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INTRODUCTION

A know edge of the surface current patterns along the north Al askan coast
is of both economic and environnental interest. The discovery of oil reserves
al ong the coast has brought devel opment and exploitation on shore with offshore
drilling cn the continental shelf certain to be undertaken within the next few
years. Even the best of planning and the nost nodern techni ques cannot insure
that accidental oil spills will not occur. The initial novenment of the spilled
oil during the tsummer would be determined primarily by the local surface currents.
Thus a working know edge of the surface currents along the north Al askan coast
is inperative.

During August 1976, a detailed study of the surface currents of the northern
Chukchi Sea and western Beaufort Sea coasts was attenpted from helicopters from

the icebreaker USCGC GLACIER  The objective of this report is to describe the
surface circulation during open water.

DESCRI PTI ON OF STUDY AREA

The investigation wss conducted primarily in the region between Icy Cape
(70°09'N, 161°55'W) and Poiat Barrow (71°20'N, 156°40'W) and seaward to the pack
ice edge. A chart of this study area is shown in Figure 1. A few stations were
‘occupied at Harrison Bay in the Beaufort Sea. (See Figure 9.)

The bathymetry of the Chukchi Sea has been di scussed by Creager and McManus
(1966) . The Chukchi is a2 continental shelf sea, essentially flat with depths
generally <60m. The most prominant feature in the northeast Chukechi Sea is
Barrow Canyon with depths >530a found as far south as Cape Franklin. The canyon
shows a sectional asymmetry, Wth the steepest side next to the coast.

The nopst conprehensive analysis of the physical oceanography of the Chukchi
Sea to date has been that of Coachman et al (1976). Using data from the cruises
of the NORTHWIND (1962), BROWN BEAR (1960), NORTHWIND (1963), GLACI ER (1970),
and OSHORO MARU (1972), they have based their analysis on two regional water mass
groupi ngs, ACW (.Al askan Coast Water) and BSW (Bering Sea Water). In the sunmer
B3W (1-7°C, 32.2-33.0 o/co) dominates the central and western part of the Chukchi
Sea. ACW (2-10°C, <32.2 of/oo) is found in the eastern part of the sea with a
recogni zabl e demarcation between it and BSW. The ACW is characterized by lateral
gradation froma relatively cold and saline faction on the west, to a warm and
| ess saline faction close ‘co the coast.

The ACW flows north along the Alaskan coast. Near lcy Cape, data from
Flemi~~ and Heggarty (1966) show that ACW is often found to spread above a col der,
nore saline water. They interpreted the cold water to be residual Chukchi Sea
W nter water.

Current measurements of the surface waters of the Chukchi Sea north of
Cape Lisburne are few.  The npst conprehensive measurenments are those fromthe
BROWN BEAR (Flemi ng and Heggarty, 1966) and the OSHORO MARU (unpublished, 1972).
Most of the measurenments were of durations of |ess than one hour. The observa-
tions reveal that in the summer surface (0-10m) currents along the Al askan coast
flow northerly parallel to the coast. Speeds of 15 to 25 cm see-| are indicated.
Near Point Hope there is an acceleration of the flow (v40cm sec’l) ©  Anot her
smal | accel eration appears to occur near lcy Cape (*30cm sec’l)  The few
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measurements of” currents indicate a considerable conplexity and great variability
in the flow.  Aagaard (1964) reports that offshore of the northeast coast when
winds were fro,the southwest, the surface flow was about 20-50cm see-| toward
the northeast., When the winds were fromthe northeast, the surface flow was
slowed or reversed.

Wiseman et &l. (1974) have exam ned current flow in the nearshore region

of the northeast Chukchi Sea. The currents appeared to be wind driven and
severely contrélled by bottom tonography. The mean velocity of flow for July
and Augu «: was 21.8cm sec™! to the north. A small seni-diurnal tidal conponent
was present; the amplitude was only a »ut lem see-1. A ngjor feature of the
sumzer flow was significant reversals in direction associated with changes in
wind direction.

bty

w

Xo comphensive picture of the surface water notions in the northeast Chukchi
Sez can be obtained fromthe. scattered measurenents di scussed above. Location
of stations have been hampered ian the past by the presence of ice. Even in the
suzzer, the polar pack is never far off the coast and can advance onto the shore
usually in response to northerly and northwesterly w nds. In addition, because
of the draft of the icebreakers from which nost of the data are obtained, few
neasurements have been taken shoreward of the 20111 depth contour.

Long-term wind data are available fromtwo |ocations along the northeast
Chuxchi Sea coast:  Cape Lisburre and Barrow (Figure 2). The predom nant sunmer
wiads are from the east-northeast and are dominated by the presense of the Polar
Bizh centered in the eastern Beaufort Sea (Canpbell, 1965). Wind speed rarely
exceads 10m see-| in the summer. Southwesterly wi nds occur about.30 percent of
ths tine and are caused by the passage of low pressure systems. These storns
originate in either northern Siberia or the Bering Sea (Klein, 1957). During
an average summer, SiX Or seven low pressure systems will pass the region affect-
inz the w nds.

Wind stress measurements have been nmade over Chukchi Sea waters. Resul ts
by Walters (1975) indicates the appropriations of a single drag coefficient to
descri be momentun transfer fromthe wind to the water. The conputed drag co-
efficient was 1.7x10-3, very sinilar to the value (I.4x10°) of Banke and Smith
{(1971) for the Beaufort Sea coastal waters.

STRFACE CURRENT EXPERI MENT

The surface current study al ong the northeast Chukchi Sea coast was con-
ducted using air-deployed ESCP (expendable surface current probes). The ESCP,
developed by Richardson et al (1972), essentially consists of a plastic tube
containing two floats, each with a dye packet, and a tim ng nechani sm which
rzleases the floats once they have reached the bottom of the body of water into
which they have been dropped. At a preset tine, a red plastic float is released,
end later a white plastic float is released. These floats rise under their own
buovancy , and upon surfacing, the floats disperse a bright yellowgreen fluores-
cein dye at the surface. Assuming that the current fromthe surface to the
botrton has not changed during the delay time (v3 minutes) between float rel eases
and that the floats rise at the sane rate:
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where Vs is the surface current, zkw is the vector separation between the red
and white floats, and tp is the tine delay between their releases. The direction
of flowis the heading from the white float to the red float.
]

The ESCP's were |aunched from an open door of a HH 52 helicopter hovering
at 8m above the water. A second helicopter follows at the appropriate time at
300m and photographs the dye marks on the surface. The aerial photographs were
obtained wWith two nadir-viewing, notor-driven, 70mm Hasselblad canmeras nounted
side by side on a frame nmounted in the door of the helicopter. One canera was
eguioped With ordinary daylight color film The other canera contained black-
and-whire film and was equipped with a green filter. Atotal of 3 to 4 franes
were taken at each probe drop station. The helicopter always flew on a heading
fromwhite to the red float.

The phot ographs from each station are screened to determ ne the one nost
suitable for further analysis. The chosen photograph is then expanded to 2x for
easier renoval of the information. A Cartesian coordinate syst-m i S superinposed
on the photograph and the X and y positions of the floating dye sources are
det er m ned. These position locations along with the helicopter’'s altitude and
heading are then used to obtain distance and direction between the two floats.
This data along with the time delay (preset) is then used to conpute current
speed and direction. The accuracy of the reading system for photographs taken
at an altitude of 300mis +2m. Float separations are typically 75m

A total of 167 surface current speed-and-direction neasurenents were
coll ected al ong the northeast Chukchi Sea coast between 6 and 19 August 1976
(Figure 1). The measurenents were taken along transects perpendicular to the
coast. Each transect contained 10 stations (unless the pack ice limted the
anount of open water). Position of drop stations was determ ned by using the
ship’s search radar and vectoring the helicopter to the site. Station |ocations
are probably accurate to +2km offshore and +0.5km inshore.

Climatological data were collected hourly onboard the CGC GLACIER during

the entire study. The ship was never more than 37km from the nost distant surface
current station. Hourly wind data was also obtained from Barrow, Al aska.

During the study, hydrographic stations were occasionally taken for another
project (RU #359). That data will be used in this report to determ ne the
hydr ography of the region during the current neasurenent study.
RESULTS

Water Properties

Anal ysis of the hydrographic data collected for project RU #3.59 agrees
with descriptions given for the area. ACW (Al askan Coast Water), characterized
by salinities <32.0 o/oo, was found fromthe surface to 20m at those stations



south of Cape Franklin and from surface to 15m at those stations north of Cape
Freaklin (Figure 3). ACW was found overlying a cold (<0°C), saline (>32.0 o/o0)
water at all the stations. This cold water is probably residual Chukchi Sea
winter water. (See Fleming and Heggarty, 1966.)

The pcynocline between 15 and 20m creates a dynamic barrier to con-
vection affecting the dispersion of any potential oil. spill. First it will
lindt the layer through which the wind drift current can act. Consequent |y,
the wind drift 'current in tinme wmay approach a constant velocity through the
envire shallow surface | ayer (assuxning the upper layer is not affected by semi-
pewaznent currents). Second, it will affect the rate and depth of descent of
the oil after it has lost its volatile and light fractions.

Tinds

Winds observed at Barrow and the €GC GLACIER are shown in Figure 4.
There appears to be good agreement between the winds observed at the two sta-
tions. As expected, there are snall differences in speed and direction. The
increasad effect of friction over |land conpared to over sea will cause the w nd
over land to be slower (this is evident in the record for the period of 7-13
August) and cause a greater deflection in direction.

Three | ow pressure systens passed through the study area on 8-1.0,
13-16, and 17-18 August. The winds associated with the systens all showed the
same pattern: a shift from easterly winds abruptly to northerly and nore
gradual ly to westerly. Wnd spead increased as the storns entered the area
and decreased as the storm passed by. It must be enphasized that the wind
measurenents at sea reported here zre for a relatively short sanpling period
curing one nonth only; nevertheless, the winds in the study area of fshore appear
to correspond closely with the Barrow wind patterns. The minor deviations are
probably attributable to the combination of land versus sea |ocation and w de
spatial separation between stations.

Currents

Surface current measurements taken during the periods of 8-9, 11-15,
16, 17, and 20 August are shown in Figure 5 through 9. The currents off th,
cozst at Wainwright (Figure 5) saow a weak and variable flow (5-30cm sec-1)
toward the northeast. This surface flow is part of the Al askan Coastal Water.
Inshore of the 20m depth contour, the surface flow is opposite in direction to
the offshore currents. Speeds of 5 to 24cm sec were observed. The 8-9 August
period was dom nated by easterly to northeasterly winds with these conponents
having a mean speed of §.9m see-|. It should be noted that the wi nds were pre-
doninantly westerly from 3-7 August. The currents in Figure 5 probably represent
a transient state. According to Exkman (1905), a wind-driven current in shallow
water near a coast should reach steady state within 1 or 2 pendul um days.

Three transects were occupied on 11 August off lcy Cape (Figure 6).
The interesting feature is the anticyclonic gyre |ocated inshore of the ACW
flow and in the lee of Icy Cape. The diameter of the gyre is estimated at 20km.
n the sout hern Chukchi Sea an anticyclonic eddy has been observed in the | ee
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Figure 6. Surf. :ce currents off the Chukchi Sea coast fromlcy Cape to Peard Bay,
“ 11-15 August 1970.



¢® che Point Hope-Cape Lisburne peninsula (Ingham and Rutland, 1971). Thus
i is not surprising that an eddy should be found in the lee of Icy Cape.
He. wever, this is the first docunmentation of this feature.

The major feature of the surface currents observed off Peard Bay
(Figure 6) is a a three “banded” current regime: a southerly flow inshore
and of fshore separated by a northeasterly flow. Previous evidence of the
southerly flow offshore only 70km from the coast does not exist in the liter-
ature. Speedstof 30 to 7lcm see-l1 were neasured. There appears to be a
general acceleration of the northeasterly flow (to ~55cm see‘’) near Cape
Franklin.

The currents nmeasured off of Point Barrow on 16 August (Figure 7)
show the ACW flow to be found close to shore and to exhibit an acceleration
in spzed. The currents just east of Point Barrow and near shore appear to be
wind driven. The winds on 16 August were predom nantly westerly. Current
dir~ction was to the northeast. Those stations were nearly reoccupied on
17 August (Figure 8) when the predom nant wi nds were southeasterly. The current
direction was to the northwest.

Three transects were occupi ed near Cape Halkett in the Beaufort Sea
on 20 August (Figure 9). Wind direction was predom nantly southeasterly. The
currents show a flow offshore, The currents in the southern end of Harrison
Bay app=2ar to be controll.i by bottom topography. Current speeds (3-27cm sec 1)
and direction suggest the surface flow is wnd driven.

DI SCUSSI ON

A study of the surface currents along the northeast Chukchi Sea coast in
August 1976 shows that the flow is dom nated by the northeasterly flow of ACW.
This relatively warm current has its source in the Bering Strait (Coachnan
et al, 1976). This warm coastal current is close to the coast and narrow. It
iS as narrow as 25-40km in pl aces and even narrower (~20km) near Point Barrow.

The highest current speeds were observed near Cape Franklin and Point Barrow
The current seems constrained to follow bottom contours. Once the warm coastal
current reaches Point Barrow, the current turns sharply to the right 40km north-
east of Point Barrow again follow ng the bottom contours.

It is interesting to note that northeasterly wi nds during the study period
(3 to 10m see-1) were-not intense enough to cause current reversal of the-warm
coastal current. On 8-9 August during northeasterly winds (nmean of 8.9msec-!).
the surface flow was reduced in speed and variable in direction, but did not
reverse.

During periods of easterly-northeasterly w nds, nearshore currents were
found to flow towards the south parallel to the bottom topography, as one
woul d expect from Ekman dynam cs (Ekman, 1905). During westerly w nds the
nearshore currents were northerly just south of Barrow. A scatter diagram for
wi nd speed versus current speed is shown in Figure 10, The linear correlation
between wind and current speed yields a correlation coefficient of +0.77 at
the 0.95 confidence level. The relationship is of greater significance than
is indicated by the numerical coefficient, since the effects of tine lags in
the response of the currents to changes in the wind regine are not taken into
account.
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A suatter diagram for wind speed versus current speed for the surface
currents of eastern Harrison Bay is shown in Figure 11. It should be mentioned
chat this diagram only represents the relationship of the currents to the w nd
wzen the winds are from the south. Al though there is an obvious qualitative
carrelation between high wind speed and high current speed, the data do not
justify any attempt to fit a curve through the sanple points.

Anal ysis of the surface currents inside the 18m depth contour taken in
August 1976 in tche Chukchi Sea show a southerly flow under the influence of the
srevailing easterly-northeasterly winds and that this flow is reversed with
iictle observable tine lag when the wind is fromthe southwest or west. The
statistical correlation between wind and water novenent gives a neans for pre-
dieting the rate of novenent of pollutants released into this arctic coastal
envl . onment.

The southwesterly surface current flow seaward of the warm northeasterly
Zlsw has not been described in the literature. Current spezeds greater than 70cm
sec™! were neasured indicating that the wind is not the primry driving force.
“Thaerz2 is no way to determi ne from this data whether the current is a semi-
pernmanent Of a transient feature.  There is some circunstantial evidence that
the southerly flow occurs in My and June. Drifter buoys released into the ice
as part of the AIDJEX ice drift studies were found to drift fromthe Beaufort
Sea south into tha Chukchi Sea and then reverse back to the northwest in late
June and early July (Bob Pritchard, personal communication).

The inportance of this southerly flowis that if oil moving of fshore or a
spill were to occur offshore, oil could become entrained into the current and
e carried south rather than north as the surface currents closer to shore m ght
suggest .

Transport per unit width of the water colum (m2 sec’’) was cal cul at ed
Zor the transects oif Peard Bay (Figure 6) to examne in nore detail the three
"banced" current (Figure 12). The two southerly current regimes are quite
evident indicating that the flow al so occurs at depth. Mass transport was
calculated (Table 1) for each section. The totals shows that the offshore
southerly fl ow dominated., The transport (Sv) for the area is shown in Figure
13.

This should not be treated as representative of the transport for this
area. We know that transports through the system can vary by a few tenths of
a Severdrup in cnea or two days {(Couchman et al., 1976). However, the calcula-
tions do give some quantitative aspects of the passage of this offshore water
o the south.

TABLE 1

TRANSPORT (Sv; + = north) THROUGH SECTI ONS OFF PEARD BAY
( STATI ON XUMBERS FROM APPENDI X)

NEARSHORE FLOW COASTAL CURRENT OFFSHORE FLOW

-0.1 0.2 -0.6
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SUMMARY

Qur know edge of the surface currents of the northeast Chukchi Sea is
quite inadequate for forecasting the flow  This stens largely fromthe |ack
of a dedicated oceanographic programto the area. Because of this |ack of
know edge, only a descriptive approach can be taken for presenting the observed
conditions rather than an anal yti cal approach to understand processes.

Th:: domindnt surface flow in the northeast Chukchi Sea is the warm coast al
current which originates in the Bering Strait and flows toward the northeast
turniag to the right into the Beaufort Sea northeast of Point Barro.. This
current can be ci. .sified as a sem —permanent flow showi ng slowi ng and sonetines
reversal for shor periods especially during northeast w nds.

An anticyclonic eddy has been observed in the |lee of Icy Cape. The
ir.ortance of this feature is that it can be a “trap” for oil spilled on the
arci. More data is needed to determine if this eddy is a sem -permanent
feature like the eddy in the |ee of Point Hope-Cape Lisburne.

Nearshore currents along the northeast Chukchi Sea coast are wind driven
and show a southwesterly flow under the influence of easterly-northeasterly
wirlis and northeasterly flow during westerly-southwesterly flow  Analysis of
thezze nearshore currents with the winds produced a nmeans of predicting the rate
“of novenent of oil spilled into this area. This nmeans of predicting local w nd
drift current patterns should have considerable utility until more precise know
| edge of the coastal currents is available.

The southwesterly current observed 70xm off the Al askan coast is an unknown
feature. Current data presented by Coachman et al (1976) suggest southerly flow
in the north central region of the ChukchiSeanear 164°W. There is no evidence
to indicate that the flow in the central part of the sea has shifted closer to
the Al askan ceast., Future study of this southwesterly flow ng current is necessary
to determ ne the processes affecting the flow.
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oC 70°39.0—’“ 160°31. 1’ 9 aug 1658 [ 13.3 110°
& |10ca35 1600476 |9 aug 1718|211 089° B
5T s 16153 |9 g [uess | 128 e
O T 7705477 (16153 |9 aug |1758 | 313 T |2s ST
kK 70°56. 8 [ 1613297 |9 Aug” |i-807 "7 | 339 175 S
B S oy Ul EOURy v PR A PO o [T PR




PC‘):\L‘OiL | . )
Vi ,1b LQL " ) Lé'-:g’a'—'-:(}.'t‘ bade | Thee | Scead Camfoec) Heqclf- . (1)
1K 70°54.3° 161°42.5' 9 Aug | ,830 30.7 111°
13 M 70°48.4' [ 161°34. 6! 9 Aug | 838 33.1 : 060°
1B T [70°33.6' | 160°45.2° |10 Aug | 928 11.9 122°
10 70°38. 3 | 161°0.6 10 Aug | 945 23.6 064°
9A 170°23. 2 161°49. 4’ 11 Aug | 1925 6.61 259°
.93 70°25.5'  1161°49.4' |11 Aug | 935 7.82 253°
9D V'F‘J"}A.B.' 161°49. 4" “ [11 Aug 956 9.’81 - 103-”
9E 70°37.8' [ 161"49.4' |11 Aug | 017 25.0 099°
\9F 70°38:8' [161°49.4' |11 Aug | 025 2% .6 ~ ot
196 70°$3.6' | 161049.4" |11 Aug | 030 ~ |22.1 43"
LSH 70°44.4° | 161%49. 4 |11 Aug | 040 |26.7 128°
(83 70°16.4' [161°26.1 11 Aug | 403 23.3 228° -
18C 70°24.0'  |161°26.1' |11 Aug | 408 52.9 . 238°
18D 70°21.6' |161°26.1' - |11 Aug | 416 39 . 4 233°-
bod 70°25.6'  [161°26.1 |11 Aug | 422 0.0 245°
187 70°26.8' [161'26.1°  [11 auwg | 427 53. 3 248°
18G 70°32. 7 |161°26.1 |11 Aug | 443 4.4 a7
18K 20°36.9' |161°26.1' |11 Aug | 448 12.0 213°
183 70°41. 7 161°26. 1’ 11 Au3 | 458 1.1 210°
1°% 70°44.3  |161°26.1'  [11 Aug [ 505 © [.7.4 1.50°
154 70°22.3'  |160°50.2" |11 Aug | 645 3.0 217°
158 70°27.4  |161°6.7° |11 Aug | 655 | 6.6 143°
12 70°29.7 |161°14.6 |11 Aug | 706  |)5.5 “ 238° T
150 |70°3L 5 T [161°20.7 |11 awg | 718 *--" |42 43° ) ”'
15z (10328 |161255  uag |73 | st o
'0°36.5 161°37.2" [11 Aug | %2 3.0 h1L7Y




T Peod

2 C
St ,; ‘_;.‘L':,?E‘ Lc,_.‘):lu,llg bade. [ T e Spéf.é (L.m/ﬁe.-')' H:‘&?([C“_}CPT>
29D NTT [ 5vs T | 1z g 1642 | 19.2 214°
To? - 71°7.3' 159°5.8'- .| 14 Augl 1658
L R L 5 15 K I VAW I 7 RV 056°
_20A 70 o57.0 | 158'54.9' | 14 aug| 1711 | 27.0 082°
pary D055, ¢ | 158°43.1 | 14 aug| 1726 7.4 267°
214 i‘7‘0°55'. 0 . 158°43.1' 14 Aug| 1730 .5.0 267° -
21c 171°2.9' | 158°49.2 | 14 aug 1743 | 58,8 . 0610
21¢ 1029 | 156°49.2 | 14 aug 1745 | 60.0 058°
21D i 71°5.7 158°50.9" | 14 aug|1750 Failure
ZIE T iTITT6T 158523 | 14 Aug|1804 | 5.9 05,6
21F i 114 Aug
216 [71°13.6' TTSUS5 Y (16 Aug (1320 |14 - eaz - B
2.5 170°16.2' | 156°46.4 |14 aug POSO |44, 5 |yzg
22E ', | . 171°10.8" | 158742.0' |14 Aug |2208 c - ;
2?._—;;71"1.4' 158°35.1" |14 Aug. [2120 |23 7 204°
z:'—f:m"sz.o' 58287 |14 Aug P131 |17, 5 262°
236 ‘ 7 IE‘B“ 15825t~ {17 Aug 20. 0 D49 °
:3A.—{_77)‘°Z=To.—e"‘ 585t 14 Aug 4201 5. 4 : P42 °
P
32 ¢ 23t e b Aug 1040 P49 Jos2°
N flz1°4.1' 158°15. 1! 1046 * 28.1 950°
an 71°5.50  |158°16. 3" 10s6 8.7 $810
S rme oLt hss 81
s T T s | e LT B
| SETve A os e e
y T 71051 |1'5§°"2"8'.'“§"'“" B 7: B I S FPESS e
T A S8 3 T Mg 1438 B A —— T ke o - L




PC'):\!{C 1Y

5 ::I:b : L\-J.; v’lc -Lf-ij?l'ézfc' bale Tfue Scéc’-é (eonfore) Hez.z!f -y ( T
5K 71°26.9' |158°27.4 |15 Aug | 1239 |50.7 154,°
4K | 710206 [158°27. 1 1242 | 18.0 267°
412 71°21.9' [158°21.4' 1301 |32.4 264°
/258 71°21.1° | 158°20.3' 1309 | 1.2 226°
4G 71°16.3' |158°17.3 1325 |41 036°
4F 7045 |158°15. 7 | 1528 [6.1 068°
L 71°12.8 | 158°14. 4 1535 |14.4 . 081°
4D 71°10.1 | 158°12. 6! 1541 |[5.1 066°
4c 71'7.7  |158°10.8' 1550 | 0.5 085°
b 71°4.81  [158°8.3 1558 |.0.6. . 079"
4A 70°55.3' [1s8°1.8" 1606 | 8.2" 197"
54 T1°1.47  [157754.9! 1629 7.1 T332
55 N3 [I57756.0° 1631 1 ~ [o52
sc - | 71°4.2 |157°58.1 1634 | 1.8 048° -
5n 71°8.5" 158°3.5" - 1644 1.4 084°
se | 7ec12.97 [158°0.0 10.7 065°
oA 7°1.6  |157°39. 1 78 - 200°
€" (1°3. 7 157741.7° 0.5 - [UUZ”
6C 71°4.8  |157°43.0' 9.9 034°
6D 71°8.2°  |157°47.2 3.0 064"
6 71°12.8' |157°52.8' 0.8 190°
6F 71°1s.3' [157°55.9' 6.2 093°
sc 9167 |71 T 7.4 300 T
6n | 71°18.977|158°1.6 T T T e T T e
NI 5 T voc A B P A " - -
6 T | 71°30. 7 [1sEery it | S | T | T T T | T [T
— Ao




P C‘):“-L{O"ZL

T‘ @

Sl D | Lablde | Lewrode | doke Speel (nbredd | Headsng (T
27K 71°33.5° [ 158°15.4° |15 Aug
! v | 71"26.3 158°6. 4 15 Aug Lo8 .1 250°
27G 71°24.4' |158°4.0' |15 Aug 51.9 251°
277 719034 [158°2.9° |15 A 23.8 234°
29A 71°11.5' | 157°3.7 16 aug |L650 34.2 041°
298 71°13.1  [157°0.9' L704 11. 7 036" *
2nC 71°16.3 - |157°22.0 L710 60.4 . 1059° -
29D 71°18.4° |157°29. 8 1720 56.1 078"
29E 71°19.5 | 157°34.5' L734 74.5 061°
o ~F 710259 [15870.0 L744 29.1 VR
29G 71°27.5' |158°5.6 L 752 158 298
30 71°30.5°  |157°24. 1 1814 5.8 189°
30D 71°30.51 |157"24. 1’ 1815 5.5 185°
30C 71°27.8' |157°13.0' 1820 9.8. “los4°- -
308 72.21.6°  |156°49.5 1855 87.0 054° |
304 71°20.8' | 156°46. 8! 1907 75.6 052"
1B 71251 |156°34. 2 1943 156. 7 dase [
s 710281 [156°34.2 2006 8 4 041°
11D 71°29.1 | 156°34.2 2017 17.3 045°
1E 71°32.1° | 156734.27 |16 avg [2024 | 46.7 070°
24 T l71°1s.7 |156°6.6° |17 Aug |1620 22.7 151°
2P 71°23.7 | 156°6.6 |17 Aug |1635 12.2 040°
2c T 1566 6 |T7 Aug |62 T | 2508 T T osse T |
0T 71926, 7 1562687 (17 Fug 164977 [113.8 T jorge B i —
26 |mesv7 |isecs.e'  fL7 Aug |83 [ 48.2 087°
o |71°337 |iesc6.6' |17 e |teee | 363 |oos o
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S .:E’/ L,',»L,_,c 1 LC!-"j"TL-;(fC-. Lalt Tfunc Spec’.é (uu/m-) H&-;;[C»_,’C OT)
26 71°39. 7’ ij 156°6.6' 17Aug | 1900 45.7 228"
cod | 71°41.7° | 155°54, 6’ 1911 21.9 204°
3G 71°3507 | 155°54. 6’ 1921 66. 9 059°
3F 71°32. 7 155" 54. 6’ 1930 122. 8 0 51 -°
“3E 71°27.7' | 155°54.6° 1940 23.7 313°
3D 71°24.7" | 155°54.6" 1945 - [ “20.9 329°
e 71°22.7' | 155°54.6" 1953 34.7 309°
33 71°17. 7 1155°54. 6’ 1958 9.8 238°
3A 71"13. 7 1155"54. 6 17 aug |2014 22.1 207°-
3 71°28.0' |155°42.6' |19 Aug |1758 | 81.7 086°
47 71°23. Q°_ 1 155°42.6° 1806 9.3 354° )
4E 71°17.0° | 155°42.6” 1821 14.7 279°
4D 71°16.0° | 155°42.6” 1828 13.7 274°
4 D . 73..16.0° | 155°42.6” 1834 11. 8 274°-
4¢ 71°15.0'  }155°42.6" 1845 2 9 1 |230° ‘
48 “ 71°13.0 | 155°42.6" |19 Aug |1855 20. 4 273°
LA 71°12.0" {155°42.6' |19 Aug |1900 20.5 295°
8E 71°5.07 | 152735.4" |20 Aug |L145 12.1 037°
8D 71°4.0° 152°35. 4’ L153 9 5 018°
&c 70°59.0” | 152°35.4" L201 17.5 016°
8B 70°57.0" | 152°47.4" L208 11.7 358"
'é'Z\"' N ;5°_54.0' 152735.4" L217 26.9 359"
on' " T |doesd.a Tasote e [T | T Tize T T (e
98~ |70°50.47 [152°6.6" | 1301 T T T gy T T [
C____ |7ocsa-ar | 152766 1 L 180 P
S |TOUA | 152°6.6°  f20mug (BLT |45 |36




PC‘)':\I{C Ly _
5'!':? ,I D, ir.“al;"i"v‘(,.f LC»-:*)’-J'U([E b»’]‘!‘t T4 e Spéc’.é (:_.bﬂ/idx") Heq‘!f-.j C CT)
5

9E 70°59.4" 152°6.6" 20 Aug | 1326 6 . 3 )50°
1M - | 71°0.4" 152°6.6° 1335 13.4 . * |)52
11K 71"6. 3 151°8.4” 1539 16.1 L15°
11J 71°5.3" 151°8. 4 1545 8.5 182°
118 - 71°6.3' | 151°8.4 | 555 7.0 58°
11G 71°0.3° 151°8. & 607 2.7 3G1°
i3 71°0.3” 151°8.4" . 609 4.0 130° =
117 | 70°53.37 | 151°8.4: 625 4.4 113°
11E 70°51.3"  [151°8.4" 637 4.7 ' 140°

1.0 70°47.3” 151°8. 4’ , 646 9.1 103°

11D 70°47.3' | 151°8. 4' 646 9.1 - 03°

11c 70°41.3" | 151°8. 4’ 0 Aug | 655 4.4 37°
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