex'sting pipeline systems. li.D.O.P.l . . thus set up a study 

group to examine the engineering, financial, social environmental and 

related aspects of the pipeline. 

As part of this study, during the sununer of 1976, B.D.O.P.L. conducted 

a field programme in the southcrn Beaufort Sea, surveying potential pipeline 

corridors. The survey was <livided into two phases: 1) seismic and 

bathymetric operations; and 2) snmpling operations. 

Thr)ugh B.D.O.P .L.' s desire to exch.'.mge information with r;overnment, 

to provide as compreh nsive as possible a coverage of the survey and to relate 

r sults to previous work carried out by industry and government, the GSC and 

EPB were invit ed to observe and / or pnrticipate in the survey. The invltnticn, 

extcndcd to the Geothermal SLudics section, to conduct tempernture 

mcasu:i.:cments <ludng the s3mpling phase. provided the opportuni.ty to record 



, " 2 . 

- further suh sea-bottom t2mpen tures . These results would be helpful in 

understan<linr; the permafrosl character and cnvironment in the Beaufort Sea . 

3. SUMMARIZF.D ITINERA.RY 

The sampling phase of the survey brought together personnel from 

B.D.O. P . L., EBA Engineering Consultants Ltd . , Kenling Exploration Servi ces 

Limited, all from Calgary, and the Geotherraal Studies section of the 

Ea:rth Physics Branch, Ottai:va . Equipment was set up on board the Norweta and 

tested on September 1 and sampling was begun the following day. From September 2 

throGgh Septemher 7 , 43 sampling stations werc visited in the Kugmal lit Bay 

reg-Lon of the southern Beaufort Sea, (Fig . 1 ). Sampling followe<l 11Corridors 11 

roughly perpendicular to shore and 11Laterals " roughly parallel to shore, 

e . g. KC for Kugmallit Corridor and TL f or Tuktoyaktuk Lateral . After 

Cuilii:Jlèting L~1e sampling operdtions, tlie ~'7orweta proce_ded up the Ha cl enzie 

River to Inuvik, where the survey disbanded on September 8. 

4. EQUIPHENT FOR TEMPERATURE MEASUREHENT 

Equipment used consisted of a single thermistor probe on an electrical 

cable to mcasure incremeutal water temperature profiles, a t hermal 

gradiometer probe to measure tempera turc at the sediment--wa ter interface 

and al a depth of 3 m in the sediments, and a Wheatstone bridge used in 

conjunction with both probes for surface recording of sensor resistances. 

The single thermistor probe portAble temperaturc logging system was 

simil~r to that describ cd by Judge (1973). The sea-bottom probe, assembled 

for the NoD~cta cruise, opcratc<l ou the same principles as the single probe, 
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e but com,j sts o[ L1·.o thêrrnls~ùr probes mounted on a simple frilme (Fig . 2). A 

lc:ad weight (about L1l kg) mounted on top of the probe provided the momentum 

r~quired to drive the chrce mctre long pipe (standard water pipe , 2.5 cm inside 

ù-iameler) into the bottom rnud. About 20 cm below the weight, a 35 cm Jiameter 

aluminium dise mounted perpendicular to the length of the pjpe prevented the 

sea-bottom probe from penctrating more thnn 3 m. One thermistor probe 

was positioncd at the bottom end of the pipe, the other was attached to 

the dise, with a spacing of 3 m between the t wo . 

The wo thermistor probes of the sea-bottom probe, each on electrical 

cable, were connected to the bridge at the surface via 150 m of seven 

conductor double armour d winch cable and 15 m of deck cable . Unfortunately 

the winch used hnd a fixe<l fall rate and therefore the sea-bottom probe 

could not free fall and probe pe.netration was consequently reduced somewhat. 

At each station the sea-bottom probe was lowered aver the bow and 

the water depth recorded using the Norweta ' s sounder. The single 

thermistnr probe was lowered in increments to the bottom by means of a 

portable band winch. Depth was recorded by running the cable through a 

meter black. 

Incremental water temperaturec (as well as salinity and conductivity ) 

were also recordcd with a Yellow Springs Instrument SCT Heter Modcl 33 

by B.D.O.P.L. 1 s environmental coordinator. These measuremcnts were 

limtted by the cable length to a maximum depth of 13 m . 

.'). D/1TA REDUCTION 1'.ND ACCURACY 

5.1. EPB Tempcrature Measurements 

Tcmp ratur~ sensors used in bath EPH probes were Fcnwall glass bead 

thermistors. Tl1c variation of thermistor rcsistancc wi1-h tempcrature was 
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detcrmincd in the Jaboratory by c.:i.libration at SK. inter rals, ovcr 

the range -?0°C to +20°C, in a constant·tcrnperature bath against a 

plaL.Lnum rcsistanc:e thcrmometcr. Cal ibration tables were prepared by 

interpolation bctwecn calibraUon points (Judge, 1973). The accuracy 

of field tempcrature mcasuremcnts was O.Ol K . The accuracy of the 

calculatcù sediment temperature gradients was 0.01 km-1. Howevcr, son1 e of 

the measured ternperatures .:i.nd hence gradients, were l ess accurate due to 

dif ficulties in balancing the bridge in rough seas. 

5.2 SCT Meter MeasuremenLs 

Salinities dctermined with the SCT Metcr were of unknown reliability 

since the meter was not checled against known solutions; the meter had a stated 

accuracy of 2 parts pcr thousand. SCT Meter t emperatures (accuracy of 0.1 K) 

wcrc suspcc~ fer cll but the final c l cvcn sampling stations duc to malfunction 

of the equipment. B.D.O.P.L. 1 s t emperatures recordcd at these final 

stations, despite min.or corrections determined by a post-field calibra tion, 

were always greater by roughly 2 K from EPJ3 temperatures and were no t 

i.ncluded in the discussion of the results. The source of this discrepancy 

was not determined. 

5 . 3 Total Water Depth 

Total water dcpLh was recorded by three diffcrcnt techniques: 1) the 

Norwcta's soundcr, accurate to 0 ~ n 2) the linc on the SCT Mcter, which 
I • J 1 > 

could be 0 m to 1 m from the bottom when no drjft occurred , but had a maximum 

l ngth of 13 m, and 3) the rneter registedng the length of the single 

thermistor probl' callle, accurnte to 15 cm when no sllppage over the pulley 

r:lamp ond no drift occurred. T<nmdne th0sc~ '-'Ourr.:es of error and. giv"'n the 
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possible existence of differences in bottom topography (due, for example, 

to scouring), helped to resolve conflict..ing 1vater deptlis record cd at many stations 

by the scparate inslruments. Once thi s ' average ' wat r depth \Jas detcrmined 

no adjust..ment was m;:i<le to correct measure<l depths of individual t-cmperature 

obs ervat ions , as thesc adjustments would not be evenly distribut. ed throughout 

a profile (e .g . in tl1e cas e of slippage or ddft of the line part way through 

descent) . 

5 . 4 Penetration of Thermal Gradiometer Probe 

For the first 9 s tations, penetration of the sea-bcttom probe was 

assumed to be complete. However, this was probably not always true, 

particular ly for th e last half of these stations where the bottom was more 

compact. For later stations, penetration was determine <l by visual l y estimating 

the he:ight ::f the mud line on the pipe. This visual c.s1-irnation \·!.'.1.S eubject to 

errer since the rnud was not cleaned off between stations. Also, by trying 

to maintain the winch cable and therefore the probe in the vertical position 

while compensating for the ship's drift, the probe might have fallen or 

leaned ovcr. 

6. DATA 

Temperatures recorded by EPB are li sted in Appendix A, Table 1, in 

order of station visited. Gradients )n the sedimcnts, calculated from the 

sediment-water interface temp crature and the sub-bottom temperature, are 

lisl e<l in TabJe 2, Appendix: A, jn chronological ordcr. Salinities recordcd 

by B.D.O.P.L. 's SCT Meter are given in Table 3. Hcasurements eit.her were 



e not made or vere curtailed at S -VC'ral sta tians pr .incipally due to eguipment 

failure, but also duc to rough seas, !tard sea-bottom and l ack of time . 

Contour maps of bathymct-ry, bottom temperalures, surface salinities 

and bottom salinities are shown in figures 3, 4, 7 and 8, respectivcly . 

Sub-liotlom temperatures and scdiment tempcraturc gradier,ts are mapped in 

figures 5 and 6 respectively. Graphs of bottom temperatures versus water 

dcpth and sub-bottom tcmperatures versus water depth are plotted in figures 

9 and 10. Contoured cross sections of salinities and t emperatures for the 

main sampJing lines, KC, SC, PC and TL are shown in Figures 11 to 18. 

7. RESULTS AND DISCUSSION: 

7.1 Bottom and Sub-Bottom Temperatures 

The spatial map of bottom temperatures (Fig. 4) reveals an expected 

decrease in 1'ott0111 t-emper.:=itures go·in s aw::ty from shore jnto deeper waters . 

Sub-bottom temperatures are plotted regardless of penetration in Figure 5, 

and show a simila~, but less well defined trend reflecting variable and 

itnpred se mcasurement of probe penetration. 

Comparing Figures 9 and 10, lateraJ variations in ternpcro:itu"."es are 

6. 

grca ter at the sediment-wa ter interface th an in the sediments. Tl1e sediments 

rapidly attenuate short-term fluctuations in water temperature. 

Variations appear to have been greater, as might be expected, in shallower 

waters . 

ï.:,. Grcid i c1.ts 

G~cJ~c nts in bottom sediments show no gcneral trend throughout the stu<ly 

a1~e.:1 (Fjg. 6). 1ho wLde spaci.ng of . amp] i.ng stations, the problcms and 

inaccur.!l' il' S in m~é.1sur.:.ng, anll lie lJmiLeù ond unceri-aln dC'pth of probe 
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penetration, constj tu te too many unl~nowns to <lraw constructive conclusions from 

~ dcrive<l gradients. 

Variations in sediment gradients are conlrolled by the annual variation of 

bottom water tempen:.ture, the mcan annual sea-·bottom temperature, the depth to 

relie permafrost and the. thermal properties of the sediments. In general there 

is a trend of dccrease in annual wave variation (t empera ture range) and mean 

annual bottom tcmperature with increase in water depth. This was especially 

apparent along the Kugmallit Corridor where the gradient became less negative 

away from shore:. 

Negative near·-surface temperature gradients occur in the summer months 

be.caus e of the slow rate of penetration of the annual wave due to the low thermal 

diffusivity of the sediments. The warmer the summer tempe.ratures and the closer 

the permafrost table to the surface, the more negative the gradient. In deeper 

colder waters, the gradient is close to zero where bottom t ernperatures are zero 

and where relie peimafrost is close to bottom, or will be positive if ejther 

no relie permafrost .'C ists or if new ice -bonding or -lensing is forming close 

·to the surfa.ce. 

Tempe.rature gradients, measured during E.D.O.P.L. 's survey, which werc very 

close to zero, such as those a t the northern stations along the Pullcn Corridor, 

probatly were the result of lack of probe penetration rather than relie permafrost 

clo se to bottom. 

7.3 Oceanographic Implications 

The following are general com,nents on water salinity and t empe.rature cross-

sections along the main sampling lin.es (Figs. 11 to 18). In late summer 1976: 

l) Mackcn:de River water flo~ving into Kugmallit Bay along ICC and SC re nained 

fairly uniform .:rn<l warmed the sea hottom out. to depths of 8 m. At greater dcpths, 

and furthcr off.:"!ioi: e , mi.Xiur; •dth colcl sca \vater wa3 more marLeù and resulted 



8. 

e in a YPpid dccreasc in hottorn Wiiter tl.!mperatures to reaC"h 0°C in depths of 

- 18 m . 

ii) The cross section along the Pullcn Corridor indicated that 

Mackenzie River water flowing eastwards from Mackenzie Bay rc;mained warm 

and fresh near the s11rface . Below this warm l ayer, gradual mixing with 

se:a water occurred resultjng in colder and more saline bottom waters in the 

vicinity of Pullen Island. Thus along t~1e Pullen Corridor bottom 

ternperatures decreased gradually with water depth rather than only below 8 m 

0 
water depth; 0 C bottom temperatures were reachcd in water depths of 13 m. 

iii) Mackenzie River water flowing eastwards along the Tuktoyaktuk 

Peninsula (line TL) had slightly cooled and increased in salinity, but 

remajned a uniform body of water. 

â.t J2 m depth. 

8 . RELATION TO BEAUFORT SEA DATA BASE 

8.1 Statistics 

0 Bot tom temperatures were warrn - 6 C 

The bottom temperatures and salinities measured during the Norweta cruis , 

supplement the existing summer Beaufort Sea data base lis ted in the 

Beaufort Sea Project Technical Report No. 22 (Hunter et al. 1976). 

Observations correspond to thrce of the depth zones delineated by Hunter 

et al. (1976): 0-lüm, 10-20 m and 20 - 40m. 

Temperature and salinity statistics from the Norweta cruise are listed 

in Appendix B. An updated version of statistics on all Beaufort Sea 

sumrncr bottom temperaturcs and salinite including 1976 Norweta data is 

also Jisted in Appcndix B. 
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The rang of temperaturcs n11d saliniLies of the lorweta data, for 

each d pth zone, was much smallcr than for the complete Beaufort Sea data 

base. This may be becausc Norweta data covcred a span of 2. week, versus 

a span of over four months for the wholc data base. The Norweta data, 

warm summer tempcralures, were r e corded late in the surnmer season (the 

optimum t:ime in the season for maximum water tcmperature) and therefore 

the mean of temperatures for the 0-10 m depth zone and for the 10-20m 

depth zone were much higher, and the salinities sligl1tly lower than in the 

data base. 

The major change frorn or rU fference to the previcus Beaufor~ Sea summcr 

statislics occurred in the 0-10 m depth zone for summer temperatures. 

Warm temperatures recorded on the Norweta cruise increased the arithmctic 

0 0 mean surr.mer temperaturc from 3 .1 C to L1. 8 C. 

8.2 Winte.r D;ita anrl Previous Sumrner Data 

Seasonal variation in bottom temperature was difficult to determine since 

nearly all availablc winter data (Hunter et al. 1976) are from outside 

th e Norwetn survey arca (most. of it from the area further south in Kugmallit Bay 

near Tuktoyaktuk). llowever, two holes jet-drilled in April 1976, through 

the ice in the Beaufort Sea (Judge et al., 1976), were close to stations 

GL6 and GLS (Fig. 1). :Oottom tcnq)0ra turcs recorded during this driJling 

programm,, werc on the order of -J. s0 c; Lhose in Septcmber were J. o0 c 

(2m abovc hottom). Seosonal range in this location was at least 2.SK. 

Augu-::t dnd Scpt embcr bottorn teIPpl,l"él tures prior to 1976 in the present 

study arcn are mappcd in Fig. 19 anJ except for two obsorvations, date from 1952. 

Thc:ir di s tl· iLuti_on, ],,_.·Ln" son1" "]1·1t c· t d 1-J d - - t. '"''' , _Lus erc , ;:: _owe no cross "ec tj ons comparable 
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- to those drawn from Norweta ùato. The distribution of previous July 

bottom temperatures(again mostly 1952 data ) is shown in figure 20. J uly 

t emperatures are colder than late summer temperatures and probably too 

early in the summer to make rneaningful comparisons. 

Comparing tlle spatia:'. distribution of these A;igust and SeptemlJer 

t emperatures (span of 2 mor.ths) to that of the Norweto. temperatures 

(span of 6 days) reveal cl thé' fol lowi.ng si.mi.larities, despite ;:i. time l .apse of 

24 y cars: 

i) 0 Warm bottom temperatures, around 7 C, in Kugmallit Bay northeast 

of Hendrickson Island. 

ii) 
0 0 Warm, 2 to 4 C, tcmperatures north of Pull en Island . 

iii) Negative tempero.tures along the northern end of the Kugmallit Corricior. 

From the sparse data prior to 1976, no obvious yearly change or trend 

in tottom \JD.::2r ::em.perntures wns apparent, and in fact 1976 cfata rli_il not seem 

markedly different. No major conclusion could be drawn however, since only 

two separate years of surveying were represented by the data. 

9. SUMM/l.RY OF MAIN FINDJNGS 

1. Seahottom probe penetration was the ource of many problerns and inaccuracies. 

A free fall i.ng probe, a more sturcly pipe and more accurate measureme.nt 

of penetration would en.able the determination of more precise gradients . 

2. Bottom tempcratures (and sub-boltom) were warmest and showed the greatest 

JateraJ variations near shore, close ta frcsh water input. Lateral 

vadations in seùin<>nl: temperatures were less tlrnn those of bottom \Jater 

tcmperaturcs; scdirnents rapidly attenuate short-tenn w.:iler temperature 

fluctuations 
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e 3. Sedirneut tempc1·ature grnclicnu: wcre uegati7e düe to a varicty of factors 

includlng the annual variation of bottom water temperature, the mean annual 

sea-bottom temperature, the deplh to t11c permafrost table and the thermal 

diffusivity of the scdiments. The trend along the Rugmallit Corridor of less 

negative gradients away from shore, reflected Lhe general dccrease in the 

annual temperature variation and mean é' nnual bottom temperaturès with 

increasing water depth and distance from shore. 

4. The meaning of the variations in sediment temperature gradients could not .be 

easily unravelled due to the wide spacing of sampling stations as well as 

probl ms with the penetration of the sea-bottom probe. A more de t ail ed study 

would be able to relate the gradients to the presence of relie permafrost, 

depth of permafrost table, formation of permafrost, etc. 

5. Little winter d&ta was available to document the seasonal variation of bottom. 

temperatures prior to 1976. Data was only representative of two separate 

sampJ ing years and was thus ir~sufficient to draw any major conclusions. 
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e TABLI~ 1 EPB TEMPERATURE DATA 

Station Date Therma) Grad iometer Probe S:i rgle Probe ----
Total Penc- Top Bot tom Reading Temp. 
Water tration Temp . Temp. Dcpth (OC) 

Depth (M) (OC) ( OC ) (from surf ace) 
(M) (M) 

B= Bottom 

KC6 2/9/76 10.4 3.1 3.59 -0.23 0 6.98 
9.9 3. 76 

10. 4 (B) 3. 54 
KC8 2/9/76 11. 9 3.1 2. ti8 -0.42 
KC9 2/9/76 15.9 3.1 1. 53 -0.84 3.1 6.16 

6.1 5.60 
KClO 2/9/76 22.9 3. 1 -0.50 -1. 24 1. 5 4.80 

6.1 1. 93 
15.2 0.05 
20. 7 (B) -0.50 

PCll 3/9/76 20.4 3.1 -0.51 -0.69 1. 5 4.20 
3. 1 3.57 

PClO 3/9/76 19.8 3.1 -0.33 -0.67 1. 8 4. 57 
7.3 5.68 

14.6 -o. v. 
18.0(B) -0. 25 

PC9 3/9/76 15.0 3.1 -0.08 - 0.08 1. 8 6.35 
4.6 6.36 
8.8 3. 14 

lJ. 3 - 0.09 
15 . 5(B) -0.09 

PC8 3/ 9/76 12.8 :5 .1 0.05 0.14 1. 5 5. 34 
4 . 9 6.93 
9.1 3.53 

J3.4(B) 0.06 
PC7 3/9/76 11. 0 3. 1 1. 33 1. 23 2.4 5.23 

6. 4 4.68 
9.5 1. 38 

B 1. 26 
PC6 3/9/76 10. 4 1. 2 2.24±.21 0.95±.18 1. 5 9.00±.lS 

4.6 6.05 
7.9 3.83 

10. 7(B) ]. 99 
PC5 3/9/76 8. 5 3.1 3.83± . 33 3.22 2.1 7.43 

4. 3 7.30 
5.8 4.32 
8. 5 (B) 3.35 

PC4 3/ 9/76 7.3 0.9 4.18 3. 86:1. 08 ]. s 10.11 
3.1 7.79 
6.4 4.14 
7. 3 (B) 4.65 PC3 3/9/76 4.0 0 10. 73 
2.1 J o. 63 
4. 0 (B) 7.23 

PC1 3/9/76 3.0 0 9.99 
GL6 4 /CJ/76 12.5 Ll 1 • 041 . 10 -0.28±. 10 
c;ts 4/9/76 lJ. 9 1.1 1.30±.14 0.13:: .11 J 
GL3 4/9/76 ]2.2 L.4 J.30±.06 0.06 1. 8 9.09 

4.3 5 .11 
9. 1 1.12 

J 2 . 2 rn) o. 72 



TAilLE 1 r::PB TEHPFRATURE DATA - ----

- <' j 

. ..>tat on Date TIF~-1 111:1 l Gra<liometer Probe Single Pro1w 

Total Pcne- Top Bot tom Re~din& Temp. 

Wa er tr:-:tion Temp. Temp. Depth (oC ) 

Depth (M) ( OC ) ( OC ) (f rom surface) 

(M) (M) 
B= Bot tom 

KLl 4/~l/76 7.9 2.4 4 . 41±.24 3 . 32 
SCl 5/9/76 5.0 1.2 8 .78 5. 73±. 05 1. 5 8.93 

3.6 8.80 
4 . 9 (B) 8.75 

SC2 5/9/76 6.1 0.9 8.62±.03 4.12 1. 5 9.10 
3.1 8.66 
5 .2 8.48 
6.l(B) 8.33 

KL4 5/9/76 8.2 0 .9 7. 22±.03 2 .45 2 . 1 7 .45 
4. 9 7 .20 
7 . 0 6.79 
8 . 2 (B) 6.68 

SC3 5/9/76 8.5 1. 5 6.68 1.66 2 .1 8.55 
4. 9 7.87 
7.6 6.68 
8 .S (B) 6.32 

KL3 5/9Î76 8'. 8 1. 8 6 .88 2.29 1. 8 9.08 
4.6 8.61 
7.6 6.86 
8. 8 (B ) 6.73 

SC4 5/9/76 14.0 1. 8 3.73 
4 .9 5.36 
7 .3 3.63 

10 .1 2.92 
13.'1 2.66 
14. 0(B) 2.62 

ses 5/9/76 17.1 1.5 5.34 
4 . 6 5.36 
8 .8 2.11 

13.4 Ll5 
17 .l 0.87 
17.7 (B) 0.85 

TL14 6/9/76 2.7 1.5 7.81 
2. 7 (B) 7.51 

TL13 6/9/76 6.5 
TLJ.2 6/9/76 10.1 1.5 7.67 

4.9 7.60 
7 .3 7.01 
9.5 6 .57 

14.6(B) 6.14 
T.Lll 6/9/76 12.5 l.5 7.10 

4.3 6.54 
7 .9 6.28 

10.4 6.21 
13.4(B) 6.20 

TLlO G/9/7G 12.2 2. J. 7.15 
5.2 6.46 
8.5 G.20 

10.7 G.08 
13.7(B) 5.93 



1 • 
" 

e TABLJ: 1 EPB TEM:PEMTURE DATA 

Station Date Thermal Gradiometer ProbP Single Probe 
Total Peue- Top Bot tom Reading Temp. 
H;:iter trot· j on Ternp. Temp. Depth (OC) 

DPpth (M) (OC) ( OC) (from surface) 
(M) (M) 

B= Bottom 

TL9 G/9/76 11.3 1.8 7.15 
4.7 7.13 
7 .9 6.66 

10.l 6.16 
11. 3 (B) 5.92 

TL3 6/9/76 7.3 1. 8 8. 44 . 
3. 4 7 52 
5.8 7.24 
7. 3 (B) 6.40 

TL2 6/9/76 7.0 1. 5 8.18 
3.6 8.14 
5.2 7.71 
7. 0(B) 6.93 

TLl 6/9/76 
KL5 6/9/7.6 7.6 1.5 8.50 

4.6 6.89 
7.6(B) 6.55 

I\C5 6/9/76 7.6 1.5 8.47 . .., '* . ..) 8.13 
5.8 7.51 
8.2(B} 6.74 

SLl 6/9/76 r:: ,, 
:J. L. 0.9 7. 54±.05 1.8 8.87 

4.0 7.94 
5. 2 (B) 7 .92 

KCl 7/9/76 0.6 0.6 6. 38±.05 0 8.73 
1.8 8.39 
3.l (B) 8.36 

SLS 7/9/76 3.7 0.6 7 .49:t.19 0.9 9.21 
2. 4 8.63 
3. 7 (B) 8.61 

SL4 7/9/76 4.9 0.8 6. ± 1. 1.2 8.47 
2.7 8.41 

\ 4.9(B) 8.40 
KC2 7/9/76 5.2 0 .8 6.24±.28 1.2 9.90 

3.1 8.84 
5.2(B) 8.07 

KC4 7/9/76 5.8 (J . 9 6.35± .19 1.8 8.98 
3.7 8.04 
5.8(B) 8.01 



I • li\BLE Z :-:il'.DH1LNT Tl:! ll'H~'\TlJR.b (~lV\DJ E TS 

Stotio11 

KC6 

KC8 

KC9 

KClO 

PCll 

PClO 

PC9 

PC8 

PC? 

PC6 

rcs 

PC4 

GL6 

GLS 

GL3 

KLl 

SCl 

SC2 

KL4 

SC3 

KL3 

SLl 

KC:l 

SLS 

SL4 

KC2 

KC4 

-1. 23 

-0.94 

-0.75 

-0.24 

-0.06 

-o. J 4 

0 

0.03 

-0.03 

-0.87±0.J.6 

-0.17±0.13 

-0.88±0.09 

--0.25 approx. 

-0.79 approx . 

-0.64 

-0.28 appi·ox . 

-2.52 ± .04 

-4.68 

-4.70 

-3. 11 

-2.47 

-0.42± .os 

-3. 3Q_1- . 08 

-1. 87:1: .. :J2 

-3.0l±L.27 

-2 . 29~ .35 

-2. 964 . 2 



TABLE 3 BEAUFORT bi.TA OIL PROJECT LIMI1.tll 

Salinity Data (S- C-T Meter) 

S:i.lir.i t" / (
0 /oo) 

Depth/Station 
(M) KC-6 KC-8 .. KC-10. PC-11 PC-'10 PC-9 . 'C-8 PC-7 PC-'6 PC-5 PC-4. PC- 3 PC-1 GL-6 GI,-5 

1 18.2 21. 5 24.S 15.5 16.1 19.3 13.4 3. 2 6.5 6.5 8. 2 6.0 ,IL 0 7.5 6.0 
2 17.2 22.2 18.0 ) 7. 2 17.2 19.5 t6.8 10.6 6.9 ll. 0 11. 5 6.0 10 . 0 11.4 3.5 
3 16 . 5 22.2 18.5 17 . 2 17.5 19.5 2 l. l 17 . 1 20.5 l!l.O 16. 5 . 18.3 9.5 }7. 5 15.2 
4 21. 0 22.3 18.8 18.2 20 .5 20.4 21. 0 22 .1 21. 4 18.2 17.2 18.6 i.9.5 16.5 
s 22.5 22.2 20.7 19.2 21. 3 21. 0 22.5 22.0 21. 5 18.2 19.5 19.5 19.2 
6 23 . 0 23.7 21. 5 21. 5 22. 0 21.5 23.1 22 . s. 22.0 20.0 21. 8 20 8 21. 0 
7 23.0 24.0 23.2 22 .i 22.0 22.0 24.0 22.5 22.2 22 . 0 21. 8 22.0 21. 5 
B 23.0 24.2 24.0 22.3 2Z. l 24.S 7.5. 5 23.0 23.0 23.0 22.5 22.2 
9 23 . 0 25.S 23 .5 22.3 22.8 25.5 26.5 25.0 24 . 8 23.0 24.5 22 . 3 

lO 25. 5 24 .0 26.5 22.5 27.1 27.0 25 . 2 25.5 24 . 5 
11 24.2 27.2 27.2 24.5 27.5 ~7.0 26.3 25.1 
12 26.0 27.2 26 . 5 27 . 6 ~7.5 26.5 
13 27.5 26.5 27.7 

KL-1 · KL-3 SC-1 .. SC-2 ... KL- 4. . ·sc- 3 .. SC-5 . SC- 4 TL-'14 TL- 12 TL- 11 TL- 10 TL- 9 TL- 3 TL-2 TL-1 KL-5 ---
1 7.0 5.0 9.8 9.2 12.0 8.0 17. 2 16.4 19.8 17.6 15.0 12.2 31. 2 12 . 2 15 . 1 18.0 14.S 
2 7.0 ï.O 10.0 10 .1 12.3 9.2 l'i . 3 16.S 21. 0 16.7 18.0 14.9 37.2 12 . 4 15.1 18.1 14.9 
3 8.5 8.0 10.l 10.4 13.0 9.0 17. 2 16 . 9 19 . 2 20.5 16.0 34.0 13.5 l 5. 1 18.1 14.5 
4 18.0 8.2 10.7 10.5 13.7 10.0 17 .2 17.1 18.3 21. 0 16 . 6 33 . 8 16.0 15.7 18.1 15.3 
5 21.0 9.0 11.0 10.5 14.2 12.5 17.2 17.1 20.0 21. 0 17.2 33.J 17 . 5 17.9 18.l 20.2 
6 21. 0 10. 4 14.5 15.5 17.4 17 . 2 22.2 21. 0 18.S 18.8 19.S 20.5 20 . 2 
7 22.2 14.5 14 . 8 15.S 21. 0 19.8 22.5 21. 3 E.2 19.S 
8 22.2 14.5 15.0 15.5 21. 0 21.1 23.0 20.S 19 . 5 
9 14.7 15.5 27.. 1 22 . 2 23.0 20.S 19.9 

10 15.7 22.B 22.4 23. (l 21. 0 20.0 
11 24 . 2 21. 5 20 .0 
12 2·1 . 8 21. 0 20.1 

. 13 ... . . . . . . . . . . . . . . . . 21. 0 . . . . . . . . . .. . .... . . ... ... 

KC-5 SL- 1 KC-1 SL-5 SL-4 . .. KC-2 XC- 4 

1 12 . 5 17.3 7. 5 6.5 7.5 4.0 5.6 
2 12.5 14 . 0 12.S 10.7 8.6 4. 3 6. 0 
3 12.0 16.0 13 .0 10 . 5 12 . s 14.3 11. 5 
4 12.0 17 . 5 12 .5 14.5 13.5 
s 14 . 5 19.0 14.5 13.5 
6 15.0 
7 17.8 

e 
·-

.J 

~ .. . ... '";.. .. .... . ' .• -;., .,· 
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APPENDIX B 

STATISTICS 



• 

STATIST"J CS OF NORhlETA CRVIS E 

1. SU:M~ ER BOTTOM TEMPERATURES 

Depth Zone Number of Arithmethic Range, Standard Source of 
(M) Ob servations Hcan °c K Devia tion K Data 

0 - 10 20 7.00 5 . 40 1. L18 EPB DATA ONLY 

0 10 31 7.8 7.7 1. 8 EPB + B.D .O. P. non 
suspect data 

0 - 20 17 2.43 6 .L15 2.29 EPB 

0 - 40 2 -0.51 EPB 

2. SUMMER BOTTOM SALINITIES (B.D.O.P.L. DATA) 

Depth 7.onc i'l"mnl)Pr of Arj ·-hmcri c Range St:<ndar<l 
(M) Observations Mean 0 

!oo 
0 Devia tion 0/ / oo OO 

0 - 10 22 16.5 13. 5 4. 2 

10 - 20 11 24.5 7. 6 2.5 



. " ,, 1/ • 

STATISTICS OF TOTAL BEAUFORT SEA DATA BASE 

(lNCLUDlNG NORWETA DATA) 

1. SUi'll-fER BOTTOM TEMPERATURES 

Depth Zone Number of Arithmctic Range Standard 
(M) Observations Mean oc K Devi a t ion K 

0 - 10 84 4.8 15.5 4.2 

10 - 20 69 1. 6 12.9 2.8 

20 - 40 59 1.1 12.6 3.3 

40 -- GO 45 0.1 11.4 2.9 

60 - 80 20 o.o 10.4 3.1 

80 - 100 3 ·-1.1 1.0 

100 .. 200 19 -1. 2 1.1 0.3 

200 - 1000 50 0.1 2.0 0.5 

2. SUMNER BOTTOM SALINITIES 

Deptn Zone Number of Arithmetic Range Standard 
(M) Observations Mean 0 

/oo 0 / oo Devia t ion 0 
/ oo 

0 - 10 74 19 31 8 

10 20 59 28 21 5 

20 - Lf0 47 27 21 8 

40 - 60 28 20 20 7 

60 - 80 15 30 20 7 

80 - 100 3 32 0.4 

.J! 100 - 200 19 33 ') 0. fi .<.. 

200 - 1000 50 35 2 0. Li 


