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CONVERSION FACTORS, ABBREVIATIONS, AND VERTICAL DATUM

Multiply By To Obtain
meter (m) 3.281 foot
kilometer (km) 0.6214 mile
square kilometer (kmz) 0.3861 square mile
meter per second (m/s) 3.281 foot per second
meter per year (m/yr) 3.281 foot per year
gram (g) 0.03527 ounce
degreee Celsius (°C) F=18x°%C+32 degree Fahrenheit (°F)

Other reviations in this r :
g/cm3, gram per cubic centimeter

Myy,e, Meter water equivalent

Sea level:

In this report, "sea level" refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929), a geodetic datum
derived from a general adjustment of the first-order level nets of both the United States and Canada, formerly called
Sea Level Datum of 1929.
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Figure 10. Ice-radar profiles, Black Rapids Glacier.
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Figure 10. Continued.
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The locations of the monuments within the local coordinate system were established by sur-
veying with theodolites and by measuring distances electronically with a microwave frequency
device. Horizontal and vertical angles were measured multiple times and averaged. Distances
were measured between redundant monument pairs. The net was calculated by least squares net-
work adjustment (Sikonia, 1977.) Unfortunately, in the 15 years between Sikonia's network com-
putation and the preparation of this report, the original output and results from the network
adjustment program have been lost and cannot be reproduced without major effort. The monu-
ment coordinates are available, but not the calculated uncertainties. Monument coordinates are
listed in table 18 (p. 97).

Even though the local coordinate system is not rigorously tied to UTM, the local grid was
approximately lined up with the UTM grid and the following conversions can be used to approxi-
mately convert between UTM and local coordinates (Mayo and others, 1979):

UTM Easting = 0.999618*X + 516,000 (1)
UTM Northing = 0.999618*Y + 7,026,000 @)

where X and Y are the local sea-level coordinates in meters. It is important to keep in mind that
the UTM coordinates derived from these equations from the current local net are more than 100 m
in error. In May 1992, a field crew from the University of Alaska made GPS measurements of
several points in the basin to compare the arbitrary local coordinate system to UTM (North Amer-
ican Datum 1927). Two monuments were surveyed: Lake and Potholes (table 19, p. 97). Assum-
ing the local coordinate system is internally consistent, it can be rotated, translated, and scaled to
a better approximation of the UTM grid. The transformation between the local (untied) system
and the GPS derived system is based on the two observations in table 19.

We transformed the coordinate pairs between Lake

[local net, table 18, (14557.92, 14664.43)] <> [GPS-derived, table 19, (14440.10, 14635.39)] and
Potholes (4959.20, 12811.29) <> (4841.13, 12788.72).

To convert between local coordinates and GPS-derived coordinates, use:
X=(scos0)X'-(ssin@)Y' + ¢ 3)
Y =(ssin 0)X' + (scos 0)Y'+d (4)

where X, ¥, X', and Y" are local (not UTM) coordinates, s is the scale change between the two local
systems, 0 is the angle of rotation, and ¢ and d are the translations (Moffitt and Bouchard, 1987,
p. 315). For the transformation from local (X,Y) to GPS-derived coordinates (X, Y),
5 =0.99989965, 0 =-0.03747908° , ¢ = -125.9514, and d = -18.0427. To go from GPS-derived
(X,Y) to local coordinates (X,Y), s=1.00010036, 6 =0.037479085°, ¢ =125.9522, and
d=18.1269.

A more rigorous set of GPS observations must be made before we will transform our local
network coordinates. The University of Alaska observations are reported here so that if the more
thorough GPS survey is never made, future studies will have this initial transformation to use as a
starting point. The GPS measurements should be considered preliminary.
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As a preliminary check on the transformation, three of the index stakes that were surveyed
with GPS can be compared with geodetic surveys made within the local net (table 20, p. 98) 4 or
5 days after the GPS surveys. Some displacement caused by ice motion occurred during the inter-
val between the surveys. '

Centerline Coordinate System

A second coordinate system in use on Black Rapids Glacier is the centerline coordinate sys-
tem (fig. 2, table 21, p. 98). This curvilinear, longitudinal system defines points at one kilometer
intervals (horizontal distance) approximately along the glacier centerline. The origin (0 km) is at
the summit of a small rock knob at the head of the glacier. This coordinate system is useful for
dynamics calculations and for quick reference to locations along the glacier. The index sites are
located at points defined by the centerline coordinate system.

The centerline coordinates for the Loket tributary originate at the 26-km centerline point on
the main branch of the glacier. They are defined every kilometer up-glacier from that point. The
Loket centerline coordinates are prefaced with an "L" to distinguish them from the coordinates
along the main ice stream.
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Table 1. Net mass balance data, Black Rapids Glacier
[Results are given in meters of water equivalent. This table is condensed from table 2, which contains the field data
and computation details. km, kilometers; —, no data.]

Balance Net mass balance, Black Rapids Glacier site

year 2km 4km 8km 14km 20km 26 km 32km 38 km L-19 km L-22 km
1972 - - - - 276 - 425 - -
1973 - --- - -077 -209 -408 -465 -- ---
1974 182 052 -016 -195 -363 -428 -- -—-
1975 -—- 120 044 055 -240 -3.12 -442 -542 -
1976 138 072 -1.09 -3.01 -3.20 -479 -- -—
1977 247 1.87 093 -051 -2.09 -3.00 -445 -6.02 - -1.56
1978 - 110 034 -138 -3.17 -3.71 -513 -6.06 -2.64
1979 092 006 -198 - -420 - -6.87 --- -
1980 - 225 093 -0.10 -198 -3.16 -3.97 -6.21 0.53 -1.35
1981 322 187 089 -019 -223 -413 -490 -6.49 0.29 -1.85
1982 119 046 -097 -274 -414 -501 -6.26 -0.54 -2.37
1983 1.57 016 -086 -236 -3.20 -4.05 -562 -0.55 -2.06
1984 1.18 067 -0.60 -232 -3.78 -436 -597 -0.22 -1.79
1985 - 162 097 013 -214 -3.08 -3.95 -529 0.23 -1.42
1986 - 1.78 071 -046 -265 -434 -442 -6.29 -0.83 -2.26
1987 0.20 -0.75 -277 -449 -424 -588 0.13 -1.23
1988 - -- 041 -075 -213 -433 -355 -- - -2.47
1989 - - 091 -140 - -402 --—- -571 -
1990 -—-- --- 195 -167 -325 --
1991 -—-- --- 069 -069 -262 -- ---
1992 078 -089 -224 -- -—- - -—- -—-

32 Observations of the Surge-Type Black Rapids Glacier, Alaska, During a Quiescent Period, 1970-92



Table 2A. Mass balance, 2 km site, Black Rapids Glacier

[m/dly, month/day/year; b', height of surface on stake, measured relative fo base of stake; m, meters; p, density; g/cm3, grams per cubic centimeter, d(s}, depth
of snow; Stake d(s) is calculated by subtracting a previously observed summer surface height {b'ss) from b', Probe d(s} is measured by forcing a thin probe rod
through the snow pack until it is stopped by the hard summer surface; n, number of observations; s.e., standard error; Est., estimated; b'ss, height of summer
surface on stake, measured relative to base of stake; Obsv., observed; b(i), ice balance; b(f), firn balance; b(s), snow balance; b(k), internal accumulation--rain
and snow melt water refrozen in the pore space of permeable firn in the accumulation area (Trabant and Mayo, 1985); b, net mass balance; mwe, meters water
equivalent; Sup. ice, superimposed ice]

Observations Accumulation calculations Summer surface  Ablation calculations Mass balance results
Date Stake reading Stake Pit Probe d(s)  Material Thickness P b'ss Material Change  p Ice  Firn  Snow Intemal Net
b* Surface dis) p  dfs) Mean n Mean se n Est  Obsv. Est Est. bf)  bff) b(s) bk b,
midy (m] mateia (m) (g/cr) (m) (m) (m  (m  {gle’) (m) (m) (m)  {(gfem®) (M) (Mue) (M) (M)  (Me)

DATA FOR 1974 BALANCE YEAR:
STAKE 74-1.5 (instalted 3/27/74)

3/27174 515 Snow 290 1 Snow 290 1 032 225 093 093
7122074 543  Snow 0.20 Snow .20 130 523 .06
Fim 298 151 1.52 030 182
RESULTS FOR 1974 BALANCE YEAR 1.52 30 182
DATA FOR 1575 BALANCE YEAR:

STAKE 75-1.6 (installed 2/28/75)
2/28/75 6.00 Snow 398 6 Snow 398 001 6 039 202 155 1.55
B8/28/75 5.41 Snow

RESULTS FOR 1975 BALANCE YEAR: no resuits

RESULTS FOR 1976 BALANCE YEAR: (no data) no results

DATA FOR 1977 BALANCE YEAR:
STAKE 77-2 (installed 3/18/77)

318/77 590 Snow 6.00 2 Smow 600 000 2 039 - .10 234 234
9/23/77 581 Snow 149 6 Snow 149 00 6 .28 432 42

Firm 442 1 s 226 021 247
RESULTS FOR 1977 BALANCE YEAR: 2.26 21 247

DATA FOR 1978 BALANCE YEAR:

77-2 {continued)

3/2278 871 Snow 4.39 Snow 439 1 039 432 171 171
RESULTS FOR 1978 BALANCE YEAR: no results
RESULTS FOR 1979 BALANCE YEAR: (no data) no results

DATA FOR 1380 BALANCE YEAR:

STAKE 80-2 (installed 3/27/80) -

3/27/180 350 Snow no snow depth measured

9/4/80 468 Snow 063 Snow 063 1 025 405 0.16

RESULTS FOR 1980 BALANCE YEAR: no resuits

DATA FOR 1981 BALANCE YEAR:
80-2 (continued)
32281 7.72 Snow 3.67 Snow 367 1 039 4.05 143 143
910/81 1116 Snow 1.25 Snow 125 1 4 9.91 50
Firn 586 1 51 2.99 23 3

3/24/82 1451 Snow 460 3 Snow 460 3 39 99 1.79
RESULTS FOR 1981 BALANCE YEAR: 2.99 28 322
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Table 2A, continued

Observations

Accumulation calculations

Date Stake readng Stake Pit

Thickness p b'ss

b'  Suface dis) p

m/idy (m) materia (m) (g/cm?) (m)

Mean se. n Est Obsv. Est
(m  (m)  (gem) (m)

80-2 (continued)
Y24/82 1451 Snow
910/82 14.43 Snow

STAKE 82-2 (installed 3/24/82)
3/24/82 600 Snow
9/10/82 6.06 Snow

RESULTS FOR 1982 BALANCE YEAR:

no snow depth measured

no snow depth measured

DATA FOR 1982 BALANCE YEAR:

460 005 3 039 9.91

460 05 3 39 1.40

STAKE 83-2 (instailed 4/23/83)
42383 4.73  Snow
9/18/83 495 Snow

RESULTS FOR 1983 BALANCE YEAR:

no snow depth measured
no snow depth measured

DATA FOR 1983 BALANCE YEAR:

STAKE 84-2A (instalted ¥16/84)
3/16/84 438 Snow
8/28/84 463 Snow

STAKE 84-2B (installed 3/16/84)
3/16/84 462 Snow
8/28/84 481 Snow

RESULTS FOR 1984 BALANCE YEAR.

no snow depth measured
no snow depth measured

no snow depth measured
no snow depth measured

DATA FOR 1984 BALANCE YEAR:

STAKE 85-2 {installed 4/4/85)
41/85 449 Snow

RESULTS FOR 1985 BALANCE YEAR:

no snow depth measured

DATA FOR 1985 BALANCE YEAR:
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Table 2B. Mass balance, 4 km site, Black Rapids Glacier

[m/dly, month/dayfyear; b', height of surface on stake, measured relative to base of stake; m, meters; p, density; g/cm3, grams per cubic centimeter, d(s), depth
of snow; Stake d(s) is calculated by subtracting a previously observed summer surface height (b'ss) from b'; Probe d(s) is measured by forcing a thin probe rod
through the snow pack until it is stopped by the hard summer surface; n, number of observations; s.e., standard error; Est., estimated; b'ss, height of summer
surface on stake, measured relative to base of stake; Obsv., observed; bfi), ice balance; b(f), firn balance; b(s), snow balance; b(k), internal accumulation--rain
and snow melt water refrozen in the pore space of permeable firn in the accumulation area (Trabant and Mayo, 1985); bn, net mass balance; mwe, meters water
equivalent; Sup. ice, superimposed ice]

Observations Accumulation calculations Summer surface  Ablalion calculations Mass balance results
Date  Stake reading Stake Pit Probe d(s) Material Thickness P b'ss Material Change p lce  Fim Snow Intemal Net
b Surface d(s) p d{s) Mean n Mean se. n  Est Obsv. Est. Est. b(i) b{ff b(s) bk b
m/dly  (m) materid (m} (g/cm®) (m) (m) (m) (m) (gfem®)  (m) (m) (M) (glem®)  (Mwo) (Mwe) (Mue)  (Muo)  (Mys)
DATA FOR 1973 BALANCE YEAR:
STAKE 73-4 (installed 7/19/73)
719173 478  Snow snow depth not measured
10/24/7 575 Snow 1.03 Snow  1.03 1 040 472 0.41 04
3/2774 6.65 Snow 032 193 Snow 1.93 1 .32 472 .62
RESULTS FOR 1973 BALANCE YEAR: no results
DATA FOR 1974 BALANCE YEAR:
STAKE 73-4 (continued)
10/24/7 575 Snow 1.03 Snow  1.03 1040 472 041 0.41
327174 665 Snow 032 193 Snow 193 1 .32 472 62 62
7122174 591  Snow 79 Snow 79 1 .20 512 16
Fim 40 1 51 2 31 52
2/28/75 8.88 Snow 39 368 378 3 Snow 376 0.04 4 39 512 147
RESULTS FOR 1974 BALANCE YEAR: 2 31 52

DATA FOR 1975 BALANCE YEAR:

STAKE 73-4  (stake not found on 2/28/75; b' calculated using 75-4 data)

2/28/75 8.88 Snow 039 368 378 3 Snow 376 004 4 039 5.12 147 147
8/28/75 713  Snow 0.02 .20 Snow .02 1 .20 71 .00

Fim 199 1 51 1.01 019 120
3/23/76 11.06  Snow 395 Snow 395 01 6 .38 ™m 1.50

STAKE 75-4 (installed 2/28/75)

22875 7.60 Snow 33 368 378 3 Snow 376 04 4 39 384 1.47 147
8/28/75 585 Snow .02 .20 Snow .02 1 .20 5.83 .00

Fim 199 1 51 1.01 A9 120
RESULTS FOR 1975 BALANCE YEAR: (average of stakes 73-4 and 75-4) 1.01 49 120

DATA FOR 1976 BALANCE YEAR:
STAKE 73-4 (continued) )

8/28/75 713 Snow 0.02 Snow  0.02 1020 [AR 000 0.00
3/23/76 11.06 Snow 395 6 Snow 395 01 6 .38 71 150 150
91376 971  Snow Snow .35 1 .26 9.36 09

Fim 225 1 51 1.15 27 142
Note: Snow depth not measured on 9/13/76. d(s) estimated from 8 km data.
STAKE 75-4 (stake not found on 3/23/76)
8/28/75 585 Snow .02 .20 Snow .02 1 .20 583 00 .00
9/13/76 830  Snow .26 Snow .35 1 26 7.95 09

Fim 212 1 51 1.08 21 135
Note: Snow depth at stake 75-4 on 8/28/75 inferred from measurements at stake 73-4.
Note- Snow depth not measured on 9/13/76 d(s) estimated from 8 km data.
RESULTS FOR 1976 BALANCE YEAR: (average of stakes 73-4 and 75-4) 1.1 27 138

DATA FOR 1977 BALANCE YEAR:

STAKE 77-4 (installed 3/18/77)
318/77 596 Snow 538 3 Snow 538 001 3 038 0.58 205 2.05
9/23/77 5.00  Snow 116 10 Snow 116 .01 10 .33 3.84 .38

Fim 327 1 51 1.67 620 187
RESULTS FOR 1977 BALANCE YEAR: 1.67 20 187
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Table 2B, continued

Observations Accumulation calculaions Summer surface  Ablation calculations Mass balance results
Date  Stake reading Stake Pit Probe d(s)  Material Thickness p b'ss Material Change p lce  Fim Snow Intemal Net
b Suface d(s) p d(s) Mean n Mean se. n  Est Obsv. Est. Est. b(i) b(f) b(s) bk} " b,
m/dly (m) materal (m) (glem®) (m) (m) m) (m) (glem?) (m)} (m} (m) (glem?) (Mwe) (Mwe) (Mo}  (Mws)  (Mue)
DATA FOR 1978 BALANCE YEAR:
STAKE 77-4 {continued)
9/23/77 500 Snow 116 10 Snow 1.16 0.01 10 0.33 384 0.38 0.38
318/78 722 Snow 35 Snow 341 .00 § .36 3.81 1.23 1.23
7028/78 600 Snow 219 Snow 219 1 .40 3.81 88 .88
10/23/7 699 Snow 699 150 2 Snow 150 .00 2 .40 5.49 .60
Fim  1.68 1 .51 .86 24 110
RESULTS FOR 1978 BALANCE YEAR: .86 24 110
DATA FOR 1979 BALANCE YEAR.
STAKE 77-4 (continued}
10/23/7 699  Snow 150 2 Snow 150 000 2 0.40 549 0.60 0.60
3/28/79 882 Snow 365 10 Snow 365 03 10 36 517 1.31 1.3
8/23/79 635 Snow 0.01 Show 01 1 36 634 .00
Fim 117 1 51 0.60 028 .88
STAKE 79-4 (installed 3/28/79)
3/28/79 821  Snow 365 10 Snow 365 03 10 .36 456 1.3 1.31
8/23/79 593  Snow 01 Snow .01 1 .20 5.92 .00
Fim 136 1 51 .69 28 97
RESULTS FOR 1979 BALANCE YEAR' (average of stakes 77-4 and 79-4) .64 .28 .92
DATA FOR 1980 BALANCE YEAR
STAKE 79-4 (stake not found on 3/27/80)
8/23/79 593  Snow .01 Snow .01 1 20 5.92 .00 .00
9/04/80 1026 Snow .45 Snow 45 1 .20 9.81 .08
Fim 383 1 .51 1.98 28 226
STAKE 80-4 (installed 3/27/80}
3/27/80 485  Snow 499 4 Snow 499 04 4 .36 -3 180 180
9/04/80 396  Snow .45 Snow .45 1 30 351 .14
Fim 384 1 51 1.96 28 224
RESULTS FOR 1980 BALANCE YEAR: (average of stakes 78-4 and 80-4) 197 28 225
DATA FOR 1981 BALANCE YEAR
STAKE 80-4 (continued)
9/04/80 395 Snow 0.45 Snow 045 1 030 351 0.14 0.14
3/22/81 687 Snow 3.36 Snow 336 1 .36 351 1.21 1.21
9/10/81 732 Snow 50 Snow 50 -1 .30 682 A5
321 4 Ffim 321 01 4 51 361 <==1980s.s. 1.64 023 187
RESULTS FOR 1981 BALANCE YEAR: 1.64 23 1.87
DATA FOR 1982 BALANCE YEAR
STAKE 80-4 (continued)
9/10/81 732 Snow 0.50 Snow 050 1 030 6.82 0.15 0.15
3/24/82 1022  Snow 356 10 Snow 356 002 10 .36 6.46 1.28 1.28
9/10/82 B34  Snow 40 Snow 40 1 .30 8.44 12
1.82 10 Fim 182 03 10 .51 6.62 <==1981s.s. 93 26 119
STAKE 82-4 {installed 3/23/82)
3/24/82 412  Snow 3.56 10 Snow 356 02 10 36 62 1.28 1.28
9/10/82 373  Snow .40 Snow 40 1 .30 2.63 A2
1.82 10 Fim 182 .03 10 .51 81 <==1981ss. 93 26 119
RESULTS FOR 1982 BALANCE YEAR: .93 26 119
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Table 2B, continued

Observations Accumulation calculations Summer surface  Ablation calculations Mass balance results
Date  Stake reading Stake Pit Probe ds)  Material Thickness ) b'ss Material Change p Ice  Fim Snow Intemal Net
b'  Suface d(s) P d(s) Mean n Mean s.e. n  Est Obsv. Est. Est. bi) by b(s) bk b,
m/dly  (m) material {m) (glem®) (m) (m) (m) (m) (glem’)  (m) (m) (m)  (gfem®)  (Mwe) (Mue) (Mue)  (Mwe)  (Muo)
DATA FOR 1983 BALANCE YEAR:
STAKE 82-4 (continued)
9/10/82 3.03  Snow 0.40 Snow  0.40 1 030 2.63 0.12 0.12
4/23/83 6.25 Snow 388 7 Snow 388 03 7 .36 237 1.40 1.40
9/18/83 536 Snow .40 Snow .40 1 .30 496 12
Firn 259 51 132 025 1.57
RESULTS FOR 1983 BALANCE YEAR: 1.32 25 157
DATA FOR 1984 BALANCE YEAR:
STAKE 82-4 (continued)
9/18/83 536 Snow 0.40 Snow  0.40 1 030 496 0.12 0.12
3/16/84 806 Snow 3.10 Snow  3.10 1 36 4.96 112 112
STAKE 84-4A (installed 3/16/84)
3/16/84 6.15 Snow 3.10 Snow  3.10 1 .36 3.05 112 1.12
8/28/84 534 Snow .58 Snow .58 1 .30 476 A7
Fim 1.7 1 51 87 25 112
4/4/85 856 Snow 380 5 Snow 380 .01 5 36 476 1.37
STAKE 84-48 (installed 3/16/84)
3/16/84 633 Snow 3.10 Snow  3.10 1 .36 323 1.12 112
8/28/84 5.59 Snow 42 Snow 42 1 .30 517 A3
Fim 194 1 51 .99 25
4/4/85 897 Snow 380 5 Snow 380 01 5 .36 5.17 1.37
RESULTS FOR 1984 BALANCE YEAR: (average of stakes 84-4A and 84-4B) 93 25 118
DATAFOR 1985 BALANCE YEAR:
STAKE 84-4A (continued)
8/28/84 534 Snow 058 Snow  0.58 1 030 476 017 017
4/4/85 856 Snow 380 5 Snow 380 01 5 .36 476 1.37 1.37
9/12/85 808  Snow 0.72 Snow 72 1 30 736 22
Fim 260 1 51 476 1.33 033 1.66
STAKE 84-48B (continued)
8/28/84 559 Snow 42 Snow 42 1 .30 517 A3
4/4/85 897 Snow 380 § Snow 3.80 01 § .36 517 1.37 1.37
9/12/85 8.33 Snow 72 Snow .12 1 .30 7.61 .22
Fim 244 1 51 517 1.24 33 157
RESULTS FOR 1985 BALANCE YEAR: (average of stakes 84-4A and 84-4B) 1.29 33 162
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Table 2B, continued

Observations Accumulation calculations Summer surface  Ablafion calculations Mass balance results
Date  Stake reading Stake Pit Probe ds)  Material Thickness P b'ss Fim Snow Internal Net
b'  Surface d(s) p d(s) Mean n Mean se. n Est Obsv. Est. b{f) b{s) bk} b,
midly (m) material (m) (g/em®) (m) (m) (m) (m) (gem®  (m) (m) (Mwe)  (Mwe)  (Mue) (M)
DATA FOR 1986 BALANCE YEAR:
STAKE 84-4A (continued)
9/12/85 8.08 Snow 0.72 Snow  0.72 1 030 7.36 0.22 22
43/86 10.77 Snow 38 5§ Snow 380 003 5 36 6.97 137 137
9/25/86 10.42 Snow 45 Snow .45 1 .30 9.97 A4
Fim 3.00 1 51 1.53 027 180
STAKE 84-4B (continued)
9/12/85 8.33 Snow .72 Snow 12 1 .30 7.61 22
43186 1124 Snow 380 5 Snow 380 03 5 36 7.44 1.37 1.37
9/25/86 10.72 Snow .45 Snow .45 1 .30 10.27 14
Fim 283 1 51 1.44 21 1N
STAKE 86-4 (installed 4/3/86)
43186  6.14  Snow 380 5 Snow 380 03 5 .36 2.34 1.37 1.37
9/25/86 5.83 Snow .45 Snow .45 1 .30 5.38 14
Fim  3.04 1 51 1.55 27 182
RESULTS FOR 1986 BALANCE YEAR: (average of 84-4A, 84-4B, and 86-4) 1.51 27 178
DATA FOR 1987 BALANCE YEAR:
STAKE 86-4 (continued)
9/25/86 583  Snow 0.45 Snow  0.45 1 030 538 0.14 014
3/18/87 9.64 Snow 4.26 Snow 426 1 .36 5.38 1.53 1.53
STAKE 87-4 (installed 3/18/87)
3/18/87 7.02 Snow 4.26 Snow  4.26 1 .36 2.76 1.53 1.53
RESULTS FOR 1987 BALANCE YEAR: no results
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Table 2C. Mass balance, 8 km site, Black Rapids Glacier

[m/dly, month/day/year, b', height of surface on stake, measured relative to base of stake; m, meters; p, density; g/cm?3, grams per cubic centimeter, d(s), depth
of snow; Stake d(s) is calculated by subtracting a previously observed summer surface height (b'ss) from b'; Probe d(s) is measured by forcing a thin probe rod
through the snow pack until it is stopped by the hard summer surface; n, number of observations; s.e., standard error; Est., estimated; b'ss, height of summer
surface on stake, measured relative to base of stake; Obsv., observed; b(i), ice balance; b(f), firn balance; b(s), snow balance; b(k), internal accumulation--rain
and snow melt water refrozen in the pore space of permeable fim in the accumulation area (Trabant and Mayo, 1985}; ba, net mass balance; mwe, meters water

equivalent; Sup. ice, superimposed ice]

Observations Accumulation calculations ~ Summer surface  Ablation calculations Mass balance results
Date  Stakereading Stake Pit Probe d{s) Material Thickness p b'ss Material Change p Ice  Firn  Snow Internal Net
b'  Surface dfs) p ds) Mean n Mean se n Est Obsv. Est Est. bfi) bffy b(s) bk) b
midy {m) materil (m) (glem®) (m)  (m) (m) (m  (gem’) (m) (m) (M (gem’) (M) (M) (M) (Mu) (M)
DATA FOR 1973 BALANCE YEAR:
STAKE 73-8 0 (installed 7/22/73)
7123173 150 Snow
10/24/73 210 Snow 080 1  Snow 090 1025 120 0.22
327174 274 Snow 140 1 Snow 140 1 .36 134 .50
STAKE 73-8 7-F (installed 10/27/73)
10/27/73 160  Snow 025 079 Snow .79 1 25 081 19
32774 230 Snow 140 1  Snow 140 1 3% 09 .50
RESULTS FOR 1973 BALANCE YEAR no results
DATA FOR 1974 BALANCE YEAR:
STAKE 73-8 7-F
32774 230 Snow 140 1 Snow 140 1 036 090 050 050
7122174 114 Snow 0.35 Snow 35 151 079 18 18
STAKE 74-8 7-F (installed 7/22/74)
7122/74 519  Snow 35 Snow .36 1 .51 484 18 18
22875 625 Snow 245 3  Snow 245 002 3 .33 380 Firn  -1.04 #REF! #REF! .81 31 #RER!
STAKE 73-80
27174 274 Snow 140 1  Snow 140 1 36 134 .50 .50
712274 155  Snow .35 Snow .35 1 5 120 18 18
STAKE 74-8 0 (installed 327/74)
32774 501 Snow 140 1 Snow 1.40 13 361 .50 .50
7122174 385 Snow .35 Snow .35 151 350 18 .18
2/28/75 510 Snow 252 6 Snow 252 6 33 25 Ffim -9 51 - 47 .83 31 - .16
RESULTS FOR 1974 BALANCE YEAR: (from 74-8.0, stake closest to index site) - 47 31 - .16
DATA FOR 1975 BALANCE YEAR:
STAKE 74-8 0
228175 510  Snow 252 6 Snow 252 002 6 033 258 0.83 0383
&28/75 328 Snow 051 078 Snow 78 1 51 250 40 020 60
Note 1975 summer surface not yet formed on 8/28/75.
Y24176 Snow 33 283 285 7 Snow 285 02 7 33
Fim . 51 48 1 298 024 20 44
Stake height. b’ not read on 3/24/76; data from 9/13/76 used to determine b'ss of summer surface.
91376 413 Snow % 5 Snow 25 1 2 388 .07
S50 90 Firn 0 1 50 298 <==1975ss.
Note Snow pit dug through 1976 fim accumulation to 1975 summer surface on %13/76
RESULTS FOR 1975 BALANCE YEAR: .24 .20 44
DATA FOR 1976 BALANCE YEAR
STAKE 74-6 0 {continued)
324176 Snow 033 283 285 8 Snow 285 002 8 .33 094 0.94
Stake height. b’ not read on 3/24/76
913/76 413 Snow 2% .5 Snow .25 1 026 388 .07
5 .90 Firn .90 1 50 298 <==1975ss 045 7 N2
Note Snow pit dug through 1976 fim accumulation to 1975 summer surface on 9/13/76.
RESULTS FOR 1976 BALANCE YEAR: .45 2 N
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Table 2C, continued

Observations Accumulation calculations  Summer surface Ablation calculations Mass balance results
Date  Stakereading Stake Pit Probe d(s) Material Thickness P b'ss Material Change p ice Firn ~ Snow Internal Net
b Surface d(s) p ds) Mean n Mean se. n Est Obsv. Est Est. bii) bf) b{s) bk) b,
midy (m) material (m) (g/om?) (m)  (m) (m) (m) (glem’) (m)} (m) (M} (0em®)  (Mwe)  (Mwo) (M) (Mue)  (Mwe)
DATA FOR 1977 BALANCE YEAR:
STAKE 74-8.0 (continued)
3118777 7.40  Snow 040 389 387 4 Snow 387 002 4 040 353 1.55 1.56
9/2377 576 Snow .28 82 077 10 Snow .78 .01 10 .28 498 22
Fim 146 1 51 0.74 0.19 93
RESULTS FOR 1977 BALANCE YEAR: (from STAKE 74-8) .74 19 .93
DATAFOR 1978 BALANCE YEAR:
STAKE 74-8.0 (continued)
3/22/78 7.37  Snow 036 228 Snow  2.28 1 036 509 0.82 0.82
10/23/78 625 Snow 112 6§ Snow 112 002 5§ .26 513 .29
Firn 04 1 5 0.02 0.25 27
3/28/79 7.66 Snow 257 2 Snow 257 2 3% 509 .93
STAKE 77-8 (installed 9/23/77)
9/23/77 2.63  Snow 28 B2 077 9 Snow 078 01 10 .28 185 .22
3/22178 431  Snow 36 228 Snow 228 1 36 203 .82 .82
Firn 18 15 .09 25 .34
STAKE 78-8 (installed 3/22/78)
3/22/78 7.62 Snow 36 228 Snow 2.28 1 534 .82 .82
10/23/78 6.80  Snow 26 112 § Snow 112 02 § 568 .29
Fin .34 15 A7 .25 42
3/28/79 8.27 Snow .36 257 2 Snow 257 2 5.70 93
RESULTS FOR 1978 BALANCE YEAR: (average of stakes 74-8.0, 77-8, and 78-8) .09 .25 .34
DATAFOR 1979 BALANCE YEAR:
STAKE 74-8.0 (continued)
3/28/79 766 Snow 257 2 Snow 257 000 2 036 509 093 0.93
3/27/80 7.85 Snow 311 5 Snow 311 01 5 3B 474 Firn -0.35 051 -0.18 0.27 .09
STAKE 78-8 (installed 3/22/78)
3/28/79 8.27  Snow 257 2 Snow 257 00 2 .36 570 .93 .93
82379 548 Snow  0.26 Snow 26 12 5.22 Fim - .48 51 - .24 27 .03
3/27/80 8.33 Snow 341 5 Snow 311 5 3 522
RESULTS FOR 1979 BALANCE YEAR: (average of stakes 74-8 and 78-8) -2 27 .06
DATAFOR 1980 BALANCE YEAR:
STAKE 78-8 (continued)
3/27/80 8.33  Snow 311 5 Snow 311 001 5 036 522 112 1.12
9/4/80 683 Snow 032 Snow .32 1 26 651 .08
Fim 129 1 51 0.66 0.27 93
RESULTS FOR 1980 BALANCE YEAR: .66 27 .93
DATAFOR 1981 BALANCE YEAR:
STAKE 78-8 {continued)
3/22/81 9.05 Snow 267 10 Snow 267 002 10 036 638 0.96 0.96
6/22/81 8.24 Snow  1.86 Snow 186 1 .40 6.38 74 74
STAKE 81-8 (installed 3/22/81)
3/22/81 6.33  Snow 267 10 Snow 267 02 10 36 366 .96 .96
6/22/81 550 Snow 184 Snow 184 1 40 3.66 74 74
9/10/81 552 Snow 0.55 Snow 55 1 26 497 A4
Firn 131 1 5 0.67 0.22 .89
3/24/82 762 Snow 270 5 Snow 270 .02 5 36 493 97
RESULTS FOR 1981 BALANCE YEAR: 67 .22 .89
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Table 2C, continued

Observations Accumulation calculations ~ Summer surface Ablation calculations Mass balance results
Date  Stake reading Stake Pit Probe d(s) Material Thickness P b'ss Material Change p Ice Firn  Snow Internal Net
b' Surface d(s) p d(s) Mean n Mean se. n Est Obsv. Est Est. bfi) b(f) b(s} bk} by
m/dly  (m) material  (m) (g/em®) (m)  (m) (m)  (m) (gem?) () (m) (M) (gem®)  (muwe) (Mo} (Muo)  (Mye)  (Mwe)
DATA FOR 1982 BALANCE YEAR:
STAKE 81-8 {continued)
J24/82 762 Snow 270 5 Snow 270 002 5 036 493 097 0.97
910/82 559 Snow 0.25 Snow .25 1 26 534 .07
Firn 42 1 5 0.21 025 46
421/83 781 Snow 230 10 Snow 230 10 36 551 .83
RESULTS FOR 1982 BALANCE YEAR: 21 25 46
DATA FOR 1983 BALANCE YEAR.
STAKE 81-8 {continued)
4/21/83 781 Snow 230 10 Snow 230 10 036 551 0.83 083
9/8/83 570 Snow 061 Snow 61 126 509 16
Firn - 42 1 5 0.21 0.23 .02
317184 816 Snow 307 7 Snow 307 001 7 36 509 1.1
STAKE 83-8 {installed 4/21/83)
4/21/83 617 Snow 230 10 Snow 230 10 36 387 .83 .83
9/8/83 453 Snow .50 Snow .50 1 26 403 A3
Firn 16 1 08 3 31
¥17/84 710 Snow 307 7 Snow 307 7 3% 403 1.1
RESULTS FOR 1983 BALANCE YEAR. (average of stakes 81-8 and 83-8) - .07 ) 16
DATA FOR 1984 BALANCE YEAR.
STAKE 83-8 (continued)
317184 710 Snow 307 7 Smow 307 001 7 036 403 111 111
8/28/84 569 Snow 0.81 Snow 81 1 26 488 .21
Firn 85 1 5 0.43 0.24 .67
RESULTS FOR 1984 BALANCE YEAR: 43 24 .67
DATA FOR 1985 BALANCE YEAR.
STAKE 83-8 {continued)
44185 812 Snow 274 7 Snow 274 001 7 036 538 0.99 0.99
911185 706 Snow 0.40 Snow .40 1 26 666 10
Firn 128 1 5 0.65 0.32 .97
43186 920 Snow 225 7 Snow 225 01 7 36 695 .81
RESULTS FOR 1985 BALANCE YEAR: .65 32 .97
DATA FOR 1986 BALANCE YEAR
STAKE 83-8 (continued)
43186 920 Snow 225 7 Snow 225 001 7 036 695 0.81 081
9/25/86 806 Snow 038 Snow .38 1 26 768 .10
.87 Firn 87 1 51 681 <==1985ss. 044 0.27 71
STAKE 86-8 (installed 4/3/86)
43186 587 Snow 225 7 Smow 225 01 7 36 362 .81 81
9/25/86 471  Snow 38 Snow 38 1 26 433 10
.87 Firn 87 1 51 346 <==1980ss. 44 27 7
318/87 719 Snow 300 1 Snmow 300 1 4 419 1.32
RESULTS FOR 1986 BALANCE YEAR: .44 27 7
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Table 2C, continued

Observations Accumulati leufati Summer surface  Ablation calculafions Mass balance resuits
Date  Stake reading Stake Pit Probe d(s) Material Thickness p b'ss Material Change  p Ice Firn  Snow Internal Net
b Surface ds) p dls) Mean n Mean se. n Est Obsv. Est Est. b(i) b(f) b(s) bk) b,
m/dly  (m) malerial (m) (glm®) (m)  (m) (m) (m) (gem®) (m) (m) (M) (gom®)  (Mwe) (Mg} (Mye) My (M)
DATA FOR 1987 BALANCE YEAR:
STAKE 86-8 (continued)
3/18/87 7.19  Snow 300 1 Snow 3.00 1 044 419 132 132
827187 532 Snow 131 4 Snow 1.31 4 51 401 67
Fim - .18 t 5 -0.09 029 .20
4/21/88 854 Snow 453 Snow 453 1 .36 401 1.63 163
RESULTS FOR 1987 BALANCE YEAR: - .09 .29 .20
DATA FOR 1988 BALANCE YEAR:
STAKE 86-0ZOZNE
4/21/88 7.78 Snow 453 Snow  4.53 1 036 325 163 163
9288 383 Snow 0.22 Snow .22 1 25 361
Firn .35 15 0.18 023 041
4/19/89 610 Snow 277 Snow  2.77 1 3 333 1.00
RESULTS FOR 1988 BALANCE YEAR: .18 23 4
DATA FOR 1989 BALANCE YEAR
STAKE 86-8 {continued)
4/19/89 686 Snow 277 Snow  2.77 1 036 409 1.00 1.00
422190 9.77 Snow 4.40 Snow 440 1t 3 537 1.58
Firn 1.28 15 065 026 091
Stake 86-8 was not read on 4/19/89. Its b’ was calculated using data from stake 86-OZONE
RESULTS FOR 1989 BALANCE YEAR: .65 26 91
DATA FOR 1990 BALANCE YEAR:
STAKE UA90-8 (instatled 4/19/90)
419/90 6.10 Snow 440 Snow  4.40 1 036 170 158 158
7115190 7.01 Snow 532 Snow 532 1 40 1.70 213 213
5191 795 Snow 299 10 Snow 299 002 10 36 500 1.07
Firn 330 1 51 1.69 026 195
RESULTS FOR 1990 BALANCE YEAR: 1.69 2% 195
DATA FOR 1991 BALANCE YEAR:
STAKE UAS0-8 (continued)
51/91 799 Snow 299 10 Snow 299 002 10 036 500 1.07 107
5492 910 Snow 327 10 Snow 327 06 10 36 584 1.18
Firn 084 M 043 026 069
RESULTS FOR 1991 BALANCE YEAR: 43 %6 .89
DATA FOR 1992 BALANCE YEAR:
STAKE UA90-8 {continued)
5492 910 Snow 327 10 Snow 327 006 10 036 584 1.18 118
92392 736 Snow 49 10 Snow 49 01 10 .26 687 13
Firn  1.03 1 5 584 053 0.25 78
RESULTS FOR 1992 BALANCE YEAR: 53 .25 78
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Table 2D. Mass balance, 14 km site, Black Rapids Glacier

[m/dly, month/day/year; b', height of surface on stake, measured relative to base of stake; m, meters; p, density; g/cm3, grams per cubic centimeter, d(s), depth
of snow; Stake d(s) is calculated by subtracting a previously observed summer surface height (b'ss) from b'; Probe d{s) is measured by forcing a thin probe rod
through the snow pack until it is stopped by the hard summer surface; n, number of observations; s.e., standard error; Est., estimated; b'ss, height of summer
surface on stake, measured relative {o base of stake; Obsv., observed; b(i), ice balance; b(f), firn balance; b(s), snow balance; b(k), internal accumulation--rain
and snow melt water refrozen in the pore space of permeable fim in the accumulation area (Trabant and Mayo, 1985); b, net mass balance; mwe, meters water

equivalent; Sup. ice, superimposed ice]

Observations Accumulation calculations Summer surface Ablation calculations Mass balance resuits
Date  Stake reading Stake Pit Probe d{s) Matenal Thickness P b'ss Material Change p lce Fim Snow intemal Net
b Suface ds) p ds) Mean n Mean se. n Est  Obsv. Est Est. b) b{f) bs) bk) b,
m/idly  (m) materid (m) (gem®) (m)  (m) (m) (m) (gem) (m) (m) (m) (gem®)  (Mue) (Mwe) (Mwe) (Mwe) (Me)
DATA FOR 1973 BALANCE YEAR:
41373 Snow 210 1 Snow  2.10 1 034 0.71 o7
Note: Snow depth reported for 4/3/73 is the mean of probings at 13 and 15 km locations.
STAKE 73-14-F (installed 7/20/73)
772073 490 Sup.ice 090 0.10 Sup.ice .10 .90 480 .09 09
10/25/7 470  Snow 75 65 Snow 75 02 5 M4 3.95 lce 08 090 077 .26 -7
RESULTS FOR 1973 BALANCE YEAR: - .17 -.77
DATA FOR 1974 BALANCE YEAR:
STAKE 73-14-F (continued)
328/74 544 Snow 1.49 Snow 149 1 034 3.95 051 051
2174 365 lce 365 lee 030 0% 027 - 27
31/75 405  Snow 034 214 228 7 Snow 226 03 8 M4 1.79 lce -216 90 -1.95 17 -1.95
RESULTS FOR 1974 BALANCE YEAR: -1.95 -1.95
DATA FOR 1975 BALANCE YEAR:
STAKE 73-14-F (continued)
A5 405  Snow 034 214 228 7 Snow 226 003 8 034 1.79 0.77 077
8/26/715 119  Snow Snow .02 1 2 147 lce 062 09 -056 .00 - .56
STAKE 75-14 (installed 3/1/75)
375 905 Snow 34 214 228 7  Snow 226 03 8 34 6.79 a7 a7
8/26/715 631  Snow .02 Snow .02 1 2 6.29 lee -5 90 - .45 .00 - 45
3/24/76 846  Snow 223 Snow 223 01 5 34 6.23 e -5 90 -5 .76
Note: The net balance resutt for the year is the average b(i) for the two stakes an 8/26/75 pius the bfi) of stake 75-14 from 8/26/75 to the end of the balance year.
RESULTS FOR 1975 BALANCE YEAR: (average of stakes 73-14 and 75-14) - .55 - 55
DATA FOR 1976 BALANCE YEAR:
STAKE 75-14 (continued)
3/24/76 846  Snow 223 5 Snow 223 001 5 034 6.23 0.76 0.76
913/76 531  Snow 27 1 Snow .27 1 .2 504 497 lce -126 090 -1.13 .05 113
3/19/77 8.00  Snow 309 3 Snow 309 01 3 34 491 497 1.05
STAKE 76-14 (installed 3/24/76)
324/76 810  Snow 223 5 Snow 223 01 5 M 5.87 76 .76
9/13/76 492  Snow 27 1 Snow .27 1 20 465 4N lee -116 90 -1.04 .05 -1.04
319/77 787  Snow 309 3 Snow 309 01 3 34 478 4T 1.05
RESULTS FOR 1976 BALANCE YEAR:(average of stakes 75-14 and 76-14) -1.09 -1.09
DATA FOR 1877 BALANCE YEAR

STAKE 76-14 (continued)

3977 787 Snow 309 3 Snow 309 001 3 034 478 471 1.05 1.05
9/23/77 480 Snow 66 10 Snow 66 02 10 20 415 lce -057 090 -051 13 - .51
RESULTS FOR 1977 BALANCE YEAR: - .51 - .51
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Table 2D, continued

Observations Accumulation calculations Summer surface Ablation calculations Mass balance results
Date  Stake reading Stake Pit Probe d(s) Material Thickness p b'ss Material Change p lce Fim Snow Intemal Net
b'  Surface d(s) p d(s) Mean n Mean se. n Est  Obsv. Est Est. b{) b{f) b(s) bk) by
m/dy  (m) material (m) (gem® (m)  (m) (m) (m) (gem’) (m) (m) (m) gem®) (M) (M) (M) (Mue) (M)
DATA FOR 1978 BALANCE YEAR:
STAKE 76-14 (continued)
3/18/78 648 Snow 234 Snow 234 1 034 415 0.79 079
92478 282 Snow A7 10 Snow 17 02 10 20 265 261 lce 153 090 -1.38 .03 -1.38
328719 466 Snow 33 211 208 5 Snow 208 01 6 33 258 261 69
Note: Temperature record from Gulkana Glacier indicates that melting after 9/24/78 is unlikely.
RESULTS FOR 1978 BALANCE YEAR: -1.38 -1.38
DATA FOR 1979 BALANCE YEAR:
STAKE 76-14 (continued)
328719 466 Snow 211 208 Snow 208 001 5 033 258 261 0.68 0.68
82379 77 e a7 le -184 090 -166 -1.66
STAKE 79-14 (installed 3/28/79)
328/79 806  Snow 211 208 Sow 208 01 5§ 33 598 .00 68 68
82379 417  lee 447 lce 181 90 -163 -163
3/27/80 6.70  Snow 290 Snow 290 00 4 33 380 lee 218 90 -1.96 .96
Note: The net balance resuilt for the year is the average b{i) for the two stakes on 8/23/79 plus the b(i) of stake 79-14 from 8/23/79 to the end of the balance year.
RESULTS FOR 1979 BALANCE YEAR: -1.98 -1.98
DATA FOR 1980 BALANCE YEAR:
STAKE 79-14 (continued)
3/27/80 6.70  Snow 290 4 Snow 290 000 4 033 380 0.96 0.96
9/4/80 Sup. Ice 04 Sup.lce .04 1 90 380 .04
Fim 03 Fim .03 1 51 0.02 06
395 Snow 08 16 Snow 08 01 16 20 02
3/22/84 590  Snow 222 10 Snow 222 10 33 368 lce 012 090 -0.10 73 - .10
RESULTS FOR 1980 BALANCE YEAR: - .10 - 10
DATA FOR 1981 BALANCE YEAR:
STAKE 79-14 {continued)
¥22/81 590  Snow 222 10 Snow 222 002 10 033 368 0.73 073
6/22/81 482 Snow 1.14 Snow 114 140 46 46
9/10/81 376  Snow 303 Show 30 013 20 346 lee 021 090 019 .06 - .19
325182 552  Snow 32 209 206 15 Snow 207 .01 16 32 346 66
RESULTS FOR 1981 BALANCE YEAR: - - 19 - 19
DATA FOR 1982 BALANCE YEAR:
STAKE 79-14 (continued)
¥25/82 552  Snow 032 209 206 Snow 207 001 16 32 346 0.66 0.66
9/10/82 259  Snow 120 Snow 11 00 21 20 248 le 098 090 088 .02 - 88
STAKE 82-14 (instalied 3/25/82)
325082 835 Snow 32 209 206 Snow 207 01 16 32 629 66 66
9/10/82 532  Snow A Soow 41 00 20 20 521 510 lee -119 90 107 .02 -1.07
421183 7.271  Snow 36 210 231 Snow 229 9 36 498 510 82
Note: There is no obvious explanation for the 23 cm discrepancy between the fall and spring summer surface measurements.
Note: Temperature record from Gulkana Glacier indicates 23 cm of ice meit after 9/10/82 is unlikely.
RESULTS FOR 1982 BALANCE YEAR:(average of stakes 79-14 and 82-14) - .97 - 97
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Table 2D, continued

Observations Accumulation calculations Summer surface Ablation calculations Mass balance results
Date _ Stake reading Stake Pit Probe d(s) Material  Thickness  p b'ss Material Change p lce  Fim Snow Intemal Net
b'* Suface d(s) p dis) Mean n Mean se. n Est  Obsv. Est Est.  bi) b{f) b{s) bk) b,
m/dly  (m) material (m) (gem® (m)  (m) (m (m) (gem’) (m) (m) (m) glem’) (Mue) (Mue) (Mwe) (Mun) (M)
DATA FOR 1983 BALANCE YEAR:
STAKE 82-14 (continued)
42183 727  Snow 036 210 231 8 Snow 228 003 9 036 499 510 0.82 0.82
9/8/83 459  Snow 46 17 Snow 46 01 17 20 4143 418 lce 082 080 083 .09 - .83
3/16/84 665 Snow 243 10 Snow 243 01 10 36 422 418 87
STAKE 83-14 (installed 4/21/83)
421/83 803  Snow 3% 210 231 8 Snow 228 03 9 36 581 82 82
9/8/83 524  Snow 46 17 Snow 46 01 17 20 478 483 le -98 90 -.88 .09 - .88
3/16/84 730  Snow 243 10 Snow 243 01 10 36 487 483 87
RESULTS FOR 1983 BALANCE YEAR: (average of stakes 82-14 and 83-14) - .86 - 86
DATA FOR 1984 BALANCE YEAR:
STAKE 82-14 (continued)
3/16/84 665 Snow 243 10 Snow 243 001 10 036 422 418 0.87 0.87
4/5/85 585 Snow 238 10 Snow 238 01 10 36 347 lee 071 080 -064 86 - 64
STAKE 83-14 (continued)
3/16/84 730  Snow 243 10 Snow 243 01 10 36 487 483 87 87
8/28/84 433  Snow 16 4 Sow 16 00 4 20 423 fce -.60 90 - 54 03 54
STAKE 84-14 (installed 3/16/84)
3/16/84 988  Snow 243 10 Snow 243 01 10 36 745 87 87
8/28/84 690  Snow 16 4 Sow 16 00 4 20 674 lee -71 9 -.64 .03 - 64
4/5/85 912  Snow 238 10 Smow 238 01 10 36 674 .86
RESULTS FOR 1984 BALANCE YEAR:(average of all three stakas) - 60 - 60
DATA FOR 1985 BALANCE YEAR:
STAKE 83-14 (continued)
9/5/85 439  Snow 0.08 Snow 0.08 120 43 0.02
STAKE 84-14 (continued)
4585 912  Snow 2.38 Snow 238 01 10 36 674 .86 0.86
9/5/85 .09 Sup.lce .09 1 90 .08
A7 16 Fim .16 1 4 0.08 .08
707  Snow .08 Snow .08 1 20 699 .02
Note: Superimposed ice observed beneath snow and new firn on 9/5/85.
4/4/86 19 Fim 19 -1 70 A3 A3
916  Snow 37 210 225 10  Snow 223 02 11 37 693 83
Note: Superimposed ice observed beneath snow and new firm on 4/4/86.
RESULTS FOR 1985 BALANCE YEAR: A3 A3
DATA FOR 1986 BALANCE YEAR:
STAKE 84-14 (continued)
4/4/86 916  Snow 037 210 225 10 Snow 223 002 11 37 693 0.83 0.83
9125/86 6.80  Snow 37 10 Snow 37 01 10 20 643 Fim 019 0.70 013 07
e -.31 90 028 -4
STAKE 86-14 (installed 4/4/86)
4486 807  Snow 37 210 22510 Snow 223 02 11 37 584 83 83
9/25/86 565  Snow 37 10 Snow 37 01 10 20 528 523 Fmm -9 70 - 1307
lee -.42 90 -.38 - 51
3/20/87 780  Snow 2.63 Snow 263 02 10 37 517 523 97
RESULTS FOR 1986 BALANCE YEAR:(average of stakes 84-14 and 86-14) -3 -13 - 46
DATA FOR 1987 BALANCE YEAR:

STAKE 86-14 (continuad)

TABLES 45



Table 2D, continued

Observations Accumulation calculations Summer surface Ablation calculations Mass balance results
Date  Stakereading Stake Pit Probe d(s) Material  Thickness  p b'ss Material Change p lce  Fim Snow Intemal Net
b Suface d(s) p dis) Mean n Mean se. n Est.  Obsv. Est Est. b} b{f) b{s) bk) b,
m/dy  (m) materal (m) (gom’ (m)  (m) (m (m) (gom) (m) (m) (m)  gom’) (Mu) (M) (M) {Mue) (Mue)
320/87 780 Snow 263 10 Snow 263 002 10 037 517 523 097 0.97
8/27/87 447 e 447 lce 076 090 -068 - 68
421188 697  Snow 254 Snow  2.54 1 37 443 le -8 9 -.72 .94 -.12
STAKE 87-14 (installed 8/27/87)
8/27/187 658  Ice 6.58 - .68
421788 901  Snow 254 Snow  2.54 1 3 647 fce %0 -.78 94 -.18
RESULTS FOR 1987 BALANCE YEAR: - .75 - .75
DATA FOR 1988 BALANCE YEAR:
STAKE 86-14 (continued)
421/88 6.97  Snow 254 Snow  2.54 1 037 443 0.94 0.94
4/15/89 549  Snow 1.95 Snow 195 137 354 le 089 090 080 72 -.80
STAKE 87-14 {continued)
421788 9.01  Snow 254 Snow 254 i 37 647 94 94
4/15/89 764  Snow 195 Snow 195 1 37 569 lee -.78 90 -70 72 -.70
RESULTS FOR 1988 BALANCE YEAR: (average of stakes 86-14 and 87-14) - .75 - .75
DATA FOR 1989 BALANCE YEAR:
STAKE 87-14 (continued)
4/15/89 7.64  Snow 195 Snow 195 1 037 569 0.72 0.72
5/25/90 6.83  Snow 270 Snow  2.70 137 413 le -156 090 -1.40 1.00 -1.40
RESULTS FOR 1989 BALANCE YEAR: -1.40 -1.40
DATA FOR 1990 BALANCE YEAR:
STAKE UA90-14(installed 5/25/90)
5/25/90 871  Snow 270 Snow 270 t 037 60 1.00 1.00
51191 660 Snow 245 Snow 245 02 10 37 415 lee -18 090 -1.67 9 -1.67
RESULTS FOR 1990 BALANCE YEAR: -1.67 -1.67
DATA FOR 1991 BALANCE YEAR:
STAKE UAS0-14 (continued)
51191 660 Snow 245 Snow 245 002 10 037 415 0.91 091
5/192 611  Snow 272 Snow 272 01 10 37 339 lce 076 090 069 1.01 - 69
RESULTS FOR 1991 BALANCE YEAR: - 69 69
DATA FOR 1992 BALANCE YEAR:
STAKE UA92-14 (installed 5/1/92)
51192 791 Snow 272 Snow 272 001 10 037 519 1.01 1.01
9/2392 475 Snow 0.48 .55 Snow 55 0110 37 420 fce -098 090 -089 .20 -.89
RESULTS FOR 1992 BALANCE YEAR: - .89 - .89
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Table 2E. Mass balance, 20 km site, Black Rapids Glacier

[m/dly, month/daylyear; b', height of surface on stake, measured relative to base of stake; m, meters; p, density; g/cms3, grams per cubic centimeter, d(s), depth
of snow; Stake d(s) is calculated by subtracting a previously observed summer surface height (b'ss) from b'; Probe d(s) is measured by forcing a thin probe rod
through the snow pack until it is stopped by the hard summer surface; n, number of observations; s.e., standard error; Est., estimated; b'ss, height of summer
surface on stake, measured relative to base of stake; Obsv., observed; by, ice balance; b(f), firn balance; b(s), snow balance; b(k), internal accumulation--rain
and snow melt water refrozen in the pore space of permeable fir in the accumulation area (Trabant and Mayo, 1985); bs, net mass balance; mwe, meters water
equivalent; Sup. ice, superimposed ice]

Observations Accumulation calculations ~ Summer surface  Ablation calculations Mass balance results
Date  Stakereading Stake Pit Probe d{s) Material Thickness  p b'ss Material Change p lce Fim Snow Intemal Net
b' Surface ds)} p ds) Mea n Mean se. n Est Obsv. Est Est. bi) bf) bs) bk) by

midly  (m) materid (m) (gem’) (m)  (m) (m) (m) (gem’) (m) (m) (M (gemd)  (Mye) (M) (Mue) (Mue) (Mue)
DATA FOR 1972 BALANCE YEAR:

STAKE 72-19 (installed 4/24/72, 18.6 km, range line motion site D)

42472 790 Snow 033 165 153 11 Snow 154 003 11033 6.36 0.51 0.51

8372 458 lce 458 lce -1.78 090 -160 -1.60

STAKE 73-19 (installed 8/3/72, 18.6 km, range line motion site D)

8372 485 lce 485 -1.60 -1.60

10/19/7 420 Snow 68 10  Snow 68 .02 10 30 352 356 le 129 90 -276 .20 -2.76

4373 483 Snow 122 7 Sow 122 07 7 32 361 356 39

RESULTS FOR 1972 BALANCE YEAR: (at 18.6 km site) -2.76 -2.76
DATA FOR 1973 BALANCE YEAR:

STAKE 73-19 (continued)

4/3/73 483 Snow 122 7 Snow 122 007 7 032 361 356 0.39 0.39

5273 481 Snow 125 Snow 125 1 40 3.56 .50 .50

712073 265 Ice 2.65 le 091 090 -0.82 - .82

107257 1.70  Snow Snow .50 1 30 12 lce 237 90 213 15 213

STAKE 73-19.0-D (installed 7/21/73)

72473 485 ce 485 - .82 - .82

10/25/7 398 Snow 055 5 Svow 55 03 5 30 343 344 le 141 90 -209 16 -2.09

328/74 435 Snow 029 0.90 Snow .90 129 345 344 26

STAKE 73-20 (installed 7/21/73)

7”173 385 Ice 3.85 - .82

10/25/7 290 Snow 46 4 Snow 46 02 4 30 24 lee 141 90 -209 14 -2.09

RESULTS FOR 1973 BALANCE YEAR: (for stake 73-20: the stake closest to the index site) -2.09 -2.09
DATA FOR 1974 BALANCE YEAR:

STAKE 73-19.0-D (confinued)

3/28/714 435 Snow 029 090 Snow 080 - 1029 345 344 0.26 026

72174 210  lce 210 lee 134 090 121 1.2

STAKE 73-20 (continued)

10/25/7 290 Snow 46 4 Smow 46 02 4 30 244 14 :

32874 323 Swow 79 .29 Snow .79 129 244 23 23

STAKE 74-20 (installed 3/28/74)

328/74 588 Snow 79 .29 Snow 79 129 508 23 23

72174 328  Ice 3.28 lee 181 90 -163 -1.63

32175 250 Snow 14510  Snow 145 03 10 32 106 lce 404 90 -363 46

RESULTS FOR 1974 BALANCE YEAR: (for stake 74-20: the stake closest to the index site) -3.63 -3.63
DATA FOR 1975 BALANCE YEAR:

STAKE 75-20 (installed 3/2/75)

32175 990 Snow 14510 Sow 145 03 10 32 846 .46 46

82575 6.05 Ice 605 le -241 090 -216 -2.16

324176 7.07 Snow 128 8 Srow 128 03 8 32 579 lce 266 90 -240 A 240

RESULTS FOR 1975 BALANCE YEAR: -2.40 -2.40
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Table 2E, continued

Observations Accumulation calculations  Summer sufface  Ablation calculations Mass balance results
Date  Stake reading Stake Pit Probe d{s}) Material Thickness  p b'ss Material Change p lce Fim Snow Intemal Net
b Suface ds) p ds) Mea n Mean se n Est. Obsv. Est Est. bi) b{f)y b(s) bk) b,

midy  (m) matedial (m) (gem® (m)  (m) (m (m (gemd) (m) (m) (m) (gem?) (Mue) (Mue) (Mue) (Mue) (Mye)
DATA FOR 1976 BALANCE YEAR:

STAKE 75-20 (continued)

324/76 7.07 Snow 128 8 Snow 128 003 8 032 579 0.41 0.41

9/13/76 2.78 Snow 0.26 Show 25 1 2 28 lee 326 090 294 05 -294

316777 473  Snow 232 6 Snow 232 01 6 32 242 245 e -335 90 -301 74

31977 470  Snow 223 4 Snow 223 .03 4 32 248 245 R4

Note: Temperature record from Gulkana Glacier indicates that melting after 9/13/76 is likely.

RESULTS FOR 1976 BALANCE YEAR: -3.01 -3.01
DATA FOR 1977 BALANCE YEAR:

STAKE 75-20 (continued)

1677 473 Snow 232 6 Snow 232 01 6 32 242 .74 74

¥19/77 470 Snow 223 4 Snow 223 03 4 32 248 245 Rl Ng!

STAKE 77-20 (installed 3/18/77)

3/16/77 9.00 Snow 233 5 Snow 233 03 5 32 667 671 74 14

319/77 898 Snow 223 4 Snow 223 03 4 32 676 671 N&! 7

92177 4.55 Snow 16 1 Soow .16 1 .20 439 lce 232 90 -2.09 03 209

RESULTS FOR 1977 BALANCE YEAR: -2.09 -2.09
DATA FOR 1978 BALANCE YEAR:

STAKE 77-20 (continued)

92477 455 Snow 0.16 1 Snow 0.16 1020 439 0.03

3/18/78 595 Snow 1.56 Snow  1.56 1 32 439 .50 0.50

972378 1.04 Snow 4510 Snow .15 .00 10 20 89 87 lce -352 090 347 03 347

329779 228 Snow 143 10 Snow 143 03 10 .32 85 87 46

RESULTS FOR 1978 BALANCE YEAR: 347 347
DATA FOR 1979 BALANCE YEAR:

STAKE 77-20 (continued)

329/79 228 Snow 143 10 Snow 143 003 10032 085 087 0.46 0.46
RESULTS FOR 1979 BALANCE YEAR: no results
DATA FOR 1980 BALANCE YEAR:

STAKE 80-20 (installed 3/26/80)
3/26/80 9.23  Snow 227 10 Snow 227 002 10 032 696 0.73 0.73
9/4/80 4.88 Snow 0715 Snow 07 .01 15 20 481 lee -215 090 -1.93 .01 -1.93
3/23/81 631 Snow 155 10 Snow 155 .03 10 32 476 le -220 90 -198 .50

Note: Temperature record from Gulkana Glacier indicates that melting after 9/4/80 is likely.
RESULTS FOR 1980 BALANCE YEAR: -1.98 -1.98

DATA FOR 1981 BALANCE YEAR:

STAKE 80-20 (continued)
32381 631 Snow 155 Snow 155 003 10 032 476 0.50 0.50
6/22/81 465 Sup ice 0.03 Sup.ic 03 1 90 462 ice 014 09 -013 .03 =10
9/10/81 237 Snow 01 Snow .01 1 20 23 lce -240 90 -216 .00 -2.16
STAKE 81-20 (installed 3/23/81)
32381 822 Snow 155 Snow 155 03 10 32 667 665 .50 50
6/22/81 666 Sup ice 03 Sup.ic .03 1 90 663 665 .03 .03
9/10/81 431 Snow 01 Snow .01 1 2 430 lce  -235 90 211 00 211
3/25/82 559 Snow 1.40 Sow 140 02 10 32 42 lce -245 90 -221 45 2.2

Note: Temperature record from Gulkana Glacier indicates that melting after 9/10/81 is likely. The net balance result for the year is the average b(i) on 9/10/81

plus the b(t) of stake 81-20 from 9/10/81 to the end of the balance year.

-2.23

RESULTS FOR 1981 BALANCE YEAR: (average of stakes 80-20 and 81-20) 2.23
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Table 2E, continued

Observations Accumulation calculations  Summer surface  Ablation calculations Mass balance results
Date Stake reading Stake Pit Probe d(s) Matenal Thickness  p b'ss Material Change p lce  Fim Snow Intemal Net
b' Suface ds) p d(s) Mea n Mean se. n Est. Obsv. Est Est. bi) b{f) bis) bk b,

midly  (m) material (m) (gem® (m)  (m) (m) (m) (gem’) (m) (m) (m)  (gomd)  (Mue) (Mue) (Mue) (Mue) (Mue)
DATA FOR 1982 BALANCE YEAR:

STAKE 81-20 (continued)

3/25/82 559 Snow 140 10 Snow 140 002 10 032 420 045 0.45

9/10/82 1.28  lce 1.28 fce 292 090 -262 -2.62

421183 290 Snow 17710 Snow 177 02 10 32 113 fee 306 90 -276 57 276

STAKE 82-20 (installed 3/25/82)

3/25/82 947 Snow 140 10 Sow 140 02 10 32 808 45 45

9/10/82 520 fce 5.2 lee -288 90 -259 259

421183 6.81 Snow 177 10 Smow 177 .02 10 32 504 lee 2303 %0 273 57 273

RESULTS FOR 1982 BALANCE YEAR: (average of stakes 81-20 and 82-20) 5.04 274 -2.74
DATA FOR 1983 BALANCE YEAR:

STAKE 82-20 (continued)

421183 6.81 Snow 177 10 Snow 177 002 10 032 504 0.57 057

9/8/83 257 Snow 1412 Snow 14 01 12 20 243 243 lce 261 090 -235 .03 235

3/19/84 400 Snow 157 10 Snow 157 04 10 32 243 243 50

STAKE 83-20 (installed 4/21/83)

4/21/83 988 Snow 177 10 Snow 177 02 10 32 81N 57 57

9/8/83 558 Snow 1412 Snow 14 0112 20 544 548 lee -263 .90 -237 .03 237

3/19/84 7.09 Snow 157 10  Snow 157 04 10 32 552 548 .50

RESULTS FOR 1983 BALANCE YEAR: (average of stakes 82-20 and 83-20) -2.36 -2.36
DATA FOR 1984 BALANCE YEAR:

STAKE 84-20 (installed 3/19/84)

3/19/84 11.42 Snow 157 10 Snow 157 004 10 032 985 0.50 0.50

8/28/84 727 lce 127 lee -258 090 -232 2.3

4/4/85 893 Snow 167 10 Snow 167 03 10 32 7.2 53

RESULTS FOR 1984 BALANCE YEAR: 232 232
DATA FOR 1985 BALANCE YEAR:

STAKE 84-20 (continued)

4/4/85 893 Snow 1.67 Snow 167 003 10032 727 053 053

9/11/85 517  Snow 0.03 Snow .03 1 20 514 lee -213 0980 19 01 191

4/2/86 660 Snow 1.72 Snow 172 03 8 32 48 lee 238 90 -214 55 214

RESULTS FOR 1985 BALANCE YEAR: -2.14 214
DATA FOR 1986 BALANCE YEAR:

STAKE 84-20 (continued)

4/2/86 660 Snow 172 8 Snow 172 003 8 032 488 0.55 0.55

9/25/86 2.32 Snow 27 10 Snow 27 02 10 30 206 lce -283 090 254 08 -2.54

STAKE 86-20 (installed 4/2/86)

4/2/86 1076 Snow 172 8 Snow 172 03 8 32 905 00 55 55

9/25/186 623 Snow 2710 Snow 27 02 10 20 597 599 lce  -3.06 80 275 05 275

3/18/87 7.92 Snow 192 10 Snow 192 03 10 32 601 599 61

RESULTS FOR 1986 BALANCE YEAR: (average of stakes 84-20 and 86-20) -265 -2.65
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Table 2E, continued

Observations Accumulation calculations ~ Summer surface  Ablation calculations Mass balance results
Date  Stake reading Stake Pit Probe d(s) Material Thickness  p b'ss Materid Change p lce  Fim Snow Intemal Net
b Suface d(s) p ds) Mea n Mean se. n Est Obsv. Est Est. b(i) b{fy b(s) bk b,

midly  (m) matedad (m) (gemd (m) (m) (m () (gem) (m) (m) (M) (o) (Mue) (Mue) (Mue) (Mye) (Mue)
DATA FOR 1987 BALANCE YEAR:

STAKE 86-20 (continued)

3/18/87 792 Snow 192 10 Snow 192 003 10032 601 59 0.61 0.61

8/27/87 357 lce 357 lee -242 090 217

STAKE 87-20 (installed 3/18/87)

3/18/87 897 Snow 192 10 Snow 192 03 10 32 706 61 61

8/27/87 466 Ice 466 lee -240 90 -2.16 -2.16

4/16/88 6.35 Snow 237 4 Snow 237 08 4 32 398 lee -308 %0 -277 .76 277

RESULTS FOR 1987 BALANCE YEAR: -2.77 -2.77
DATA FOR 1988 BALANCE YEAR.

STAKE 87-20 (continued)

4/16/88 6.35 Snow 237 4 Snow 237 008 4 32 398 0.76 0.76

4/15/89 3.11  Snow 150 1 Snow  1.50 1 32 161 fce 237 090 -213 A48 213

RESULTS FOR 1988 BALANCE YEAR: 213 213
DATA FOR 1989 BALANCE YEAR:

STAKE 87-20 (continued)

4/15/89 311 Snow 1.50 Snow  1.50 1032 161 0.48

RESULTS FOR 1989 BALANCE YEAR: no results

DATA FOR 1990 BALANCE YEAR:

STAKE 90-20 (installed 5/26/90)

5/26/30 11.82 Snow 180 1 Snow  1.80 1032 1002 0.58 0.58

5191 791 Snow 150 10 Snow 150 03 10 32 641 le 362 080 -325 A48 325

RESULTS FOR 1930 BALANCE YEAR: -3.25 -3.25

DATA FOR 1991 BALANCE YEAR:
STAKE 90-20 (continued)

5191 791 Snow 150 10 Snow 150 003 10 032 64t 0.48 048
52192 555 Snow 206 10 Snow 206 06 10 .32 349 le -292 080 -262 66 -2.62
RESULTS FOR 1991 BALANCE YEAR: - -2.62 -2.62
DATA FOR 1992 BALANCE YEAR

STAKE 90-20 (continued)

5292 555 Snow 206 10 Snow 206 006 10 032 349 0.66 0.66
92392 137 Snow 2% 3720 Sow 37 0221 20 100 lce 249 080 -224 07 2.4
STAKE 92-20 (installed 5/2/92)

52092 11.42 Snow 206 10  Smow 206 .06 10 32 936 66 66
92392 725 Snow 26 3720 Sow 37 0221 20 688 lce -248 80 -224 07 -2.24
RESULTS FOR 1992 BALANCE YEAR: -2.24 -2.24
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Table 2F. Mass balance, 26 km site, Black Rapids Glacier

[m/dly, month/day/year, b', height of surface on stake, measured relative to base of stake; m, meters; p, density; g/cm3, grams per cubic centimeter, d(s), depth
of snow; Stake d(s) 1s calculated by subtracting a previously observed summer surface height (b'ss) from b'; Probe d(s) is measured by forcing a thin probe rod
through the snow pack until it is stopped by the hard summer surface; n, number of observations; s.e., standard error; Est., estimated; b'ss, height of summer
surface on stake, measured relative to base of stake; Obsv., observed; b(j), ice balance; b(f), fim balance; b(s), snow balance; b(k), interna! accumulation--rain
and snow melt water refrozen in the pore space of permeable firn in the accumulation area (Trabant and Mayo, 1985); b, net mass balance; mwe, meters water

equivalent; Sup. ice, superimposed ice]

Observations Accumulation calculations Summer surface  Ablation calculations Mass balance results
Date Stake reading Stak Pit Probe d(s) Material Thickness  p b'ss Material Change p lce Fim Snow Internal Net
b' Surface dis) p d(s) Mean n Mean se. n Est  Obsv. Est Est. boi) b(s) blk) bs

midy  (m) matenal (m) (gem®) (m)  (m) (m) (m)  (gem’) (m) (m) (M) (gem®)  (Mw) (Muo) (Mue)  (Mus)  (Muo)
DATA FOR 1972 BALANCE YEAR.

STAKE 73-4 (range motion site C, 25 2 km, installed 8/3/72)

8372 544  Ice 5.44

10/119/7 428 Snow 053 8 Snow 053 008 8 020 375 383 011

4173 492 Snow 102 8 Snow 102 08 8 .31 390 383 32

RESULTS FOR 1972 BALANCE YEAR no results
DATA FOR 1973 BALANCE YEAR:

STAKE 73-4 (continued)

41173 492 Snow 102 8 Snow 102 008 8 031 390 383 0.32 0.32

522173 477 Snow 094 Snow .94 140 3.83 32 32

724173 160 Ice 1.60 lce 223 090 -2.00

STAKE 73-26 0 (installed 7/21/73)

721173 500  lee 500 -2.00 -2.00

10/257 322 Snow 48 4 Snow 48 4 20 275 270 lce 90  -4.08 10 -4.08

32974 370  Snow 105 1 Snow 105 1 K] 265 270 K]

RESULTS FOR 1973 BALANCE YEAR: -4.08 -4.08
DATA FOR 1974 BALANCE YEAR:

STAKE 74-26 0 (installed 3/29/74)

3/29/74 634 Snow 1.05 Snow 105 1 03t 529 0.33 033

721174 350  Ice 3.50 lee -179 090 -161 -161

3/3/75 212 Snow 031 12t 162 13 Snow 159 009 14 obsv. 53 lce -476 90 428 .49

RESULTS FOR 1974 BALANCE YEAR: -4.28 -4.28

DATA FOR 1975 BALANCE YEAR

STAKE 75-26 0 (installed 3/3/75)

3375 990 Snow 031 12t 162 13  Snow 159 .09 14 obsy. 831 0.49 0.49

8/26/75 500 Ice . 6.00 lee -331 090 -298 -2.98

3126176 666 Snow 1.81 Snow 181 09 12 031 485 lce 346 90 312 56

RESULTS FOR 1975 BALANCE YEAR: 312 -3.12
DATA FOR 1976 BALANCE YEAR:

STAKE 75-26 (continued)

3/26/76 666 Snow 1.81 Snow 1.81 0.09 12 031 485 0.56 0.56

9131716 127 lce 127 130 lee -386 090 -3.20 320

316/77 350 Snow 247 Snow 217 01 6 31 133 130 67

RESULTS FOR 1976 BALANCE YEAR -3.20 -320
DATA FOR 1977 BALANCE YEAR:

STAKE 77-26 (installed 3/16/77)

3/16/77 905 Snow 217 Snow 217 001 6 031 688 0.67 0.67

9/20/77 357  Snow 02 Snow .02 t 20 3% lee -333 090  -3.00 .00 -3.00

RESULTS FOR 1977 BALANCE YEAR: -3.00 -3.00
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Table 2F, continued

Observations Accumulation calculations Summer surface  Ablation calculations Mass balance results

Date  Stake reading Stak Pit Probe d(s) Material Thickness  p b'ss Matenial Change p lce  Fim Snow Intemal Net

b Surface ds) p d(s) Mean n Mean se. n Est  Obsv. Est Est. b{) by bfs) bk) ba
midy  (m) materia (m) (glem®) (m)  (m) (m) (m)  {gem®) (m) (m) (m) (gem®)  (Mwe) (Mwe) (Mue) (Mus) (Mwe)

DATA FOR 1978 BALANCE YEAR:

STAKE 77-26 (continued)
3/119/78 526 Snow 1.71 Snow  1.71 1 031 355 0.53 0.53
STAKE 78-26 (installed 3/19/78)
3/19/78 9.02 Snow 1.71 Snow  1.71 1 31 7.31 53 53
9/23/78 3.50 Snow 012 10 Snow .12 001 10 20 338 lce -393 090 -354 .02 -3.54
372979 462 Snow 143 10 Snow 143 0510 31 319 lee -412 9% 3N A4 3
RESULTS FOR 1978 BALANCE YEAR: -3.71 -3.71

DATA FOR 1979 BALANCE YEAR:
STAKE 79-26 (installed 3/29/79)

3/29/79 885 Snow 143 10  Snow 143 005 10 031 742 0.44 0.44
8/23/79 3.04 Ice 3.04 lce 438 090 -394 -3.94
3/26/180 4.63 Snow 187 10 Snow 187 0310 31 276 lee -466 90 -420 .58 -4.20
RESULTS FOR 1979 BALANCE YEAR. -4.20 -4.20
DATA FOR 1980 BALANCE YEAR.

STAKE 80-26 (installed 3/26/80)

3/26/80 873 Snow 187 10 Snow 187 003 10 031 686 0.58 0.58
9/4/80 362 Ice 362 lce -324 090 -291 -2.91
324181 448 Snow 113 10 Snow 113 03 10 31 335 lee -351 90 -3.16 .35

RESULTS FOR 1980 BALANCE YEAR: -3.16 -3.16

DATA FOR 1981 BALANCE YEAR:

STAKE 79-26 (continued)

3/24/81 448 Snow 113 10 Snow 113 003 10 031 335 0.35 035
62281 250  Ice 250 le -085 0% 077 -7
STAKE 81-26 (installed 3/24/81)

372481 822 Snow 1143 10 Snow 143 0310 31 7.09 35 .35
6/22/81 650 Ice 650 lee -.59 90 -083 - .83
9/22/81 285 Snow 07 7 Sow 07 017 2 278 263 lce -446 90  -401 .01 -4.01
322182 3.83 Snow 135 21 Snow 135 0521 31 248 263 A2

Note: Temperature record from Gulkana Glacier indicates that melting after 9/22/81 is unitkely. The net balance result for the year is the average b(i) on 9/22/81
plus the b(i) of stake 81-26 from 9/22/81 to the end of the balance year.

RESULTS FOR 1981 BALANCE YEAR: } -4.13 -4.13

DATA FOR 1982 BALANCE YEAR:
STAKE 82-26 (installed 3/22/82)

3/22/182 9.50 Snow 135 21 Snow 135 00521 031 815 0.42 0.42
9/10/82 408 Ice 408 lce -407 090  -3.66 -3.66
412083 535 Snow 180 20 Snow 180 0620 31 356 lee 460 .90  -4.14 .56 -4.14
RESULTS FOR 1982 BALANCE YEAR: -4.14 -4.14

DATA FOR 1983 BALANCE YEAR.
STAKE 83-26 (installed 4/20/83)

4/20/83 890 Snow 180 20 Snow 180 0620 3t 710 .56 .56
98/83 398 Snow 09 8 Sow 03 038 20 388 lee -321 090 -2.89 .02 -2.89
3/19/84 495 Snow 141 17 Snow 141 04 17 31 354 lee -355 90 320 A4 -3.20
RESULTS FOR 1983 BALANCE YEAR: -3.20 -3.20
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Table 2F, continued

Observations Accumulation calculations Summer surface  Ablation calculations Mass balance results
Date Stake reading Stak Pit Probe d(s) Material Thickness p b'ss Materid Change p Ice  Fim Snow Intemal Net
b' Surface d(s) p d(s) Mean n Mean se. n Est  Obsv. Est Est. bi) by b(s) bk} b
midy  (m) matera (m) (glom’) (m)  (m) (m) (m (gem’) (m) (m) (m) (gem®)  (Mw) (Mue) (Mue) (Mo}  (Mue)

DATA FOR 1984 BALANCE YEAR:
STAKE 84-26 (installed 3/19/84)

3/19/84 11.87 Snow 141 17 Snow 141 004 17 031 1046 0.44 0.44

8/28/84 645 Ice 6.45 lce 401 080 -361 361

4/5/85 761 Snow 134 29 Snow 134 0329 31 627 lce 420 90 -378 42 378

RESULTS FOR 1984 BALANCE YEAR: -3.78 -3.78
DATA FOR 1985 BALANCE YEAR:

STAKE 84-26 (continued)

4/5/85 761 Snow 134 29 Smow 134 00329 031 627 0.42 0.42

9/5/85 277 Snow 03 1 Snow O3 120 274 280 lee 346 090 -3.12 .01 312

4/9/86 395 Snow 108 15 Smow 108 04 15 31 287 280 34

STAKE 85-26 (installed 4/5/85)

4/5/85 1293 Snow 134 29  Snow 134 0329 31 1159 42 42

9/5/85 835 Snow 03 1 Snow .03 1 .20 832 82 lee -337 %0 304 01 304

4/9/86 919 Snow 108 15 Snow 108 0415 31 811 82 .34

RESULTS FOR 1985 BALANCE YEAR: (average of stakes 84-26 and 85-26) -3.08 -3.08

DATA FOR 1986 BALANCE YEAR

STAKE 85-26 {continued)

4/9/86 919  Snow 108 15 Snow 108 004 15 031 811 821 0.34 0.34
10/7/86 364 Snow 24 13 Snow 24 0213 20 340 lee -482 090 -434 05 -4.34
319/87 494 Snow 164 17 Snow 154 0417 31 340 .48

RESULTS FOR 1986 BALANCE YEAR 434 434

DATA FOR 1987 BALANCE YEAR
STAKE 87-26 (installed 3/19/87)

3/19/87 9.00 Snow 154 17 Snow 1.54 0.04 17 031 746 0.48 0.48
42288 5.56 Snow 209 1 Snow 209 1 3 347 lce  -399 090 359 65

STAKE 87-261 (installed 3/19/87)

319/87 973  Snow 154 17 Snow 154 04 17 31 819 48

8/27/187 383 lce 3.83 le 436 90 -39 393
4/22/88 492  Snow 171 1 Snow 171 13 3N lce -498 90  -449 53

RESULTS FOR 1987 BALANCE YEAR (stake 87-26l. best data) -4.49 -4.49

DATA FOR 1988 BALANCE YEAR:
STAKE UA88-26 (installed 4/22/88)

4/22/88 969 Snow 158 2 Snow 158 004 2 031 811 ) 0.49 0.49
9/2/88 363 Snow 02 1 Snow .02 1 20 361 lce -450 090  -405 .00 405
4/21/89 437 Snow 107 1 Snow 1.07 1 31 331 lee -481 90 433 33

RESULTS FOR 1988 BALANCE YEAR: -433 -4.33

DATA FOR 1989 BALANCE YEAR.
STAKE UA89-26 (installed 4/21/89)

4/21/89 840 Snow 107 1 Snow 107 1 03t 733 033 0.33
5/26/30 365 Snow 78 1 Sow 78 1 40 287 lce  -447 090 402 3 -4.02
RESULTS FOR 1989 BALANCE YEAR. -4 02 -4.02
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Table 2G. Mass balance, 32 km site, Black Rapids Glacier

[m/dly, month/day/year; b', height of surface on stake, measured relative to base of stake; m, meters; p, density; g/cm?, grams per cubic centimeter, d(s), depth
of snow; Stake d(s) is calculated by subtracting a previously observed summer surface height (b'ss) from b'; Probe d(s) is measured by forcing a thin probe rod
through the snow pack until it is stopped by the hard summer surface; n, number of observations; s.e., standard error; Est., estimated; b'ss, height of summer
surface on stake, measured relative to base of stake; Obsv., observed, b(i), ice balance; b(f), firn balance; b(s), snow balance; b{k), internal accumutation--rain
and snow melt water refrozen in the pore space of permeable firn in the accumulation area (Trabant and Mayo, 1985); bs, net mass balance; mwe, meters water
equivalent; Sup. ice, superimposed ice}

Observations Accumulation calculations Summer surface  Ablation calculations Mass balance results
Date  Stake reading Stake Pit Probed(s) Material  Thickness  p b'ss Material Change p Ice  Firn  Snow Internal Net
b'  Suface dfs) p dfs) Mean n Mean se. n Est.  Obsv. Est Est. b@ b b(s) bk} by
midy (m) material (m) (gem’} (m) (m) m (m (genr) (m} (m) (m(gem®) (M) (o) (Ma) (Mo} ()

DATA FOR 1972 BALANCE YEAR:
STAKE 72-2 (installed 4/24/72)

4124172 782  Snow 132 10 Snow 132 007 10 035 650 0.46 0.46
83/72 350 lce 350 lce  -300 080 =270

STAKE 73-3 {installed 8/3/72)

83/72 585 lce 585 270 -2.70
8/5/72 560 Ice 560 lce 325 90 -293 -293
10/18/7 432 Snow 14 6 Snow .14 04 6 20 419 413 lce 472 90 -4.25 03 -4.25
44173 474  Snow 033 083 65 8 Snow 67 04 9 33 407 413 22

RESULTS FOR 1972 BALANCE YEAR: -425 -4.25

DATA FOR 1973 BALANCE YEAR:

STAKE 73-3 (continued)
41473 474  Snow 033 083 065 8 Snow 067 004 9 033 407 413 022 022
72273 125 lce 1.25 lce  -288 090 -259

STAKE 73-32-B (installed 7/22/73)

712273 500 lce 5.00 -2.59

102577 324  Snow 47 9  Snow 47 03 9 20 277 271 fce 229 90 -4.65 .09 -4.65
3/29/74 333 Snow 68 6 Snow 68 04 6 35 265 .24

RESULTS FOR 1973 BALANCE YEAR: -4.65 -4.65

DATA FOR 1974 BALANCE YEAR:
STAKE 74-32-B (installed 3/20/74)

3/29/74 638 Snow 068 6 Snow 068 004 6 035 570 0.24 024
712174 260 lce 260 lce 310 080 279 279
RESULTS FOR 1974 BALANCE YEAR. no results

DATA FOR 1975 BALANCE YEAR:
STAKE 75-32 5-B (installed 3/4/75)

3475 1006 Snow 120 10 Snow 120 .03 10 035 886 0.42 0.42
8/25/75 471  lce 471 lce 415 090 -3.73 =373
3/26/76 536 Snow 027 114 144 10 Snow 142 06 11 27 394 fce -491 .90 -4.42 .38

RESULTS FOR 1975 BALANCE YEAR: . -4.42 -4.42

DATA FOR 1976 BALANCE YEAR:
STAKE 76-32 (installed 3/26/76)

3/26/76 1007 Snow 027 114 144 10 Snow 142 006 11 027 865 038 0.38
91376 327  lce 327 334 lce 532 90 479 479
3/14/77 545 Snow 168 210 7 Snow 205 03 7 .35 340 334 72

RESULTS FOR 1976 BALANCE YEAR -4.79 -4.79
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Table 2G, continued

Observations Accumulation calculations Summer surface  Ablation calculations Mass balance results
Date  Stakereading Stake Pit Probe dfs)  Material Thickness ~ p b'ss Material Change p Ice Fim Snow Internal Net
b' Surface dfs) p dfs) Mean n Mean se. n Est.  Obsv. Est Est. bfi)  b{f) bs) bk b,
midy (m) material (m) (g/em®) (m) (m) (m (m)  (gem’) (m} (m) (M) {glem®)  (Mv) (Mue) (Mve)  (Mhe) (M)
DATA FOR 1977 BALANCE YEAR:
STAKE 77-32 (installed 3/14/77)
3114177 848 Snow 035 168 210 7 Snow 205 003 8 035 6.43 0.72 72
9120177 1.49 lce 1.49 Ice -4.94 90 -4.45 -4.45
Temperature record from Gulkana Glacier indicates that meiting after 3/20/77 is unlikely.
RESULTS FOR 1977 BALANCE YEAR: -4.45 -4.45
DATA FOR 1978 BALANCE YEAR:
Stake 77-32 (continued)
3/23/78 2.95 Snow 146 Snow 1.46 1 035 1.49 0.51 0.54
STAKE 78-32 {installed 323/78)
3/23/78 8.85 Snow 1.46 Snow  1.46 1 35 7.39 51 51
9/22/78 1.82  Snow 0.13 Snow .13 001 10 .20 1.69 Ice -5.70 90 -5.13 .03 513
32979 3.15 Snow 122 10 Snow 122 003 10 35 193 0.43 0.43
Note: This stake probably sank.
RESULTS FOR 1978 BALANCE YEAR. -5.13 -513
DATA FOR 1979 BALANCE YEAR;
RESULTS FOR 1979 BALANCE YEAR. no results
DATA FOR 1980 BALANCE YEAR:
STAKE 80-32 (instalied 3/29/80)
3/29/80 10.04 Snow 194 10 Snow 194 003 10 0.35 8.10 0.68 0.68
9/4/80 3.69 lce 368 370 lce 441 .90 -397 -397
3/24181 4.97  Snow 127 10 Snow 127 04 10 35 370 370 .44
RESULTS FOR 1980 BALANCE YEAR: -3.97 397
DATA FOR 1981 BALANCE YEAR:
STAKE 81-32 (installed 3/24/81)
324/81 8.86 Snow 127 10 Snow 127 004 10 035 7.59 0.44 0.44
9/14/81 2.31 Ice 2.3 Ice -528 090 -4.75 475
3/22/82 348 Snow 101 20 Snow 101 03 20 36 247 35
Note: Stake apparently sank. Gukana Glacier temperature records show six days of mean temperatures above 0 C after 9/14/81. Estimate 15 cm of additional ablation after 9/14/81
RESULTS FOR 1981 BALANCE YEAR: -4.90 -4 90
DATA FOR-1982 BALANCE YEAR:
STAKE 82-32 (nstalled ¥22/82)
322182 968  Snow 101 20 Snow 101 003 20 035 867 0.35 035
9/11/82 3.60 Ice 3.60 ice 507 090 -4.56 -4 56
4/20/83 473  Snow 032 157 163 10 Snow 163 02 11 32 310 lce  -557 .90 -5.01 .52 -501
RESULTS FOR 1982 BALANCE YEAR 5.01 -501
DATA FOR 1983 BALANCE YEAR:
STAKE 83-32 (installed 4/20/83)
4120183 952 Snow 032 1% 163 10 Snow 163 02 11 032 7.89 052 052
9/8/83 352 lce 352 lce 437 090 -394 -394
3/18/84 4.73  Snow 36 139 134 14 Snow 134 02 15 .36 3.39 Tce -4.50 90 -4.05 48 -4 05
RESULTS FOR 1983 BALANCE YEAR -4.05 -405

TABLES 55



Table 2G, continued

Observations Accumulation calculations Summer surface  Ablation calculations Mass balance results
Date Stake reading Stake Pit Probe dfs)  Material Thickness  p b'ss Material Change p Ice  Fim Snow Internal Net
b’ Surface dfs) p dfs) Mean n Mean se. n Est  Obsv. Est Est. b}  bffy bs) bk) b,
midy (m) material (m) (g/cm®) (m) {m) (m) (m) (gem’) (m) (m) (M) (gfem’)  (Mvo) (Mue) (Mwo) (Mue) (M)

DATA FOR 1984 BALANCE YEAR:
STAKE 84-32 (installed 3/18/84)

3/18/84 1450 Snow 03 139 134 14  Snow 134 002 15 036 13.16 0.48 0.48
8/28/84 8.41  lce 8.41 lce 475 0.90 -4.27 -4.27
4/5/85 966 Snow 134 Snow 134 05 12 35 832 lce 484 90 -4.36 47 -4.36
RESULTS FOR 1984 BALANCE YEAR: -4.36 -4.36
DATA FOR 1985 BALANCE YEAR:

STAKE 84-32 (continued)

41585 9.66  Snow 1.34 Snow 134 005 12 035 832 0.47 0.47
9585 436  Ice 4.36 lce  -396 090 -3.56 -356
STAKE 85-32 (installed 4/5/85)

4/5/85 10.50 Snow 1.34 Snow 134 05 12 35 916 47 A7
9/585 4.90 ice 4.9 lce 426 90 -3.83 -3.83
4/9/86 6.28  Snow 166 Snow 166 .04 15 35 462 lce -454 90 -409 .58 -4.09

Note' The net balance result for the year is the average b(i) on 9/5/85 plus the bfi) of stake 85-32 from 9/5/85 to the end of the balance year

RESULTS FOR 1985 BALANCE YEAR: (average of stakes 84-32 and 85-32) -395 -3.95

DATA FOR 1986 BALANCE YEAR:
STAKE 86-32 (installed 4/9/86)

4/9/86 8.86 Snow 166 15 Snow 1.66 004 15 035 720 0.58 .58
10/7/186 252  Ice 252 228 lce  -492 090 -442 -4.42
3/19/87 366 Snow 162 10 Snow 162 07 10 35 204 228 .57

Note: Stake was severely affected by ice melt around base, giving mediocre results.

RESULTS FOR 1986 BALANCE YEAR: -442 -4.42

DATA FOR 1987 BALANCE YEAR:
STAKE 87-32 (installed 3/19/87)

3/19/87 9.94  Snow 162 10 Snow 162 007 10 035 832 0.57 0.57
8127187 4.10  Ice 410 lce  -422 0.90 -3.80 -380
4/19/88 599  Snow 238 Snow 238 1 3 361 lce -472 .90 -4.24 .83

RESULTS FOR 1987 BALANCE YEAR: -4.24 -424

DATA FOR 1988 BALANCE YEAR:
Note. Site move to 31 km.
STAKE UA87-31 (installed 4/30/87)
1/14/88 5.36  Snow 170 Snow 1.70 - 035 367 0.59 0.59
4/19/88 600  Snow 2.38 Snow 2.38 1 3 362 .83 .83

STAKE UA88-31 (installed 4/19/88)

4/19/88 11.04 Snow 238 Snow 2.38 1 35 866 .83 .83

4/21/89 533  Snow 61 Snow .61 1 3 472 lce 395 0.9 -3.55 21 -3.65
Note: Snow depth on 4/21/89 estimated from measurements at 26 km and 38 km sites

RESULTS FOR 1988 BALANCE YEAR: -355 -3.55
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Table 2H. Mass balance, 38 km site, Black Rapids Glacier

[m/dly, month/daylyear; b', height of surface on stake, measured relative to base of stake; m, meters; p, density; glcm3, grams per cubic centimeter, d(s), depth
of snow; Stake d(s) is calculated by subtracting a previously observed summer surface height (b'ss) from b'; Probe dfs) is measured by forcing a thin probe rod
through the snow pack until it is stopped by the hard summer surface; n, number of observations; s.e., standard error; Est., estimated; b'ss, height of summer
surface on stake, measured relative to base of stake; Obsv., observed, b(i), ice balance; b(f), firn balance; b(s), snow balance; b(k), internal accumulation--rain
and snow melt water refrozen in the pore space of permeable fim in the accumulation area (Trabant and Mayo, 1985); ba, net mass balance; mwe, meters water

equivalent; Sup. ice, superimposed ice]

Observations Accumufation calcutaions Summer surface  Abtation calculations Mass balance results
Date  Stakereadng Stake Pit Probe d(s) Material Thickness p b'ss Materiad hang p Ice  Fim Snow Internal Net
b Suface d(s) p Mean n Mean se. n Est.  Obsv. Est Est. bi) b{f) bfs) bk) b,
midy  (m) materid (m) (gcm®) (m) (m) (m) __ (m) (gem) (m) (m) (M) (glem®)  (Mye)  (Mya)  (Mue) (Mo} (Muo)
DATA FOR 1973 BALANCE YEAR:
STAKE 73-38.0 (instalted 7/22/73)
273 520 Ice 5.20
10/25/73 2.42  Snow 013 7 Snow 013 007 7 020 229 0.03
RESULTS FOR 1973 BALANCE YEAR noresulls
DATA FOR 1974 BALANCE YEAR:
STAKE 73-38.0 {continued)
33174 234 Snow 051 6 Snow 051 006 6 03 183 0.18 0.18
STAKE 74-38 8 (installed 3/31/74)

373174 9.00  Snow 51 6 Snow .51 06 6 36 849 18 18
7121174 500 Ice 500 fce  -349 090 -3.14 -3.14
RESULTS FOR 1974 BALANCE YEAR. no results
DATA FOR 1975 BALANCE YEAR:

STAKE 75-38.8 (installed 3/6/75)

31675 1000  Snow 0.36 092 15 Smow 052 010 16 9.08 0.33 0.33

812575 450 ice 4.50 lce  -458 0.90 -4.12 -4.12

32676 3.86 Snow 80 1 Snow .80 1 036 306 fce 602 90 542 .29

RESULTS FOR 1975 BALANCE YEAR: -5.42 -5.42
DATA FOR 1976 BALANCE YEAR:

STAKE 76-38 (altitude 942 m, installed 3/26/76)

3/26/76 625 Snow 0.80 Snow 0.80 1 036 54 0.29 0.29

9/13/76 .00  ice completely ablated out

RESULTS FOR 1976 BALANCE YEAR no resuts
DATA FOR 1977 BALANCE YEAR"

STAKE 77-38 (installed 3/14/77)

3114177 845 Snow 070 10 Snow 070 002 10 036 775 0.25 025

91%/77 100 ice 100 1.06 fce  -669 0.90 -6.02 -6.02

320078 231 Snow 118 10 Snow 119 04 10 .36 112 1.06 43

RESULTS FOR 1977 BALANCE YEAR: -6.02 -6.02
DATA FOR 1978 BALANCE YEAR:

STAKE 78-38 3 (installed 3/20/78)

3/20/78 10.13 Snow 119 10 Snow 119 004 10 036 900 0.43 0.43

9/23/78 212 Snow 08 4 Snow 08 00 4 20 204 227 Ice 674 090 -6.06 .02 -6.06

312879 279 Snow 30 18 Snow 30 04 18 36 249 227 RE

RESULTS FOR 1978 BALANCE YEAR: -6.06 -6 06
DATA FOR 1979 BALANCE YEAR:

STAKE 79-38 3 (installed 3/29/79)

3/29/79 885 Snow 0.30 18 Snow 030 18 036 855 on on

8123719 223 Ice 28 lce 632 090 -5.69 -5.68

3/29/80 113  Snow 21 10 Snow .21 04 10 36 92 fce -763 .90 -6.87 .08

RESULTS FOR 1979 BALANCE YEAR: -6.87 -6.87
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Table 2H, continued

Observations A fation calculation: S surface  Ablation calculations Mass balance results
Date  Stake reading Stake Pit Probe d{s) Material Thickness p b'ss Material hang p lce Fim Snow Internal Net
b Suface ds) p dis) Mean n Mean se. n Est.  Obsv. Est Est. b(i) b{fy bfs) bk) b,
midy  (m) material (m) (gicm?) (m) (m) (m)  (m) (gem’)  {m) (m) (m) (gem®) (M) (Mo} (Mue) (M) (Mae)

DATA FOR 1980 BALANCE YEAR:
STAKE 80-38 (installed 3/29/80)

3129/80 9.82 Snow 021 10 Snow 021 004 10 036 961 0.08 0.08
9480 313 Ice 313 lce 648 090 583 583
32481 284  Snow 4310 Snow 13 03 10 36 271 e 690 90 621 05

RESULTS FOR 1980 BALANCE YEAR: 621 621

DATA FOR 1981 BALANCE YEAR:

STAKE 81-38.3 (installed 3/24/81)

32481 944  Snow 013 10 Snow 013 003 10 03 931 0.05 005
91481 211 Ice 2.11 ice 720 090  -6.48 -6.48
32282 222 Snow 4210 Snow 12 03 10 36 210 e 721 90 649 04

RESULTS FOR 1981 BALANCE YEAR: -6.49 -6.49

DATA FOR 1982 BALANCE YEAR:
STAKE 82-38 (installed 3/22/82)

3/22/82 9.95 Snow 012 10  Smow 012 003 10 03 983 0.04 0.04
911182 317  lce 317 lce -666 090 5.99 -5.99
412083 3.36  Snow 49 10 Snow 49 07 10 36 287 lce 685 .90 -6.26 18

RESULTS FOR 1982 BALANCE YEAR: -6.26 -6.26

DATA FOR 1983 BALANCE YEAR:
STAKE 83-38 (installed 4/20/83)

42083 9.95 Snow 049 10 Snow 43 007 10 036 946 0.18 0.18

9883 367  fce 367 e 579 090 521 521

3/18/84 346 Snow 2415 Snow 24 03 15 36 32 e 624 90 562 .09

RESULTS FOR 1983 BALANCE YEAR; 562 562
DATA FOR 1984 BALANCE YEAR:

STAKE 84-38 (installed 3/18/84)

318/84 1483 Snow 024 15 Snow 24 003 15 036 1459 0.09 0.09

820/84 846 lce 8.46 lce 613 090 552 552

46185 824 Snow 2815 Snow 28 03 15 35 7.9 lce 663 90 597 10

RESULTS FOR 1984 BALANCE YEAR: 597 5,97
DATA FOR 1985 BALANCE YEAR:

STAKE 84-38 {continued) ’

46185 824  Snow 028 15 Snow 028 003 15 036 7.9 0.10 0.10

95185 251 251 fce 545 090  -491 -491

46186 2.53  Snow 4520 Snow 45 03 20 35 208 lce 58 90 529 16

STAKE 85-38 (installed 4/6/85)

4/6/85 1114  Snow .28 15 Snow 28 03 15 36 1086 .00 10 A0
9/5/85 551 5.51 lce 535 .90 -4.82 -4.82
4/6/186 543 Snow 45 20 Snow 45 03 20 36 4.98 lce -588 .90 -5.29 .16

RESULTS FOR 1985 BALANCE YEAR: -5.29 -5.28

DATA FOR 1986 BALANCE YEAR:
STAKE 86-38 (installed 4/6/86)

4/6/86 1005 Snow 045 20 Snow 045 003 20 036 960 0.16 0.16
107186 285 Ice 2.85 lce  -675 090 -6.08 -6.08
319/87 265 Snow .03 1 Snow 03 1 3% 262 lce -698 .90 629 0

RESULTS FOR 1986 BALANCE YEAR: -6.29 -6.29
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Table 2H, continued

Observations Accumulation calculations Summer surface  Ablation calculations Mass balance results
Date  Stakereading Stake Pit Probe d(s) Matenial Thickness p b'ss Material hang p Ice  Fim Snow Internal Net
b Surface dfs) p ds) Mean n Mean se. n Est  Obsv. Est Est. by  b{f) b(s) bk) by
midy  (m) material (m) (g/cm’) (m) (m) (m) _ (m) (gemd)  {m) (m) (m) (gem®)  (Mu) (M) (o) (Mus) (M)
DATA FOR 1987 BALANCE YEAR:
STAKE 87-38 (instalted 3/19/87)
3/19/87 9.93  Snow 0.03 1 Snow 0.03 1 036 990 0.01 0.01
8/27/87 4.00 lce 4.00 lce  -590 0.90 -5.31 531
4/20/88 360 Snow 24 3 Snow 24 003 3 36 336 fce -654 90 -5.88 .09
RESULTS FOR 1987 BALANCE YEAR® -5.88 -5.88
DATA FOR 1988 BALANCE YEAR'
STAKE UA88-38 3 (installed 4/20/88)
4/20/88 7.10  Snow .24 Snow .24 003 3 036 68 009 0.08
9/2188 35 dce 35 lce  -651 090 -586 -5.86
Note: Very poor data: stake had fallen over and a hole 0 35 meters deep was observed
RESULTS FOR 1988 BALANCE YEAR: no results
DATA FOR 1989 BALANCE YEAR:
STAKE UAB9-38 3 (installed 4/15/89)
4/20189 792 Snow 030 1 Snow 030 1 036 762 0.11 o1
4/15/90 1.85 Snow 57 2 Snow 57 004 2 36 128 lce 634 90 571 21 5.71
RESULTS FOR 1989 BALANCE YEAR. 571
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Table 21. Mass balance, L-19 km site, Black Rapids Glacier

[m/dly, month/daylyear; b, height of surface on stake, measured relative to base of stake; m, meters; p, density; g/cm3, grams per cubic centimeter, d(s), depth
of snow; Stake d(s) is calculated by subtracting a previously observed summer surface height (b'ss) from b'; Probe d(s) is measured by forcing a thin probe rod
through the snow pack until it is stopped by the hard summer surface; n, number of observations; s.e., standard error; Est., estimated; b'ss, height of summer
surface on stake, measured relative to base of stake; Obsv., observed; bfi}, ice balance; b(f), firn balance; b(s), snow balance; b(k}, internal accumulation—rain
and snow melt water refrozen in the pore space of permeable firn in the accumulation area (Trabant and Mayo, 1985); bs, net mass balance; mwe, meters water
equivalent; Sup. ice, superimposed ice]

Observations Accumulation calculations Summer surface  Ablation calculations Mass balance results
Date  Stakereading Stake Pit Probe d(s) Material Thickness p b'ss Material Change lce  Fim Snow Internal Net
b*  Surface dfs) p dis) Mean n Mean se n Est Obsv. Est Est. b}  bff) bis) bk} by
midy (m) material (m} (gem) (m)  (m) m  (m (gem?) (m) (m) M) (G (M) (e (Mae)  (Te) (M)

DATA FOR 1980 BALANCE YEAR:
STAKE 80-L19 (installed 3/28/80)

3/28/30 8.44 Snow 365 6 Snow 365 010 6 035 479 1.28 1.28
9/4/80 551 Snow 0.22 Snow .22 1 51 529 R

Firn .50 1 51 0.26 27 53
3/23/81 7.73 Snow 035 2.64 Snow 264 04 10 35 509
RESULTS FOR 1980 BALANCE YEAR: .26 .27 .53

DATA FOR 1981 BALANCE YEAR:

STAKE 80-L19 (continued)
3/23/81 773  Snow 264 10 Snow 264 004 10 035 509 0.92 0.92
9/22/81 587 Snow 052 Snow .52 1 20 535 10

Fim .26 1 51 0.13 21 .34

STAKE 81-L19 (instafled 3/23/31)

3/23/81 8.28 Snow 264 10 Snow 264 04 10 35 564 .92 .92
8/22/81 6.20 Snow .52 Snow .52 1 20 568 .10

Firn Fim 04 1 51 02 21 3
RESULTS FOR 1981 BALANCE YEAR. (average of stakes 80-L19 and 81-L19) .08 21 .29

DATA FOR 1982 BALANCE YEAR:
STAKE 80-L19 (continued)
9/10/82 4.24  Snow 015 1 Snow  0.15 1020 409 0.03

STAKE 81-L19 (continued)

3/23/82 806 Snow 238 Snow  2.38 1 35 5.68 .83 0.83
9/10/82 485 Snow 15 1 Snow .15 1 20 470 Fim -098 0.51 -050 .03 - .50
427133 727 Snow 284 10 Snow 284 .09 10 35 443 1.00

STAKE 82-L19 (installed 3/23/82)

3/23/82 811 Snow 238 Snow  2.38 3 573 .83 83
9/10/82 473  Snow 15 Snow .15 o1 20 488 Fim -1.15 .51 -.59 03 - .59
4/27/183 743  Snow 284 10 Snow 284 09 10 35 459 1.00

RESULTS FOR 1982 BALANCE YEAR - .54 - .54

DATA FOR 1983 BALANCE YEAR:
STAKE 82-119 (continued)

4127183 7.43  Snow 284 10 Smow 284 009 10 035 459 1.00 1.00
91983 427 lce 427 lce  -032 0.0 -0.28 -.28
3/17/84 6.71  Snow 274 10 Snow 274 04 10 35 397 lee - 61 90 - .55 .96

RESULTS FOR 1983 BALANCE YEAR - .55 - .85

DATA FOR 1984 BALANCE YEAR:

STAKE 84-L18 (installed 3/17/84)

3/17/84 7.99  Snow 274 10 Snow 274 004 10 035 525 0.96 0.96
8/23/84 5.07 Snow .04 Snow 04 1 20 503 lce  -022 090 0.20 .01 -.20
4585 7.78  Snow 277 9 Snow 277 02 9 3 50 lce - 25 90 - 22 .97 -2
RESULTS FOR 1984 BALANCE YEAR. -.22 -.22
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Table 21, continued

Observations Accumulation calculations Summer surface  Ablation calculations Mass balance resuits
Date Stakereadng Stake Pit Probe d{s) Material Thickness  p b'ss Material Change p Ice  Fim Snow Internal Net
b Surface dfs) p dfs) Mean n Mean se. n Est Obsv. Est Est. bfi) b{fy bs) blk) b,
midy (m) material (m) {g/en?) (m)  (m) (m (m) (glem’) (m) {m) (M) (glem®) (M) (M) (Mae)  (Me) (M)
DATA FOR 1985 BALANCE YEAR:
STAKE 84-L19 (continued)
4/5/85 7.78  Snow 2m Snow 277 002 9 035 501 0.97 0.97
9/5/85 541  Snow 0.03 Snow 03 1 20 538 54 .01
12 Sup Ice 12 1 90 0.11
.24 Fim 24 1 5 A2 23
4/2/86 772 Snow 228 Snow 228 01 10 35 54 54 .80
RESULTS FOR 1985 BALANCE YEAR: .23 .23
DATA FOR 1986 BALANCE YEAR
STAKE 84-L19 (continued)
4/2186 772 Snow 0.35 228 Snow 228 0.01 10 544 541 0.80 0.80
9/25/86 469 Snow .20 .30 Snow 30 .02 12 439 Sup.lce -0.12 0.90 -0.11
Fim - 24 51 - .12
lee -.66 .90 -0.59 - .82
STAKE 86-L19 (installed 4/2/86)
42186 825 Snow 35 2.28 Snow 228 01 10 597 .80 80
9/25/86 530 Snow .20 .30 Snow 3 02 12 500 493 Sup.ice - 12 .90 -1
Fim -.24 51 - 12
lce -.68 .90 - 61 - .84
3/20/87 806 Snow 0.440 N Snow 321 10 485 493 1.41
RESULTS FOR 1986 BALANCE YEAR. (average of stakes 84-L19 and 86-L 19} - 60 -.23 - .83
DATA FOR 1987 BALANCE YEAR.
STAKE 86-L19 (continued)
3/20/87 806 Snow 3.2 Snow 321 005 10 035 485 1.12 1.12
4/20/88 830 Snow 3.19 Snow 319 07 3 35 511 1.12
Fim 26 1 5 0.13 13
RESULTS FOR 1987 BALANCE YEAR: A3 A3
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Table 2J. Mass balance, L-22 km site, Black Rapids Glacier

[m/dly, month/dayfyear; b, height of surface on stake, measured relative to base of stake; m, meters; p, density; g/cm?, grams per cubic centimeter, d(s), depth
of snow; Stake d(s) is calculated by subtracting a previously observed summer surface height (b'ss) from b'; Probe dfs) is measured by forcing a thin probe rod
through the snow pack unfil it is stopped by the hard summer surface; n, number of observations; s.e., standard error; Est., estimated; b'ss, height of summer
surface on stake, measured relative 1o base of stake; Obsv., observed, bfi), ice balance; b(f), firn balance; b(s), snow balance; b(k}, internal accumulation—rain
and snow melt water refrozen in the pore space of permeable fim in the accumulation area (Trabant and Mayo, 1985); by, net mass balance; mwe, meters water

equivalent; Sup. ice, superimposed ice]

Observalions Accumulation calculations Summer surface  Ablation calculations Mass balance results
Date  Stakereading Stake Pit Probe ds)  Material Thickness P b'ss Materia Chang  p Ice  Fim Snow Intemal Net
b Surfface d{s) p dfs) Mean n Mean se. n Est. Obsv. Est Est. bfi) bfff bfs) bk) by
m/dy  (m) material (m} (g/cm’) (m) (m} (m} — (m) (gem’)  (m)  (m) (M) (gem’)  (Mue) (Mye) (Mue)  (Mus) (Mo
DATA FOR 1977 BALANCE YEAR:
STAKE 77-123 (installed 3/18/77)
3/18/77 994 Snow 275 4 Snow 275 007 4 032 720 0.88 0.88
3/21/78 753  Snow 207 S Snow 207 03 5 32 546 Ice -174 090 -1.56 66 -1.56
RESULTS FOR 1977 BALANCE YEAR: -1.56 -156
DATA FOR 1978 BALANCE YEAR:
STAKE 78-1.22 (instalted 3/2/78)
312178 8.08 Snow 220 5 Smow 220 003 5 032 588 0.70 0.70
3/3079 491  Snow 197 10 Snow  1.97 03 10 32 294 lce  -294 090 -2.64 63 -2.64
RESULTS FOR 1978 BALANCE YEAR: -264 -2.64
DATA FOR 1979 BALANCE YEAR:
STAKE 78-L22 (continued)

3/3079 491  Snow 197 10 Snow 197 003 10 032 294 0.63 0.63
RESULTS FOR 1979 BALANCE YEAR' no results
DATA FOR 1980 BALANCE YEAR:

STAKE 80-122 (installed 3/28/80)

3/28/80 8.97 Snow 266 10 Snow 266 0.03 10 032 6.31 0.85 0.85

9/4/80 4.89  Snow 07 10 Snow .07 01 10 20 483 481 lce  -1.50 0.90 -135 01 -1.35

3/23/81 664 Snow 180 10 Snow 1.80 02 10 .32 484 481 58

RESULTS FOR 1980 BALANCE YEAR: -1.35 -1.35
DATA FOR 1981 BALANCE YEAR:

STAKE 80-1.22 (continued)

3/2381 664 Snow 180 10 Snow 180 0.02 10 032 484 481 0.58 0.58

6/22/81 5.10 Snow 3% 9 Snow .35 04 9 50 475 481 A7 A7

9/22/81 315 Snow 40 1 Snow 40 1 20 275 fce -206 090 -1.85 .08 -1.85

STAKE 81-L22 (installed 3/23/81)

3/2381 8.27 Snow 180 10 Snow 180 02 10 .32 647 644 .58 .58

6/22/81 675 Snow 3% 9 Snow .35 .04 9 50 640 6.44 a7 A7

9/22/81 480 Snow 40 1 Snow .40 1 20 440 439 fce 205 90 -1.84 08 -1.84

3/2382 594 Snow 156 10 Snow 156 02 10 32 438 439 .50

RESULTS FOR 1981 BALANCE YEAR: (average of stakes 80-L22 and 81-1.22) -1.85 -1.85
DATA FOR 1982 BALANCE YEAR:

STAKE 81-1.22 {continued)

32382 594 Snow 1.56 10 Snow 156 002 10 032 438 050 0.50

9/11/82 2.04 Ice 2.04 lce -234 090 21 21

4/22/83 385 Snow 198 10 Snow 198 02 10 32 187 lce  -251 .90 -2.26 63

STAKE 82-122 {instalted 3/23/82)

3/2382 9.52 Snow 156 10 Snow 156 02 10 32 7.96 .50 .50

9/11/82 533  Ice 5.33 lce -263 .90 -237 237

4/22/183 7.20 Snow 198 10 Snow 198 02 10 32 5.22 lce 274 .90 -247 .63

RESULTS FOR 1982 BALANCE YEAR: (average of stakes 81-122 and 82-1.22) -2.37 237
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Table 2J, continued

Observations Accumulation calculations Summer surface  Ablation calculations Mass balance results
Date  Stake reading Stake Pit Probe dfs)  Material Thickness p b'ss Materia Chang  p ice  Fim Snow internal Net
b' Surface dis) p Mean n Mean se n Est. Obsv. Est Est. bfi) b{fy b{s) bk} b,

m/dly  (m) material (m) {glem®) (m)  (m) (m __(m) (gem)  (m}  (m} (M) (gemd) (M) (Mwo) {Mus)  (Muo) (M)
DATA FOR 1983 BALANCE YEAR:

STAKE 83-122 (instalied 4/22/83)

4/22/83 10.21 Snow 198 10 Snow 198 002 10 032 823 0.63 0.63

9/8/83 6.11 Snow 21 17 Snow 2% 02 17 20 590 594 lce 229 0.9 -2.06 .04 -2.06

3/17/84 796 Snow 197 10  Snow 197 04 10 32 599 5% .63

RESULTS FOR 1983 BALANCE YEAR: -2.06 -2.06
DATA FOR 1984 BALANCE YEAR:

STAKE 83-L22 (continued)

3/17/84 7.96 Snow 197 10 Snow 197 004 10 032 593 5% 0.63 063

8/28/84 412 Ice 412 lce -182 090 -1.64 -1.64

4/5/85 591 Snow 19 10 Snow 196 01 10 32 39 lce  -1.99 90 -1.79 .63

RESULTS FOR 1984 BALANCE YEAR -1.79 -1.79
DATA FOR 1985 BALANCE YEAR

STATE 83-L22 {continued)

45185 591 Snow 196 10 Snow 19 001 10 032 39 0.63 063

9/11/85 248  Ice 248 fce -147 090 -1.32 -1.32

STAKE 85-122 (installed 4/5/85)

4/5/85 988  Snow 196 10 Snow 196 ot 10 32 79 .63 63

9/11/85 6.2  Ice 622 624 ice -168 90 -1.51 -1.51

4/2/86 798 Snow 172 10 Snow 172 06 10 32 62 624 .55

RESULTS FOR 1985 BALANCE YEAR: (average of stakes 83-L22 and 85-L22) -1.42 -1.42
DATA FOR 1986 BALANCE YEAR.

STAKE 85-122 {continued)

4/2186 798 Snow 172 10 Snow 172 006 10 032 626 624 0.55 055

10/7/86 4.09 Snow 36 14 Snow 36 02 14 20 373 lce 251 090 226 07 226

RESULTS FOR 1986 BALANCE YEAR: -2.26 -2.26
DATA FOR 1987 BALANCE YEAR

STAKE 87-L22 (installed 3/20/87)

320087 7.92  Snow 238 15 Snow 238 005 15 032 554 0.76 0.76

8/27187 391  lce 391 417 lce -137 0.9 -1.23 123

4/14/88 6.36  Snow 193 3 Snow 193 06 3 32 443 47 62

RESULTS FOR 1987 BALANCE YEAR' -1.23 -1.23
DATA FOR 1983 BALANCE YEAR.

STAKE 87-122 {continued)

4/14/88 6.36  Snow 193 3 Snow 193 006 3 032 443 417 0.62 0.62

9/2/88 145 Snow 03 1 Snow 03 120 142 143 lce -274 090 -2.47 .01 -2.47

4122/83 3.27  Snow 184 1 Snow 184 1t 3 143 143 .59

RESULTS FOR 1988 BALANCE YEAR -2.47 -2.47
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Table 3. Example mass balance calculation from the ablation”area, 14 km site, 1983
{m/dly, month/day/year; b, height of surface on stake, measured relative to base of stake; m, meters: p, density; g/cm®, grams per cubic
centimeter, d(s), depth of snow; Stake d(s) is calculated by subtracting a previously observed summer surface height (b'ss) from b’;
Probe d(s) is measured by forcing a thin probe rod through the snow pack until it is stopped by the hard summer surface; n, nhumber of
observations; s.e., standard error; Est., estimated; b'ss, height of summer surface on stake, measured relative to base of stake; Obsv.,
observed; b(i), ice balance; b(f), firn balance; b(s), snow balance; b(k), internal accumulation--rain and snow melt water refrozen in the
pore space of permeable firn in the accumulation area (Trabant and Mayo, 1985); b,, net mass balance; my., meters water equivalent;

Sup. ice, superimposed ice]

Observations

Accumulation calculations

Summer surface

Ablation calculations

Mass balance results

Date  Stake reading Stake Pit Probe d(s) Material Thickness p b'ss Matenial Change p lce  Fim Snow Intemnal Net
b Suface dis) p dis) Mean n Mean se. n Est Obsv. Est Est b(i) b{f) b(s) bk) ba
m/dy  (m) mateid (m) {gem’) (m)  (m) (m) (m) (gem?) (m) (m) (m) (gfem)  (Mua) (Mue) (Mus) (Mue) (M)
DATA FOR 1976 BALANCE YEAR:
STAKE 75-14 (continued)
3/24176 846  Snow 223 5  Snow 223 001 5 034 623 0.76 0.76
913/76 531 Snow 27 1 Snow .27 1 20 504 497 lce -126 09 -113 05 113
3/19/77 800  Snow 309 3 Snow 309 01 3 34 491 497 105
STAKE 76-14 (installed 3/24/76)
3/24/76 810  Snow 223 5  Snow 223 01 5 34 587 76 76
9/13/76 492  Snow 27 1 Snow 27 1 20 465 471 lee 116 90 104 05 -104
319/77 787  Snow 309 3 Snow 309 01 3 34 478 47t 105
RESULTS FOR 1976 BALANCE YEAR:(average of stakes 75-14 and 76-14) -1.09 -109

Table 4. Example mass balance calculation from the ablation area, 20 km site, 1975
[m/d/y, month/day/year; b', height of surface on stake, measured relative to base of stake; m, meters; p, density; g/cm®, grams per cubic
centimeter, d(s), depth of snow; Stake d(s) is calculated by subtracting a previously observed summer surface height (b'ss) from b,
Probe d(s) is measured by forcing a thin probe rod through the snow pack until it is stopped by the hard summer surface; n, number of
observations; s.e., standard error; Est., estimated; b'ss, height of summer surface on stake, measured relative to base of stake; Obsv.,
observed; b(i), ice balance; b(f), firn balance; b(s), snow balance; b(k), internal accumulation--rain and snow melt water refrozen in the
pore space of permeable firn in the accumulation area (Trabant and Mayo, 1985); b,,, net mass balance; m,., meters water equivalent;

Sup. ice, superimposed ice]

Observations Accumulation calculations  Summer surface  Ablation calculations Mass balance results

Date  Stake reading Stake Pit Probe d(s) Matenal Thickness  p b'ss Matenal Change p lce  Fim Snow Intemal Net

b Surface dfs) p ds) Mea n Mean se. n Est Obsv Est Est b{i} b{f) b{s) bk) b,
midy  (m) matenal (m) (glem®) (m) (m) (m) (m) (gbm}) (m) {(m) (m) (gom’) (Mue) (Mue) (Mus) (M) (Mue)

DATA FOR 1975 BALANCE YEAR

STAKE 75-20 (installed 372/75)
3275 990 Snow 145 10  Snow 145 03 10 32 846 46 46
8/25/75 605 lIce 605 lce -241 090 -216 216
3124/76 707  Snow 128 8 Sow 128 03 8 32 579 lce -266 .90 -240 A -2.40
RESULTS FOR 1975 BALANCE YEAR -2.40 -2.40
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Table 5. Example mass balance calculation from the accumulation area, 8 km site, 1980
[m/d/y, month/day/year; b', height of surface on stake, measured relative to base of stake; m, meters; p, density; g/cm®, grams per cubic
centimeter, d(s), depth of snow; Stake d(s) is calculated by subtracting a previously observed summer surface height (b'ss) from b';
Probe d(s) is measured by forcing a thin probe rod through the snow pack until it is stopped by the hard summer surface; n, number of
observations; s.e., standard error; Est., estimated; b'ss, height of summer surface on stake, measured relative to base of stake; Obsv.,
observed; byi), ice balance; b(f), firn balance; b(s), snow balance; b(k), internal accumulation--rain and snow melt water refrozen in the
pore space of permeable firn in the accumulation area (Trabant and Mayo, 1985); b,, net mass balance; my., meters water equivalent;
Sup. ice, superimposed ice}

Observations Accumulation calculations  Summer surface  Ablation calculations Mass balance results
Date  Stake reading Stake Pit Probe d(s) Material Thickness P b'ss Material Change  p lce Fim  Snow Internal Net
b'  Surface d(s) p dis) Mean n Mean se. n Est Obsv. Est Est. bii) b{f) b(s) bk) by
midy  (m} malenal (m) ({glem’} (m)  (m] m_(m__ (gem®) (m) (m) (M (glem’) (M)  (Muo}  (Mve) (M) (M)

DATA FOR 1980 BALANCE YEAR:
STAKE 78-8 (continued)

3/27/80 8.33 Snow 311 5 Snow 311 001 5 036 6522 1.12 1.12
9/4/80 683 Snow 0.32 Snow 32 1 26 651 .08

Fim 129 1 51 0.66 027 .93
RESULTS FOR 1980 BALANCE YEAR: .66 27 93

Table 6. Uncertainties in mass balance quantities
[m, meters; g/cm?, grams per cubic centimeter; °C, degree Celsius]

Quantity Estimated Comments
uncertainty )
Stake reading, (b))
On snow surface +0.02 m Snow surface is usually smooth.
On ice surface +0.10 m Ice surface is rough and uneven. b'is a visual average of

the ice surface height.
Snow or firn density

Estimated (snow) +0.04 g/cm?® (=15 percent) Most snow and firn densities were estimated.
Estimated (firn) +0.1 g/cm?® (=20 percent)
Observed in pit +0.00S g/cm?® (1.5 percent) See description of snow pit uncertainties in

the appendix “Snow Pit Data”

Depth of snow

Probing Standard error Reported in the 9th column of the mass balance data
tables.
Pit Standard A single observation on an uneven surface. Typically 0.05-
deviation 0.20 m.
Stake firn depth +0.15m Firn compaction and stake slip can move the stake relative

to the summer surface.
Summer surface

temperature

Observed +1°C Reading from a dial-type thermometer.

Calculated +1-3°C Error associated with extrapolating summer surface
temperatures. See section “Temperatures at the
Summer Surface”.

Internal +10 percent Error reported by Trabant and Mayo (1985).
accumulation
estimate
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Table 7. Combined uncertainties for mass balance site data: Examples of typical situations
[These terms are defined in section “Mass Balance Data Tables": b', stake height reading; d(s), snow depth; d(f), firn depth; s.e.,
standard error; p, density; ss, summer surface; m, meters; T, temperature; °C, degree Celsius; b(k), internal accumulation)

Area First Second First observation Second observation Combined
observation  observation  uncertainties uncertainties uncertainty
Ablation Spring, on Fall, onice b £0.02 m, b £0.10 m, +0.11m
snow surface d(s): s.e~+0.03  d(s): s.e.~+0.03 m
________ suface  _ _______ m______
Ablation  Spring, on  Fall, on b +0.02 m, b'. +0.02 m, +005m
snow snow d(s). s.e.~£0.03  d(s): s.e.~+0.03 m
________ suface____suface  __ m__________________________________
Accumu-  Spring, on Fall, on b" £0.02 m, b': +0.02 m, For 1.0 m of
lation snow snow d(s): s.e.~+0.03  d(s) in pit: £0.10 m firn: 28 percent
surface surface m d(f): stake depth: (x0.28 m),
$0.15 m, For 2.0 m of
p(firn): £10 percent, firn: 22 percent
T(ss): calc. £2°C, (£0.44 m)

b(k): £10 percent

Table 8. Additional snow depth measurements, Black

Rapids Glacier

[Snow depths were measured in pits or by probing. Locations
refer to centerline coordinates (see “Coordinate Systems”
section) and were determined by estimating location on a map.
Locations are accurate to 200 meters. km, kilometers; m,
meters; g/cm?, grams per cubic centimeter]

Date Location Type Data
8/27/70 3.6 km Snow depth 0.80m
8/27/70 8.9 km Snow depth 0.60 m
8/27/70 8.9 km Firn depth 1.65m
8/27/70 13.0 km Snow depth 0.10m
8/27/70 13.0 km Firn depth 0.80m
4/23/72 6.3 km Snow depth 3.90m
4/23/72 9.7 km - Snow depth 3.02m
4/23/72 12.6 km Snow depth 2.25m
4/23/72 16.0 km Snow depth 1.98 m
4/23/72 19.0 km Snow depth 1.53m
4/23/72 19.0 km Snow density 0.33 g/cm®
4/23/72 22.2 km Snow depth 1.66 m
4/23/72 25.8 km Snow depth 1.50 m
4/23/72 29.1 km Snow depth 1.59 m
-4/23/72 32.0 km Snow depth 1.32m
4/23/72 37.0 km Snow depth 1.10m
4/23/72 39.3 km Snow depth 0.69m
4/23/72 40.5 km Snow depth 0.47m
4/23/72 L-21 km Snow depth 1.82m
4/23/72 L-23 km Snow depth 1.68 m
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Table 9A. Ice velocity: 2 km site, Black Rapids Glacier

[Speeds are plotted in figure 3A. The coordinates for the base of the stake (X, Y, and Z) are reported in the local coordinate system
(see "Coordinate Systems" section). Displacement is the length of the three-dimensional vector representing the net displacement
of the base of the stake between the measurement dates. Seasonal speed is the speed measured between consecutive
observations. Flow azimuth is measured refative to the positive y-axis (north) in the local coordinate system, positive clockwise.
Vertical displacement and speed are reported separately. (Vertical displacement is included in the displacement and seasonal
speed.) Annual speed is the speed over a period of approximately 1 year. Whenever possible, annual speed is calculated between
consecutive spring observations. m, meters; m/yr, meters per year; ---, no data]

Seasonal Flow Vertical ~ Vertical Annual
Coordinate Period Displace- speed azimuth  displace- speed  speed
Date Stake X Y Z (days) ment (m) (myr) (degrees) ment(m) (m/yr) (m/yr)
3/18/77 77-2 12023.6 2768.2 22276 - - - - - - -
9/23/77 77-2 120062 2789.0 22213 189 271 527 320.0 -6.3 -12.2 ---
3/22/78 77-2 119967 2808.8 22174 180 22.0 44.8 3346 -3.9 -8.0 49.4
3/27/80 80-2 121003 27463 22330 - --- - --- - - -—
9/04/80 80-2 120909 2766.0 22286 161 21.8 49.7 3344 -4.5 -10.2 -
3/22/81 80-2 12078.7 27889 22239 199 259 47.8 3319 -4.6 -8.6 49.4
9/10/81 80-2 12067.0 28146 22180 172 28.2 60.3 335.6 -5.9 -12.6 --
3/24/82 80-2 12053.6 2840.3 22125 195 29.0 54.6 3324 -55 -10.4 58.2
9/10/82 80-2 120454 2864.0 22084 170 251 54.1 341.0 -4.1 -8.8 -
3/24/82 82-2 120569 27263 2231.1 - - - -— - - ---
9/10/82 82-2 120479 27474 22271 170 233 503 337.0 -4.0 -8.7 --
3/16/84 84-2A 12027.2 27452 2230.2 - - - - - -- -
8/28/84 84-2A 12017.7 27647 22263 165 21.7 483 334.2 -3.9 -8.7 -
3/16/84 84-2B 120244 27434 22300 - - - - - - -
8/28/84 84-2B 12014.7 27629 22262 165 221 49.3 333.7 -3.8 -8.5 -
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Table 9B. Ice velocity: 4 km site, Black Rapids Glacier

Seasonal Flow Vertical  Vertical Annual
Coordinate Period Displace- speed azimuth  displace- speed speed
Date Stake X Y Z (days) ment(m) (mAyr)  (degrees) ment(m) (miyr)  (m#ir)
7124173 73-4 113525 47794 2024.2 - - - - - --- --
3/27/74 73-4 113250 48183 20172 246 48.2 718 3248 -7.0 -10.4
7/22/74 73-4 11311.3  4837.1 20143 117 23.4 736 323.8 -3.0 9.3 721
8/28/75 73-4 112717 48947 20079 402 70.2 --- 3255 -6.3 -5.8 63.9
3/24/76 73-4 112516 49231 20054 209 349 61.2 324.7 -2.5 -4.4 -e-
9/13/76 73-4 11235.5 4948.1 2002.4 173 30.0 63.6 327.2 -3.0 -6.3 62.1
2/27/75 754 11228.0 47274 20159 - -
8/28/75 75-4 11209.3 47545 20118 182 329 66.4 3254 -4.1 -8.3 -
9/13/76 754 111709 48113 20059 382 68.5 325.9 -5.9 -5.6 65.6
3/18/77 77-4 11225.8 47004 20215 - - - --- - - -
9/23/77 77-4 112047 47312 20175 189 375 729 325.6 -40 7.7 -
3/18/78  77-4 111873 47566 20152 176 30.8 64.3 325.7 -2.3 -4.8 68.6
10/23/78 77-4 11165.6 47892 20129 219 392 65.6 326.3 -2.4 -4.0 -
3/28/79  77-4 11151.0 48109 20098 156 26.4 62.2 3259 -3.0 71 64.0
3/28/79 79-4 11224.0 4699.5 2019.0 - - - - --- - ---
8/23/79 79-4 112072 47242 20147 148 29.9 74.2 325.8 -4.3 -10.7 -
9/04/80 79-4 11170.3 4779.0 20089 378 66.0 0.0 326.1 -5.8 -5.6 63.9
3/27/80 80-4 11237.7 46634  2027.0 - -
9/04/80 80-4 112197 46896 20218 161 322 73.4 325.5 -5.2 -12.0
3/22/81 80-4 111987 47208 2018.1 199 378 69.7 326.0 -3.7 -6.9 71.1
9/10/81 80-4 11179.3 47496 20142 172 349 74.6 326.0 -3.9 -8.3
3/24/82 80-4 11158.2 47811 20120 195 38.0 715 326.3 -2.2 -4.1 72.7
9/10/82 80-4 111398 4809.0 2009.1 170 335 724 326.6 -3.0 -6.4
3/24/82 82-4 11221.3 46832 2026.3 - - - --- - --- ===
9/10/82  82-4 11200.5 47133 20212 170 36.9 79.7 3254 -5.1 -11.0 -
4/23/83 82-4 111755 47503 20169 225 447 72.8 3259 -4.3 -7.1 75.8
9/18/83 82-4 111587 47745 20146 148 29.5 732 325.3 -2.3 -5.6
3/16/84 82-4 11140.6 48024 20123 180 333 67.9 327.0 -2.3 -4.7 70.2
3/16/84 84-4A 112441 46719 2026.3 --- ---
8/28/84  B84-4A 112233 47040  2020.1 165 38.7 86.2 3271 -6.3 -14.0
4/04/85 84-4A 11201.2 47370 20153 219 40.0 67.0 326.1 -4.8 -8.0 75.0
9/12/85 84-4A 11181.8 47638 20117 161 333 76.0 3243 -3.6 -8.1
4/03/86  84-4A 11159.9 47937  2009.7 203 37.1 67.1 3238 -20 -3.6 70.8
9/25/86 84-4A 111415 48219 2006.7 175 338 709 326.8 -3.0 -6.4
3/16/84 84-4B 112381 4669.9 2025.8 - - - - -
8/28/84 84-4B 112179 47004 20196 165 37.1 826 326.5 -6.2 -138 -
4/04/85 84-4B 111945 47336 20147 219 40.9 68.5 324.9 -5.0 -8.3 74.4
9/12/85 84-4B 111755 47604 2011.3 161 33.0 75.3 3246 -3.3 -7.6
4/03/86 84-4B 111545 4792.0 2009.1 203 38.1 68.8 326.3 2.2 -4.0 71.4
9/25/86 84-4B 111354 48199 20062 175 33.9 71.2 325.7 -2.9 -6.1
4/03/86 86-4 11229.9 4696.2 20228 203 - - --- --- - ---
9/25/86 86-4 11209.3 4726.1 2017.4 175 36.3 762 325.4 -5.5 -11.5 -
3/18/87 86-4 11189.8 47552 2013.7 174 35.1 74.1 326.2 -3.6 -7.7 75.5
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Table 9C. Ice velocity: 8 km site, Black Rapids Glacier

Seasonal Flow Vertical ~ Vertical Annual
Coordinate Period Displace- speed azimuth  displace- speed  speed
Date Stake X Y 4 (days) ment (m) (m/yr) (degrees) ment(m) (mfyr)  (miyr)
71573 73-8 91267 77945 1895.1 - - - - - - -
3/27/74 73-8 9117.8 78268 18940 255 335 481 3446 -1.1 -1.6 ---
7/22/74 73-8 91119 78451 1893.7 117 19.2 60.4 3421 -0.3 -0.9 51.8
3/27/74 748 91178 78268 1891.7 - - -— -— - - -
7/22/74 748 91119 78451 1891.4 17 19.2 60.4 107.9 -0.3 -1.0 -
2/28/75 748 91047 78703 1890.7 221 26.3 436 105.9 0.7 -1.1 493
8/28/75 748 90975 78945 1889.9 181 253 513 106.7 -0.8 -1.6 ---
3/24/76 74-8 9089.7 79206 18893 209 273 47.8 106.7 -0.7 -1.2 493
9/13/76 748 90822 79445 1888.5 173 250 53.1 107.3 -0.7 -1.5 -
3/18/77 748 9076.1  7966.3 1888.1 186 227 447 105.6 0.5 -0.9 48.6
9/23/77 748 90682 79915 1887.4 189 26.5 51.4 1075 -0.7 -1.3 -
3/22/78 748 90624 80114  1887.2 180 20.7 421 106.3 -0.2 -0.4 46.7
10/23/78 748 9053.6 80382 18866 215 28.2 48.2 108.0 -0.6 -1.1 -
9/23/77 77-8 90347  8063.9 1889.1 - - - - - -
3/22/78 77-8 90293 8083.8 1888.9 180 20.6 420 343.7 -0.2 0.4 -
3/22/78 78-8 90873 8076.1 1885.0 - --- - -— - -
10/23/78 78-8 9079.2 81039 1884.1 215 29.0 495 343.9 -0.9 -1.6
3/28/79 78-8 90735 81225 1883.9 156 19.4 457 342.8 -0.2 -0.4 47.8
8/23/79 78-8 90664 81455 18829 148 241 59.8 3429 -1.1 26 -
3/27/80 78-8 9059.4 8170.0 18824 217 255 43.0 344.1 -0.5 -0.8 497
9/4/80 78-8 90524 81930 1881.7 161 241 55.0 343.1 0.7 -15 -
3/22/81 78-8 90451 8217.2 1881.6 199 252 46.5 343.1 -0.1 -0.3 50.2
6/22/81 78-8 90406 82322 1881.0 92 15.7 62.8 343.2 -0.6 2.4 -
3/22/81 81-8 90826 80933 1887.0 - --- - -— --- - -
6/22/81 81-8 90782 8107.2 1886.4 92 147 58.8 3423 -0.6 -24 -
9/10/81 81-8 90739 81196 1885.9 80 13.2 60.8 341.0 -0.5 -24 -
3/24/82 81-8 90655 81453 18854 195 27.0 50.9 341.8 -0.4 -0.8 535
9/10/82 81-8 90580 81724 18847 170 28.1 60.7 3445 -0.8 -1.7 —
4/21/83 81-8 9043.4 82034 18843 223 322 52.9 3446 -0.4 0.6 56.1
4/21/83 83-8 91227 80113 1889.9 - - -- - -
9/8/83  83-8 91156 8033.7 1889.1 140 235 61.7 3426 -0.8 -2.0 -
3/117/84 83-8 91071 80596 1888.2 191 273 52.4 341.7 -0.9 -1.8 56.2
8/28/84 83-8 9099.2 8087.2 1887.2 164 28.7 64.4 3441 -1.0 2.3 -
4/4/85 83-8 9089.4 81173 1886.6 219 317 53.0 342.0 -0.6 -1.0 57.7
9/11/85 83-8 9081.8 81430 1885.7 160 26.7 61.4 343.4 -0.9 2.0 -
4/3/86 83-8 90739 81723 1885.0 204 30.4 546 34438 -0.7 -1.3 57.4
4/3/86 86-8 90828 8077.3 1890.3 - - - -— -— - -
9/25/86 86-8 9073.7 8105.2 1889.2 175 293 61.5 341.8 -11 22 e
3/18/87 86-8 90662 81298 1888.7 174 25.8 54.3 343.2 0.5 -14 57.8
8/27/87 86-8 90584 81564  1887.6 162 27.7 62.8 3435 -1.0 -2.3 -
4/21/88  86-8 9048.1  8190.1 1887.0 238 353 54.3 343.0 -0.6 -1.0 57.6
4/19/90 UAS0-8 9080.8 8063.9 1889.3 - - - - - - -
5/1/91 UAS0-8 9066.1 81120 1887.8 377 50.3 --- 343.0 -1.5 -1.5 48.8
5/4/92 UAS0-8 90515 81626 18875 369 527 - 343.9 -0.2 -0.2 52.3
9/23/92 UAQ0-8 90446 81854  1886.6 142 23.8 61.6 343.0 -1.0 -2.5 -~
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Table 9D. Ice velocity: 14 km site, Black Rapids Glacier

Seasonal Flow Vertical  Vertical Annual
Coordinate Period Displace- speed azimuth  displace- speed  speed
Date Stake X Y Z (days) ment (m) (m/yr) (degrees) ment(m) (mfyr)  (miyr)
7/21774 73-14 89875 131636 1709.8 - - - - - - -
3/01/75 73-14 90150 131712 17097 223 286 47.0 74.5 -0.2 -0.3

8/26/75 73-14 90437 13179.0 17094 178 29.7 61.3 74.8 -0.2 -0.5 532
3/01/75 75-14 8972.0 131555 17055 —
8/26/75 75-14 90006 131643 1705.1 178

299

61.6 73.0 -0.4 -0.8 ---

3/24/76  75-14 90256 131709 17049 211 258 449 751 -0.2 -0.4 52.4
9/13/76 75-14 90544 131784 17048 173 298 63.2 75.4 -0.1 0.3 -
3/18/77 75-14 90739 131838 17048 186 20.2 40.0 74.7 0.0 0.1 51.0
3/24/76 76-14 87406 131112 17138 - - --- - - - —
9/13/76 76-14 8766.7 131206 17136 173 277 587 70.1 -0.2 -0.4 -
3/18/77 76-14 8787.1 131273 17136 186 215 42.4 719 0.0 0.0 50.1
9/23/77 76-14 88149 13136.8 17133 189 294 57.1 711 -0.3 -0.5 —
3/18/78 76-14 8831.2 131428 17133 176 17.3 36.0 70.0 -0.1 -0.1 46.8
9/24/78 76-14 8858.0 13151.4 1713.0 190 283 546 721 -0.3 -0.6 -
3/28/79 76-14 88764 131571 17132 185 19.2 38.2 729 02 0.4 46.4
3/28/79 79-14 87654 131122 17132 -— - — -~ — - -
8/23/79 79-14 87911 131211 17126 148 27.2 67.5 70.9 -0.6 -1.5 —
3/26/80 79-14 88145 131295 17127 216 249 422 70.3 0.1 0.2 523
9/04/80 79-14 8841.0 13138.2 17123 162 279 63.2 718 -0.4 -0.9 -
3/22/81 79-14 88625 131455 17125 199 228 419 7.2 0.2 0.4 51.3
6/22/81 79-14 8879.2 131505 17123 92 17.4 69.8 73.6 -0.3 -1.0 --
9/10/81 79-14 88940 131551 17119 80 185 71.4 726 -0.3 -1.5 ---
3/25/82 79-14 89162 131618 17123 196 232 434 73.2 0.4 0.7 51.3
9/10/82 79-14 8947.4 131712 17124 169 326 70.9 733 0.1 0.2 -
3/25/82 82-14 87625 131823 17137 - - - - - - -—
9/10/82 82-14 87932 131929 17139 169 325 70.6 70.9 0.2 0.4 -
4/21/83 82-14 88233 132033 17136 223 31.8 524 70.9 -0.3 -05 60.1
9/08/83 82-14 8850.3 132121 1713.1 140 28.4 746 71.9 -0.5 -1.3 -
3/16/84 82-14 88763 132202 17130 190 27.3 527 728 -0.1 -0.2 61.8
4/05/85 82-14 89416 13239.7 17123 220 68.1 - 734 -0.8 -1.3 64.7
4/21/83 83-14 8757.2 131717 17151 - - - - - - -
9/08/83 83-14 8784.0 131809 17147 140 28.4 745 71.2 - --- —
3/16/84 83-14 8809.7 131893 17146 190 27.0 52.1 71.9 -01 -0.2 61.4
8/28/84 83-14 8843.7 131999 17139 165 35.6 79.3 726 -0.7 -1.6 —
9/05/85 83-14 89076 132180 17127 373 66.4 - 74.2 -1.1 - 65.2
3/16/84 84-14 87623 131116 17131 -~ - - - - - -
8/28/84 84-14 8796.6 13123.0 17123 165 36.2 80.7 716 -0.8 -1.8 -
4/05/85 84-14 88283 131331 17122 220 33.2 55.4 723 0.0 -0.1 66.0
9/05/85 84-14 8861.2 131422 17111 1583 341 81.9 746 -1.1 -2.6 -
4/04/86 84-14 88958 131547 17110 211 ~ 368 63.9 70.1 -0.1 -0.2 71.2
9/25/86 84-14 89335 131654 17101 174 39.3 82.9 74.1 -0.9 -1.8 -
4/04/86 86-14 87763 131267 17157 - - - - - -—- -
9/25/86 86-14 88139 13139.2 17151 174 39.6 83.7 715 -0.5 -1.1 --
3/20/87 86-14 88422 131476 17149 176 296 61.7 73.6 -0.2 -05 724
8/27/87 86-14 8878.4 13160.8 17143 160 38.5 88.4 69.9 -0.6 -1.3 -
4/21/88 86-14 89119 131679 17142 238 343 5238 78.0 -0.2 -0.3 66.8
8/27/87 87-14 88157 131795 17135 - - - - - - -
4/21/88 87-14 8848.0 13187.3 17140 238 33.2 511 76.5 0.4 0.7 -—
4/15/89 87-14 8905.3 132028 17135 359 59.4 - 74.9 0.4 -0.4 60.6
5/23/90 87-14 89654 132205 17128 403 62.7 - 73.6 -0.7 -0.7 56.9
5/23/90 UA90-14 87822 13126.2 17161 - - -~ -- - - -
5/01/91 UA90-14 88305 131406 17155 343 50.4 - 734 -0.6 -0.6 538
5/04/92 UA90-14 8885.0 13157.3 17150 369 57.0 --- 73.0 -05 -05 56.6
5/04/92 92-14 87820 131505 17171 - -— - -~ - -— -
9/23/92 92-14 8809.3 13157.8 17157 142 28.4 73.4 75.0 -1.4 -3.5 -
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Table 9E. Ice velocity: 20 km site, Black Rapids Glacier

Seasonal Flow Vertical ~ Vertical Annual
Coordinate Period Displace- speed azimuth  displace- speed  speed
Date Stake X Y Z (days) ment (m) (m/yr) (degrees) ment(m) (m/yr)  (m/yr)
7/21/73  73-20 14823.1 134053 15106 - -— -— - -— - —
7/21/74 73-20 14871.2 134040 15119 365 48.1 -— 915 1.3 13 48.3
7/21/74 7420 148712 134040 1508.9 --- --- -— - -— - -
3/02/75 7420 148936 134051 1508.7 224 224 36.7 871 -0.2 -0.3 -
3/02/75 75-20 148554 134054 1503.2 - - --- - - — -
8/25/75 75-20 148835 134040 15028 176 28.2 58.7 93.0 -0.4 -0.8 -
3/25/76  75-20 14901.8 134033 15036 213 18.3 316 92.1 0.8 1.3 437
9/13/76  75-20 149252 134028 15041 172 23.4 50.0 91.2 05 1.1 -
3/18/77 75-20 149395 134027 15045 186 14.3 282 90.4 05 0.9 386
3/18/77 77-20 148094 134072 1504.5 - - --- - -- --- —
921777 7720 14833.6 134066 15052 187 24.3 476 91.4 0.7 1.3 0.0
3/18/78 T77-20 14847.7 134063 15055 178 14.1 29.0 911 0.3 0.7 38.4
9/23/78 77-20 148706 134059 1505.7 189 229 445 91.1 0.2 0.4 0.0
3/29/79 77-20 148851 134056 15062 187 145 284 91.1 0.5 1.0 36.4
3/26/80 80-20 14779.0 134057 15025 - - - - —- - --
9/04/80 80-20 14801.7 134053 15031 162 228 51.6 911 0.6 1.4 -
3/23/81 80-20 148189 134051 1503.8 200 17.2 31.6 90.6 0.6 1.2 40.4
6/22/81 80-20 14834.0 134052 1504.6 91 151 61.3 89.6 0.8 32 -
9/10/81 80-20 148452 134047 15044 80 11.2 51.8 922 -0.2 -0.9 0.0
3/23/81  81-20 147767 13400.1 1503.1 - --- - --- - - ---
6/22/81  81-20 14790.7 134011 1503.7 9t 14.0 56.9 86.2 0.6 22 ---
9/10/81 81-20 148035 13399.9 15037 80 128 59.0 95.2 0.1 0.3 -
'3/25/82  81-20 148207 133992 15041 196 173 323 92.2 0.3 07 398
9/10/82 81-20 14847.3 13398.8 15048 169 26.6 57.8 90.9 0.7 1.6 -
3/25/82 82-20 147733 13401.2 15018 - - -— - - - -
9/10/82 82-20 14799.3 134011 15025 169 26.0 56.5 90.2 07 1.5 -
4/21/83  82-20 148236 134009 15035 223 243 40.0 90.4 1.0 1.6 47.0
9/08/83 82-20 14848.6 134003 15038 140 25.0 655 91.6 0.4 0.9 -
3/19/84 82-20 148685 13400.0 15048 193 19.9 379 90.8 1.0 20 493
4/21/83  83-20 148054 134058 1501.0 - - - - - - -
9/08/83 83-20 14829.7 134056 15014 140 24.3 63.8 90.4 0.4 1.0 -
3/19/84 83-20 14849.8 134053 15024 193 20.2 38.3 91.0 1.0 1.9 48.9
3/19/84 84-20 14784.1 134006 1500.3 — - — - -— - -
8/28/84 84-20 14814.0 134003 15013 162 29.9 67.8 90.6 1.0 22 -
4/05/85 84-20 14839.0 133999 15022 220 251 418 91.1 1.0 1.6 526
9/11/85 84-20 148695 13399.2 15033 159 305 704 91.4 1.1 25 -
4/02/86  84-20 148945 133983 1505.0 203 25.1 454 91.9 17 3.0 56.2
9/25/86 84-20 14930.1 13398.0 15057 176 35.6 742 90.5 0.7 1.5 ---
4/02/86  86-20 148222 134025 1503.1 - - - - - - -
9/25/86  86-20 148582 134025 15038 176 36.0 75.0 90.0 0.7 1.5 -
3/18/87 86-20 148805 134026 15052 174 223 471 89.6 1.4 3.0 60.9
8/27/87 86-20 149145 134014 15059 162 341 773 92.0 0.7 1.7 -
3/18/87 87-20 147869 133944 1507.0 - - - -—- - - -
8/27/87 87-20 14820.8 133934 15079 162 339 77.0 917 0.9 20 -—-
4/16/88  87-20 1484811 13393.0 1509.0 233 273 43.0 91.0 1.1 1.8 56.8
4/15/89 87-20 14900.8 133921 15100 364 527 --- 91.0 1.0 1.0 53.0
5/26/90 UA90-20 147854 134142 15046 - - -- --- - --- -
5/01/91 UAS0-20 14830.0 134137 15054 340 447 - 90.7 0.8 0.9 481
5/05/92 UA90-20 14879.6 134133 1507.2 370 497 --- 90.5 1.8 1.8 49.1
9/23/92 UA90-20 149053 134132 15074 141 257 66.9 90.2 0.2 0.6 ---
5/05/92 92-20 147869 13406.4 1504.0 --- - - - -
9/23/92  92-20 148135 13407.1  1504.3 141 26.7 69.5 88.4 0.3 0.8 ---
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Table 9F. Ice velocity: 26 km site, Black Rapids Glacier

Seasonal Flow  Vertical Vertical Annual
Coordinate Period Displace- speed azimuth displace- speed speed
Date Stake X Y Z (days) ment(m) (m/yr) (degrees) ment(m) (miyr)  (mfyr)
7/21/74 7426 206443 122266 13457 - —_— - - - -— -
3/03/75 74-26 20670.2 122213 13449 225 26.5 431 101.5 -0.8 -1.2 -
3/03/75 75-26 206474 122455 13356 - - - - - - -
3/26/76 75-26 20690.8 12239.2 1336.5 389 438 - 98.4 0.9 0.9 4.2
9/13/76 75-26 207126 122347 13365 171 223 47.9 101.6 0.0 -0.1 -
3/16/77 75-26 20728.9 122323 133741 184 16.5 328 98.5 0.6 1.2 39.9
3/16/77 77-26 20701.1 122062 13327 - - - - - --- -—
9/20/77 77-26 207252 122028 13329 188 243 475 98.1 02 0.4 -
3/19/78 77-26 20740.6 122000 13335 180 15.7 321 100.4 06 1.3 39.8
3/19/78 78-26 20624.7 12250.0 13353 - - - - — - -
9/23/78 78-26 20648.4 122461 13356 188 240 46.9 99.3 0.2 04 -
3/28/79 78-26 206656 12243.7 13364 186 17.4 342 98.0 0.8 1.6 405
3/28/79 79-26 20653.8 122253 13325 - - - - - - -
8/23/79 79-26 20677.0 122218 13326 148 235 58.3 98.6 0.1 0.2 -
3/26/80 79-26 20697.7 122184 1333.0 216 21.0 356 99.1 0.5 0.8 447
3/26/80 80-26 20660.7 122242 1329.9 - - -— - - - -
9/04/80 80-26 20681.5 122208 1330.3 162 211 479 99.1 04 0.9 -
3/24/81 80-26 20699.8 12218.0 1331.1 201 18.5 337 98.7 0.8 1.5 39.9
6/22/81 80-26 207127 122159 1331.6 90 13.1 53.8 99.4 0.5 1.8 -
3/24/81 81-26 20640.4 122266 1328.2 - - - - - - -
6/22/81 81-26 20653.4 122247 1328.7 90 13.1 53.8 98.4 0.5 20 -
9/22/81 81-26 20665.5 122231 1328.9 92 122 488 97.6 0.2 0.8 -
3/22/82 81-26 20681.7 12220.2 1329.6 181 16.5 335 100.1 06 1.3 422
3/22/82 82-26 20670.7 12206.2 1323.7 - - - - - - -
9/10/82 82-26 20694.2 122015 1324.2 172 240 51.2 101.3 05 1.2 ---
4/20/83 82-26 20715.7 12197.8 13251 222 219 36.1 99.9 0.8 1.4 426
4/20/83 83-26 206582 12213.0 13244 - - - - - - -—
9/08/83 83-26 20679.0 122086 13243 141 212 553 101.9 -01 -0.3 --
3/19/84 83-26 20697.2 122059 1325.6 193 185 35.1 98.5 1.3 24 435
3/19/84 84-26 20657.2 122109 1319.7 - - - - - - -
8/28/84 84-26 20681.0 122068 13204 162 242 548 99.9 0.7 1.5 -
4/05/85 84-26 20703.0 122036 13216 220 222 371 98.1 1.2 20 445
9/05/85 84-26 20727.1 12199.1 13220 153 245 589 100.7 05 1.1 -
4/09/86 84-26 20748.8 121957 13229 216 220 373 98.9 0.9 1.4 46.1
4/05/85 85-26 20660.3 122136 1316.5 - - - - - - -
9/05/85 85-26 20683.6 122100 1317.2 153 235 56.5 98.8 0.7 1.6 -
4/09/86 85-26 207055 12206.7 1318.1 216 222 37.7 98.5 0.9 1.6 45.4
10/07/86 85-26 20733.7 122008 1319.7 181 28.8 58.5 101.8 1.6 33 -
3/19/87 85-26 20751.0 12199.7 1320.4 163 17.4 39.1 93.5 0.7 1.5 49.1
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Table 9G. Ice velocity: 32 km site, Black Rapids Glacier

Seasonal Flow Vertical  Vertical Annual
Coordinate Period Displace- speed azimuth  displace- speed speed
Date Stake X Y Z (days) ment (m) (mfyr) (degrees) ment(m) (m/yr)  (miyr)
7/23/73 73-32-B 264185 10879.7 1141.2 - - -— - -— - -
3/31/74 73-32-B 26427.4 10877.7 11413 251 9.2 13.4 -12.7 0.2 0.2 -
3/31/74 74-32-B 26427.4 10877.7 11383 - - - - - - -—
7/21/74 74-32-B 26433.4 108765 11404 112 6.4 21.2 -11.1 21 6.9 15.7
3/04/75 75-325 26538.6 108749 1129.0 - -— - - - -— -—
8/25/75 75-32.5 265469 108734 1130.0 174 8.5 17.9 -10.4 1.0 2.0 -—
3/26/76 75-32.5 26553.4 10871.3 11316 214 71 121 -17.8 1.6 2.8 14.6
3/26/76  76-32 265353 108676 11274 - - - - — — -
9/13/76  76-32 26543.0 108660 11279 171 7.8 16.8 -12.2 05 1.0 -
3/14/77 76-32 265482 108644 11289 182 55 1.1 -17.2 0.9 1.9 13.8
311477 77-32 265215 108324 11267 - -- - - -- - -
9/20/77  77-32 26530.3 108305 1127.1 190 9.0 17.4 -12.2 04 0.8 -
3/23/78 77-32 265357 10829.2 1128.8 184 58 11.6 -13.6 1.7 33 14.4
3/23/78 78-32 265123 108347 11228 — - -— - - — -
9/22/78 78-32 26520.1 108338 11239 183 7.9 15.8 -6.7 1.1 22 --
3/29/79 78-32 265255 108329 11249 188 56 10.9 95 1.0 20 13.3
3/29/80 80-32 265293 10836.7 1115.1 - -— --- - - --- -
9/04/80 80-32 265373 108352 11159 159 8.2 18.9 -10.7 0.8 1.8 -
3/24/81 80-32 265452 108338 11171 201 8.1 14.9 -10.4 1.2 241 16.6
3/24/81 81-32 265279 108342 11138 --= - - - - - -
9/14/81  81-32 265353 10831.7 11150 174 7.9 16.6 -18.4 1.3 26 -
3/22/82 81-32 26541.8 108296 1116.1 189 7.0 135 -18.0 1.1 22 15.0
3/22/82 82-32 265249 10830.4 11102 - — - - - - -
9/11/82 82-32 26533.7 108289 1111.2 173 8.9 19.0 -9.7 1.0 2.1 0.0
4/20/83  82-32 26541.9 108266 1113.1 221 8.7 145 -15.7 1.8 3.0 16.3
4/20/83  83-32 26525.0 10831.2 11085 - - - - - - -
9/08/83 83-32 265315 108283 11095 141 71 18.6 -24.2 0.9 2.4 -
3/18/84 83-32 265381 108272 1110.7 192 6.8 13.1 -9.4 1.3 25 15.2
3/18/84 84-32 265152 10836.7 110t1.1 - - - - - - -
8/28/84 84-32 265234 108320 11021 163 9.4 212 -295 0.9 21 -
4/05/85 84-32 26531.4 108299 11035 220 84 14.0 -14.9 1.5 24 16.8
9/05/85 84-32 265406 10827.0 11051 153 9.8 236 -17.6 1.5 37 ---
4/05/85  85-32 26527.6 108404 11023 -- - - --- - - -
9/05/85 85-32 265352 108376 1103.9 153 83 20.0 -20.1 1.7 4.0 -
4/09/86  85-32 26543.6 108363 11048 216 8.6 145 -8.7 0.9 1.5 16.6
4/09/86  86-32 26526.8 10836.3 1103.1 - -— --- --- -— — ---
10/07/86 86-32 26537.2 108327 1104.8 181 1.1 225 -19.2 1.7 35
3/19/87 86-32 265429 108306 1106.0 163 6.2 14.0 -20.2 1.2 27 18.4
3/19/87 87-32 26533.0 10837.4 1099.5 - - - - - - -
8/27/87 87-32 265415 108342 11008 161 9.2 20.9 -20.9 1.2 2.8 ---
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Table 9H. Ice velocity: 38 km site, Black Rapids Glacier

Seasonal Flow Vertical ~ Vertical Annual

Coordinate Period Displace- speed azimuth  displace- speed  speed

Date Stake X Y Z (days) ment (m) (m/yr) (degrees) ment(m)  (miyr) (m/yr)
3/06/75 75-38.8 325457 112050 9426 - - - -— --- - -—
8/26/75 75-38.8 32549.7 11207.0 9434 173 46 9.7 63.5 0.9 1.8 -
3/26/76 75-38.8 32553.7 11209.0 9442 213 45 7.7 63.1 08 1.3 8.6
3/14/77 77-38 324956 112566 938.4 - -—- - - - - -
9/20/77 77-38 32500.6 112586 9384 190 59 11.4 59.1 0.0 0.0 -
3/29/79 79-38.3 32560.2 112484 9238 - - — - -— - --
8/23/79 79-38.3 32563.4 11250.4 9245 147 38 95 57.9 0.6 1.6 -

3/29/80 79-38.3 32567.4 112526 9255 219 47 7.8 61.4 1.0 1.6 85
3/29/80 80-38 32650.3 112322 916.8 -
9/04/80 80-38 32556.4 112341 917.7 159

54

125

69.6

0.9 —

3/24/81 80-38 32558.7 112355 9185 201 37 6.7 67.3 0.8 — 9.3
3/24/81 81-38.3 325457 112258 9126 - - - - - -— -
9/14/81 81-38.3 328512 112284 9135 174 6.2 13.0 64.5 0.9 20 -—
3/22/82 81-38.3 325544 11229.7 9143 189 36 7.0 67.5 0.8 1.5 9.8
3/22/82 82-38 32547.0 11229.0 907.2 -~ - - - - -— -—
9/11/82 82-38 32551.2 11231.7 908.0 173 50 106 56.9 0.8 - -
4/20/83 82-38 325556 112335 9094 221 50 8.3 67.7 1.4 - 9.2
4/20/83 83-38.3 32547.0 112271 9033 - - - - - - ---
9/08/83 83-38.3 32549.8 112299 904.2 141 40 105 45.2 0.8 21 -
3/18/84 83-38.3 325543 112316 9050 192 49 93 69.1 0.9 1.7 95
3/18/84 84-38 325473 112393 8944 - - - - -— - -
8/29/84 84-38 325529 112408 8951 164 5.8 13.1 75.2 0.8 - ---
9/05/85 84-38 32561.4 112441 896.9 372 93 92 69.0 1.8 — 9.2
4/06/86 84-38 32565.1 112456 898.0 213 42 7.2 67.6 1.0 —-- —--
9/05/85 85-38 325509 112344 8946 -— - - - — —-- -
4/06/86 85-38 3255649 11235.8 8957 213 44 76 706 1.0 1.8 -
4/06/86 86-38.3 325521 112302 891.1 --- — - — - - -
3/19/87 86-38.3 32569.7 11233.1 8929 347 8.4 8.8 69.4 1.8 1.9 8.9
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Table 91. Ice velocity: L-19 km site, Loket Tributary of the Black Rapids Glacier

Seasonal Flow Vertical  Vertical Annual
Coordinate Period Displace- speed azimuth  displace- speed  speed
Date Stake X Y Z (days) ment (m) (m/yr) (degrees) ment(m) (m/yn) (m/yr)
3/28/80 80-L19 163482 76739 16516 - - - - -- -- -
9/04/80 80-L19 163525 77147 16502 160 M1 943 6.1 -15 3.4 --
3/23/81 80-L19 163584 7760.0 1648.4 200 457 83.8 7.4 1.7 3.2 88.2
9/22/81 80-L19 16366.4 78085 16455 183 493 98.9 9.4 -3.0 5.9 -—
9/10/82 80-L19 16379.0 78920 16414 353 845 126 -41 -43 877
3/23/81 81-L19 163114 76264 1653.9 - - - --- - - —
9/22/81 81-L19 163176 7673.0 16521 183 47.0 94.2 76 -1.8 3.5 -
3/23/82 81-L19 163220 77113  1651.1 182 38.6 779 6.5 -1.0 -2.0 85.8
9/10/82 81-L19 163276 77545 1649.1 171 436 93.7 7.4 -1.9 -4.2 -
4/22/83 81-L19 163348 78035 16472 224 495 81.1 8.3 -20 -3.2 86.3
3/23/82 82-L19 163939 76576 16503 - - - - - - ---
9/10/82 82-L19 163976 77008 16486 171 43.4 93.2 85.1 -1.7 -3.6 ---
4/22/83 82-L19 164028 7751.0 16469 224 50.5 826 84.1 -1.7 -2.8 87.0
9/09/83 82-L19 164079 77867 16449 140 36.1 949 81.9 -2.0 5.2 -
3/17/84 82-L19 164139 78350 16424 190 487 94.1 829 -2.5 -4.8 94.1
3/17/84 84-L19 16406.1 7666.7 1648.6 - - - - - -— -
8/28/84 84-L19 164093 77123 16464 164 45.8 102.5 41 -2.2 -4.9 -
4/05/85 84-L19 164153 77656 16442 220 53.7 895 6.4 -2.2 -3.7 947
9/05/85 84-L19 16421.2 7807.0 16420 153 41.9 100.7 8.1 -2.2 53 -
4/02/86 84-L19 16430.0 7859.2 16396 209 529 929 96 2.4 -4.1 95.9
9/25/86 84-L19 164382 79095 16365 176 51.0 106.4 9.2 -3.2 -6.6 -
4/02/86 86-L19 164027 7604.9 1650.1 - - - - --- - -
9/25/86 86-L19 164058 7653.8 16478 176 49.0 102.3 36 -2.2 -4.6 -
3/20/87 86-L19 164084 7698.2 16467 176 445 927 3.5 -1.2 -24 97.2
4/20/88 86-L19 16420.8 78046 16424 397 107.2 - 6.6 -43 -3.9 98.8
4/22/89 86-L19 16436.1 79035 1637.0 367 100.2 -~ 8.8 -5.4 -5.4 99.9
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Table 9J. Ice velocity: L-22 km site, Loket Tributary of the Black Rapids Glacier

Seasonal Flow Vertical  Vertical Annual
Coordinate Period Displace- speed azimuth  displace- speed  speed
Date Stake X Y Z (days) ment (m) (miyr) (degrees) ment(m) (miyr)  (mir)
3/18/77 77-L23 17447.0 107983 14810 - - - - - - -—
3/21/78 77-L23 174750 108824 14778 368 88.7 - 184 -3.1 -3.1 88.2
3/21/78 78-L22 173757 105569 1485.0 - -- --- --- --- -— —
3/30/79 78-L22 173953 10649.6 14914 374 94.8 - 120 -35 -3.4 92.8
3/28/80 80-L22 173951 104527 14973 - --- - --- - -— -
9/04/80 80-L22 174029 104971 1495.1 160 451 103.6 10.0 -2.1 -4.9 -
3/23/81 80-L22 174109 10544.7 14937 200 484 88.7 95 -1.4 -26 95.0
6/22/81 80-L22 17416.8 105719 14929 N 278 112.7 12.2 -0.8 -3.4 -
9/22/81 80-L22 17421.8 10596.6 1490.9 92 253 101.6 1.5 -2.0 -8.0 -
3/23/81 81-L22 173855 104435 1498.1 - - - - - - -
6/22/81 81-L22 17390.0 104716 14973 e 28.4 1153 93 -0.8 33 ---
9/22/81 81-L22 173945 104971 14954 92 26.0 104.3 9.9 -1.9 -7.6 --
3/23/82 81-L22 174015 105357 14943 182 393 79.2 10.3 -1.1 22 93.9
3/23/82 82-L22 17339.4 104065 14984 - - - - - - ---
9/10/82 82-L22 173458 104542 14965 171 481 103.4 76 -1.9 -4.1 -
4/22/83 82-L22 173548 105049 14949 224 515 843 10.0 -1.7 27 923
4/22/83 83-L22 173627 104406 14957 - - - - - ---
9/08/83 83-L22 17367.6 104814 14938 139 4911 108.7 6.8 -1.9 51 ---
3/17/84 83-L22 173756 105296 14925 191 48.8 93.8 9.5 -1.3 -25 99.8
8/28/84 83-L22 173849 105768 14905 164 48.1 107.8 11.1 -20 -4.5 -
4/05/85 83-L22 17394.7 10633.2 14886 220 57.3 95.5 9.9 -1.9 -3.2 100.5
9/11/85 83-L22 17406.0 10679.0 14863 159 473 109.2 13.8 -2.2 52 -
4/05/85 85-L22 17391.7 104573 14954 - - - - - --
9/11/85 85-L22 17399.3 105043 14933 159 477 110.3 92 2.2 -5.0 -
4/02/86 85-L22 174087 105555 14916 203 52.0 94.0 10.5 -1.6 -2.9 100.9
10/07/86 85-L22 174195 106121 14889 188 577 112.7 10.8 -27 -53 -
3/20/87 85-122 17429.2 10653.4 14880 164 42.4 94.9 13.2 -0.9 -20 104.1
3/20/87 87-L22 17383.4 104541 14980 - --- - - - - -
4/14/88 87-L22 17403.4 10567.0 14932 391 114.8 --- 10.0 -4.8 -4.5 107.4
4/22/89 87-L22 174248 10672.3 14880 373 107.6 --- 11.5 52 -5.1 105.6
4/20/90 87-L22 174542 107729 14804 363 105.1 --- 16.3 -7.6 -7.6 106.0
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Table 10. Additional velocity measurements, Black Rapids Glacier

[Velocity measurements made over periods of time substantially different from the usual spring and fall observation cycle are
reported below. Additionally, measurements made at sites other than the 10 index sites are reported below. The coordinates for
the base of the stake (X, Y, and Z) are reported in the local coordinate system (see "Coordinate Systems" section).
Displacement is the length of the three-dimensional vector representing the net displacement of the base of the stake between
the measurement dates. Speed is the speed measured between consecutive observations. Flow azimuth is measured relative
to the positive y-axis (north) in the local coordinate system, positive clockwise. Vertical displacement and speed are reported
separately. (Vertical displacement is included in the displacement and seasonal speed.) m, meters; m/yr, meters per year; ---,
no data]

Flow Vertical Vertical
Coordinate Period  Displace- Speed azimuth displace- speed
Date Stake X Y r4 (days) ment(m) (m/yr) (degrees) ment(m)  (miyr)

Stakes at index sites surveyed at times of the year other than the usual spring/fall monitoring trips.

3/22/81 78-8 90524 8193.0 1881.7 — - - -— — -
6/22/81 78-8 90451 82172 1881.6 92 252 101.3 106.9 -0.1 -0.6
9/10/81 78-8 9040.6 82322 1881.0 80 15.7 724 106.8 -0.6 -2.8
3/22/81 81-8 9082.6 8093.3 1887.0 — - - — - -
6/22/81 81-8 9078.2 8107.2 1886.4 92 14.7 58.8 107.7 -0.6 -2.4
9/10/81 81-8 90739 8119.6 18859 80 13.2 60.8 109.0 -0.5 -2.4
3/22/81 79-14 88625 131455 17125 — - - - -— -—
6/22/81 79-14 8879.2 131505 17123 92 17.4 69.8 196.4 -0.3 -1.0
9/10/81 79-14 8894.0 131551 17119 80 15.5 71.4 197.4 -0.3 -15
3/23/81 80-20 14818.9 134051 1503.8 - -—- - -— -— -
6/22/81 80-20 14834.0 13405.2 15046 9 151 61.3 180.4 0.8 32
9/10/81 80-20 148452 13404.7 1504.4 80 112 51.8 177.8 -0.2 -09
3/23/81 81-20 14776.7 134001 1503.1 -—-- - - — -— -
6/22/81 81-20 14790.7 134011 1503.7 9N 140 56.9 183.8 0.6 22
9/10/81 81-20 148035 133999 1503.7 80 12.8 59.0 174.8 0.1 0.3
3/24/81 81-26 20640.4 12226.6 1328.2 - --- - - - -
6/22/81 81-26 20653.4 122247 13287 90 13.1 53.8 171.6 0.5 20
9/22/81 81-26 20665.5 122231 1328.9 92 122 48.8 172.4 0.2 0.8
3/24/81 80-26 20699.8 12218.0 1331.1 - -— -- --- — -
6/22(81 80-26 207127 122159 13316 90 13.1 53.8 1706 05 18
3/23/81 80-L22 174109 10544.7 14937 - - - - - ---
6/22/81 80-L22 17416.8 105719 14929 91 27.8 127 257.8 -0.8 -3.4
9/22/81 80-L22 17421.8 10596.6 1490.9 92 253 101.6 258.5 -2.0 -8.0
3/23/81 81-122 173855 104435 14981 - -—- — - — -
6/22/81 81-L22  17390.0 104716 14973 el 284 1153 260.7 -0.8 -3.3
9/22/81 81-L22 173945 104971 14954 92 26.0 104.3 260.1 -1.9 -7.6
4/19/90 UAS0-8 9080.8 80639 18923 - - - -— - -
7/15/190 UAS0-8 9077.5 8077.8 189238 87 143 60.5 103.5 0.4 1.9
5/04/92 UAS0-8 9051.5 8162.6 18875 - - - - --- —
7/02/92 UAS90-8 9047.3 81736 1887.2 59 11.8 740 111.3 -0.4 -2.3
9/23/92 UAS0-8 90446 81854 1886.6 83 121 53.9 102.8 -0.6 -2.6
5/25/90 90-14 87822 131262 17161 - - - — -— ---
7/14/90 90-14 87946 131296 17156 50 129 96.3 15.2 -0.4 -3.3
5/04/92 92-14 8782.0 131505 17171 -— -— - - -—- -
7/02/92 92-14 87965 131545 17174 59 151 949 15.5 03 1.6
9/23/92 92-14 8809.3 13157.8 1715.8 83 133 59.4 143 -1.6 -7.2
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Table 10. Additional velocity measurements, Black Rapids Glacier --continued

Flow Vertical Vertical
Coordinate Period  Displace- Speed azimuth displace- speed
Date Stake X Y Z (days) ment(m) (mfyr) (degrees) ment(m) (miyn)
Stakes surveyed at locations other than index sites.
7/22(73 73-6 10203.1 62169 19628 - --- - - - -
3127774 73-6 101849 62413 19614 248 304 449 126.7 -1.3 -20
7121774 73-6 101749 62545 19604 116 16.6 527 127.2 -1.0 3.2
2/28/75 73-6 101595 62733 19602 222 24.4 40.2 129.3 -0.2 -03
3/24/76 73-6 101319 63114 19598 390 47.0 44.1 125.9 -0.4 -0.4
2/28/75 75-6 10186.7 62275 1961.7 - --- - - - -
3/24/76 75-6 10159.2 62655 19612 390 46.9 440 125.9 -05 -0.5
7/22/73 73-10 8069.0 96694 1845.8 - - - - - .-
712174 73-10 8037.1 97296 18428 364 68.2 68.5 117.9 3.0 -3.0
3/01/75 73-10 8021.7 97604 1841.0 223 344 56.6 116.7 -1.8 -29
3/24/76 73-10 7990.4 9819.9 18404 389 67.3 63.3 177 -0.6 -0.6
712273 73-12 74672 116471 1769.7 - - - - - -
7121174 73-12 7477.4 117180 17680 364 71.6 720 81.8 -1.7 -1.7
3/01/75 75-12 77677 114467 17763 - - - -— - -
3/24/76 75-12 77731 115175 17747 389 71.0 66.8 85.6 -1.6 -1.6
319177 75-12 77711 115468 17724 360 295 300 - 86.0 -2.3 -2.3
7/22(73 73-16 10770.4 131621 16558 - - - - - —
7120174 73-16 10824.3 13168.2 1651.8 363 54.4 54.9 6.5 -4.0 -4.0
2127175 73-16 10851.5 13168.8 16502 222 27.2 449 1.1 -1.7 -2.7
2/27175 75-16 10776.1 13162.7 1653.7 - - - - - -
3/25/76 75-16 10828.4 131668 16519 392 525 49.0 45 -1.8 -1.7
7/22/73 73-18 12930.5 132051 1591.9 - - - - -
7/20174 73-18 12983.7 13213.4 1588.0 363 540 544 9.0 -39 -39
2/27175 73-18 13011.0 13218.2 15862 222 279 46.0 929 -1.9 -3.1
2/27175 75-18 12970.2 13213.4 15881 - - - - -~ -
3/25/76 75-18 13020.3 132216 15856 392 50.8 47.4 9.3 -25 2.3
7121173 73-22 16763.7 13188.1 1447.4 - - - --- -
712174 74-22 16791.9 131815 14456 365 29.0 29.1 - 132 -1.8 -1.8
3/02/75 74-22 16807.4 131765 14448 224 16.3 26.7 - 179 -0.9 -1.5
3/02/75 75-22 16763.1 13173.8 1446.1 - - - --- - -
3/24/76 75-22 16789.4 131721 14455 388 26.4 249 - 37 -0.6 -0.6
7121173 73-28 22458.6 11874.0 12789 -— - -- - - --
7/2074 73-28 224937 118634 12762 364 367 36.9 - 169 -2.8 -2.8
3/03/75 75-28 22659.0 115845 1267.1 - - - - - -
3/25/76 75-28 22689.6 115749 12654 388 321 303 - 1758 1.7 -16
7121173 73-30 247105 11171.8 12042 - - - - - -
7/20/74 73-30 247369 111700 12022 364 26.5 26.6 - 38 -1.9 -19
3/04/75 73-30 247476 111709 12013 227 10.8 17.5 44 -1.0 -1.6
3/04/75 75-30 247208 111771 12021 - --- - - - -
3/26/76 75-30 247456 111763 11998 388 249 235 - 17 -2.3 -22
712273 73-34 28853.0 10473.7 1083.0 - --- - - - -
7120174 73-34 28866.0 10475.1 1081.1 363 13.2 133 6.1 -1.8 -1.8
3/04/75 75-34 288401 104858 1079.3 - - - - -
3/26/76 75-34 28854.6 10487.0 1076.8 388 14.8 14.0 47 -25 24
7121173 73-36 30596.8 102659 1035.7 - - --- - - -
7/20/74 73-36 30606.9 10270.1 10344 364 11.0 1.1 22.4 -1.3 -1.3
3/06/75 73-36 30613.7 102689 1033.22 229 6.9 1.1 - 94 -1.2 -1.9
3/06/75 75-36 30552.6 10267.4 1033.15 - - -— --- -- -
2/26/76 75-36 30562.3 10268.1 10319 357 9.8 10.0 42 -1.3 -1.3
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Table 11. Longitudinal velocity profile, Black Rapids Glacier, July 1973 to July 1974

[Speeds are plotted in figure 7. The coordinates for the base of the stake (X, Y, and Z) are reported in the local coordinate
system (see "Coordinate Systems" section). Displacement is the length of the three-dimensional vector representing the net
displacement of the base of the stake between the measurement dates. Speed is the speed measured between consecutive
observations. Flow azimuth is measured relative to the positive y-axis (north) in the local coordinate system, positive clockwise.
Vertical displacement and speed are reported separately. (Vertical displacement is included in the displacement and seasonal
speed.) m, meters; mfyr, meters per year, --—-, no dataj

Flow Vertical  Vertical
Coordinate Period Displace- Speed azimuth displace-  speed
Date Stake X Y Z (days) ment(m) (miyr) (degrees) ment(m)  (miyr)
7124(73 73-4 113525 47794 20242
7122174 73-4 11311.3 48371 2014.3 363 715 721 3245 -10.0 -10.0
7122173 73-6 102031 6216.9 1962.8
712174 73-6 101749 62545 1960.4 364 47.0 473 3231 -2.3 2.4
7115173 73-8 9126.7 77945 1895.1
712274 73-8 91119 78451 1893.7 372 527 51.8 3437 -1.4 -1.4
712273 73-10 8069.0  9669.4 1845.8
712174 73-10 8037.1 9729.6 1842.8 364 68.2 68.5 332.1 -3.0 -3.0
7122173 73-12 74672 116471 1769.7
712174 73-12 74774 117180 1768.0 364 71.6 72.0 8.2 -1.7 -1.7
72373 73-14 89338 131506 1710.7
12174 73-14 8989.3 13166.4 1709.5 354 577 59.6 741 -1.2 -1.2
7/22/73 73-16 107704 131621 16558
712074 73-16 108243 13168.2 1651.8 363 54.4 54.9 835 -4.0 -4.0
7/22/73 73-18 129305 132051 15919 |
7/20/74 73-18 12983.7 132134 1588.0 363 54.0 54.4 81.0 -3.9 -39
7121173 73-20 14823.1 134053 15106
7121174 73-20 14871.2 134040 15119 365 481 48.3 915 1.3 1.3
72173 73-22 16763.7 131881 14474
7121174 74-22 167919 131815 14456 365 29.0 29.1 103.2 -1.8 -1.8
7121173 73-26 205979 122333 13478
72174 74-26 206443 122266 13457 365 46.9 47.0 98.2 -2.1 -2.1
7121173 73-28 224586 118740 12789
7/20/74 73-28 224937 11863.4 1276.2 364 36.7 36.9 106.9 -2.8 -2.8
721173 73-30 247105 111718 1204.2
7/20/74 73-30 247369 111700 12022 364 26.5 26.6 93.8 -1.9 -1.9
7/23/73 73-32-B 264185 10879.7 1141.2
3/31/74 73-32-B 264274 108777 11413 251 9.2 13.4 102.7 0.2 0.2
3/31/74 74-32-B 264274 10877.7 11383
7/21/74 74-32-B 264334 108765 11404 112 6.4 212 101.1 21 6.9
7/2273 73-34 288530 104737 1083.0
7/20/74 73-34  28866.0 10475.1 1081.1 363 13.2 13.3 83.9 -1.8 -1.8
7121773 73-36 305968 102659 1035.7
7/20/74 73-36  30606.8 10270.1 1034.4 364 11.0 11.1 67.6 -1.3 -1.3
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Table 12. Velocity cross-profiles, Black Rapids Glacier

[Velocity measurements across the width of the glacier are reported below. Velocities are plotted in figure 8. The coordinates (X, Y,
and Z) are reported in the local coordinate system (see "Coordinate Systems” section). Displacement is the length of the three-
dimensional vector representing the motion of the base of the stake between the measurement dates. Flow azimuth is measured
relative to the positive x-axis in the local coordinate system. Vertical displacement and speed are reported separately. (They are
included in the displacement and seasonal speed.) See the note attached to each profile for special considerations. m, meters; m/yr,
meters per year]

Flow Vertical Vertical
Coordinate Period Displace- Speed azimuth displace- speed
Date Stake X Y 4 (days) ment (m) (m/yr) (degrees) ment (m) (m/yr)

Willsear (15 km) velocity cross-profile
Note: The markers for this profile were surface riding tetrahedrons. Only the horzontal velocities are reported for this site.

5/23/90 S5 94585 122176

7/14/90 9467.6  12220.0 52 9.3 66.8 14.8
52390 83 94718 127538
714/90 94843  12755.8 52 12.6 90.3 8.9
523160 S2 94883 13026.9
7/14/90 9501.4  13028.7 52 133 95.0 7.8
533190 ST 95042 13284.4

714190 9517.7  13286.2 52 136 97.4 7.5
523/90  WE  9531.4 1358438
7/14/90 95431  13586.2 52 11.8 84.3 6.8
52360 N1 95328 13820.8
7/14/90 9540.1  13821.8 52 7.6 54.6 7.5
52390 N2 98350 139967
7/14/90 9538.7  13997.3 52 37 26.7 9.0
523/50 N3 95359 141644
7/14/90 9536.7 141648 52 0.9 6.3 240

20 km velocity cross-profile
Note: The markers for this profile were stakes drilled into the ice. The tops were surveyed, and the velocity for the top of the stake is
reported with no corrections made for stake lean.

4/24/87 N3 149109 141180 15214

4/17/88 14956.7 141173 15218 359 4538 467 -0.9 0.4 0.4
4i2aj7 NS 48962137801 15114
4/17/88 14951.0 137794 15099 359 548 55.8 08 -1.5 A5
dizaig7 NI 48742136088 15119
4/17/88 14931.1 136086 15125 359 56.8 57.9 0.2 0.7 0.7
4i24/67 8620 148838 134014 15118
4/17/88 14938.7 134004 15138 359 55.0 56.1 -1.1 2.0 2.0
ai2aj67 ST 48663 13130.8  1517.7
4/17/88 14923.4 131303 15189 359 57.2 58.3 -05 1.2 12
4i2ajs7 8248621 129256 15169

_417/88 149094 129235 15183 359 473 482 25 13 1.4
42467 TSI 48538127690 15147
4/17/88 148938 127662 15181 359 40.1 4038 -4.1 3.4 35
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Table 12. Velocity cross-profiles: Black Rapids Glacier, --continued

Flow Vertical Vertical
Coordinate Period Displace- Speed azimuth displace- speed
Date Stake X Y Z (days) ment (m) (m/yr) (degrees) ment (m)  (miyr)

24.0 km velocity cross-profile
Note: The markers for this profile were stakes drilled into the ice. The tops were surveyed, and the velocity for the top of the stake is

reported with no corrections made for stake lean.

3/03/75 75-24.0-1 187122 134197 14027

3/25/76 18721.7 134195 1401.0 388 9.7 9.1 -1.2 -1.8 -1.7
3/03/75 75-240-2 186389 13128.8 14006
3/25/76 18654.3 13128.5 1400.0 388 15.4 14.5 -1.2 -0.6 -0.5
3/03/75 75-240-3 18556.6 129186 14035
3/25/76 185753 129190 14024 388 18.7 17.6 1.1 -1.1 -1.1
3/03/75 75-24.0-4 18390.0 124497 14072
3/25/76 18430.3 124651  1406.1 388 432 40.7 21.0 -1.2 -1.1
3/03/75 75-24.0-5 18131.8 117791 14413
3/25/76 181841 118196 14372 388 66.3 625 37.8 -4.1 -3.9
3/03/75 75-240-6 17896.4 111667 1460.8
3/25/76 179450 112194 14578 388 71.8 67.7 47.4 -3.0 -2.8

32 km velocity cross-profile
Note: The markers for this profile were stakes drilled into the ice. The tops were surveyed, and the velocity for the top of the stake is

reported with no corrections made for stake lean.

7/22/73 73-32.0-1 26487.3 116633 11622

7/20/74 264951 11660.1  1160.2 363 8.6 8.7 -22.3 -2.0 -2.0
7/22/73 73-32.0-2 264328 111815 11635
7/20/74 264482 111776 11619 363 15.9 16.1 -14.0 -1.5 -1.6
7/22/73 73-320 263925 10869.0 1146.2
7/20/74 26409.3 108647 11438 363 17.5 17.6 -14.2 -2.3 -2.3
7/22/73 73-32.0-4 263116 103783 11489
7/20/74 26325.0 103754 11459 363 14.0 14.1 -12.0 -3.0 -3.1
7/22/73 73-32.0-5 26259.6 100232 11710
7/20/74 26264.3 100240 1167.2 363 6.1 6.2 9.0 -3.8 -3.8
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Table 13. Range-line speed measurements, Black
Rapids Glacier

[In the early days of the Black Rapids Glacier project, ice velocities were
measured by visually lining up pairs of markers fixed to the rock adjacent to
the glacier. (See "Range-Line Speed Measurements” section in the text for the
full description of techniques.) The locations of these "range-line" motion
observation sites are indicated stake name. For example, stake 73-8 was near
the 8 km site. Period is the number of days between observations.
Displacement is the distance the marker moved between observations. Speed
is calculated over the period of observation. Abbreviations: m, meters; m/yr,
meters per year]

Period Displace- Speed
Date Stake (days) ment (m) (mlyr)

10/27/73 73-8 installed - -

3/30/74 73-8 154 226 53.9
712274 72-8(74-8 114 10.6 34.2
2/28(75 74-8 221 315 523
7/25/73 73-14 installed - -

10/25/73 73-14 92 13.6 545
3/30/74 73-14 156 18.6 43.8
7121174 73-14 113 22.6 73.7
8/18/71 72-19 installed - -

8/03/72 72-19/73-19 351 595 62.1
10/19/72 73-19 77 9.0 43.2
4/02/73 73-19 165 19.4 43.2
5/22/73 73-19 50 6.7 49.9
7/19173 73-19 58 17.5 1121
8/18/71 72-26 installed --- —

8/03/72 72-26/73-26 351 443 46.2
10/1972 73-26 77 9.6 46.1
4/0273 73-26 165 14.2 316
5/22/73 73-26 50 39 29.1
7/24(73 73-26 63 125 736
10/25/73 73-26-b installed - -

3/29/74 73-26-b 155 17.2 40.8
8/18/71 71-32 installed - -

8/03/72 71-32/72-32 351 13.6 14.2
10/19772 72-32 77 32 15.4
5/22/73 72-32 215 54 9.2

712273 72-32/73-32 - 61 5.0 30.4
10/25/73 73-32 95 43 16.7
3/31/74 73-32 157 4.6 10.8
7130173 73-38.0 installed - -

10/25/73 73-38.0 87 42 17.8
3/31/74 73-38.0 157 3.1 7.3

7121774 73-38.0 112 1.7 38.5
331774 73-38.8 installed - -

7121774 73-38.8 112 10.4 34.2
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Table 14A. Surface altitude: 2 km site,

Black Rapids Glacier

[Surface altitudes are plotted in figure 3A. Surface altitude
is the computed altitude of the index site, which has a fixed

horizontal position. (See "Monitoring of Index Site
Altitudes” section in text.)]

Surface Snow
altitude depth
Date (meters) (meters)
3/18/77 2229.6 6.00
9/23/77 22259 1.49
3/22/78 22271 4.39
9/4/80 22257 0.63
3/22/81 2227.5 3.67
9/10/81 2227 .4 1.25
3/24/82 2228.7 no data
9/10/82 22271 no data
3/16/84 2228.7 no data
8/28/84 2226.9 no data
4/4/85 2229.0 no data
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Table 14B. Surface altitude: 4 km site,
Black Rapids Glacier

[Surface altitudes are plotted in figure 3B. Surface altitude
is the computed altitude of the index site, which has a fixed
horizontal position. (See "Monitoring of Index Site
Altitudes” section in text.) -—, no data]

Surface Snow
altitude depth
Date (meters) (meters)

7/24/73 2019.1
3/27/74 2018.9 1.93
7122/74 2017.2 0.79
2127175 2019.3 3.76
8/28/75 2017.0 0.02
3/24/76 2020.3 3.95
9/13/76 2017.9 0.35
3/18/77 2022.4 5.38
9/23/77 2020.8 1.16
3/18/78 20231 3.41
7/28/78 2019.9 217
10/23/78 2022.9 1.50
3/28/79 2022.8 3.65
8/23/79 2018.8 0.01
3/27/80 2024.5 4.99

9/4/80 2020.9 0.45
3/22/81 2023.3 3.36
9/10/81 2022.2 0.50
3/24/82 2024 .6 3.56
9/10/82 2022.1 0.40
4/23/83 2023.8 3.88
9/18/83 2022.1 0.40
3/16/84 2023.8 3.10
8/28/84 2021.0 0.42

4/4/85 2022.9 3.80
9/12/85 2020.8 0.72
4/3/86 2023.1 3.80
9/25/86 2021.3 0.45
3/18/87 2023.8 4.26
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Table 14C. Surface altitude: 8 km site, Black Rapids Glacier

[Surface altitudes are plotted in figure 3C. Surface altitude is the computed altitutde of the
index site, which has a fixed horizontal position. (See "Monitoring of Index Site Altitudes”
section in text.) g/cm?, grams per cubic centimeter]

Surface Snow Snow

altitude depth density

Date (meters) (meters) (g/cm?)
3/27/74 1889.4 1.40 0.36
7122174 1888.4 0.35 0.51
2/28/75 1889.5 2.45 0.33
8/28/75 1887.5 0.78 0.51
3/24/76 1890.3 2.85 0.33
9/13/76 1888.1 0.25 0.26
3/18/77 1891.5 3.87 0.40
9/23/77 1889.8 0.77 0.28
3/22/78 1890.7 2.28 0.36
10/23/78 1889.4 1.12 0.26
3/28/79 1892.0 2.57 0.36
8/23/79 1889.1 0.26 0.26
3/27/80 1891.6 3.1 0.36
9/04/80 1890.0 0.32 0.26
3/22/81 1892.4 2.67 0.36
6/22/81 1891.3 1.86 0.40
9/10/81 1891.1 0.55 0.26
3/24/82 1893.5 2.70 0.36
9/10/82 1891.1 0.25 0.26
4/21/83 1893.6 2.30 0.36
9/08/83 1891.7 0.61 0.26
3/17/84 1893.9 3.07 0.36
8/28/84 1892.0 0.81 0.26
4/04/85 18945 . 2.74 0.36
9/11/85 1893.1 0.40 0.26
4/03/86 1895.1 2.25 0.36
9/25/86 1893.3 0.38 0.26
3/18/87 1895.8 3.00 0.44
8/27/87 1893.4 1.31 0.51
4/19/90 1896.9 4.40 0.36
5/01/91 1896.2 2.99 0.36
5/04/92 18971 3.27 0.36
9/23/92 1895.0 0.49 0.26
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Table 14D. Surface altitude: 14 km site, Black Rapids Glacier

[Ice equivalent altitudes are plotted in figure 3D. Surface altitude is the computed altitude of the
index site, which has a fixed horizontal position. (See "Monitoring of Index Site Altitudes"”
section in text.) Ice equivalent altitude is calculated by converting the snow depth to its
equivalent ice thickness and adding this number to the ice surface altitude. g/cm?, grams per
cubic centimeter; m, meters; —-, not applicable]

Surface Snow Snow Ice
altitude depth density equivalent
Date (meters) (meters) (g/cm3) altitude (m)
7/23/73 1718.3 0.00 --- 1718.3
3/30/74 1718.9 1.49 0.34 1718.0
7/21/74 1717.5 0.00 - 1717.5
3/01/75 1718.6 2.26 0.34 17171
8/26/75 1716.1 0.02 0.20 1716.1
3/24/76 1718.9 2.23 0.34 1717.5
9/13/76 1716.3 0.27 0.20 1716.1
3/18/77 1719.8 3.09 0.34 1717.9
9/23/77 1717.4 0.66 0.20 1716.9
3/18/78 1719.4 2.34 0.34 1718.0
9/24/78 1716.1 0.17 0.20 1716.0
3/28/79 1718.8 209 0.33 1717.5
8/23/79 1715.0 0.00 --- 1715.0
3/27/80 1718.6 2.90 0.33 1716.8
9/04/80 1716.3 0.08 0.20 1716.2
3/22/81 1718.9 2.22 0.33 1717.5
6/22/81 1718.1 1.14 0.40 1717.4
9/10/81 17171 0.30 0.20 1716.9
3/25/82 1719.9 2.06 0.32 1718.6
9/10/82 1718.0 0.1 0.20 1717.9
4/21/83 1720.5 2.29 0.36 1719.1
9/08/83 1718.0 0.46 0.20 1717.7
3/16/84 1720.7 - 2.43 0.36 1719.2
8/28/84 1717.9 0.16 0.20 1717.7
4/05/85 1720.9 2.38 0.36 1719.4
9/05/85 1718.8 0.08 0.20 1718.7
4/04/86 1721.7 2.09 0.37 1720.5
9/25/86 1719.8 0.37 0.20 1719.5
3/20/87 1722.7 263 0.37 17211
8/27/87 1719.8 0.00 - 1719.8
4/21/88 1723.2 2.54 0.37 17217
4/15/89 1722.6 1.95 0.37 1721.5
5/23/90 1722.8 2.70 0.37 1721.2
5/01/91 1721.7 2.45 0.37 1720.3
5/04/92 1722.3 2.72 0.37 1720.7
9/23/92 1719.2 0.55 0.37 1718.9
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Table 14E. Surface altitude: 20 km site, Black Rapids Glacier

[ice equivalent altitudes are plotted in figure 3E. Surface altitude is the computed altitude of the
index site, which has a fixed horizontal position. (See "Monitoring of Index Site Aftitudes"
section in text.) Ice equivalent altitude is calculated by converting the snow depth to its
equivalent ice thickness and adding this number to the ice surface altitude. g/cm?; grams per
cubic centimeter; m, meters, ---, not applicable]

Surface Snow Show Ice
altitude depth density equivalent
Date (meters) (meters) (g/cm?3) altitude (m)
7/21/73 1514 .1 0.00 - 1514 1
7/121/74 1513.2 0.00 --- 1513.2
3/02/75 1513.6 1.45 0.32 1512.6
8/25/75 1510.5 0.00 - 1510.5
3/25/76 1512.8 1.28 0.32 1512.0
9/13/76 1509.7 0.25 0.20 1509.5
319177 1512.4 2.23 0.32 1510.9
9/21/77 1509.6 0.16 0.20 1509.5
3/18/78 1511.9 1.56 0.32 1510.9
9/23/78 1508.0 0.15 0.20 1507.9
3/29/79 1510.2 1.43 0.32 1509.3
3/26/80 1510.1 2.27 0.32 1508.6
9/04/80 1507.0 0.07 0.20 1507.0
3/23/81 1509.6 1.55 0.32 1508.6
6/22/81 1509.3 0.00 - 1509.3
9/10/81 1507.3 0.01 0.20 1507.3
3/25/82 1509.4 1.40 0.32 1508.5
9/10/82 1506.7 0.00 - 1506.7
4/21/83 1510.2 1.77 0.32 1509.0
9/08/83 1506.9 0.14 0.20 1506.8
3/19/84 1510.1 1.57 0.32 1509.1
8/28/84 1507.8 0.00 - 1507.8
4/05/85 15114 1.67 0.32 1510.3
9/11/85 1509.7 0.03 0.20 1509.6
4/02/86 1513.6 1.72 0.32 1512.5
9/25/86 1510.8 0.27 0.20 1510.6
3/18/87 15146 1.92 0.32 1513.4
8/27/87 1512.2 0.00 --- 1512.2
4/16/88 1515.3 2.37 0.32 1513.8
4/15/89 1515.4 1.50 0.32 1514.4
5/26/90 1515.2 1.80 0.32 1514.0
5/01/91 1513.2 1.50 0.32 1512.3
5/05/92 1514.0 2.06 0.32 1512.7
9/23/92 1510.8 0.37 0.20 1510.5
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Table 14F. Surface altitude: 26 km site, Black Rapids Glacier

[Ice equivalent altitudes are plotted in figure 3F. Surface altitude is the computed altitude of the
index site, which has a fixed horizontal position. (See "Monitoring of index Site Altitudes"
section in text.) Ice equivalent aftitude is calculated by converting the snow depth to its
equivalent ice thickness and adding this number to the ice surface altitude. g/cm?®, grams per
cubic centimeter; m, meters; ---, not applicable]

Surface Snow Snow Ice
altitude depth density equivalent
Date (meters) (meters) (g/cm®) altitude (m)

7/121/73 13435 0.00 - 1343.5
7121174 1342.7 0.00 - 1342.7
3/3/75 1343.0 1.59 0.31 1342.0
3/26/76 1342.6 1.81 0.31 1341.4
9/13/76 1338.5 0.00 - 1338.5
3/16/77 1341.9 217 0.31 1340.5
9/20/77 1337.9 0.02 0.20 1337.8
3/19/78 1340.9 1.71 0.31 1339.8
9/23/78 1336.3 0.12 0.20 1336.2
3/28/79 1339.3 1.43 0.31 1338.4
8/23/79 1334.7 0.00 --- 1334.7
3/26/80 1337.1 1.87 0.31 1335.8
9/4/80 1332.6 0.00 --- 1332.6
3/24/81 1334.8 1.13 0.31 1334 .1
6/22/81 1333.4 0.00 --- 1333.4
9/22/81 13304 0.07 0.20 1330.4
3/22/82 1332.3 1.35 0.31 1331.4
9/10/82 1328.0 0.00 - 1328.0
4/20/83 1331.3 1.80 0.31 1330.1
9/8/83 1327.5 0.09 0.20 1327.4
3/19/84 13304 1.41 0.31 13294
8/28/84 1326.5 0.00 --- 1326.5
4/5/85 1329.0 1.34 0.31 1328.2
9/5/85 1325.0 0.03 0.20 1325.0
4/9/86 1326.7 1.08 0.31 1326.0
10/7/86 1322.1 0.24 0.20 1321.9
3/19/87 1322.8 1.54 0.21 1321.6
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Table 14G. Surface altitude: 32 km site, Black Rapids Glacier

[Ice equivalent altitudes are plotted in figure 3G. Surface altitude is the computed altitude of
the index site, which has a fixed horizontal position. (See "Monitoring of Index Site Altitudes"
section in text.) Ice equivalent altitude is calculated by converting the snow depth to its
equivalent ice thickness and adding this number to the ice surface altitude. g/cm?®; grams per
cubic centimeter; m, meters; -—, not applicable]

Surface Snow Snow Ice
altitude depth density equivalent
Date (meters) (meters) (g/cm?) altitude (m)
7/23/73 1142.1 0.00 --- 11421
3/31/74 1140.9 0.68 0.35 1140.5
7121174 1139.4 0.00 --- 1139.4
3/4175 1138.9 1.20 0.35 1138.2
8/25/75 1134.8 0.00 - 1134.8
3/26/76 1137.3 1.42 0.27 1136.3
9/13/76 1131.2 0.00 -- 1131.2
3M14/77 1134.5 2.05 0.35 1133.2
9/20/77 1128.3 0.00 - 1128.3
3/23/78 1131.5 1.46 0.35 1130.6
9/22/78 1125.2 0.13 0.20 11251
3/29/79 1127.6 1.22 0.35 1126.8
3/29/80 1124.8 1.94 0.35 1123.6
9/4/80 1119.7 0.00 --- 1119.7
3/24/81 1122.2 1.27 0.35 1121.4
9/14/81 1117.1 0.00 -- 1117.1
3/22/82 1119.6 1.01 0.35 1118.9
9/11/82 1114.5 0.00 --- 1114.5
4/20/83 1117.7 1.63 0.32 1116.6
9/8/83 1112.7 0.00 - 1112.7
3/18/84 11151 1.34 0.36 1114.3
8/28/84 1109.7 0.00 - 1109.7
4/5/85 1112.7 1.34 0.35 1111.8
9/5/85 1109.1 0.00 --- 1109.1
4/9/86 1111.5 1.66 0.35 1110.5
10/7/86 1107.6 0.00 --- 1107.6
3/19/87 1109.6 1.63 0.43 1108.8
8/27/87 1104.9 0.00 - 1104.9

TABLES 89



Table 14H. Surface altitude: 38 km site, Black Rapids Glacier

[lce equivalent altitudes are plotted in figure 3H. Surface altitude is the computed aititude of the
index site, which has a fixed horizontal position. (See "Monitoring of index Site Altitudes"
section in text.) Ice equivalent altitude is caiculated by converting the snow depth to its
equivalent ice thickness and adding this number to the ice surface altitude. g/cm?; grams per
cubic centimeter; m, meters; ---, not applicabie]

Surface Snow Snow Ice
altitude depth density equivalent
Date (meters) (meters) (g/cm?) altitude (m)
7/30/73 958.8 0.00 958.8
3/31/74 956.5 0.51 0.36 956.2
7/21/74 953.3 0.00 953.3
3/6/75 952.8 0.94 0.36 952.3
8/26/75 948.4 0.00 - 948.4
3/26/76 948.7 0.80 0.36 948.2
9/13/76 942.7 0.00 --- 942.7
3/14/77 943.5 0.70 0.36 943.0
9/20/77 936.5 0.00 --—- 936.5
3/20/78 939.0 1.19 0.36 938.3
9/23/78 932.5 0.08 0.20 932.4
3/29/79 932.3 0.30 0.36 932.1
8/23/79 926.4 0.00 926.4
3/29/80 926.6 0.21 0.36 926.5
9/4/80 921.0 0.00 921.0
3/24/81 921.8 0.13 0.36 921.7
9/14/81 915.7 0.00 - 915.7
3/22/82 916.8 0.12 0.36 916.7
9/11/82 911.1 0.00 911.1
4/20/83 912.9 0.49 0.36 912.6
9/8/83 907.4 0.00 907.4
3/18/84 908.6 0.24 0.36 908.5
8/29/84 903.4 0.00 -—- 903.4
9/5/85 900.1 0.00 900.1
4/6/86 901.2 0.45 0.36 900.9
3/19/87 895.9 0.03 0.36 895.9
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Table 141. Surface altitude: L.-19 km site, Loket
Tributary of the Black Rapids Glacier

[Surface altitudes are plotted in figure 31. Surface altitude is the computed
altitude of the index site, which has a fixed horizontal position. (See "Monitoring
of Index Site Altitudes” section in text.) g/lcm®; grams per cubic centimeter; m,
meters; ---, not applicable]

Surface Snow Snow

altitude depth density

Date (meters) (meters) (g/cm?)
3/28/80 1654.8 3.65 0.35
9/04/80 1652.1 0.22 0.50
3/23/81 1654.7 264 0.35
9/22/81 1652.3 0.52 0.20
3/23/82 1654.4 2.38 0.35
9/10/82 1651.4 0.15 0.20
4/22/83 1654.0 2.84 0.35
9/09/83 1650.7 0.00 -
3/17/84 1653.2 274 0.35
8/28/84 1649.8 - 0.04 0.20
4/05/85 1652.7 2.77 0.35
9/05/85 1650.3 0.15 0.80
4/02/86 1652.9 2.28 0.35
9/25/86 1649.2 0.30 0.20
3/20/87 1652.7 3.21 0.44
4/20/88 1653.2 3.19 0.35

4/22/89 1652.0 no data no data
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Table 14J. Surface altitude: L-22 km site, Loket Tributary of the
Black Rapids Glacier

[Ice equivalent altitudes are plotted in figure 3J. Surface altitude is the computed altitude of the
index site, which has a fixed horizontal position. (See "Monitoring of Index Site Altitudes”
section in text.) Ice equivalent altitude is calculated by converting the snow depth to its
equivalent ice thickness and adding this number to the ice surface altitude. g/cm?, grams per
cubic centimeter; m, meters; ---, not applicable}

Surface Snow Snow Ice
altitude depth density equivalent
Date (meters) (meters) (g/cm?) altitude (m)
3/21/78 1503.3 2.07 0.32 1502.0
3/30/79 1501.4 1.97 0.32 1500.1
3/28/80 1500.3 2.66 0.32 1498.6
9/04/80 1496.6 0.07 0.20 1496.5
3/23/81 1499.8 1.80 0.32 1498.6
9/22/81 1496.7 0.40 0.20 1496 .4
3/23/82 1499.3 1.56 0.32 1498.3
9/10/82 1495.7 0.00 - 14957
4/22/83 1499.1 1.98 0.32 1497.8
9/08/83 1495.7 0.21 0.20 © 14955
3/17/84 1498.9 1.97 0.32 1497.6
8/28/84 1496.1 0.00 - 1496.1
4/05/85 1499.3 1.96 0.32 1498.0
9/11/85 1496 .4 0.00 - 1496.4
4/02/86 1499.6 1.72 0.32 1498.5
10/07/86 1496.7 0.36 0.20 1496.4
3/20/87 1500.0 2.38 0.32 1498.4
8/27/87 1496.8 0.00 - 1496.8
4/14/88 1499.9 1.93 0.32 1498.7
4/22/89 1498.5 1.84 0.32 1497.3
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;

Table 15. Extensive glacier surface altitude surveys of 1973 and 1976, Black
Rapids Glacier

[See figure 9 for target locations]

Coordinate
Date  Target X Y Z
72173 G1 212356 110652 1304.2
721773 G2 212534 111236 13062
721713 G3 212681 111723 1305.1
72173 G4 21301.6 112809 13231
7/21773 GS 213269 113641 1306.1
7121173 G6 213489 114364 13105
721713 G7 21376.7 115275 13074
7/21/73 G8 214047 116206 13109
72173 G9 214326 117111 13103
7/21773  73-26.0 205979 122333 13478
72173  G10 214612 118044 13109
72173 G111 214972 119234 131238
72173 G12 21531.3 120338 13183
7/21/73 73-28.0 224586 11874.0 1278.9
712173 G13 215733 121706 13122
72173 G14 216063 12281.0 13123
7/21173 G15 216352 12375.8 131038
7721773 G16 21659.7 124555 1313.1
712173 G17 216909 125600 13196
721773 G18 217159 126439 13137
7/21/73  73-30.0 247105 11171.8 1204.1
7121773 G19 217445 127335 1307.0
7121173 G20 217701 128172 1317.7
721173 G21 217974 129100 13137
72173 G22 21837.1 130394 13189
7/21/73 G23 21848.8 13151.7 1303.7
7/21/73 G24-RMD1 21934.8 133575 1371.7
7/21/73 RMD2 220206 134530 1397.0
7/22/73 73-32.0-2 264328 111815 11635
7/22{73 73-32.0 263925 108690 1146.2
7/22/73 73-34.0 28853.0 10473.7 1083.0
7/22/73 73-32.0TC 264055 10865.2 1146.1
7/22773 73-32.0-1 264873 11663.3 11622
7/22/73 73-32.0-4 263116 103783 11489
7/22/73 73-320-5 262596 100232 1171.0
7122/73 73-22.0 16763.7 13188.1 14474
712073 L1 184993 125904 14166
7/22/73 73-18.0 12930.5 13205.1 15919
712073 L2 17208.8 9666.6 1554.6
7/22/73 73-20.0 14808.5 133921 15166
7/20/73 L3 17284.6 98514 15402
7/20/73 L4 17360.3 10033.7 1532.6
7/20/73 LS 174244 10185.8 1528.0
7/20/73 L6 17497.1 10369.0 15195
720073 L7 17573.0 10550.1 1508.6
7/20/73 L8 17651.9 10739.0 14937
7/20/73 L9 17729.7 10928.1 1479.4
7/20/73 L10 17806.8 11116.4 14689
7/20/73 L1 178849 11304.1 14628
7/20/73 L12 17961.2 114875 14579
7/20/73 L13 18038.9 116739 1451.0

Coordinate
Date  Target X Y Z

7/20/73 L14 18116.0 118646 14404
7/20/73 L15 181911 120485 14288
7/2073 L16 18266.3 122292 14174
7/20073 L17 18336.7 123949 14113
7/20/73 L18 18372.8 124835 1409.7
712073 L19 184105 12573.0 14149
7/20/73 L20 18436.2 12636.3 1403.0
7/20/73 L21 184771 12735.9 1404.8
7/20/73 L22 18549.7 12911.3 14045
7/20/73 L23 18619.6 13081.1 1403.2
7/20/73 L24 18693.6 13261.4 14028
7/20/73 L25 18751.0 13401.0 14005
7/20/73 L26 18792.6 135009 14103
7/20/73 L27 18836.8 13610.0 14045
7/2073 L28 18909.4 13786.0 1386.9
7/120/73 L29 189626 13910.8 13919
7122/73 G25 145648 125239 15313
7122173 G26 45686 12536.9 15244
712273 G27 14564.1 126429 1526.9
7/22/73 G28 145639 126914 1521.8
7/22/73 G29 145625 127788 15227
7/22/73 G30 14561.9 128821 15199
7/22/73 G31 14560.5 13005.3 15158
712273 G32 14559.7 131054 15213
7/22/73 G33 14558.8 132066 15189
7/22/73 G34 14558.6 132836 15186
7/22/73 G35 14557.6 13379.0 15219
7/22/73 G36 14556.7 13481.3 15221

712273 G37 145558 135852 15211

7122/73 G38 145553 13686.6 1520.2
7/22/73 G39 14553.8 13786.2 15182
7122773 G40 145526 13885.7 15240
712273 G# 145522 13977.0 1527.0
7/22/73 G42 145515 140652 15244
7122773 G43 14550.2 141624 15292
7122/73 G44 145496 142395 15323
7122173 G45 14561.7 14319.0 1528.3
7/22/73 G46 14551.0 14357.1 15232
712273 G47 145496 14391.6 1520.0
7122/73 G48 14549.0 144549 1523.4
7/22/73 G49 14547.8 144901 15174
7/22/73 73-16.0 10770.4 131621 1655.8
7/22/73 73-140 89250 13137.7 17167
7/22/73 73-36.0 30596.8 10265.9 1035.7
7/22/73 73-40.0 342239 124586 876.3

7/22/73 73-40 113413 47747 2029.0
7/22/73 73-6.0 102031 62169 1962.8
7/22/73 73-80 91197 77886 1896.6
7/22/73 73-10.0 8069.0 9669.4 18458
7/22/73 73-120 74615 116382 17727
7/21/73 73-38.0 325359 112214 9583
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Table 15, continued

Coordinate
Date  Target X Y Z
3/21/76 A1 20856.3 13095.3 13479
3/21/76 A2 208246 129827 1338.7
3/21/76 A3 208429 13045.8 13448
3/21/76 A4 207631 128404 13427
3/21/76 AS 207469 12799.4 13424
3/21/76 A6 20730.2 127543 13433
3/21/76 A7 207153 127172 134438
3/21776 A8 20697.2 126643 13447
3/21/76 A9 206522 125445 13443
3/22/76 A10 206755 12608.1 13443
3/22/76 AS-A 206527 125452 13442
3/22/76 A11 20624.4 12470.4 13459
3/22/76 A12 20594.3 12390.4 13486
3/22/76 A13 20625.2 12267.5 1347.8
3/22/76 A15 20656.7 12191.7 13490
3/22/76 At4 20670.1 12111.3 13499
3/22/76 A16 20610.2 119885 13487
3/22/76 A17 205816 119221 13434
3/22/76 A18 205148 118552 1339.1
3/23/76 A20 201183 111211 13578
3/23/76 A1 201496 11177.8 1353.7
3/23/76 A23 20217.7 11386.5 13576
3/23/76 A24 20253.7 114822 1356.1
3/23/76 A25 20296.8 11596.3 13535
3/23/76 DENOSE 203205 11656.5 1345.1
3/23/76 Bt 28918.4 10873.4 1098.4
3/23/76 B2 288946 10738.9 1095.1
3/23/76 B3 28876.6 10637.7 1098.8
3/23/76 B4 288629 105625 10949
3/23/76 BS 288422 104533 1091.3
3/23/76 B6 28822.3 10349.6 1090.1
3/23/76 B7 28803.5 10249.8 10971
3/23/76 B8 28786.3 10151.3 1100.6
3/23/76 B9 28768.7 10061.5 11096

Table 16. Altimeter altitude measurements
made on August 27, 1970

[Locations refer to centerline coordinates (table 21, later in the
report) and were determined by map reading. Locations are
accurate to about 200 meters. km, kilometers; m.a.s.l., meters
above sea level]

Location Altitude
(km) (m.a.s.l.)
3.6 2,044
8.9 1,861
13.0 1,747
19.0 1,546
256 1,345
32.0 1,144
36.8 1,020
41.0 896
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Table 17. Ice thickness, Black Rapids Glacier

[Thickness profiles are plotted in figure 10. The coordinates for the shot location (X, Y, and Z) are reported in the local coordinate
system. All thicknesses were measured using ice penetrating radar systems. Some shots had two returns; the second return is
marked with an asterisk (*). Ice radar measurement positions that were not surveyed were estimated either by map reading
(labeled: map est.) or compass and tape measure "surveys" (labeled: taped est.)]

Delay Antenna Return Position
time (micro- separation radius  Shot location coordinate surveyed or

Date Shot Profile seconds) (meters) (meters) X Y Z estimated
3/21/76 3 25.9 km 21 115 197 20840 13039 1339 Surveyed
3/21/76 4 25.9 km 2.2 45 199 20834 13014 1342 Surveyed
3/21/76 4* 25.9 km 2.5 45 221 20834 13014 1342 Surveyed
3/21/76 6 25.9 km 3.2 44 283 20755 12820 1343 Surveyed
3/21/76 7 25.9 km 3.4 48 301 20738 12777 1343 Surveyed
3/21/76 8 25.9 km 3.5 40 308 20723 12736 1344 Surveyed
3/21/76 10 25.9 km 3.9 56 346 20706 12691 1345 Surveyed
3/21/76 12 25.9 km 8.7 128 762 20675 12604 1345 Surveyed
3/22/76 15 25.9 km 4.7 67 411 20664 12576 1344 Surveyed
3/22/76 18 25.9 km 52 80 453 20638 12507 1345 Surveyed
3/22/76 19 25.9 km 5.1 86 446 20609 12430 1347 Surveyed
3/22/76 19* 25.9 km 52 86 462 20609 12430 1347 Surveyed
3/22/76 22 25.9 km 5.8 99 512 20610 12329 1348 Surveyed
3/22/76 23 25.9 km 6.0 102 528 20648 12189 1349 Surveyed
3/22/76 24 25.9 km 52 54 447 20663 12151 1349 Surveyed
3/22/76 25 25.9 km 6.3 128 560 20640 12050 1349 Surveyed
3/22/76 26 25.9 km 6.2 190 565 20626 12017 1347 Surveyed
3/22/76 27 25.9 km 6.5 62 565 20596 11955 1346 Surveyed
3/22/76 29 25.9 km 5.0 80 436 20571 11915 1343 Surveyed
3/23/76 31 25.9 km 0.7 110 73 20150 11123 1354 Surveyed
3/23/76 33 25.9 km 1.1 109 114 20218 11442 1358 Surveyed
3/23/76 36 25.9 km 1.8 102 176 20236 11434 1357 Surveyed
3/23/76 38 25.9 km 25 137 234 20275 11539 1355 Surveyed
3/23/76 41 25.9 km 3.1 147 292 20309 11626 1349 Surveyed
3/23/76 43 34.4 km 3.6 137 338 28907 10806 1097 Surveyed
3/23/76 44 34.4 km 3.3 103 303 28886 10688 1097 Surveyed
3/23/76 44* 34.4 km 3.7 103 338 28886 10688 1097 Surveyed
3/23/76 46 34.4 km 46 76 407 28870 10600 1097 Surveyed
3/23/76 47 34.4 km 53 111 473 28853 10508 1093 Surveyed
3/23/76 48 34.4 km 53 105 467 28832 10401 1091 Surveyed
3/23/76 49 34.4 km 4.7 102 424 28813 10300 1094 Surveyed
3/23/76 50 34.4 km 26 100 243 28795 10201 1099 Surveyed
3/23/76 51 34.4 km 3.9 92 352 28778 10106 1105 Surveyed
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Table 17. Ice thickness: Black Rapids Glacier --continued

Delay Antenna Return Position
time (micro- separation radius  Shot location coordinate surveyed or
Date Shot Profile seconds) (meters) (meters) X Y Z estimated
5/23/90 S5 15 km 1.9 55 173 9459 12218 1719 Surveyed
5/23/90 S4 15 km 45 55 392 9466 12515 1705 Surveyed
5/23/90 S3 15 km 6.6 55 569 9472 12754 1704 Surveyed
5/23/90 S2 15 km 6.5 55 561 9488 13027 1704 Surveyed
5/23/90 S1 15 km 5.1 55 443 9504 13284 1703 Surveyed
5/23/90 WE 15 km 3.9 55 342 9531 13585 1700 Surveyed
5/23/90 N1 15 km 3.0 55 266 9533 13821 1697 Surveyed
5/23/90 N2 15 km 2.0 55 181 9535 13997 1694 Surveyed
5/23/90 N3 15 km 1.5 55 139 9536 14164 1690 Surveyed
5/23/90 S2 14 km 7.0 55 603 8782 13526 nodata Taped est.
5/23/90 S1 14 km 6.2 55 535 8782 13326 nodata Taped est.
5/23/90 14 km site 14 km 54 55 468 8782 13126 1725 Surveyed
5/23/90 N1 14 km 49 55 426 8782 12946 nodata Taped est.
5/23/90 N2 14 kKm 3.1 55 274 8782 12766 nodata Taped est
5/26/90 S3 20 km 1.7 55 156 14785 12814 nodata Taped est
5/26/90 S2 20 km 3.0 55 266 14785 13014 nodata Taped est.
5/26/90 S1 20 km 52 55 451 14785 13214 nodata Taped est
5/26/90 20 km site 20 km 6.4 55 552 14785 13414 1516 Surveyed
5/26/90 N1 20 km 6.0 55 519 14785 13614 nodata Taped est.
5/26/90 N2 20 km 5.8 55 502 14785 13814 nodata Taped est.
4/22/87  40km Terminus 2.4 60 216 33948 12208 844 Map est.
4/22/87 39km  Terminus 34 60 301 33120 11646 872 Map est.
4/22/87 38km  Terminus 3.8 60 330 32311 11058 896 Map est.
4/22/87 37km  Terminus 43 60 377 31458 10535 930 Map est.
4/22/87 36km  Terminus 4.5 60 394 30478 10332 964 Map est.
4/22/87 35km  Terminus 4.8 60 415 29842 10238 1004 Map est.
4/22/87 33.5km  Terminus 52 60 453 28006 10504 1057 Map est.
4/22/87 32km  Terminus 4.7 60 411 26542 10831 1109 Map est.
3/27/79  4km  Point shots 4.0 100 357 11224 4750 2028 Surveyed
3/28/79  8km  Point shots 7.5 50 644 9074 8123 1894 Surveyed
3/18/78 14km  Point shots 56 46 483 8877 13142 1713 Surveyed
3/18/78 20km  Point shots 6.7 58 578 14790 13402 1513 Surveyed
3/20/78  26km  Point shots 6.0 126 531 20433 12225 1342 Surveyed
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Table 18. Local coordinates of monuments used for geodetic surveys, Black Rapids Glacier

Monument Coordinate Monument Coordinate
name (meters) name (meters)
X Y Z X Y Z
The End 12055.96 1734.10 2481.80 Lake 14557.92 14664.43 1606.81
Torque 11726.18  2029.96 2485.99 Soaked 16918.58 14852.46 1609.27
Adrenaline  13215.73 3519.86 2483.35 Blank 16854.23 11871.79 1566.44
Perfect 8881.37 5938.20 2023.48 Blue 19093.73  14205.48 1510.77
Ozone 10793.10 7260.12 2049.86 Devil 18756.53 10142.25 1930.40
Smoke 10809.68 7274.03 2058.11 Eagle 21101.92 10581.78 1625.24
Red 7517.13 8012.09 2003.81 Erratic 23396.99 12904.72 1394.22
Green 7525.94 8021.07 1999.87 All Wrong 26207.33 9242.37 1627.76
Fireweed 7522.75 8024.68 2003.80 Denali 28033.91 13303.18 1916.89
Rotten 5935.54 10923.66 1998.65 Rubble 30163.10 8696.27 1549.25
Potholes 4959.20 12811.29 192565 Disaster 30610.19 11654.74 1201.59
Rainbow 6599.03 14875.82 1861.03 Hook 31647.94 12002.22 1113.01
No Return 0849.30 11927.90 1804.87 Crook 31676.76  11976.84 1106.12
Willsear 8618.91 14595.73 1834.18 O'Damnit 32846.13 9871.75 1299.47
Wills Left 8566.45 14839.10 1869.64 Flop 33653.93 13189.10 1139.44
Ear
Calcite 11908.03 14488.58 1666.71 1937 36222.48 13268.10 955.06

Shudder 12326.47 12248.34 1690.99

Table 19. GPS-derived coordinates for Lake and Potholes monuments.
[GPS survey to top of monuments, in North American Datum 1927 (NAD27). Local coordinate was

converted to UTM, then into the local system using equations 1 and 2. GPS, Global Positioning System; h,

ellipsoid height]
Monument GPS-derived position Local coordinate
Latitude Longitude h (meters)
(decimal degrees) (meters) X Y

Lake 63.494457 146.388807 1625.03 14440.10 14635.39
Potholes  63.478584 146.581736 1944.62 4841.13 12788.72
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Table 20. Additional points surveyed in both the GPS derived coordinate system and the local

coordinate system
[These points help serve as a check on the network shift based on the GPS surveys. Note that the stakes were displaced by ice motion in
the period between surveys. GPS, Global Positioning System]

Target GPS derived position GPS derived local coordinate Geodetically surveyed local
coordinate
Latitude Longitude Date X Y Date X Y
(decimal degrees) (meters) (meters)

8 km 63.436607 146.500457 9 May92 9050.37 8163.58 4 May92 9051.52 8162.64

14 km 63.481361 146.504979 9 May92 8782.78 13150.82 4 May 92 8781.97 13150.46

20 km 63.483151 146.384453 9 May 92 14787.86 13406.33 5 May 92 14786.87 13406.41

Table 21. Centerline coordinate system, Black Rapids Glacier
[km, kilometers]

Site Coordinate Site Coordinate Site Coordinate
(km) (meters) (km) (meters) (km) (meters)
X - Y X Y X Y

0 134551 1450.6 24 18760.6 12699.1 48 40025.6 17277.6

1 12905.9 2286.7 25 19733.4 124656 49 40334.8 18229.1

2 123179 3096.0 26 20698.3 12201.6 50 40178.3 192171

3 117427 39145 27 21667.3 11952.9 51 39869.1 20168.5

4 11193.4 4750.6 28 22640.0 117193 52 396356 21141.3

5 10618.2 5569.1 29 23612.7 11485.8

6 10069.0 6405.2 30 24589.0 112676 Loket Tributary

7 95463 7258.2 31 25565.3 11049.3 Site Coordinate

8 9064.3 8134.8 32 265416 10831.1 (km) X Y

9 8555.1 8995.9 33 275179 10612.9 26 20698.3 12201.6
10 8129.2 9901.0 34 284942 10394.7 L-25 19697.9 12201.7
11 7746.3 10825.3 35 294823 10238.2 L-24 18725.2 11968.1
12 75128 11798.0 36 30478.2 103323 L-23 17880.5 114321
13 79529 12696.4 37 31457.8 10535.2 L-22 17398.6 10555.5
14 88443 13150.5 38 32310.8 11057.9 L-21 172421 9567.4
16 98323 13307.0 39 33120.1 116459 L-20 16787.9 8676.0
16 10830.7 13369.9 40 339475 12208.2 L-19 16419.7 77459
17  11829.1 134326 41 34676.7 12893.0 L-18 16576.2 6757.8
18 128295 134326 . 42 353144 13663.8 L-17 16576.2 5757.5
19 13829.9 134326 43 35976.0 144142 L-16 16497.7 4760.2
20 14829.8 13401.2 44 36794.4 149894 L-16 17085.7 3950.8
21 158271 13322.7 45 37663.4 15485.1 L-14 17977.0 3496.7
22 168152 13166.2 46 38554.7 15939.2 L-13 18901.3 3113.8
23 17787.9 129327 47 39364.1 16527.2 L-12 19874.0 2880.3
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APPENDIX A

Terminus Motion During the 1936-37 Surge

A-1



A-2

Appendix A. Terminus motion during the 1936-37 surge

Hance (1937) estimated that the terminus of Black Rapids Glacier advanced approximately 3
miles between September 1936 and February 1937, giving an average speed of 115 feet per day.
Dr. Otto Geist's (University of Alaska) observations near the end of the advance are reported
below. We have one of the few (perhaps only) known copies of Geist's data and present it here to
gni(sjerve it. A description of the field work was written by Giddings (1988), a member of Geist's

eld party.

The locations of Geist's observations along the surge front are recorded on a map. The map is
not reproduced here due to problems with the control and scale. The approximate distance of the
observation lines measured from the south ice margin along the surge front is: Line 1: 750 m, line
3A: 1200 m, line 4: 1400 m, line 4A: 1450 m, line 5: 1850 m, line 6, 2000 m, and the north ice
margin: 2350 m.

Table A1. Geist's observations of the 1937 terminus advance,
Black Rapids Glacier

Advance Date Time Speed
(feet) (feet per day)
From first Between
. observation measurements
Line Number 1

0 02-Apr-1937 11:32

4 02-Apr-1937 15:50 223 22.3

7 02-Apr-1937 18:55 22.8 234
25 03-Apr-1937 1100 256 26.9
29 03-Apr-1937 14:42 256 259
34 03-Apr-1937 18:14 26.6 34.0
35 03-Apr-1937 19:40 26.1 16.7
47 04-Apr-1937 08:05 253 232
55 04-Apr-1937 15:22 255 264
59 04-Apr-1937 19:00 255 26.4
79 05-Apr-1937 06:50 28.2 40.6
80 05-Apr-1937 13:40 259 35
83 05-Apr-1937 19:00 25.1 135
100 06-Apr-1937 08:00 26.0 314
115 07-Apr-1937 18:00 21.8 106
153 08-Apr-1937 16:50 246 399

Line Number 2

0 02-Apr-1937 12:00

4 02-Apr-1937 15:46 255 255

6 02-Apr-1937 18:45 213 16.1
26 03-Apr-1937 11:05 27.0 294
29 03-Apr-1937 14:40 26.1 20.1
35 03-Apr-1937 19:40 265 28.8
50 04-Apr-1937 08:40 26.9 277
59 04-Apr-1937 15:25 275 32.0
64 04-Apr-1937 19:00 279 335
77 05-Apr-1937 06:55 276 26.2
82 05-Apr-1937 14:00 26.6 16.9
85 05-Apr-1937 18:55 259 146
95 06-Apr-1937 08:00 248 18.3
112 06-Apr-1937 18:00 26.4 40.8
136 07-Apr-1937 15:40 26.4 266
168 08-Apr-1937 17:40 269 295



Table A1. Geist's observations of the 1937 terminus advance,
Black Rapids Glacier, continued

Advance Date Time Speed
(feet) (feet/day)
From first Between
observation measurements
Line Number 3
0 04-Apr-1937 14:45
23 05-Apr-1937 07:55 322 32.2
35 0S-Apr-1937 18:34 30.2 27.0
52 06-Apr-1937 08:30 299 293
92 07-Apr-1937 15.46 30.2 30.7
130 08-Apr-1937 17:50 315 350
179 10-Apr-1937 10:05 308 29.2
Line Number 3A
0 05-Apr-1937 14:47
4 05-Apr-1937 18:30 258 258
19 06-Apr-1937 20:40 15.3 13.8
Line Number 4
0 04-Apr-1937 11.08
50 05-Apr-1937 12:40 470 47.0
55 0S-Apr-1937 18:20 423 21.2
97 06-Apr-1937 08:40 51.1 70.3
151 07-Apr-1937 15:58 472 414
164 08-Apr-1937 18:05 38.2 119
Line Number 4A
0 02-Apr-1937 17:10
1 02-Apr-1937 18:30 18.0 18.0
38 05-Apr-1937 12:30 135 13.5
42 05-Apr-1937 18:10 138 16.9
51 06-Apr-1937 08:50 140 147
79 07-Apr-1937 16:10 159 21.4
102 08-Apr-1937 18:15 16.9 21.2
137 10-Apr-1937 10:00 17.8 211
Line Number 5
0 04-Apr-1937 14:10
1 05-Apr-1937 12:00 1.1 1.1
21 05-Apr-1937 18:05 18.1 78.9
29 06-Apr-1937 09:00 16.2 12.9
62 07-Apr-1937 16:15 20.1 253
82 08-Apr-1937 18:25 19.6 18.3
132 10-Apr-1937 10:00 227 30.3
Line Number 6
0 04-Apr-1937 13:55
20 05-Apr-1937 12:15 215 21.5
25 05-Apr-1937 17:55 21.4 21.2
39 06-Apr-1937 09:10 216 22.0
78 07-Apr-1937 16:25 251 30.0
100 08-Apr-1937 18:30 239 20.2

145 10-Apr-1937  09:45 24.9 27.5
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Appendix B. Data Disk Information

A data disk is included with this report. The disk contains the mass balance, ice velocity, sur-
face altitude, and ice thickness data tables. It is a 3.5-inch, 1.44 megabyte disk formatted with
IBM PC operating system MS-DOS 6.0. Data tables are written to it in two formats: ASCII text
and Lotus 123 version 2.01 .WK1 spreadsheet format. The ASCII files are in a subdirectory
named ASCII and the Lotus 123 files are in a subdirectory named lotusi23.

In the root directory on the disk there is an ASCII file named README.TXT. It says:

This text file contains an overview of the files available on
this data disk.

Report title:

Observations of the Surge-Type Black Rapids Glacier, Alaska,
During a Quiescent Period, 1970-92

by TA Heinrichs, LR Mayo, DC Trabant, and RS March, 1995

US Geological Survey Open File Report 94-512

For additional information write to:
District Chief

US Geological Survey

4230 University Drive, Suite 201
Anchorage, Alaska, 99508-4664

This disk contains the mass balance, ice velocity, surface
altitude, and ice thickness data tables. It is a 3.5-inch, 1.44
megabyte disk formatted with IBM PC operating system MS-DOS 6.0.
Data tables are written to it in two formats: ASCII text and
Lotus 123 version 2.01 .WK1l spreadsheet format. The ASCII files
are in a subdirectory named "ASCII" and the Lotus 123 files are
in a subdirectory named *LOTUS123".

The following tables are on this disk. Listed below are the Lotus
123 file names with .WK1l extension. The ASCII text files have the
same names, except the file name extension is .TXT. For example,
Table 1 is TABLEl.TXT

Table # File name Table description

1 TABLE1l.WK1 Net mass balance (summary)

9A TABLE9A.WK1 Ice velocity data 2 km site

9B TABLE9B.WK1 Ice velocity data 4 km site

9C TABLE9C.WK1 Ice velocity data 8 km site

9D TABLE9D.WK1 Ice velocity data 14 km site
9E TABLE9E.WK1 Ice velocity data 20 km site
9F TABLE9F.WK1 Ice velocity data 26 km site
9G TABLE9G.WK1 Ice velocity data 32 km site
9H TABLE9H.WK1 Ice velocity data 38 km site
91 TABLE9I.WK1 Ice velocity data L-19 km site
9J TABLE9J.WK1 Ice velocity data L-22 km site
10 TABLE10.WK1 Additional ice velocity measurements



11
12
14A
14B
14cC
14D
14E
14F
14G
14H
141
14g
15
17
18
21

TABLE11l.WK1
TABLE12 .WK1

TABLE14A.
TABLE14B.
TABLE14C.
TABLE14D.
TABLE14E.
TABLE14F.
TABLE14G.
TABLE14H.
.WK1
TABLE14J.

TABLE14I

WK1
WK1
WK1
WK1
WK1
WK1
WK1
WK1

WK1

TABLE15.WK1
TABLE17 .WK1
TABLE18.WK1
TABLE21.WK1

Longitudinal velocity profile

Velocity cross-profiles

Surface
Surface
Surface
Surface
Surface
Surface
Surface
Surface
Surface
Surface

altitude
altitude
altitude
altitude
altitude
altitude
altitude
altitude
altitude
altitude

Ice thickness

Local coordinates of geodetic control monuments
Centerline coordinate system

2 km site
4 km site
8 km site
14 km site
20 km site
26 km site
32 km site
38 km site

L-19 km site
L-22 km site
Extensive surface altitude surveys

(7/73 to 7/74)

(1973 & 1976)
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Table C1. Area-altitude distribution of Black Rapids Glacier

[The area-altitude distribution was measured from figure 2 by laying a dot grid over map and
counting the number of dots between contours.]

Altitude Area Percentage
(meters) (square kilometers) debris-covered
From To Total Debris-covered ice ice
800 900 5.69 5.19 91.2
900 1000 4.31 2.38 55.1
1000 1100 5.06 2.31 457
1100 1200 0.88 5.00 50.6
1200 1300 8.94 3.44 38.5
1300 1400 9.44 3.63 38.4
1400 1500 12.81 275 21.5
1500 1600 13.13 2.31 17.6
1600 1700 20.19 213 10.5
1700 1800 28.06 0.44 1.6
1800 1900 33.69 0.06 0.2
1900 2000 36.31 - -
2000 2100 21.38 - -
2100 2200 14.56 - -
2200 2300 9.50 --
2300 2400 5.19 - -—
2400 2500 244 - -
2500 2600 1.19 - -
2600 2700 1.63 - ---
2700 2800 0.88 - -
2800 2900 0.94 -
2900 3000 0.56 - -
3000 3100 0.44 - ---
3100 3200 0.19 - -—-
Totals 246.38 29.63
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Table C2. Area-altitude distribution of all the glacier snow and ice
in the Black Rapids Glacier drainage basin

[This table includes all the snow and ice in the drainage basin, including unattached glaciers
in tributary valleys. The area-altitude distribution was measured from figure 2 by laying a dot
grid over map and counting the number of dots between contours.}

Altitude Area Percentage
(meters) (square kilometers) debris-covered

From To Total Debris-covered ice ice
800 900 5.69 5.19 91.2
900 1000 4.31 2.38 55.1
1000 1100 5.44 2.50 46.0
1100 1200 10.31 5.13 49.7
1200 1300 9.75 3.63 37.2
1300 1400 10.56 419 39.6
1400 1500 14.63 3.31 226
1500 1600 16.50 3.31 20.1
1600 1700 24.63 3.13 12.7
1700 1800 33.06 1.06 3.2
1800 1900 38.44 0.13 0.3
1900 2000 39.50 - -
2000 2100 23.44 - -—-
2100 2200 15.69 - -
2200 2300 10.31 - -
2300 2400 5.81 - -
2400 2500 3.00 ---
2500 2600 1.56 - -
2600 2700 1.63 - -—-
2700 2800 0.88 -— -—
2800 2900 0.94 -- -
2900 3000 0.56 - -
3000 3100 0.44 ) -
3100 3200 0.19 -— -

Totals 277.25 33.94
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Appendix D. Snow Pits

Data were gathered from 23 snow pits on Black Rapids Glacier. Uncertainties in the snow pit
density observations are reported below in table D1. The snow pit data are in tables D2-D24.
Density was measured by taking vertical core sections from the wall of the pit (fig. 5). The sample
mass was measured with a spring scale. The sample depth range is the top and bottom of the core
section. The sample cross-sectional area is listed in the notes section at the bottom of the table.
Using the area and the depth range, the volume and density of the sample can be calculated. The
average density for the entire length of core is listed at the bottom of the density column. The
water equivalent of the core section is calculated by multiplying the relative density [p(s)/p(w)]
by the sample length. The total snow balance, b(s), for the core is at the bottom of the snow bal-
ance column. The depth at which the temperatures were measured is reported in the right-hand
column. Temperature depth is measured down from the snow surface. In the "Notes" section, the
summer surface is identified; the type of material and the observed qualities used to identify it are
reported here. The average snow depth is the average of the pit depth and the snow probings.
Temperatures in the snowpack were measured with calibrated, dial-type thermometers. Accuracy
is estimated to be +1°C.

Table D1. Uncertainties in snow pit density observations
[m, meters; p, density; g/cm?, grams per cubic centimeter]

Quantity Estimated uncertainty Comments
Individual quantities:
Sample depth +0.01'm
Sample diameter 0.001 m
_Samplemass ________10grams_____ _________________________________
Combined:
Error for each 3.6 percent 0.01 g/cm? for a sample with 0.40 m depth, 0.0723 m
sample diameter, 500 g mass (p=0.305 g/cm?); errors
"~ combined in quadrature
Error for entire core _\;:X3_5 percent 0.005 g/cm? for a 2 m deep pit (5 samples); n is the

" number of samples in the core
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Table D2. Snow pit: 4 km site, 3/27/74, Black Rapids Glacier

[ See Appendix D text for explanation of methods and terminology. cm, centimeter; g, grams; m,.., meters of water equivalent; g/cm?,
grams per cubic centimeter; °C, degrees Celsius; cm?, square centimeters, m, meters, b(s), snow balance.]

Sample depth range  Sample Density Water Snow Temperature
(cm) mass equivalent Depth Value
Top _ Bottom @ (g/cm?) (Mue) (cm) (4]
0 15 80 0.21 0.03 0 -13.0
15 30 125 .33 .05 10 -13.8
30 45 105 27 .04 30 -13.8
45 60 135 .35 .05 60 -12.5
60 75 115 .30 .05 100 -11.8
75 90 145 .38 .06 150 -10.3
90 105 115 .30 .05 193 -8.0
105 120 105 27 .04
120 135 140 .37 .05
135 150 135 .35 .05
150 165 145 .38 .06
165 180 130 .34 .05
180 193 110 .33 .04

Average: 32 Total b(s): 0.62
Notes:
Summer surface: dirt at 1.93 m; depth hoar 1.05-1.93 m
Average snow depth: 1.93 m
Sample cross-sectional area: 25.5 cm?

Table D3. Snow pit: 4 km site, 2/28/75, Black Rapids Glacier

[ See Appendix D text for explanation of methods and terminology. cm, centimeter; g, grams; my.., meters of water equivalent; g/cm?,
grams per cubic centimeter; °C, degrees Celsius; cm?, square centimeters, m, meters, b(s), snow balance.]

Sample depth range  Sample Density Water Snow Temperature
(cm) mass ’ equivalent Depth Value
Top  Bottom ()] (g/cm’) (Mye) (cm) (C)
0 40 365 0.22 0.09 10 -18.0
40 80 430 .26 .10 30 -15.0
80 120 515 .31 A3 60 -13.8
120 160 610 37 15 100 -13.0
160 200 695 42 A7 150 -12.5
200 240 725 .44 .18 200 -10.0
240 280 785 48 19 250 -8.5
280 320 820 .50 .20 300 -7.0
320 350 600 .49 A5 350 -6.0
350 368 310 42 .08 370 -5.0

Average: .39 Total b(s): 1.43
Notes:
Summer surface: dirt layer at 3.68 m; depth hoar 3.50-3.68 m
Average snow depth: 3.76 m
Sample cross-sectional area: 41.05 cm?
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Table D4. Snow pit: 8 km site, 8/28/75, Black Rapids Glacier

[ See Appendix D text for explanation of methods and terminology. cm, centimeter; g, grams; my., meters of water equivalent; g/cm?,
grams per cubic centimeter; °C, degrees Celsius; cm?, square centimeters, m, meters, b(s), snow balance.]

Sample depth range  Sample Density Water Snow Temperature
(cm) mass equivalent Depth Value
Top Bottom @ (g/cn) (Mye) (cm) (°C)
0 30 655 0.53 0.16 throughout 0.0
30 54 520 .53 13
54 78 470 48 1
Average: 51 Total b(s): .40
Notes:

Summer surface: heavy dirt layer at 0.78 m
Average snow depth: 0.78 m
Sample cross-sectional area: 41.05 cm?

Table D5. Snow pit: 8 km site, 3/24/76, Black Rapids Glacier

[ See Appendix D text for explanation of methods and terminology. cm, centimeter; g, grams; m,., meters of water equivalent; g/cm?,
grams per cubic centimeter; °C, degrees Celsius; cm?, square centimeters, m, meters, b(s), snow balance.}

Sample depth range Sample Density Water Snow Temperature
(cm) mass equivalent Depth Value
Top  Bottom (9) (g/cm?3) (Mye) (cm) (°C)
0 40 285 0.17 0.07 0 -10.0
40 80 435 .26 1 10 -12.5
80 120 585 .36 14 30 -15.3
120 160 655 40 .16 60 -15.0
160 200 635 .39 15 100 -13.4
200 250 570 .28 14 150 -12.0
250 283 660 49 .16 200 -104
250 -84
Average: .33 Total b(s): .93 283 -7.0
Notes:

Summer surface: slightly dirty at 2.83 m; many melt crusts 2.34-2.83 m
Average snow depth: 2.85 m
Sample cross-sectional area: 41.05 cm?
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Table D6. Snow pit: 8 km site, 9/13/76, Black Rapids Glacier

[ See Appendix D text for explanation of methods and terminology. cm, centimeter; g, grams; m,., meters of water equivalent; g/cm®,

grams per cubic centimeter, °C, degrees Celsius; cm?, square centimeters, m, meters, b(s), snow balance.)

Sample depth range  Sample Density Water Snow Temperature
{(cm) mass equivalent Depth Value
Top _ Bottom (9) (g/cm?) (Me) (cm) (°C)
0 25 270 0.26 0.07 10 -3.0
25 50 475 .46 12
50 80 600 .49 A5
80 115 765 .53 19
Notes: Average: .45 Total b(s): 51

Summer surface: dirt at 0.25 m--1976 summer surface;
very dirty at 1.15 m--1975 summer surface

Average snow depth: 0.25 m

Sample cross-sectional area: 41.05 cm?

Table D7. Snow pit: 8 km site, 3/19/77, Black Rapids Glacier

[ See Appendix D text for explanation of methods and terminology. cm, centimeter; g, grams; m,., meters of water equivalent; g/cm?,

grams per cubic centimeter; °C, degrees Celsius; cm?, square centimeters, m, meters, b(s), snow balance.]

Sample depth range  Sample Density Water Snow Temperature

{cm) mass equivalent Depth Value

Top Bottom Q) (g/cm?) (Mye) (cm) (°C)
0 40 335 0.20 0.08 0 -12.0

40 80 495 .30 A2 10 -17.0

80 120 615 .37 15 30 -18.0

120 160 645 .39 .16 60 -16.0
160 200 760 .46 19 100 -12.0
200 240 775 47 19 150 -9.5
240 280 765 47 19 200 -8.2
280 320 755 .46 18 250 -7.0
320 357 700 .46 A7 300 -6.0
357 -5.0

Average: .40 Total b(s): 1.42
Notes:
Summer surface: slight dirt at 3.89 m, iced firn below
Average snow depth: 3.87 m
Sample cross-sectional area: 41.05 cm?




Table D8. Snow pit: 8 km site, 8/23/77, Black Rapids Glacier

[ See Appendix D text for explanation of methods and terminology. cm, centimeter; g, grams; m,., meters of water equivalent; g/fcm?,
grams per cubic centimeter; °C, degrees Celsius; cm?, square centimeters, m, meters, b(s), snow balance.}

Sample depth range  Sample Density Water Snow Temperature
{cm) mass equivalent Depth Value

Top Bottom (@) (g/cm®) (Mye) (cm) (°C)

0 40 380 0.23 0.09 0 -0.5

40 82 565 .33 14 10 -4.0

30 -2.0

Average: .28 Total b(s): .23 60 -1.0

Notes: 82 -0.5

Summer surface: dirt at 0.82 m; very hard firn below
Average snow depth: 0.78 m
Sample cross-sectional area: 41.05 cm?

Table D9. Snow pit: 8 km site, 3/22/78, Black Rapids Glacier

[ See Appendix D text for explanation of methods and terminology. cm, centimeter; g, grams; m,.., meters of water equivalent; g/cm?,
grams per cubic centimeter; °C, degrees Celsius; cm?, square centimeters, m, meters, b(s), snow balance.]

Sample depth range  Sample Density Water Snow Temperature
(cm) mass equivalent Depth Value

Top Bottom Q) (g/cm?) (Mye) (cm) (°C)
0 40 325 0.20 0.08 0 -10.5
40 80 565 .34 14 10 -21.1
80 120 625 .38 15 30 -16.7
120 160 605 37. 15 60 -14.0
160 200 715 44 A7 100 -11.5
200 228 525 .46 13 150 -10.0

200 7.2

Average: .36 Total b(s): .82 226 -6.5

Notes:

Summer surface: medium dirt layer at 2.28 m, refrozen firn below
Average snow depth: 2.28 m
Sample cross-sectional area: 41.05 cm?




Table D10. Snow pit: 8.7 km site, 10/27/73, Black Rapids Glacier

[ See Appendix D text for explanation of methods and terminology. cm, centimeter; g, grams; m,,.., meters of water equivalent; g/cm?,

grams per cubic centimeter; °C, degrees Celsius; cm?, square centimeters, m, meters, b(s), snow balance.]

Sample depth range  Sample Density Water Snow Temperature
(cm) mass equivalent Depth Value
Top  Bottom (9) (g/cm®) (Mye) (cm) (°C)
0 40 320 0.19 0.08 0 -8.8
40 79 475 .30 12 10 -12.0
79 103 455 .46 A1 30 -9.2
103 142 790 .49 19 60 -5.3
100 -3.0
Average: .35 Total b(s): .50 150 -1.8
Notes:

Summer surface: 1973 summer surface at 0.79 m--dirt layer;

1972 summer surface at 1.03 m--dirt layer;

1971 summer surface at 1.42 m--slight dirt and crystal change
Average snow depth: 0.79 m
Sample cross-sectional area: 41.05 cm?

Table D11. Snow pit: 14 km site, 3/1/75, Black Rapids Glacier

[ See Appendix D text for explanation of methods and terminology. cm, centimeter; g, grams; my., meters of water equivalent; g/cm?,

rams per cubic centimeter; °C, degrees Celsius; cm?, square centimeters, m, meters, b(s), snow balance.
g p J

Sample depth range  Sample Density Water Snow Temperature
(cm) mass equivalent Depth Value

Top Bottom (9) (g/cm®) (Mye) (cm) (°C)
0 40 350 0.21 0.09 0 -18.5
40 80 480 .29 12 10 -19.0
80 120 585 .36 14 30 -15.5
120 160 625 .38 .15 60 -11.8
160 200 725 44 .18 100 -10.0

200 214 210 .37 .05 150 -8.0

200 -7.5

Average: .34 Total b(s): 72 214 -55

Notes:

Summer surface: ice
Average snow depth: 2.26 m
Sample cross sectional area: 41.05 cm?
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Table D12. Snow pit: 14 km site, 3/28/79, Black Rapids Glacier

[ See Appendix D text for explanation of methods and terminology. cm, centimeter; g, grams; m,., meters of water equivalent; g/cm?,
grams per cubic centimeter; °C, degrees Celsius; cm?, square centimeters, m, meters, b(s), snow balance.]

Sample depth range  Sample Density Water Snow Temperature
(cm) mass equivalent Depth Value

Top Bottom (@ (g/cm?) (Mye) (cm) (°C)
0 40 315 0.19 0.08 0 -25.0
40 80 470 .29 A1 10 -20.0
80 120 550 .33 A3 30 -14.0
120 160 640 .39 .16 60 -10.5

160 190 515 42 13 100 -9.5

190 211 360 42 .09 150 -8.0

211 -7.0

Average: .33 Total b(s): .69
Notes:

Summer surface: ice

Average snow depth: 2.08 m

Sample cross sectional area: 41.05 cm?

Table D13. Snow pit: 14 km site, 3/25/80, Black Rapids Glacier

[ See Appendix D text for explanation of methods and terminology. cm, centimeter; g, grams; m,., meters of water equivalent; g/cm?,
grams per cubic centimeter; °C, degrees Celsius; cm?, square centimeters, m, meters, b(s), snow balance.]

Sample depth range = Sample Density Water Snow Temperature
(cm) mass equivalent Depth Value
Top Bottom (9) (g/cm?) (Mye) (cm) (°C)
0 40 300 0.18 0.07 10 -15.3
40 80 495 .30 12 30 -12.3
80 120 545 .33 13 60 -11.0
120 160 620 .38 15 100 -10.4
160 200 580 .35 .14 150 -9.2
200 209 180 .49 .04 209 -71
Average: 32 Total b(s): .66
Notes:

Summer surface: ice

Average snow depth: 2.90 m

Sample cross sectional area: 41.05 cm?




Table D14. Snow pit: 14 km site, 4/22/83, Black Rapids Glacier

[ See Appendix D text for explanation of methods and terminology. cm, centimeter; g, grams; m,., meters of water equivalent; g/cm?,
grams per cubic centimeter; °C, degrees Celsius; cm?, square centimeters, m, meters, b(s), snow balance.]

Sample depth range  Sample Density Water Snow Temperature

(cm) mass equivalent Depth Value

Top  Bottom )] (g/cm?) (Mye) (cm) (°C)
0 40 375 0.23 0.09 0 -0.5
40 80 525 .32 A3 10 -1.5
80 120 680 41 A7 30 -6.0
120 160 665 .40 .16 60 -7.2
160 205 760 41 19 100 -7.2
150 -6.7
Average: .36 Total b(s): 73 210 -5.5

Notes:

Summer surface: ice
Average snow depth: 2.29 m
Sample cross sectional area: 41.05 cm?

Table D15. Snow pit: 14 km site, 4/4/86, Black Rapids Glacier

[ See Appendix D text for explanation of methods and terminology. cm, centimeter; g, grams; m.., meters of water equivalent; g/lcm?®,

grams per cubic centimeter; °C, degrees Celsius; cm?, square centimeters, m, meters, b(s), snow balance.]

Sample depth range  Sample Density Water Snow Temperature
(cm) mass equivalent Depth Value

Top Bottom (9) (g/cm?) (Mye) (cm) (°C)
0 40 385 0.23 0.09 0 -10.5
40 80 525 .32 13 10 -21.1
80 120 665 40 .16 30 -16.7
120 160 765 47 19 60 -14.0
160 200 620 .38 15 100 -11.5
200 226 505 47 .12 150 -10.0
200 -7.2

Average: .37 Total b(s): .84 226 6.5

Notes:

Summer surface: ice
Average snow depth: 2.09 m
Sample cross-sectional area: 41.05 cm?




Table D16. Snow pit: 19 km site, 4/3/73, Black Rapids Glacier

[ See Appendix D text for explanation of methods and terminology. cm, centimeter; g, grams; m,.., meters of water equivalent; gfcmm?,
grams per cubic centimeter; °C, degrees Celsius; cm?, square centimeters, m, meters, b(s), snow balance.]

Sample depth range  Sample Density Water Snow Temperature
(cm) mass equivalent Depth Value
Top Bottom ()] (g/cm?) (Mye) (cm) (°C)
0 40 475 0.29 0.12 0 0.0
40 80 540 .33 13 10 -12.0
80 116 505 .34 12 30 -9.6
60 -7.6
Average: .32 Total b(s): 37 100 -6.8
Notes: 116 -6.8

Summer surface: ice
Average snow depth: 1.22 m
Sample cross-sectional area: 41.05 cm?

Table D17. Snow pit: 19 km site, 3/28/74, Black Rapids Glacier

[ See Appendix D text for explanation of methods and terminology. cm, centimeter; g, grams,; m,,., meters of water equivalent; g/cm?,
grams per cubic centimeter; °C, degrees Celsius; cm?, square centimeters, m, meters, b(s), snow balance.]

Sample depth range  Sample Density Water Snow Temperature
(cm) mass equivalent Depth Value
Top  Bottom [(¢)] (g/cm?) (Mwe) (cm) CC)
0 15 100 0.26 0.04 0 -9.6
15 30 115 .30 .05 10 -11.2
30 45 120 31 .05 30 -11.0
45 60 108 .28 .04 60 -9.4
60 75 120 .31 .05 86 -8.2
75 90 95 .25 ' .04
Average: .29 Total b(s): .26
Notes:

Summer surface: ice
Average snow depth: 0.90 m
Sample cross-sectional area: 25.5 cm?
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Table D18. Snow pit: 26 km site, 3/3/75, Black Rapids Glacier

[ See Appendix D text for explanation of methods and terminology. cm, centimeter; g, grams; my., meters of water equivalent; g/lcm?,

grams per cubic centimeter, °C, degrees Celsius; cm?, square centimeters, m, meters, b(s), snow balance.]

Sample depth range  Sample Density Water Snow Temperature
(cm) mass equivalent Depth Value

Top Bottom (0)] (g/cm?) (Mye) (cm) °C)

0 40 475 0.29 0.12 0 -13.5

40 80 515 31 .13 10 -15.0

80 121 565 .34 .14 30 -14.0

60 -10.0

Average: 31 Total b(s): .38 121 -6.5

Notes:

Summer surface: ice
Average snow depth: 1.59 m
Sample cross-sectional area: 41.05 cm?

Table D19. Snow pit: 32 km site, 4/4/73, Black Rapids Glacier

[ See Appendix D text for explanation of methods and terminology. cm, centimeter; g, grams; m,,., meters of water equivalent; g/cm?,

grams per cubic centimeter; °C, degrees Celsius; cm?, square centimeters, m, meters, b(s), snow balance.]

Sample depth range  Sample Density Water Snow Temperature
(cm) mass equivalent Depth Value
Top __ Bottom )] (g/cm®) (Mye) (cm) %)
0 40 490 0.30 0.12 0 -5.4
40 83 625 .35 15 10 5.2
. 30 -6.9
Average: .33 Total b(s): .27 60 -6.8

Notes:

Summer surface: ice

Average snow depth: 0.67 m

Sample cross-sectional area: 41.05 cm?
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Table D20. Snow pit: 32 km site, 3/26/76, Black Rapids Glacier

[ See Appendix D text for explanation of methods and terminology. cm, centimeter; g, grams; m,., meters of water equivalent; g/cm?,
grams per cubic centimeter; °C, degrees Celsius; cm?, square centimeters, m, meters, b(s), snow balance.]

Sample depth range  Sample Density Water Snow Temperature
{cm) mass equivalent Depth Value
Top Bottom Q) (g/cm®) (Mye) (cm) (°C)
0 40 240 0.15 0.06 0 -16.0
40 80 530 .32 13 10 -12.0
80 114 495 .35 12 30 -10.5
60 -9.5
Average: .27 Total b(s): 31 100 -7.0
Notes: 126 -6.0

Summer surface: ice
Average snow depth: 1.42 m
Sample cross-sectional area: 41.05 cm?

Table D21. Snow pit: 32 km site, 3/14/77, Black Rapids Glacier

[ See Appendix D text for explanation of methods and terminology. cm, centimeter; g, grams; m,,., meters of water equivalent; g/cm?,
grams per cubic centimeter; °C, degrees Celsius; cm?, square centimeters, m, meters, b(s), snow balance.]

Sample depth range  Sample Density Water Snow Temperature
(cm) mass equivalent Depth Value
Top Bottom Q) (g/cm?®) (Mye) (cm) (°C)
0 40 475 0.29 0.12 0 -5.0
40 80 620 .38 15 10 -9.0
80 120 610 37 15 30 -10.0
120 168 735 .37 .18 60 -9.0
100 -6.0
Average: .35 Total b(s): .59 168 -4.0

Notes:

Summer surface: ice

Average snow depth: 2.05m

Sample cross-sectional area: 41.05 cm?
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Table D22. Snow pit: 32 km site, 4/20/83, Black Rapids Glacier

[ See Appendix D text for explanation of methods and terminology. cm, centimeter; g, grams; m,.., meters of water equivalent; gicm?,

grams per cubic centimeter; °C, degrees Celsius; cm?, square centimeters, m, meters, b(s), snow balance.]

Sample depth range  Sample Density Water Snow Temperature
(cm) mass equivalent Depth Value

Top  Bottom @ (g/cm’) (Muwe) (cm) %)

0 40 320 0.19 0.08 0 0.0

40 80 575 .35 .14 10 -2.0

80 120 585 .36 14 30 -4.0

120 157 600 .40 A5 60 -4.0
100 -4.0

Average: .32 Total b(s): .51 157 -3.5

Notes:

Summer surface: ice
Average snow depth: 1.63 m
Sample cross-sectional area: 41.05 cm?

Table D23. Snow pit: 32 km site, 3/18/84, Black Rapids Glacier

[ See Appendix D text for explanation of methods and terminology. cm, centimeter; g, grams; m,.., meters of water equivalent; g/cm?,

grams per cubic centimeter; °C, degrees Celsius; cm?, square centimeters, m, meters, b(s), snow balance.]

Sample depth range  Sample Density Water Snow Temperature
(cm) mass equivalent Depth Value
Top  Bottom (9) (g/cm®) (Mye) (cm) (°C)
0 40 550 0.33 0.13 0 -12.0
40 80 510 31, A2 10 -16.0
80 120 505 .31 A2 30 -11.8
120 139 500 .64 A2 60 -8.0
. 100 -5.6
Average: .36 Total b(s): .50 139 -5.0
Notes:

Summer surface: ice
Average snow depth: 1.34 m
Sample cross-sectional area: 41.05 cm?
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APPENDIX E

Summer Surface Temperature Estimates
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Appendix E. Summer surface temperature estimates

The summer surface temperature used to estimate internal accumulation at a site was mea-
sured occasionally. However, in most cases it had to be estimated from observations at other sites
on Black Rapids Glacier or from unpublished observations at Gulkana Glacier. Gulkana Glacier is
60 km southeast of Black Rapids Glacier (fig. 1) and has been monitored since 1960, which is
before the inception of the Black Rapids monitoring program. For some years, unpublished snow
pit data from Gulkana Glacier were used to estimate Black Rapids summer surface temperatures.
The following summer surface temperature estimation techniques are used: If more than one sum-
mer surface temperature was measured at Black Rapids Glacier, the missing values are calculated
from a regression line through the data measured there. This technique was used in 1974, 1975,
1976, 1977, and 1983. If only one summer surface temperature was measured at Black Rapids
Glacier and two or more measured at Gulkana Glacier, the temperature gradient with altitude cal-
culated with a regression of the Gulkana data is used to extrapolate the single Black Rapids tem-
perature measurement to the altitudes of the observation sites. This was done with data for 1973,
1978, and 1984. If only one summer surface measurement was made at both Black Rapids and
Gulkana, then the summer surface temperature measured at Black Rapids is extrapolated in alti-
tude using the average observed gradient at Black Rapids Glacier (0.89 degrees/1,000 m). This
was used in 1979, 1980, 1986. If no pits were dug at Black Rapids and only one at Gulkana, the
average difference between the two glaciers' summer surface temperature at the same altitude
(1.4°C) is used to extrapolate the observed Gulkana temperature to Black Rapids, and the average
gradient is used to extrapolate it with altitude (1981, 1982, 1985, 1987, 1988, 1990, 1992.) And
finally, if no pits were dug at either glacier, the average of all observed and calculated tempera-
tures at a site is used for the summer surface temperature (1989, 1991).
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Table E1. Summer surface temperatures and internal accumulation, Black Rapids Glacier

[The summer surface temperature is used to calculate internal accumulation, b(k). In the "Site" column, the Gulkana Glacier

(Alaska, 63° 15' N, 145° 25' W) sites are as follows: Gulkana A is at 1390 meters altitude in the ablation zone. Gukana B is at 1660

meters, near the equilibrium line. Gulkana D is at 1830 meters in the accumulation area. °C, degree Celsius; ---, no data or not

applicable.}

Date Site Summer surface temperature Internal accumulation
(°C) (meters of water/year)
Observed Estimated
4/03/73 19 km -6.8 — —
3/27174 19 km -8.2 - —
2km -— -7.9 0.30
4km -8.0 - 0.31
8 km - -8.1 0.31
2/28/75 14 km -5.5 —— —
26 km -6.5 --- -
38 km -6.0 - —
4 km -5.0 5.2 0.19
8 km - -5.3 0.20
3124176 32km -6.0 — -
4km -7.2 0.27
8 km -7.0 -7.0 0.27
319777 32km -4.0 - -
2km - 5.4 0.21
4km -e- -5.2 0.20
8 km -5.0 -5.0 0.19
3/22/78 4 km -6.4 0.24
8 km -6.5 -6.5 0.25
3/28/79 14 km -7.0 - —
4 km - -7.3 0.28
8 km - -7.2 0.27
3/14/80 14 km -71 - —
4km - 73 0.28
8 km - -7.2 0.27
L19 km --- -6.9 0.27
3/30/81 Gulkana B -42 - —
2km - -6.1 0.23
4km - -59 0.23
8 km - -5.8 022
L19 km - -5.6 0.21
3/27/82 Gulkana B -5.0 — —
4 km - -6.7 0.26
8 km - -6.6 0.25
4/20/83 14 km -55 - —
32km -3.5 — —
4 km - -6.5 0.25
8 km - -6.1 0.23
3/18/84 32km -5.0 e -
4 km - -6.5 0.25
8 km - -6.3 0.24
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Table E1. Summer surface temperature and internal accumualtion--continued

Date Site Summer surface temperature Internal accumulation
(°C) (meters of water/year)
Observed Estimated
3/23/85 Gulkana A 6.5 - -
4km - -8.5 0.33
8 km - -8.4 0.32
4/04/86 14km -6.9 - -
4km -— -7.2 0.27
8 km --- -7.1 0.27
3/24/87 Guikana A 56 - -
8 km --- -7.5 0.29
4/16/88 Gulkana B 4.0 - —
8 km -- -5.9 0.23
4/19/89 8 km -—- - 0.26
5/06/90 Gulkana D -4.8 --- -
8 km --- -6.7 0.26
5/01/91 8 km --- 0.26
3/26/92 Gulkana D -4.6 — —

8 km - -6.5 0.25




