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COLUMBIA GLACIER STAKE LOCATION, MASS BALANCE, GLACIER SURFACE ALTITUDE, AND
ICE RADAR DATA 1978 MEASUREMENT YEAR

By L. R. Mayo, D. C. Trabant, Rod March, and Wilfried Haeberli

INTRODUCT LON

Surveys were made to determine balance, motion, topography and ice
depth at Columbia Glacier, Chugach Mountains, Alaska, for the 1978 Mea-
surement Year (MY) as part of an intensive research program by the U.S.
Geological Survey to investigate the stability of calving glaciers. The
set of systematic measurements reported here is part of the basic data
required for glacier dynamic analyses, computer models, and predictions
of glacier activity. The 1978 MY (September 1, 1977, through August 31,
1978) was chosen, rather than the traditional Hydrologic Year, to avoid
stormy fall weather. The data in this report are the first year-long,
glacier-wide set of balance and kinematic measurements available for
Columbia Glacier.

~ Columbia Glacier is a re]atively large glacier, nearly 1,100 square
kilometers (km2) in area, is approximately 68 kilemeters (km) long, ex-
tends from about 3,700 meters (m) a]titUde:to several hundred meters
below sea 1éve1, and calves into Prince William Sound. Parts of the
glacier, notably the terminus area, are highly crevassed.

Well controiled surveys of glacier surface altitude, stake loca-
tion, ice radar, and mass balance were made at approximately 60 pbints
for the measurement year. The measurement points are shown in figure 1.
The data in this report include the coordinates of all éurveyed:points,
balance stake readings, snow and firn densities, and delay times for ice
radar reflections. All corrections for atmospheric refraction and
glacier surface roughness have been incorporatéd.

Many persons in addition to the authors participated actively in
(this work, and part of the credit as well as the responsibility for the
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Figure 1.--Coordinate system, survey stations, stakes, and measurement locations
used for the 1978 surveys of Columbia Glacier. The square grid re-
presents the local sea-level coordinates in meters. The Tongitudinal
profile coordinate system is shown by dots every 2 km connected by
lines drawn along the centerline of the trunk glacier and main trib-
utaries; values are in kilometers. :



accuracy of the iesults is theirs. They include: Robert Bindshadler,
C. S. Brown, Lés]ie Gitomer, R. M. Krimmel, M. F. Meier, Austin Post,

Ee A.'Seneaﬁ, Mary Shields, W. G. Sikonia and R. D. Watts. Three heli-
copter pilots made hundreds of Tandings on extremely rough ice; we thank
John McCamish, Jim Sheffers, ana Walter Lasher for their safe and

skillful flying.

SURVEY CONTROL

The metric, sea-level-scale coordinate system used at Columbia Gla-
cier is based on the Universal Transverse Mercator (UTM) System. The
UTM plane is not at a fixed altitude relative to sea level; therefore a
sea-level-scale ccordinate system is used because it allows simpler
equations for geodetic surveys than the UTM system. The origin of the
local sea-level coordinate system for Co1umbia Glacier is the inter=
section of UTM coordinates 480,000 m Eastirg and 6,754,000 m Northing.
At Columbia Glacier the scale change from UTM to sear1eve1 involves
dividing UTM distances by 0.999600. UTM coordinates of any point listed
in this report may be calculated by: o ' o

UTM Easting = (0.999600) X, + 480,000 -
UTM Northing = (0.999600) Y0 + 6,754,000

The sea-level coordinates of the survey monuments are presented in
tab]e 1. Two new monuments, Owl and Pika, were installed in 1978. Sev-
eral additional stations served as temporary distahce-measuring trans- o
ponder sites, but no permanent monuments were left. The altitude of the
monument at each permanent statioh is given, Temporary cones were used |
for better visibility at several monuments. Thé'a1tituderof the top of
the alternative points may be obtained by adding Hg, which is listed in
table 1, to the monument altitude. | '

The scale of the survey netWork was established in 1974 with a
laser distance-measuring system. Subsequent distance measurements
(table 2) with two different micrdwave systems and the same laser unit
indicate that the 1974 p~ scale 1s approx1mate1y 0.999890 times the
actual scale. High ir .ne east branch of Columbia Glacier, the trian-
gulation extension of the 1974 scale is 0.999400 times the microwave=
measured distance. Even though these small discrepancies of net scale
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were discovered in 1978, we did not measure a sufficient number of dis-
tances to recalculate all the survey monument coordinates. Moreover,
recalculation of monument coordinates is disruptive during a year of
intensive study, and the systematic errors are insignificant compared to
the annual motion of this very active glacier.

SURVEY CALCULATIONS

Surveys were made using foresight, triangulation, and resection
techniques. Foresight surveys require one horizontal angle, one ver-
ticaT angle, and the slope distance. Triangulation requires horizontal
and vertical angles from two instrument stations. Resection, a back-
sight technique, recuires two horizontal angles between three known
points, and three ver:cical angles from a surveying instrument Tocated
near the point being surveyed.

In this report the horizontal distance at sea level (Dpo) between a
surveying instrument and a target is a spherical Earth arc length (fig.

2) calculated by: Dy,
_ Yhe

< tan;]rr Dt cos Vi
. 400 ' Zi + re * Dt ,Sin Vi

where Dpe is the Earth's circumference, Dt is the measured slope dis-

Dho

tance to the target, V¢ is the measured vertical angle to the target, -
positive up from the horizontal, Zj is the instrument altitude above
sea level, and rg is the Earthfsrradius. The approximate values,

Dhe = 40x10% m (the original definition of the meter) and

re = 40x106/27, yield results within one part per million (ppm) of
results using more precise Earth circumference and radius values.

The altitude of each target was calculated using the equation:
Iy = 1 + Dpj sin V¢ +4Z¢ (fig. 2), where Z; is the instrument
altitude, Dpj is the horizontal distance to the target at the instrument
Li + re
r

altitude, which is simply Dho( , and AZg is the correction in

vertical distance due to effects of Earth curvature and refraction. AZg
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can be calculated quite precisely, if the horizontal distance is less

than 500 km, by using the equation: alZf = f Dh12

A Zf ranges from 0.18 to 0.24 m at a distance of 2 km to about 4.50
to 6.00 m at 10 km (fig. 3), the normal distance of surveying at Colum-

bia Glacier.

The curvature-refraction coefficient, f, was monitored continually
during the field surveys by measuring the vertical angle to a reference
point of known altitude. The coefficient, f, (dimension, meter per

meter? or “per meter"”) is calculated by the equation:
ZA -7 - Dh'iA tan VA

f =
2 Dpip”

where Zp is the altitude of the reference stations; Zj is the instrument
altitude; Dpijp is the horizontal arc distance at the instrument altitude
between the instrument and the reference point (similar to the geometry

of fig. 2); and Vp is the vertical angle measured to the reference

point.

A11 calculations were made in the field, often at the survey'pojnt,
and later checked in the office using a series of integrated subroutines
programmed for the Hewlett Packard HP-67* pocket calculator. The pro-
grams are included as tables 3-9 in this report. The resection XY
coordinate equation was'develcped by S. M. Hodge (U.S. Geological
Survey, Tacoma). A1l other calculations were developed 5y Mayo and
Trabant. The programs are evolving rapidly, and there have been
significant changes from the earlier versions.

*The use of brand names in this report is for identification purposes
only and does not imply endorsement by the U.S. Geological Survey.
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COLUMBIA GLACIER DATA

A11 survey data for Columbia Glacier (table 10) are calculated rel-
ative to the survey monument coordinates (table 1). In most instances,
the data involve only the 1978 MY. However, glacier surface surveys
made prior to 1977-78 are inc]uded'if they were close to stations reoc-
cupied in 1978. An explanation of the information in tables 10 and 11
follows. '

Position names

The surveyed points have designations which follow the curvilinear
longitudinal coordinate system (fig. 1). This system originates at the
ice divide between Columbia and Yale Glaciers and provides kilometer
Tocations down the centeriine of Columbia Glucier. A stake installed in
1977 at the 52-km location is designated as 77-52. A stake designated
as 77-40-5 indicates that a 1977 stake was located 5 km along a precise-
ly defined cross-glacier profile 40 km down the longitudinal profile.
U.S. Geological Survey Open-File Report 78-264 1ists the coordinates of

the curvilinear longitudinal and cross-profile system. Where thercross'

profile has not been precisely defined, the approximate location is
listed as follows: A stake designated as 77-61.8-2.2E was installed in
1977 and is located 61.8 km down the longitudinal profile (X' coordin-
ate) and 2.2 km east of center (Y' coordinate).

The glacier surface was surveyed at three points in the vicinity of
Xo Yo coordinates designated by the Tongitudinal profile system or at
the origin point of a stake for the purpose of measuring altitude
changes of the glacier surface. Three altitude measurenents at the
‘42-km longitudinal profile point, for example, aré designated 42-p,
42-Q, and 42-R.

The locations of the ice radar transmitter and receiver follow the

same location-naming convention described for stakes but are preceded by-




the notebook reference to the radar survey. A point named 78T94
40.0-6.9 indicates the year of the measurement (1978), the person's
field notes (T for Trabant), and the notebook page number (94) followed
by the distance down the longitudinal profile (40.0 km) and either the
distance along a defined cross-glacier profile (6.9 km in this case) or
the Y' coordinate as for stakes. -Both the transmitter and receiver
positions used for a single ice radar measurement are given the same
name. In some instances only the midpoint (MP) between the transmitter
and receiver was surveyed and the transmitter-receiver antenna separ-
ation (S) was measured directly. '

Balance data

Each balance (b') measurement reported (table 10) is the height of
the glacier surface on the stake, measured from the stake bottom.
Therefore, the altitude of the glacier surface at the stake may be cal-
culated by adding the stake Z coordinate to the stake b' reading. The.
material at the surface is indicated by a letter in parentheses. The
balance nomenclature from Mayo, Meier, and Tangborn (1972) was used for
the 1978 Measurement Year data at Columbia Glacier:

(s) snow which has not yet survived a complete ablation
season; _ o

() the top of the 1978 new firn increment, that is, the 1978
"summer surface";

(1) the top of old ice;

(F) a new term: old firn; 77(F) is the top of 1977 firn.

Ice radar data

A monopulse radar transmitter redesigned by R. D. Watts (U.S.
Geological Survey, Denver) was centerfed to a 60-m resistively loaded
dipole antenna. The antenna was inside a clear, flexible plastic tubing
which provided mechanical strength. The receiver consisted of a similar
antenna, a 0.5-volt “clipper" to protect amplifiers from over-voltage



input, a variable linear amplifier, another "clipper" and finally a.
~Sony-Tektronix 465 osci]]oséope to measure the t=avel delay time. The
strongest return signal was bbtained by Orientiﬂg tYie antennas parallel
with assumed ice depth contours. Data from fg?ﬁ'SUPVQTS are presented
in table 11. ' ' '

Five checks were used to verify that the correct delay timerwas
measured and that an observed wave was actually a reflected radar pulse.
First, the oscilloscope sweep must trigger on the first pulse receiVed
directly from the transmitter. The voltage of the first pulse accel-
erates during the first quarter of the voltage'rise, wheréas later
voltage rises decelerate from zero to the wave crest. Second, trans-
mitted and reflected waves must be opposite in sign. Third; the wave
length of the transmitted and reflected signal must be the same.

Fourth, the same number of waves must be present with the same relative
strength in the transmitted and reflected signals. ‘And lastly, the' 7
repetition rate and output signal strength of the transmitter must be : -
checked to verify that the transmitter is operating normally. - If the
ice depth is shallower than about 300 m, all these checks could be made
with one oscilloscope setting; thicker ice measurements require a series
of adjustments of both the amplifier and the osci]loscoperto make the
checks. All delay times reported are definitive, thoroughly checked

reflections.
ACCURACY OF SURVEYS

Error analyses are complex because only part of the total error in
a survey results in imprecisions of calculations made from the survey
results. For example, the coordinates'of survey monuments may be in
error by more than a meter because ofrhemisphericéscale measurement
errors, yet these same coordinates are accurate within a few centimeters
relative to each other within the Columbia Glacier basin. Furthermore,
the altitude change at a specific point on the glacier such as the 8-km
“index point" can be measured more precisely than the altitude of sta-
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tion SUPER; that is, all errors in the coordinates of a survey monument
do not propagate through to measurements of glacier change as surveyed

from that monument.

Systematic errors such as net scale and net position are relatively
unimportant and may be omitted from errors in motion analyses. The sig-
nificant errors include (1) definition of curvature-refraction correc-
tions, (2) clarity of survey targets to the surveyor, (3) angle and
distance measurement precision for each target survey, and (4) the pro-
blems associated with defining the surface of a rough glacier (fig. 4)
and the positon of loose stakes.

Curvature-refraction coefficient, f, was defined within about
+1 x 10~9 or £0.03 m vertical error at 5 km. The clarity of the sur-
veyors' target was enhanced by use of brilliant orahgé oilcloths. In
general, the surveyor could define the target within +0.05 m. Angle
measurements included a direct and indirect sighting to each target. In
general, the first set of horizontal angles in a long series of measure- -
ments such as a net survey differ from the mean of the'set by about
+0.00109 (grad)* and the vertical by only *0.00059. This same relative
accuracy of surveying app]ies to single target surveys. An error of
£,00109 at 5 km distance is 0.08 m. |

Triangulation surveys were used over most of the glacier, and the
estimated standard error of measurement at 5-km distances is
v(0.03)2 + (0.05)2 + (0.08)2 which is +0.10 m. Foresight surveys
involving microwave-measured s]ope distances may have larger errors.

Table 2 shows the size of errors that may be associated with distance
measurements. An error of 100 ppm is +0.5 m at 5 km distance.

*Grad, an angular quantity equal to 0.9 degree. Surveying instru-
ments used at Columbia Glacier and all calculations in this report
utilize grad angles.

11
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Figure 4.--Schematic cross section of part of Columbia Glacier illustrating

the complexities of defining the glacier surface altitude at a
point. This is somewhat simplified, because this type of com-
plexity extends in a third dimensﬁgblon the actual ice surface.
The "average surface altitude" at any of the defined points (A-F)
is uncertain and is reported as “"surface definition" in table 10.
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Stakes in the ice cannot be placed exactly vertically, and melting
snow and ice around the stake leaves & hole in which the stake can move.

The stake position uncertainty is about £0.10 m.

In most crevassed areas, the seracs have flat tops, which we chose
as the glacier surface. In very rough areas, we attempted'to choose a
surface in the middle of the roughness amplitude. To do this, we sur-
veyed three points (P, Q, and R) around each point where altitudes were
to be compared. These three points help average the rough surface and
allow calculations of the index point altitude when the point itself is
not accessible. For each triangle, the observer on the glacier esti-
mated how well the triangle represented the surface. The accuracy
estimate follows the criteria that tne plane defined by the three
surveyed points represents the average ice surface within the reported
error limit and that the actual glacier surface is no better defined
than the above criteria. | ’

An exceptionally large uncertainty waS encountered during the
77-08-30 survey of stake 77-E28. The survey was made during a period
with a strong atmospheric inversion which produced mirage conditions.
No theodolite backsights were made to measure the amount of refraction;
therefore the curvature-refraction correction could have varied +2 m,

An f = 0 used to calculate the stake position indicates that the loca-
tion increased 0.5 m in altitude during the 1978 MY, An f = -80, which
is also possible (1ight path is more curved than the earth surface),
would lead to the conclusion that the ice thinned 1.5 m during the year.
The data reported (table 10) represents the results of f = 0.

13
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Tabie 1.--Columbia Glacier survey monuments, local sea-level coordznates

. ‘in meters,

STATION

Super
Post

Meier
Hawaii
Pika
Shard
Bugs -
Fantastic
Bumblebee

Orgy
Razor

Owl
Juncture
Sorrow
Hot

Joy

Grand Central
Kadin

Easy
'Boom Bbom

Rain
Pickle
Anger
A.Jd.
Battery
Cornice

1977
1977

1977
1977
1978
1077
1977
1977
1977
1977
1974

1978
1974
1977
1977
1974

1977
1977

1977
1974

19787
19787
19787
19787
19787
1978T

Xo

21119.02
30412.32

21866,42
23001.45
36092.70
38558.48
36354.29
27415.57

30160.14

Yo

56760.91
47061.23

43860.04

- 39311.77

21991.53

27587.6G7

24965.91
15030.30
7854.73

10756.73

12770.57

18604.04
13466.48

20547.28

14285.07

11044 .4
23825.2
3158.4

28724.,3
24419.1

44130.25

39212.93
37275.01
35545,72
31697.66
32591.43
27004.03

21034.82
27939.73

24055.94 -

27746,74
21672.61

21258.91
120448, 24

'14807.32

10973.43

11715.2
18387.7
25359.8

36959. 6
47332.6

*Ht, Height of target from monument altitude

c, cone top

p, pipe top if monument is not at p1pe top -
b, base of pipe, rock surface

1978T,

15

ALTITUDE
L

2511.79

1831.78

1431.17
1230.77c
1250.50
1059.57
1027.31c
1075.23

- 808.05
1072.10

822:69

652.87
828.70

785.30c

906.97
935.41

639.64
545.34

461.13
506.02
709.5
967.8
1565.8

1564.1
2541.5

temporary distance measuring transponder stat1on

AUXTLLARY

*Ht

-0.95b
-1 028b
'Oo 24(:

=0.70b
"0 083b

-0.70b
-0.94b
-0.95b
-1.05b
-0.03b -

- 1.49p
-0.79%

- 1,51p
-0.71b
-0.98b "
-0.03b

1.49p
"1 ('02b

-0.04b
-0.37c

-0.95b -
~-0.30c
~=0.02b
1.48p



Table 2.--Comparison of 1877 and 1978 microwdve- and laser-measured dis-
tances with distances calculated from the 1974 laser-controlled
survey coordinates. Triangulation calculations using the 1974
laser-controlled net were used for the comparison. All but the
last listed comparison were measurements using microwave equip-
ment. An error of 100 ppm <s equal to 0.1 meter per kilometer.

Survey monuments , Apparent error in survey net scale
7 . 7 meters : ppm
1977 Grand Central - Orgy - -1,18 , -100
1978 Razor - Owl -0.79 : -121
1977 Grand Central - Kadin -0.56 '7-109
1977 Easy - Boom Boom +0.59 - + 80
1977 Meier - Fantastic -1.24 -124
1977 Hot - Grand Central -0.48 - 47
1977 Hawaii - Post 085 + 79
1977 Hot - Sorrow +0.21 + 45
1977 Fantastic - Bugs - =0.53 - 58
1977 Bugs - Shard ' +1.87 , o +637
1977 Grand Central - Boom Boom -~ -0.12 B 34
197? Grand Central - Razor -0.92 . 86
1978 Grand Central - Kadin  -0.56 ~  -108
1978 Grand Central - Kadin -0.47 - 90
1978 Grand Central - Kadin -0.53 -102
1978 Grand Central - Kadin 047 - 90
1978 Grand Central - Kadin =0.72 138

(Laser-measured)
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User sequencing of programs in tables 3-9. The necessary results of all calculations are
-automatically stored for use by subsequent programs connected by solid arrows.

FORESIGHT TECHNIQUE

Instrument Location Known

Table 3

ATiB2 A A A

A—A—AN —A—N—

Monument Coordinates

Table 4

HVDIA fa ©a XYZy HO/£4yp,

DL HWDIy /vt /Ait

Data Entry/Reduction
“and Predictor

TRIANGULATION TECHNIQUE
Instrument Location Known

Table 3
A,Ti,Bi2 A A—A—
A—A—A—NA—A—

Monument Cpordinates
Table 4 J(,—ﬂ_‘\\w

WDIA fao ©a XYZL HUFAD,
Dy HVDI,,/’Vf,/Aic

Data Entry/Reduction
and Predictor

/
/ - Manually Record
/
| On Oz
Far F a2
! Vi Vi2
' Ait1 Ait2
' Reenten
" - - -
Table 3 7 \
A1i,B,2 A A _A—| |
A—A—D—NA—NA—] |
Monument Coordinates /
-~
Table & v Table 6 ¥
' v
H XYZir XYZi2 D62 Hin

v T
DIa, 6, x¥Z "0V p, ppm

Dhrove VDIt Vi/ Ait/XYFZ4
Foresight Result

Xt (B f,"in ‘}'Zt‘z 7
Triangulation Result

REJECTION TECHNIQUE
Instrument Location Unknown

Table 7
A] B AZ C 'Ag
Vo Vg V¢ BiA  AiCy.

Data Entry/Reduction

Table 3 - :
Ai,B,2 A A A
A A N A A

Monument Coordinates

Table 8

Xi  Yi 6 “
Rejection '
Table 9 7
A B C « P 7

AB BC (A « B4
Instrument Altitude Backsight
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Tal'e 3.-~HP-67 program to enter survey monument coordinates for fore-
sight, triangulation, and resection caleulations., A1l program

instructions in this report uti]izévfﬁéhfbllow?ﬁg conventions:

L - Underline denotes data to be keyed into the calculator
before program execution.

M- Cap denotes the result of a calculation which is displayed
by the program executidn, or data which is recalled and
displayed.

[C)~ Box identifies the user-controlled subroutine to be used.

+ - Arrow indicates to press the[Entert]key. '
R/S - Press the run/stop key to continue program execution.

INSTRUCTIONS FOR FORESIGHT SLRVEY COORDINATES

1. [A]- Programs calculator so that coordinates of the azimuth ref-
erence station "A" are entered. Stores 1l in I-register. -

2. Ht ,[Clthrough {fel , Mt - Hy is tho target height above the -
monument. Subroutine enters coordinates of the station
seiected and adds Hiy to the monument altitude.

3. [B]- Programs calculator to enter coordinates of the surveying
instrument. Stores 4 in I-register.

4. (Hy) ,[CJthrough [fe , i - Hj is the height of the instrument above
the monument. Subroutine enters the coordinates of the station
selected and adds H; to the monument altitude.

INSTRUCTIONS FOR. TRIANGULATION COORDINATES

1. Use Table 4 programs to calculate f (curvature-refraction coe-
ficient), V¢ (vertical angle to target), and Ait (horizontal angle
from azimuth reference station "A" to the target) for both instru-
ment locations; then use coordinate entry program as follows:
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Table 3.--HP-67 program to enter survey monument coordinates for fore-
sight, triangulation, and resection calculations--Continued.

2. [A]- Programs calculator to enter coordinates of first instrument.

3. Hj , [C]through , lHj! - Enters coordinates of fi rstrinstrurnent.

4, - Programs calculator to ente.r coordinatés of s'econd instrument. 7

5. LH_U ,through . ’HT‘ - Enters coordinates of second instrument.
INSTRUCTIONS FOR RESECTION COORDINATES

1. [A]- Programs calculator to enter coordinates of station "A" - See
resection instructions also.

2. &;J , through , Ht - Enters coordinates. Leaves 4 in
I-register, so station "B" entry can follow.

3. For station "B", simply Hgj , through ,f}_@. Leaves 7 in
I-register, so station "C" entry can follow.

4, For station "C", simply Hy, , through @ s 'T{? .
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GRAD |
aal
gez
683
6ad
BES
béc
687
vec
a6z
ara
61l
giz
612
614
@15
e1é
817
81%
619
gza

821
822
S8l
824
625
Bzc
az:
ez&
gz s
836
831
832
833
834
. 835
836
837
3&
632
846
841
642
43
644
845

Table 3.--HP-67 program to'enter:suruey monument coordinates for fore-
Station

coordinates in program ave in centimeters--Continued.

sight, triangulation, and resection calculations.
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Table 4.--HP-67 program to calculate f, 84, theodolite angles to a
position "L" to be located, slope distance to "L", and the
vertical and horizontal angles to a target, Vi and Ait--Continued.

Prerequisite - Theodolite and station "A" coordinates entered.
1. HDp .4, VDp , 4, HIp .4, VI ,[A), HDA , R/S, VDA , R/S iR
4 l A] 3 | AJ ’ [ JJ > 3 L.__pﬂ H s A 3 > A H > A ’

R/S, rVIA] . Enter both opening and closing shots to "A" before
calculating Ait. During review of data, if an error is discovered,

CLX, key-in correct value, resume data review with R/S.

2. [B], fa'. fa is calculated using only the last set of observations
to "A". Exponent is displayed automatically to identify that f is
being displayed. f = 69.0x10-9 is the largest possible value.

3. [C), "op . Ccalculated from station coordinates.
4o Myats st 2y, 0L, RS, RS, T |
If coordinate is incorrect, CLX, key in correct value, continue

with R/S.

5. , rﬁD_L‘ s R/S,rf—‘which may be changed by, CLX, key in correct
value, R/S,r\-ID_‘L .

6. [fa) .0

7. Moy, 4, WDy, t, HIg .+, VI, [B), V9, R/S, Rit . Vy and Ait
may be recalculated and displayed by: ',ﬁl? , R/S, it .
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Table 4.--HP-67 program to calculate f, 84, theodolite angles to a
posttion "L" to be located, slope distance to "L", and the
vertical and horizontal angles to a target, Vi and Ait.

INSTRUCTIONS

These programs are specific to surveying instruments which read out
in grad angle units, horizontal circle positive clockwise, and vertical
circle with zero at the zenith.

HVDIp
HDp - Horizontal direct reading to "A".

Four instrument readings to a chosen reference station "A".

VDp - Vertical direct reading to "A".
HIp - Horizontal inverted reading to "A".
VIp - Vertical inverted reading to "A"
fp - Earth curvature-atmospheric refraction coefficient calculated
from vertical angles to "A". , |
87 - Azimuth from theodolite to "A" with the geometric sign
©convention that east is zero and counterclockwise is positive.
XYZ| - Coordinates of any third location "L". '
HD_ - Horizontal direct theodolite reading to “L". ,
f - Curvature-refraction coefficient used to calculate vertical
angle to "L"; 60 x 10-9 is a typical value. ‘
VDL - Vertical direct theodolite reading to "L".
DL - Slcpe distance to "L".
HVDIt - Instrument readings to a survey target "t".
Vi - Vertical angle to "t" with the sign convention that horizontal
is zero and positive up. '
Ait - Horizontal angle clockwise from "A" to "t" measured by a sur-

Il.i".

veying instrument
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Table 4.--HP-67 program to calculate f, 0y, theodolite angles to a
position "L" to be located, slope distarice to "L", and the
vertical and horizontal angles to a target, V¢ and Ait--Continued. 7

HWD1, £0 6, XYZ. HOEVOL
DL HVOTL SV Bt

Grad
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Table 5.--HP-67 program to calculate the theodolite horizontal and
vertical direct readings, and distance to any XYZ coordinate;
reduce tellurometer data; and calculate the coordinates of a
target surveyed by f‘oreszght

HDpy - Table
HIp - Table
8p - Table
XYz, - Table
HD| - Table
f - Table
VDL - Table
ppm - Parts

INSTRUCTIONS

4

4

4

4

4

4

4 : ,

per million correction for tellurometer distance.

TELL - Tellurometer reading, distance/0.03.

D - S]ope

distance, including ppm correct1on as measured by

tellurometer.

Move - Difference between Dt and DL (table 4),. pos1t1ve indicates that

distance must be increased.

Dy - Slope distance between optic center of'sukveying instrument; i,
and survey target, t,,1nc1ud|ng distance measurement offset
corrections.

HVDI{ - Table 4

Vi - Table 4

Ait - Table 4

XYfZy - Sea-level-scale coordinates of survey target, t, with review of

curvature-refraction coefficient, f.

Prerequisite - Theodolite and station "A" coordinates.

1. HDy

c]os1ng shots to "A" are required and are automatically updated in

Hip o [A), Hog 5 R/S, THIA , R/S, 04 . Both opening and

series shots.
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Tab]e 5.--HP-67 program to calculate the theodolzte horizontal and

vertical direct readings, and distance to any XYZ coordinate;
reduce tellurometer data; and calculate the coordinates of a

target surveyed by foresight--Continued.

XYZ;, same as table 4

HD, f, VD, same as table 4. Subroutlnes , and[C] take the
place of previous program (table 4) if f-is not ca]cu]ated

ppm; format (.000152),@, opm'

TELL, , (E],[D])- Manually add offset corrections.
Ot » , Move!

HVDI{/Vt/Ait - Same as table 4.

Coordinates of "t" are calculated only if both V¢ and Ait have been-
displayed correctly by automatically executed subroutine . -To
correct or enter already calculated values of V¢ and Ait::",
incorrect‘—‘ » CLX, correct V¢, , R/S, incorrect it » CLX, correct
Ait, R/S, XY, R/S, Y, R/S, TFY, if f is incorrect, CLX, correct
£y, RIS, T4 . ‘ :
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Table 5.--HP-67 program to calculate the theodolite horizontal and
vertical direct readings, and distance to any XYZ coordirate;
reduce tellurometer data; and calculate the coordinates of a
target surveyed by foresight--Continued. '
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Table 5.--HP-67 program to calculate the theodolite horizontal and
vertical dirvect readings, and distance to any XYZ coordirate;
reduce tellurometer dota; and calculate the coordinates of a
target surveyed by foresight--Continued.
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Table 6.--HP-67 program to calculate the coordinates of a target
surveyed by triangulation.

XYZi1
XYZi2

6a1
82
Vi1, Aitg

Vio, Aito
Xt, Yt

f1

Zt]

f2, Zt2
Zy

Prerequisites -

calculated.
entered by coordinate entry program.

Coordinates of instrument, station 1 if entered by
coordinate entry program, table 3.

Coordinates of instrument station 2 if entered by coordinate
entry program.

First theodolite reference station "A" azimuth.

Second theodolite reference station "A" azimuth.

Vertical and horizontal angles to target "t" measured by
first instrument.
Angles to same "t", but measured by the second instrument.
Coordinates of "t". |

f measured or assumed for first theodolite.

Altitude of "t" calculated using f1 and Vij.

Same using data from second theodolite.

Inverse distance weighted average of Ztl and Z¢2.

8a1s Ba2, Vi1, Aity, Vg2, and Aitp must be previously
Coordinates of both theddo]ites may have been

If not,

Lo Xy a4, Yiy s+, Zit, (B, %57, R/S, Y47 L, RSTZ5T . If a
coordinate is incorrect, CLX, key in correct value, R/S to continue.

2.  Subroutines[A] ,,,@, and[E]may also be used to recall data

in storage, as a check. CF3 II ceseney W:? , R/S, 11 , R/S, 211
3.  XYZj2 - Same as first instrument.

Y rapan

4. 8y st, a2, [Cl, a1, R/S, Op2
5. Vi1t , Aity ,[D] or[E] for 2, V t1 » R/S, ity .
6. ﬁﬂ , ' X . The following subroutines are called by R/S, or

27



. Table 6.--HP-67 program to calculate the coordinates of a target
surveyed by triangulation--Continued.

7. sYt
8. fy,[fd, 7]

VN PEEET e
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Table 6.--HP-67 progran to calculate the coordinates of a target
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surveyed by triangulation--Continued.
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Table 7.--HP-67 program to calculate the horizontal and vertical angles
used for resection. All angles in grad.

INSTRUCTIONS

Relative positions and naming conventions for monuments and angles

used by this program are:

Monuments are surveyed in the sequence, Ay, B, Ap, C, A3z.

A1 - First set of horizontal and vertical direct and inverted
theodolite readings to monument "A". :
B - Theodolite readings to monument "B".
Az - Second set of theodolite readings to "A".
C - Theodolite readings to monument "C".
A3 - Third set of theodolite readings to "A".

VA, VB, V¢ - Mean vertical angles to stations "A", "B" and "C";
horizontal is zero and angles are positive above
horizontal.

BiA, AiC - Mean horizontal angles.

r - Total of mean horizontal angles AiC, CiB and BiA. Should
be close to 400.0000 grad.
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Table 7.--HP-67 program to calculate the horizontal and vertical angles
used for resection. All angles in grad--Continued.

1. HDAy , 4, VDAY 5+, HIay 5 *, VAl ,[A], WDAT , R/S, WDAT , R/S,
WIpny', R/S, VIp] . IF any are incorrect, CLX, key in correct

value, R/S to continue. .

2. Theodolite angles to stations B, Az, C and A3 are entered in the
same manner as those to Aj.

3. [t ,"VA
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Table 7.--HP-67 program to calculate the horizontal and vertical angles

Geap
pol
00z
603
ao4
6as
age
aar
pag
a83
ale
g1l
iz
813
a14
815
B1€
a17
818
819
826
821
822
823
024
8235
826
027
828
28
p3a
a31
832
833
824
835
a3¢
837
838
839
848
641
842
843
844
645

P

" used for resection.

D3Py
*LBLA
ST01
CL
N2l
B350
GSEA
ALELE
Fit
TGl
fLELE
RCLi
RS
Rt
1521
6702
xLBLI
GSE3
CSE3

- BSBe

¥LBL3
k1
STQi
kS
STOd
1521
SF3
RTH

¥ BLE
STl
CLX

4

A2

"~ GSE@

6EEE
sLELC
STGi
CLx
&
Xl
GSEB
658C
sLELD
ST0)
CLX

1

All angles in grad--Continued.
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AA, B ;?z C /?3
Ve Vg Ve Bia At/s
046 2 091 + Ve
847 X1 892  RND
848 (SBO 893 RTH
849 eSED 894 %iBLb
856 ¥LBLE 035 - 3
851 STOI 896  GSE¢
852  CLY 897  STOB Vg
833 1 838 RS
854 € - 899 xlBLe
355 Al 88 - 1
85¢  6SBe 1813
857  GSBE 182 63b4
656 ¥LBlLa 183 STOC . Ve
859 1 184 R/S
- 8c@  G6SB4 185 *LBLd
861 g 186 8
852  £SB4 187 RCLe -
863 + 188 RCL4
a64 1 169 GSES
665 7 11@  RCLZ
866 €SB4 111 - RCLE
867 + 112 €8BS
868 3 113~ RCL8
BoS g 114 RCL4
ara RND 115 6583
871 STOA 116 &
672 RS 117 RCLE
73 GSBb 18 PI3
674 xLBL4 119 RCLe
875  §T01 128 GSBS
876  Ri 121 4
@77 RCLi VO 122 *
878 CHS 23 RHD
679 EEX 124 STOD BiA
868 2 125 K+8
881 + 126 - 6SBe
8&2- 1821 127 #LBLS
883 1821 128 -
684 RCLi VI 29 Xx<B7
@83 3 136 4
686 0 131 a
087 @ 132 g
888 - 133 +
085 ‘ 134 +
090 2 135 RN

136

137
138
138

148

141
142
143
144
145
146

147

148
149
iS58
131

152

153
154
155

156

157
158
159
160

161

162
163
164
165
o6

167

168
169
178
171

2]
i’

173
174
175
176
177

XLBLe

L)
kCLZ
F&s
RCLE
GSES
Fes
KCLY
-RCL@
GSES
RCLE

RCLE

GSES
RCL4
RCL®

h)

65B%

RND -

STOE
ksS
@

sT0I

RCL4

P23
RCLZ
§
6585
RCLE

P25
KCL4

Ol
-

6SES

RCLD
RCLE

R/&

AsC

'HDei

HDe

HIg

HL e

.8
2A
aArc



Table 8.--HP-67 program to calculate the instrument XY coordinates by
resection. : ,

Prerequisites - horizontal angles AiB and BiC, and coordinate XYZj, XYZB'
and XYZc.

Xi, X coordinate of surveying instrument axis'

"Yi, Y coordinate of surveying instrument axis
Op, azimuth of "A" monument from theodolite; east is zero, positive

azimuth angles are counterclockwise from east
1. ,"XT,R/S,’W,R/S, 6y or .
2. fTﬂ
3. [, "6

Xi and Yi are automatically stored for subsequent instrument altitude

backsight program (table 9).
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Table 8.-~HP-67 program to calculate the instrument XY coordinates by
regection--Continued. '

GRrAD
#et xLBLA
982 xLBLs
862 RCLEC
694  RiLE
8as 5T
8ae Fod
887 ST+6
6as ThAH
G883 1%
616  STGQ
611  RCL!
#12 RCL
613 -
a14 X
#15  RiLd
816 RCLT
617 -
81§ FRCOLE
a1s THH
626 14K
@z1  §1Ga
g2 X
823 +
624 RCLE
625 RCLZ
826 -
827 +
626 RCLZ
823 RCLS
634 -
831  FRCLI
83: X
623 RCLS
634 RCL3
@35 -
B3¢ RCLE
037 N
e3¢ +
833 RCLI
646  RCL?
841 -
642 +
843 +
844  ENTY
045 ST06

" Ya

Xi VS 6594
646 RCLI cor BiA
047 X
G 848 1
A:C 84% +
asg Se¥
851 RCLI cors.a
B.ic ase -
853 THS
834 :
855 STOI v
Xa 836 RCLZ  Ya
xa ear X
858 - RCL4 Xg
838 +
Xg 866  RCLi Xa
Xc 516! =
862  RCLS g
B.ic¢ P63  RCLE 'k’
BG4 £
885 -
866  RCLI 'Lz
867 RCLe K
8468 -
: Ye @65 <
' Ya g7a  DSP:Z
87i KNG
072 28
873  STal Y:
Yg 874 P25
7S RCLS %
cor 8,4 876 -
877  ReLA 'k’
s 87e  x
Y - 879  RCLY ¥p
god -+
cor B.C 881 RND
as2 pes
853 SToe X2
Xa as4 P3s
Xe 685 R~S
: 986 ¥LBLE
837 *LBLb
888 Fzs
889 RCLE HDgj
‘K" 0% - s707

- 831

092
B33
894
695
836
037

898

699
18y
181
102
183

194

185
1de
1as

1e8

188
11€
111

12

RCLE

ST0S

-RCL1

P:S§-

)

¥LBLL

xLBL¢
RCL2
Fas
“RCLY
28

RCL1I
RC @

S0

-

*f
x: '

DSF4

Hlgs

A

Ya

VA

X;

4

RNG

RS

©4



Table 9.--HP-67 program to calculate f and instrument altitude by back-
sight at a resection location. '

INSTRUCTIONS

Prerequisites - Vertical angles Vp, Vg, and Vg; monument coordinates
XYZp, XYZg, and XYZ¢; and instrument coordinates Xi and Yi.

A - Abbreviated notation for: (1) DhA; the horizontal dis-
tance between the instrument and "A". (2) Zip, the '
instrument altitude calculated using DHp, Va, and a
curvature-refraction coefficient, f, to "A".

B - Abbreviated notation for Dhg and Zig as above.

C - Abbreviated notation for Dhe and Zic as above.

AB - Abbreviated notation for (1) fap, the curvature-refraction
coefficient calculated using Dhy, Dhg, Vp, and VB;
and (2) Zipg, the instrument altitude which results when fap
is used. This calculation is very sensitive to all monument
coordinate and observational errors. Maximum possible value
is 69x10-9. This f value is used as a guide-to choosing the -
final f value. |

BC and CA - Abbreviated notation as above.
Zi - Surveying instrument axis altitude.

1. ,'DhA' , R/S, (60x10"9, an assumed normal value is used on the
first run and may be changed by: CLX; key in new value, R/S, to
continue),‘f?R .

2. [8],Dhg , R/S, T, R/S, Zig .

[e~)

3. [€],®n¢ , R/S, TRV, RYS, TiC -

a. [fa], Tag , R/S, Ziag -
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Table 9.--HP-67 program to calculate f and instrument aZtttude by back- |

10.

11,

12.

sight at a resection location--Continued.

sqga» R/S, 'Zigg -

tc, 'fcA' . R/S, Tigh .

Choose an f value which reduces the scatter of Zi values. The Zi
with the shortest Dh value will be the least affected by changes in
f and therefore the most accurate. '

[(A], Dhy , R/S,"F', CLX and key in chosen f,, R/S, Zip «

[B], Dhg , R/S, chosen[f], R/S, Zig .

D Dhc » R/S, chosenify, R/S, 7ic .

Select the 7Zi value byrinspecting all of the aboye results.
Selected Zi ,[E], Zi' . Stores Zi and prepares calculator storage
registers for foresight programs. Xi, Yi, Zi and last used f are
automaticaliy stored for use by foresight programs. HDp3 and HIp3
stored for calculating theodelite angles to any XYZ location and

for calculating Ait horizontal angle even if a closing reading to
monument "A" is not possible.
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Table 9.--HP-67 program to calculate f and instrument altitude by back-
8ight at a resection location--Continued.

A 8 C(“_DA/ZL Z[
AB  Bc CcH
Grad, CF/, sF2 '

B8] #LELn 848 s ya 891 H 136 ~RCLI Zp 181 &SE6
P ) 647 + 892 KLELE 137 GBS 162 C0S
203 : @48 LSTY Y= 892 RHD 138 RCLS Z. 183 X
e6d  STGI a49 : Scale 894 STGE-Z: 133 GSET 184  &SB0 D4m
gas  GiEd 258 695  FIS . 146 RCLS 2. 185 §e

glE 5703 Okp €31 FIX 03¢ - RCLE Hiws 141 GTOS 186  GSE@ Vp
€87 G&ol f52  RND #97  ST08 HOR 142 xLELS 187 Cos
@Rz RCip Ve @53 RIS 698 KCLE WIms 143 RCLi Dhe 188 X

g83  GSEF as¢  F17 P99 ET04 Hlss 144  £SBE Vg 169 -

a1e  ET0A 655 K-S D4 188 RCL@ Xi 145 TaN JET

@11 ¥ifiE 656 P25 181 RCLI Y: 146 X 191 ENG
a1z 57 KTN 16z RS 147 - 192 RND
613 858 sLEl: 183 ST0S Y. 148  GSBO Dhp 153 k<5 F -
ar4 570l 855  ENT1 164 R 149 GSR6 VA j94 - RCLi Va
815 6581 658  F25 185 STo4 XL 15%&  TAN . 1S5 CQs
616 ST04 Dbs GE1 & 186 - RCLé6 Z:; 151 X 19€ ue

817 BB a6z EEX 1867 R/S 57 + {37

818 RCLE Vg 062 8 185  CTOE 153 R1 198 -

@15  GSEF 864  CHS 169 ¥iBLa 154  STOI 199 . x2I
828 cToE BES  Far 118 CFe 155 Rb - zee RCLi Dhs
821  kLBLC gee  SToE £ 111 1 156 RN 201 X2
622 1 @67  CLx 112 4 157 xLBLG 202 X

8:3 8 868 RCLE £ 113 §TaI 156 K21 203 x
24§70l 669 ENG 114 - RCLE Zs 159 7 204 RCLi Dhp
25 GSEL eré  F17 115 - GSES 168 + 265 G5E@ Va
826 SINS Dhe 7L RS 116 RCL3I ZA 161 21 286 TAN

@27 GSEZ a7z FIi 117 GSEF . 162 RCLi VB 207 X

26 RiiC Ve 973 SToE 118 RCLI 2o 163 RIN .~ 288 +

029  GEB3 ard X 119 6708 164  xLELD 209 CHs
836 6T0C @75  RIN 128 ¥LELb 165 N2I 18 RTN

831 xLELI 876 ¥LEL3 121 CFa 166  Fa? 211 wLBL®
832 23 677 LI V-4 1 167 GSEs 212 +

832 RCLi Yose 78  TaN. 123 5 168 8 213 FIX
@34 DSZI gre + 124 §T0] 163 - 214 RsS
@35 ROL: ¥ @&e X 125 RCLS Z¢ 178 - X7l

a6 - €61  CHS 126 GSRS 171 RCLi Dhp

837  RCLi Xeae 882 1821 127 RCLE Re 172 FRiN

@38 RCLO Xi @83 1821 128 GSEF 173 xleie

635 - 884 RCLi Zpgc 128  KCLE Z&8 174 3

64a 2 Dhy 885 + 138 G108 H) +

841 RCLZ Z¢  68€  5TOE 131 iBLc 176 RTN

34z : @87 P28 132 sFa 177 ¥LBLT

843 EEX ass  F1° 133 1 17 -

644 VB89 RAEZL 134 3 78 RCLi DA&,

045 Fi 8%  5F1 135 sT01 188 5T



Table 10.--Columbia Glacier survey results 1978 measurement year.

Date { Sea leyel coordinates . Balance §Dens1’ty | Surface
| X A - E L7 ! r E Lefinition
Point surveyed Y-M-D | meters meters meters | meters | Mm3 ! meters
Stake 77-2 77-08-28  13022./ 5/481.9 Z6¥3.8  2.8(s)
Stake 77-2 P71/ 16 — — - ;'%2”)
Stake 77-2 79-08-23 13083.2  SVS¥2:7 26320 p2.7(5) .5205)
Glac. Svrf z-p 75’+09—23 /30258 S/¥D3.2 24%4. 4 ‘i‘o.oj'
Glac. Sorf 2-Q@  78-p9-23 1301/ 8  S1¥4r.5  2é¥7)
Glac. Sorf 2-®  79-0%-23 1300L4 SYY82.8  2447.3
‘ 13.9(S)
w Stake 77-2 78-09-0/ — — — 12.7(78€)
Stake 77-2. 78-09-09 — — — /3.7(5)‘ |
Stake 77-8 T7-08-28 )7804.8  S5Y952.5 2223.4 2.8(5)
Stake 77-9 78-08-23  — - — /2.5(s)
Glac. Surf £-F 99-08-23 /7806.2 S5Y952.9 2224.3 £0.10
Glac, Surf &-@ 79-08-23 /7995.7 S5736.8 2226.7 _
Glac, Sorf §-R  79-09-23 /77894  SY953.4 22204
Stake I9-8 -08-23 /07985 S¥FSE.3 zz2/0.Y Wy
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Table 10.--Columbia Glacier survey results 1978 measurement year--Continued.

Surface

Date Sea level coordinates Balance | Density
Xo % > 5" r Definition
Point surveyed Y-M-D meters meters meters meters Mg/m3 meLars
Glac. Surf 10-P 78-08-23 /7ZE SY7322  2/3570 tol0
Glac. Surf. /6-Q  7®-08-23 /9793 / S$92932 2,337
Glac, SUrE /0-R  pg-pg-23 /9.4 SYr4/ 2324
Stake T7-/4 T9-05-28 239346 < S5EE  /EE 3ol LAF)
Shike 77-74  Je-09-2y 23402.4  S3042L 1918 79(s)
Glac. Surt 19-P  v9-08-29 2343282 534SO 19204 | to.10
Glac, Surf /4-0 vg_pP-2y 234234 s34 /9’2&.5
Glac. Sorf IR 79-08-24 234s5do SHSmy 19209
Stake 77-20  7r-08-29 27904.2  ¥9254.8 /7446 2905
Glac. Surf, R0-P  79-08-25 27909.2  49254./ /754 +0.20
Glac. Surf 20-Q 78-D8-25  27892.2 X9258.9 17454
Glac, Surt 20-R Z7899.3 45283.Y

75-08-2.5

/764.9
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Table 10.--Columbia Glacier survey results 1978 measurement

year~-Continued.

” Date m Sea level coordinates { Balance |Density | Surface
_ X, % N p  [Definition
Point surveyed _ Y-M-D | meters meters meters _ maters zm\aw m meters
Stake 77-24  jy-p9-20 299542 45y sgrng  2.909
State 77-24 7P-c8-25 280856 YISYE.O 208 T y4a%)
Glac SUFE 292 78-pg-25 2844.Y Y5 T 154958 To.4o
Glac. Surt 28-Q  rg-pf-25 2847/  H5SIZ0 494>
Glac. Sorf 29-R  78-0f-25 284933  4S¢#oaz  Ameso
Glac. Surf] 282  74-09-2¢  27/94.7 413455 1097
Stake 77-28.2 r-09-29 27/92./ YI37.)  Joz.S 209 |
Glac. Sutf. 282-Q  preo$-29 27224.) Y/382. 4 1/09.0 t0.50
Glac. Sorf,282°R  77-09-29 272088  HI3Y)  1)10.4
Stake 77-292  7r-08-3/ — — — 5205
Stake T7-282 77~ //-/4 — — — £.965)
Stake 77-282  78-09-26 2706LT7  OHSO  1099.6  &.575
Glac. Surf 282 78-08-24 27/44.2 4733324 /70,0
Clae. Surf 282-P  78-0§-24 27/90.)°  41390.5  J5d.7 +0.30
Glac. Surf 282-Q P8-09-24 2V224.F  YIZpyd 11097
Glac, Surf. 282-R  78~08-24 27/98.7  4/357.9 11094
Stake 77-282 78-69 -0/ - l — 6,4 (3)




Table 10.--Columbia Glacier survey resylts 1978 measurement year~-Continued.

1

Ly

Date Sea level coordinates Balance | Density | Surface
X, 'X: Lz é / P Definition
Point surveyed Y-M-D meters meters meters meters Mg/m3 meters
| Glec. SiHf 32-P gl-p8-15 25467  37990./ 959.0 to.z0
Glac. Surf 32-8  74-a&-/5 259345 399739 9583 .
Glac, Surf 32-R W0 @-1 25HSB 399504 957/
Stake 77-32  ppp$-29 ZS5YSZE 3982y 9572 4.9 |
Glac. Svr#’ 32-P  pp-59-03 25420.2 37980y  F63.0 | +0.30
Glac. St 32-G  9y-p5-03 2540.Y  3rSany ey
Stake 79-32  7r-y-A — — — 8.44)
Stake 79~32 78-09-24 ZSHLS Iroyss FRoY 494) .éold)
Glac, Surf 32-P 78~08-24 254/3.3 37993.4 9693 |
Stake 77-35-2  T7-0-3/ 29990.4 385679.5  §22.2 S50
Glac. Surf, 35P  U8-08-26 25/Y5.Y 3500, o " $3/.2 t0.20
Glac. Surf 35@ y9-09-26 250983 35/00.2 2 932.4
Glac. Surf 3R 7P-0926 25//9.4 35/94.) €4,.0
Glac. Surf 3522 78-09-26 2493599 35080./ 8289
Stake 773522  9-09-28 Z5/74.7 341045 TSIE 45D




Table 10.--Columbia Glacier survey resuylts 1978 measurement year--Continued.

;Balance“

Surface

20

Date ‘Sea leyel coordinates Density
)(9 v s 4 / P Definition
Point surveyed Y-M-D meters meters meters meters |  Mg/m3 | meters
Stake 77-90-0.5  77-08-3) 2372 Iz bsoy  726)
Stake 19-90-15  D9-08-29 22995, IS LRSS 4
Glac. SorFve-hsp  ppofisp 2332)7  3/8940  ASZ& | £100
Glag, SUIT. Y045 R . 79-09-28 232277 3/99.9 8534
Glac. Sorf $0-158  7p-08-28 232939 323 LSHS
Stake T7-40-28 Trp8-3/ 242HF2 /0357  b4nS 5/
Stake 77-40-28 79-08-28 23878y 30l23Y  L4LS  yswy
Glaz Sorf #0-2.9-P  78-08-28 24403.7 32550  4vr2
Glec. St 62.8-@  19-p8-28 29350.3  32#.2 %9
Glec. Sorf 90-2.8-R  78-08-28 24304/ 312380 4v5Y
Glac, Sorf 902.9-P  99-59-04 24282.5. 3/05l5 4v3.3 10.30
Glac, Sorf $02.9-Q I9-09-24 292723 30%.F  49L9
Glae SUHE 40-2.8-R  78-09-04 24/829  3/033.7 £73.0
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Table 10.--Columbia Glacier surpey results 1978 measurement year--Continued.

Date Sea level coordinates Balance Density Surface
_ X, ‘% | Z . é/ ‘ r Definition
Point surveyed Y-M-D meters meters meters meters | Mg/m3 meters
Stake 77-%0-Y 97-09-3) 25/3.0 30254.3 4625 7.24)
Sake 77-90-y 79-08-20 2Y333.1 2978953  LSHY 45U
G/lac SUrt $o-4-P  79-p@-29  25742.7 30 254.2 467.8 +0.30
Glac. Surf. $0-4-Q  79-09-28 257714 30235y 449.4
Glac, Surf. $0-4-R  78-08-28 25/79.4 30250 4482
Stake 77-Y0-5  77-0%3 2SUSY 295957 4422 rals)
Stake 77-Yo-5  97-11-74 - — — 23(s)
SHatee 77-Y0-5 78-08—-28 2548%RY 292399 sy ‘520 &)
Glac, Surf Yo-5-P 79-08-28 2597957 296504 L) t0,30
Glac. Sorf Y0-5& 79-p9-20 2592.0 29599.0 697.8
Glac. Surf40-5R 79-58-28 258454 295392 4429
Stake Sp-¢ 77-08-3/  26485.) 28933.4 445y 7200
Stake $0-6  79-09-20  266/19.) 299413 L9498 o
Glac, Sorf 4P 79-0028 2445825 299393 650. 10.20
Glac, Sorf %o-6-Q 7P-09-28 b50.5~

246472.5

28884.)




- Table 1Q.--Columbia Glacier survey results 1978 measurement yeaz'—fCont‘ihued.

Glac, Surf 42-R

285277

d92./

~ Date Sea leyel coordinates BaTance Density . S.u-rmfacé
. S X, o A Z 47 (> |Pefinition
Point surveyed Y-M-D meters meters meters mete‘rs‘ Ma/m3 meters
Stake 77-Yo-7  77-08-3) 2094.0 282724 4345 7/()
Stake 77-40-7  )8-09-29. 299%.7 282702 435/ S50Q)
| Glac, Swf VG670 74-o7-30 2395/.8 2&59/4/,/ 40, 0
Ghe Sorf Gp-P Th-08-21 2387%.8 296965 6443 to10
Glac, Surf 670-@ T4-08-2) 23828.7 29437.4 4385 |
Glac. Surf &I0-R  76-08 -21 | 23903.9 295459 437.€
Glac. Sirf ¥2-P 74-69-2) 234693.4 28863.9 693.8 +0.30
Glac, Surf 42-Q  96-p9-2/ 23437.6 28IsY¥.S 6942.3
Glac, Sorf 42-R  '74-08-21 23L/84  28990./ L90./ |
Stake 77-42 Tr-09-3/ 237459 .29932.3  636.7  7/()
Che Sorf 422 7-09-63 23b47.0 288299 692.2 10,20
Glae Surf 42-&  77-07-63 237/0.G  287/2.0 = 638.7
Stoke 77-42. 79-09-28 233545 294949 b62/.3  3.906)
Glac Sk 42~P  78-09-25 237498 99949 692.4 +0.50
Clac. Surf 42-Q 78-09-29 23735 285’5/3.6 4924
78-08-29 237542
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Table 10.~-Columbia Glacier surpey results 1978 measurement year--Continued.

Balance

Surface

Date , Sea leyel coordinates Density
, ><° )6 > A’ P Definition
Foint surveyed Y~-M-D meters meters meters meters Mg/m3 meters .
Stake 77-4Y  gro09-of 2/9487 27933y 4720 23(5)
Stake P7-4Y  pp-o&-02 2/563.85 204523  663.4  4.8)
Glac. Sorf ¥4-p  p9-09-02 - 2/966.2  27F36.2  &6/7) t 0.5
 Glac. SUrf ¥y-®  J§-08-02 @ Z2/9¥50 278788 4/6.3
Glac Surf 94-R  pp-of-02  2/99.0 208980  6/6.5" ~
Shle 77-%  pr-09-0) 283%.b 2ANSEY S &N
Shte 70-44 I§-09-02 99587 285344 s957 4.6d)
Clac. SwF S~P VPoF-02 203¥6.2 247577  bo. 7‘ tous
Glae, SUFF 44-@  V9-0G-02 203258 24733.3 4o2.2
Glag, Sorf %6-R  PI-0F-p2 2029579 287998  £0/.3
Sale 77-48 vr-09-0) [87/2.0 256054  sY9e  G.3¢D)
Glac Sir£ YE-P or-09-0/) /E5IB.E 252293 S80.3 | 10.30
Glac SWf Y8-Q pr-07-07 /96948 259703 SYEE
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Table 10.--Columbia Glacier mﬁéwm resuits 1978 measurement year--Continued.

Date . Sea level coordinates Balance | Density | Surface
, v«o v\o > m\ , \u Definition
Point surveyed Y-M-D meters meters meters meters Mg/m3 meters
Hake 77~48 VF-08-27  [BYoLsS 1852837 5285  4.00)
Clac. Sorf 78-P 990829 I18W.Y  25baSY 5523 | +0.30
Glhoc SWE 49-Q  79-08-29 /84986 284039  s522
Glac. Swk $8-R  pg-08-29 /Fwd& 255%/  s572
Stake 77-50-)  7-09-27 IS5 2488  S387 246
Glac. Sorf $o-1-P 77-09-20 /SV@)  27/52.2  5%56 0,30
Glac. Sk S0-1-G 7770927 /SE937 29124 S8
Stake 77-50-/  U8-09-0) /SEVST  27047) S38) 4.5t
Glac. Sorf So-1-P  5§-0%-0) JSOFZ . 27/30.7 5527 +0,30
Glac. Sofso-/-q 99-09-0/ /57247 270448 SY28 |
Stake 77-50-2 P27 /7.8 262559 5345 2909
Stake D502  H9-09-0/ /59927 25920 5310 #00)
Glac, Surf SD2-P 79-0F-0)  /6/EZS 262549 5929 | T togo
Elnc, SUHF S22-Q  p9-09-0) 4/52.S 243045 597
Glar. Surf $0-2-R oS8/

n%\bm.m\

24/789

S92 S
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Table 10.--Columbia Glacier survey results 1978 measurement mmnwn,no:dﬁscmaf

Date . Sea level coordinates ~Balance | Density| Surface
, o vAo vm > m\ P Definition
Point surveyed Y-M-D meters metery meters meters Mg/m3 meters
Stake 79-50-3  77-08-29 #4229 253418  S$YLb 28¢6)
Stake 77-50-3  79-0b-08  A%02E 250208 S343 9206
Glac, Sirf $o-3-p 79-09-07 J64M5. 2  25mEL  S%.2 to.0
Glac. Surf. SV 3-Q  D§-0F-0) J64%5.7 2853587  SYny
§lac Sorf. 52-3-R 79-09-0) /663%.3 253953 sYr2
Stake 7)-50-5  9P-09-02 K3I393  29HIR  S288  396)
Stake 77-50-Y  77-p9-29 \wuv,w.m. 244882 S20.9 23(L)
Stake 77-S50-4y  99-09-3/ - = — 220
Stake 77-50-4  79-0b-pp /EPY2.6 2023 089 29
Glac.Surf so-4-p yp-0b-08 70237 245747 5357 *0.0
Ghc. Sorf So-9-Q  78-04-28 I/7/V%2 245620 5338 |
Stake 7y-so-4y  pg-09-01 /dhv 239984  Sroz S0l
Glac, Supt D-45-P D§-09-0) IIsIH3 295509 S254
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. Table 10.--Columbia Glacier 3ur'vey.‘ resylts 1978 measurement year--Continued.

- Date . Sea level coordinates BaTance | Density[ Surface
| X X, Y, v 4’ P Definition
Point surveyed Y-M-D meters meters meters meters Mg/m3 meters
Shake 77-50-5  77-08-27 /74253 23592/  $72.7 .46
Stake pp-50-8  79-09-0/ INY6.9  23/830 Slo.b  &30)
Elac. Sk S0-5-P  p9-09-0/ 175223 23582/ /5.0 10.10
Glac Surf $2-5-Q  79-0F-0/ /74295 234099 5153 |
Glac. SUHF 50-5-R  98-05-0/ /79202 23544 S/SO
Stake 77-50-4  py-08-2p IPFSL9 228462 5344 230
Stake Vr-s50-4 = 98-08-30 /VS0%2 225784  SESE 2.0
Gloc, Sk So-6-P  79-08-30  /799,.0 226252 5355 *o.08
Glac, Sorf S0-6-Q r9-09-30 Io992.8 2285853  $534.2
Glac. Suf S0-4-R  7§-08-30 /795%Y  22667.3 535S
Stike 77-50-7  77-08-27  /93/2.2 . 220086  $289 7309
Skke 77-50-77  79-09-29 — - - 23®
'5,{4/43 77-S0-7 78-08-30 /83130 2/9979 @ S$3/  3.3() o
Glac, Surf $0-7-P 79-g9-30 ~/83/2.0  22008% 5339 t0.08
Glac, Surf So-7-Q  79-08-30 £392 o

18370.2

22045.0
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Table 10.--Columbia Glacier surbéy results 1978 measurement year--Continued.

Date , Sea ievel coordinates Balance | Density Surface
X Xo ‘ X: | Z é, ‘ P Definition
Point surveyed Y-M-D meters meters meters meters Mg/m3 meters
Glac. Sf  G%%  7¥-o7-29  /boveo  22994) | 4939
Glac, Surf G&YS  94-pp-29  JE00o.2  224¥46.4  ¥93.0
Glac Surf $2-P  74-08-19 /S9798 226690 - Y908 Zous
Ghc, Surf $2-Q b-o8-19 /S5942.9 2244644 Y8/ 2 |
Glac. Sutf S2-R  74-09-/9  Jéow4.9 224249 982/
Shike Dpsz Dr-08-25 /80950 227/00 yr0.y  9.3(s)
Glac, Sorf S2-P  po-p@-25 /60849 227202 Y098 1010
Glac Surf §2-  77-09-25  J60r2.8  22634.4  Yrry
Stake 77-52 09-09-0) /018  2/Pray | 4S¥3  J0&)
Clac S 52-P  D9-09-0) /60540 229200 @ YPA.P - *o.0
Glac. Surf S2-Q 7?—09-0/ /60857.2 228090 USYy
Glac Surf S2-R  28-09-a) /6/20.¢ 22752.2. 478/
Glac, Sivf &9 vh-pp-29 AIesE  I7243Y  302.9
Glac. Surf S74-P  94-08-20  MESZS  yp243./ 2985 0. 50
Glac., Sorf. 574-&  74-08-20 /62314  /2223.4  294.8
Db-oP-20 /8728 Y /72837 ‘

Glec, SOrF $24-R

2980
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Table 10.--Columbia Glacier surpey resylts 1978 measurement year~-Continued.

Date , Sea level coordinates , Balance | Density Surface
| , Xo , vm > | m\ P cmj.ii.,oz
Point surveved Yf-M-~-0D meters meters meters meters Ma/m3 meters
Stake 77-57.6 77-08-25 KRS 17260.8 292y I8E)
Tape 79-52.67 PF-0b-/0 MIY2.7  /B685.2  24/2 12.40)
Stake 77-59.4  V9-09-02 Jw208  KA5g2) 2567  S40)
Gpe 78-57.47 vE-0F02 /70/0.0 HBYI20  250.2 456
Glac. Surf S2.4TT  78-09-02 = 69928 #666.5 2703
Glac. Sorf SD4-P  D9-09-02 - KIs9.&  In2a8 2852 + 0,80
Glac, Sorf §26-@ 98-0F-02 /47203 /923854 2823
Glac, Surk SD4-R  U9-09-02 Jb76.7  /7/96.6 28723
Staike rP5TI-2567 Ur-p8-25 93454 169566 2257 133L)
Steke 77-59,3-256  7p-0d-0é  [9¥07.5  J67538 228 I
Stake 77-59.3-25F  99-09 -03 19%2.7  U&53.2 2274 4.3(D
Glaz. Sorf S9.3-P 0@_09-03 (9350  /6950.7 2357 to.40
Ghlac, Surf SE.3-R 79-69-03 193287 142892

2344




Table 10.--Columbia Glacier survey results 1978 measurement year--Continued.,

Date , Sea level coordinates Balance | Density Surface
,‘ Xo >f> > A’ P Definition
Point surveyed Y-M-0D meters meters meters meters Mg/m3 meters .
Glac. Sorf. G566 79-07-29 172539  /So9a0 | 294
Ghe Surf GO y4-0p-29  IP2SHT 147584 2649
Ghe, Srf  bO-P  H-p$-20 /73622 /SIS 2909 *0.50
Ghae. Surf  60-@ V4-08-20 73543 /¥TULO 2405
Ghe. Surf  60-R  Db-09-20 [f7392/ /H4F02Y 2445
Stake 77-b0  rpog2v 173920 I0299 252/ ISL) ‘
o Glac Sorf  b0-6&  77-p9-2y 172333  sSpo2.d 2642 to.s0
Glac, Sorfe 60-R  Dhep$-2y /23578  J¥Fr9.5 Zéos
Sake 77-f0 79-0 §-3/ — — — a0,
SUREpzE
Stoke V2-Lo V90L-09 ITSS2.0 - IH3DE.9 298
Clafe 7I-60 N9-09-03 I7EG3) IO 2262 b.0G)
Bloc. Surf b6-P  J§-09-03 17395.0 /52337 @ 258/ to.50
Glec. Surfs  60-Q  T9-09-03 /75042 193754 2373
Glac, Surf 86-R  .99-09-03 17995Y 1942342 2323
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Table 10.~-Columbia Glacier survey results 1978 measurement year--Continued.

7E-07-a3

Date . Sea level coordinates Balance | Density| Surface
Xo vm. - m\ P Definition
Point surveyed Y-M-D meters meters meters meters Mg/m3 meters
Glee Surf. G52 74-09-29 /7/63.2  j28%a.) | 2/0.5
Glag. Sorf 62.2-7-P 240 §-20 1 7/2 1.2 REYTS 204.4 *0.30
Glee. Srf 62.2-.7.0  Dh-09-20 I0D6.7 /28546 205V
Gloc. Sorf-b2.2-9-R H-pf-20 /9/2D.] /28090 2055
Stike 77-622-7  pp-o9-2Y /7.9 /2884 /759 - .EC)
Sheke D0-L22~y  19-04-07 170858  12/080 1709 290
e Surf822-7-p  PR0b-0y /o/HS2 /2828 /988 10.30
Glac. Sorf 82.2-0-g 78-vb-0y IJoH.0 128027 203/
Gl Svrf 62.2-9-R 79-p06-07  /6948.7 /2802.7 /947
Stake 7P-422~7 Dp-S-a3 /0606 LEPT/ 1026 44w
Ghlae Sort 82.isp-gp V8-09-23  /7/02.2 /27288 . I52.4 .
Gloc, Sorf 2.2~7-T0 Dp-09-03 )7/399  /2082.4 /8.7
Glec Sorf 62.2-7-TR 79-09-03 /7699 /203722 /P03
Glacs Sorf2.2-9-P 70905 /7/S2.5 128725 595 to. 50
Clas SUrfd22-.7-8 78-p59-03 /70642  /2808.5 4.4 )
Gy Surf 6227.0-R ) TSRS /2922.3 19859




Table 'lO.--Conrzb'z",a‘ Glacier surpey results 1978 measuvement year--Continued.

Date , ‘Sea level coordinates Balance | Density \‘Stijrfai:e‘
R X, Y, - 4’ P | Definition
Point surveyed Y-M-D meters meters meters meters Mg/m3 meters
Shobe 79-4)P-2.28 yp-08-29 20000.3 34280 /723 /3.40) |
Shike Dp-4L8-22F T9-04-0b 2000E7 3%/6/) /738  Jaz20)
Stike D74 P2.2E 7}?-07—03 200/4.3 YA L/ 4 /73,7 S/
Glac. Surf b1§-22£-p 08-09-03 ROoooa.& /392727 180.3 $0.40
Glag S 8182260 78-09-03 199829 133983 /798
o Shle 77-425-230  7r-09-2/ /SE240  12//L2 /B9 4520)
) Stake 77-62.9-23W  JP-ob-07 JSEYLE 120054 /62T ILIG)
Shde 77-429-2.3w VP-09-03 /55438 N?é’?,g’ 164.3 27 ()
Glac. Sorf 629-2wP 78-0F-03  /S58Lé . /2680 /727 £1,00
Gloc. Surf £29-230R 79-09 -03 [55/3.Y  12/)0.8 /744
Glac Surf 429-23WR D§-pG-p3 ISKT9.Y  [206).Y )9 5
Gl SE S4h TH-o9-29  1695L3 J0993.3  IFLZ
Cloc. Sirf. b4b-8w-p Db-05-20 16966.7 /67433  176.9 T todo
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. Table 10.‘—‘—‘Columbia Glacier survey results 1978 measurement year~-Continued.

177999

/08394

/55.6

Date . Sea Jevel coordinates Balance | Density; Surface
‘ Xo ' ' Y, - 4’ P Definition
Point surveyed Y-M-D meters ‘ meters __meters meters Mg/m3 meters
Glac. Surk 696-8w-P  79-09-02 176320 107594 . /644 '
Glac. Surf. 446-9W-q4 77-09-02 16 9¥0Y 106212 1604
Glac, Surf es6-h-P D900 —02. 16733.9 /081/2 W3R 4
Glac, Surf b84-0w-P 78-09-03 J4P42.Y  100¥50 /5D,
Stake Pr-L45-98 Tr-09-2¢ /97799 < /06280 124.b  1440)
Stake 77455218 77-08-3) — — — 13.9¢5)
Shle 77445186 77y 16— - = 2409
Sake 77485182 79-06-06 159851  10809.3 1295 030
Glac Sirf CLSIEQ 79-06-06 19787.0 /046343  136.5
Glac. Svrf 4.5495R  T9-0b-04 /9800.6  Job%ny  J35Y
State 77-445-1,9£ 78-04-28 — — — ‘/a.za:)
Stake 77445106 79-08-04 — — — g o0
Stk 7445185 T9-08-3) — — — LY (%) |
Stake 77-6451.8E  79-09-03  J9790.9 /05984 1249 6.3
Cloc. Sirf, é5186-P 78-09-03 /9763.4/ /06557 s34 to,50
Glac, Surf 445195 -& 757_09-03“ | |
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‘Tabie 10.--Columbia Glacier survey results 1978 measurement year——Continued.

Date , Sea level coordinates Balance Density| ‘Surface
\ Xo X:s = 5/ ‘ P Definition
Point surveyed Y-M-D meters meters meters meters | Mg/m3 meters
Stake 77-£24  77-09-30 372999  Yobos,y . 9Yn/  S5/G)
- Stake T7-F2y T 1 =14 — — — £.26)
Stake 77-£2¢  79-08-27 3703LY  YoSERS PSS 480D
Glac, Svrk £29-Q  78-09-29 370949  Yoéolo 9573 | to.05
Gloc, Sorf £29-R  08-08-29 32032y  Yoé/2.y  757..° |
Stake Dp-£29  vr09-0) 0 — - — 48
: o Note: Survey error
Stake 77-£28 v7-08-30 33094/ 3%Y23.0 E8LE K36 of 4 70-2.0
Stoke 97-£28  97-1/-16 — - — b.0¢s) i
Stake 72-E28  -op-27 337324 393950 5923 39 | refructin.
Glac. Surf £20Q  79-09-27 33792./ 38924 8824 | 40,05
Glac, Sorf £-28-R  78-08-20 33924.4 38%6.1  $94.8
Gluc, Surf E32-P  2-p9-20 3)423.9 . 35255,‘711 7é’a.3 £0.10
Glaz, Sirf £32-@  76-08-20 312329 353092  Uvos
Clac, Surf £32-R  74-p§20  3/283.4  3522/4 7789
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Table 10.--Columbia Glacier surpey results 1978 measurement mmﬂ%s1no:dm=cma.

Date . Sea level coordinates Balance | Density Surface
, Xo , .,v\o =z | m\ P Definition
Point surveyed Y-M-D meters meters meters meters Mg/m3 meters
Stake 77-B2 Ir-08-3/ 28709/  29Yve.s | 626.5 7203
Stale vy-p2 I9-02-28 28729 29448, 6293 S 246) to.05
Stake 77-82 78-09-08 — — = 50
Stake 77~£/4 77-08-30 43Y¥p%0  #5282.8 /3YR/ - 51
Stake I9-£14  vr-11-4 — - - 2.6
Stake 77-£/6 — 78-08-0b — — - 7.0 &)
Stake 77-£4  79-00-27 433852 Ys/on/ /3398  b.29)
Glac. Sotf E16-P  78-09-27  Y35Ih5 Y5323.3 13555 t0.10
Glac. Sorf E/4-Q  79-09-27 4394829 7329925 /3535
Glac. Surf E/4-R  78-08-27  Y3493.5 459925 /3524
Glac, Sorf E20-P  79-08-29  Y0¥92Y4 . 424924 o049 4o of"
Glac, Sorf ED-® 790820 4o¥s552 426350 w2z
Glac, Sorf F20-R  78-09-27 wel0.5  o5p./

x\m»\%\.w
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Table 10.--Columbia Glacier survey results 1978 measurement year-~Continued.

Date - , Sea level coordinates Balance | Density| Surface
Xo yo ‘ > é’ P Definition
Point surveyed Y-M-0D meters meters meters meters | Mg/m3 | meters
Stibe v7-£32  y-ps-z 3299 352345 Trvé 59
Ghe Surf £32-Q 5D -o08-31 3/354.3 352285 @ 7@L.4 _ Zo.lo
Glac, Sorf £32-R  77-08-3] 313259 352920 7824
Steke 77-£32 79-0P-27 3/ 980  38/4%e 774/ 436)
Clnc, Surk £32-P  ye-08-29  3/422.) 352563  7§L2 40.20
Glac, Surf E32-R 08-08 -27 3/ 356.2 35'223“.3 780, 2 |
Glac. Sorf E32-R 79-09-2y  3/325.9 352929 7809
Stite UrEH-S 77-58-3/ 272735 - 3Y241.5 7/ 7 6./6)
Stede 77-£36-5 7g-08-28 27270.6 342923 79./ 420
Glac, Surf £34<58 76-08-28 27272.2 392669  7/6./ to.05
Glac, Surf £36:5-R DE-08-28 272799 3Y254.Y 7/4.0
Stake 79-E34-2  77-08-3/ 286775 329932 W8&Y  £06)
Stebe 77-£36-2  B-08-29 290234 329303 — DonE—25L
Glac, Sorf £32-P  78-08-28 29075.6 329987  7//.2 to,40
Glac. Sorf £8-20 79-08-28 329783 7./

280/8.b6
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| Table 10.--Columbia Glacier surpvey results 1978 measurement year~-Continued.

Date . Sea level coordinates Balance Density Surface
S : )(5 . ‘ )6 > é/ P Definiticn
Point surveyed Y-M-D meters meters meters meters Mg/m3 meters
Stake 77-£3¢-38 77-08-3) 290420 34738 . 70LO  4.2(9
Stake 77-£34-3.8 78-05-28 29036./ 3/4685.2 70Lé Yol
§lac. Surf E343.9-P 9-09-28 29043 34747 706.0 fo e
Glac. Surf E%-3.8-8 78-08-28 290474  3/9453 70855
Glac, Surf Rilo  79-07-29  26479.7 3/%‘/.6 . b9l0
Clac. Surf E378 74-08-21 244979 3/862.5 LF90.3
Glac. Sorf £38-P  74-08-2/ 264340 376942 4989 to.10
Glac. Sorf £38-Q@  Dh-o9-21 264052 316926 L88E |
Glac., Surf E39-R Db-08-2/) 26438.9 3F1éY0.b L8LY
State 77-£39 V7-08-3/ 2855854 31944 6930 41D
Glac. Sk E39-P  7p-09-03 263959  3/478.5 LE2E 20,10
Glac. SUrfF £39- D9-p9-83 2445Y.5 315485 689.)
Shle 79-E£39  V9-0b-0F 264K  31329.0  L823 T/

R e
L lac. SorFE3S=F T5-04-09 K64/4./

3/7302 - 490.3
Glac, Surk 79R10 78-08-29 24490.7 319586 4588
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!

! Table 10.4-Columbia Glacier survey results 1978 measurement yeafé—Cohtfhdéd.‘

Date . .Sea level coordinates Balance i Density Surface
S X, | ”‘ Y > L’ P Definition
Point surveyed Y-M-D meters meters meters meters Mg/m3 meters
Stake 77-£39  759-08-29 2BUNE  312/8.8 . £8/.4 4.0¢)
Glac. Surf E3§-P 79-08-29 26858547 316933 4870 *ous
Gl Sorf f.?é’-@ 79-08 -29 265640 316916 686. 7 |
Glac. Surf £39-R  7§-06-29 265904 316995 496.9
Glac. Surf 79RO  78-08-29 24980.7 /8584 55??-9 , |
Stake 77-K2 77-08-25 13/620 /97257  308Y  i2b)
Ghac. Sf K2-P  97-09-25 /3//20  19%27 /48
Glac. S K2-P 79-ob-/0 /3//28 /97805  3/47 |
Stake 17-K2  79-09-02 /3090.3 197244 B3] 490
Glac. Sorf K2-P 29-09-02 /3//54 IPURSE  38  %o.08
Glag Surf. K2-®  7§-09-02 130922 /922 3/2.9

———
- .
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h qum 10. --Columbia Glacier survey results 1978 measurement yecr--Continued.

T —

Glac. Sorf MWasR  79-08-2Y

/92922 Y0667.4

1235

Date . Sea level coordinates Balance | Density| Surface
. ,Xo vm Z m\ P cm?.iﬁ.o:
Point surveyed Y-M-0D meters meters meters meters Mg/m3 meters
Stake 77-pMwze 77-08-29 /55904 oS8y | /3] 5YG)
Glac. Sorf Mwio-p  79-09-29 1$3929 399389 /9290 to.s
Glac Surf tw2o-Q 77-09-29 /53/4.2 399952 /4324 |
Che Surfnw2o-pP 9-09-24 /5382,.2 399247 14387 tors
Cle, Surf tw2o-q  79-09-24 1531285 399723 /9329
Glac. Surf MWI-R  99-09-2¢ = /15303 m.. 3990L.5  /932.4
Glac. Sutf MW2o-Ps 79 -082Y 155999 Yo073.]  14/80
Slac. Sorf im20-83  79-09-24  /SE90.5  Yo038b /Y2
Glac, Skf 1W20-RS  98-08-24  ISS2TF  Yooise /90
Glac Sorf MN26A  789-09-25 /59057  Yoosa8 /L3
Stake I7-mw20  98-0F-02  /ST29  Yo/PaR  JYP3S  NHG)
- Staks 77 MW2Y \wm‘.mmuwﬁ /19247.6  Y0b76.&6 12385 S53(6)
Stake 77-11W2Y  77-11-14 — — — 236
Shike 77-pwzy  TR-09-24 )9YInT  Yobszy 12287  £8¢9 ,
Glac, Sorf tm24-P 70-09-2y 192/4.3 404588 - 12324 to.08
Ghe, 5ok Mw29-@  79-08-24 19239.3  Ho703.Y 1240.0 -
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E Table 10.-~Columbia Glacier survey results 1978 measurement year--Continued.

Density Surface

Date Sea Tevel coordinates Balance
‘ Xo yo v b' (; Definition
Point surveyed Y-M-D meters meters meters meters Mg/m3 meters
Stike 77-Mw2e 79-09-29 232234 40923.3 . I/SE6.Y  5.3(5)
Shike 17-w28  79-1/-k — — — 8,4(s)
Shibe 77-pw2@  79-09-29 2344 Yo.@  IYL.3 720D
Glac, Sorf MW28-P  779-08-2Y 23219.9 4093.2 1/4)8 | £ 0.15
Glac, Surf MW28-0 99-08-24 2325‘4 2. Yo868.5 /529 |
Glac. Swk Hw2p-R  9§9-09-29 232900 Y9245 4599
Stake 77-WE/®  Tr-09-30 34995./ Hb¥a) 27T 496
Glac. Sorf NEI?-Q 77—0?:30 36787.0 Y4415.9 /134, 4 S to./0
Glac SUHE NE(9-R  79-08-38 37012.2  YY/9.2 4337 |
Stake. V2-NE/®  TP-11 =1t — — — 4.0(5)
Stake 77-NEI® 19-09-20 BP0O38Y YL325.8 126.5 404
Clac, Surf WEIP-P 78-09-27 367704 ' Y6423.5 /1342
Shake 77-R/  77-07-0] /9840 229242 S24.0 £46)
Stake 77~/ 7¢-0829 220/PY L2800 @ 5/5.3 2.20)
Glac, Sorf RI-P 78-08-29 219972 229,59 293 to.sp
Slhe Sorf R/-& 7¢-05-29 22088) 230/57 5324
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Table 10.~-Columbia Glacier surpey results 1978 measurement year--Continued.

Date 4 Sea level ccordinates w&m:xom cmsm;« ?mwmqﬂwmm:
, Xs Y, Z 4 |
Point surveyed Y-M-D meters meters meters meters zm\_. j__re.ers
Stake w.w-,\&_\\ 77-29-0/ RY/62.7 244088 5$73.3 £3%)
Stake 77-R4 PP-08-29 2Y/78.9  243859Y 5.4 #5°¢)
Glac, Sorf RY=P  7§-08-29  24/63./ 244c9.3 S7%4 5. 20
Glac, Surf. RY-Q  79-08-29 29203/ 295520 S754
Stake 77- K5 7-09-0/ 25/0%9 254282 SS7Y 826)
Stake 77-RS 908~/ — - = 557
Shake V7 -RE 7&-09-29 25/27.6 2509y S529  485E)
Glac Sorf RSP Do pg29 25/03.5  25Y224 SS9/ t0,20
Glac, Surf RE~Q 78—p9-29 257289 259358 S523
Stake 77-w¥o 709-0! #3873 27007.5 694  4,06)
Stake 77-wio  79-0F-02 HYEZ./ 26999.5 7647 890
blac Sk WP TSo9-c2  $379.7  2roch® UL +0.20
Glhac Surf W90-Q 78-09-02 Y3950  2702%.8 D9S2
Glac. Svrf wWho-R Je-09-02 43944 267987.3 7737
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' Table 10.--Columbia Glacier survey results 1578 measurement wwnatloosﬂﬁscma., |

Date . Sea level] coordinates: Balance | Density | Surface
, Xy Y, > m,\ P Definition
Point surveyed Y-M-D meters meters meters meters Mg/m3 meters
Stake 77-why — 77-09-0) 285/  2639.4 | B9 720
Shike To-w¥y  TP-09-02  §3V6.0 2463787 LYIP 890D
Glac. Sk WHY-P  D$-_09-02  £2949 243926 4584 to,0f
Gl Sorf wyy-@ 18-09-02  §288) 263934 4529
Gloc. SurF WY¥R  79-09-22.  £288)  2439%)  é5ab
' Glac Surf WYL B-08-/3 \\W\“\;W. 25256. 8 : SP¥7 - to.68
Glac. Sorf WY2-@  h-p9-/3  10923.6 2507y 5849
Glac. SUrf, WY0-R  D6-08-13 /09629 2992853  SELD
Shhe 7o-wiz  Tr-09-0f I09%5.b6 25058y SIRZ DA
Gloc, Sotf WYP-&  77-09-03  1iH/F3 257687  564.0 |
Clac. SOHEWYI-R 99-pF-p3  NHo¥3.& 25/03.0 @ SFY2
Sthke Dr-Wyr  28-0%-01 Hor2sS @ 250/.3  §739 420
Glec. Sord W9P-P - 08-09-o|  11023.9  25/2.80 — S82.4 to.08
Glac, Surt w¥2-g@ 79-09-01 Jo750.4  250%2.) 5629 :
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' Table 10.--Columbia Glacier survey results 1978 measurement year--Continued.

Glac, Surf Wso-4-@ 77-08-23"

/%25, b

Glae, Surf wsp-4-R 77-08-25 42/, 9

25679.2 S22.@

257/09.7

S$23.0

E36)

Date , Sca level coordinates Balance | Density Surface
‘ ‘ )(o ‘ X) ~ é’ P Definition
Point surveyed Y -M-D meters meters meters meters Mg/m3 meters .
Stake 77-wp-z 7r-sP-22 1349485 2326985 . 5256  9./8
Glac, Surf Wsp-2-P  79-08-22  /3557.85 23/54.7 S288 :
Glac. Sf wso-2-Q 9-09-22 /3562 232052 5304
| Shte VIWsp-z PP-09-0/ /3593.9 23/96.Y 520.0 X 475)
Clac, Surf wsp2-P y9-09-0/  /3591.8.  232/4.6 5287 to.5
Glac. Sorf wso2-@  78-07-0/ /35929 23297.6 527.3
Glac. Sorf wsp-2-P 78-09-0/ 13¥93./ 23295:7  &3/.7
Stake 77-wsp-3 77-09-23 — — — G /) i
Skhe VrWsp-3  Tv-08-25 1324 . 2Y92/7.)  S/54 .66
Shie 77-w50-3  98-09-0) 139¥a2 2%253 5735 Do)
Gle Surf Wsp-3-P 9§-pF-of 138584 @ 2Y/85S5 S2/.6 to.10
see ‘ngxf/m.?e bor additional data ‘
Stake 77-wso-y  77-08-25 /Y/55.7 25723.4 5)&3




" Table 10.--Columbia Glacier survey results 1578 measurement year--Continued. -

Ba]ance'

Date _ . Sea levyel coordinates Density| Surface
| ‘ ')(o ‘ >£ > 5’ P Definition
Point surveyed Y-M-1D meters meters meters meters Mg/m3 meters
Stake 77-wso-y  99-09-04 19239.9 250424 . /B0 6.9
Glac. Surf, wso-4-P 78-09-04 19/68.0 ~ 25//€9 5209 0,10
Clac Surf wo-4-9 T9-09-04 19/64.9 25734  S2./
Gl Sorf WSs-4-R 8-09-0f  /9/509  25/3UG S22
Glac. Suf wso-5-P  77-09-24 /‘9{/7?.4/ | 260545  £294
o Stake Ir-wso-5  77-08-27 /YYSE3  2807l0 S/2T7  £20)
Clac, Surf WSD-5-0  77-08-27 194492 260712 52728
Stale 7rwso-b6 - 9E-08-31 I9¥ES0 260491 SRE 440)
Glac SUrf wse-s-p 78-08-31 /Y4680  260%%¢ 5258 10,15
Glac, SUrf Wso-56 78-08-3/ IYYY82  2608.2 S24.0
a.aé////a na—/ a.é./de
Glac, Sorf wsoz-p- v7-pp25 1375/.9  A9/46.y  §24.Y
24151.4  Sz294 \

Glae, Sort Wso-3-83 J7-08-285

/38556




t Table 11.--Columbia Glacier 1378 surface ice radar measurements, ,

Date Sea leyel coordinates. Separation Ice Radar
Xo. Y. y4 . 3 delay time
Point surveyed Y-M-D amﬁm_‘.m, meters meters - m 1S
78M 1034 2 78-09-09 | 3000 .0 51640.0 26450
78Mi03A 2 78-09-09 13083.2  51542,7 26447 5.8
w.mx 102D 14 MP  782-0%-09 23402.6 53058.6 19/2./ Y K oYe) no return
78M102C 20 MP  78-09-0% 27904.2  49256.8  176/.0 /00 no return
78T98 347 -l.ow  78-09-08 24123.1 35318.5 832.0
/8798 34.7-l.ow 78-O%-08 24/77.6 - 35/95.5 8271 _ . o ,/o4

787926 34.8-0M4E 78-09-06 2548785 3I5274.| 849. 4
T8MI74 Jug-0.HE 78-09-06 25%79.5 35357.7 85%./ » 5.2

78M398 35.1-0.1W  78-09-06 257105 4  34887.9 £12.8
78M398 35/-olw  7B-09-06  25/13.8 3507/.5 - 929.5 ho return
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Table 11.--Colwnbia Glacier 1978 mE..wnom tee radar sggms@:wm-qoosiscma.w,. ,

Date , Sea leyel coordinates _ mmumxmio: Ice Radar
X, | Y.. Z s delay time
Point surveyed Y-M-D meters meters meters m s

18MI00CA 3%.4-05wW 78-09-06 2yB52.5 349¢7.5 820.7
1BMIO0OA 364-05w  T8-09-06 24906.6 34810.4 809.9 no recturn
18799 403-1.6  7607-08 23193.3  JIT357  L53.4
78T¥ do3-16  18-0%-08 23172.7 31526.5 650.2 4,9
78798 4H0.2-2.6 78-09-08 2 {05F, \ 309 32 9 ¢71.
7RTI8 Ho.z-2.6 78-07-0& R3899.7 31079.0 (61,2 9.7
78T97 Hod-34 78-091-08 <249462,2 30343.7 664 4
78797 4Hoy-34  78-07-085 24559, 5 303755 664. 1 no retyrn
78T%¢ 4o.3- 4.2 78-09-08 250063.3 29773./ 6557
73T16 H4O.3-4.2Z 78-09-08 245247.3 Nosmmm. 6 £55.3 7.9
78T3¢ m\b.mi,ﬂ.o 78-0%1-08 25744.1 29382.5 648.0
7879 4o2-5.0 718-01-68 25881.0 29946.0 7.4

6d47.§5
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' Table 11.~~Columbia Glacier 1978 surface ice radar measurensents--Continued.

Date ~ Sea level coordinates . Separation | Ice Radar
Xo Yo y4 S | delay time
Point surveyed Y-M-D meters meters meters m . { us
78T95 403-56 T1809-08  2608/.6 289639 6459
18775 403-56 T18-09-08 26195, 1 290¢7.1 6ds. ! 75
78795 40.0-¢,1 18-09-08 Z2(80%.8 28787/ 64.5
78795 Ho0o-61 78-09-058 26712.1 288%2.3 ©50.3 A
T8T4  4H0.0-6,9 T78-09-08 27282.5 28439.7 45,7
78794 40,069 718-0%-08 27410.0 28280.2 639.4 2,65
78M4C -55.9-25W  78-0%-04 13735.8 18027.8  3/4.9
78M94C §859-2.5w T78-07-04 13536.9 182.88. 5 31H.5 3.35
78735 59-2.7E np 78-06-07 [7404.6 (6753.1 237.9% 90 2.85
78MIYE. S9.5-1.8W  78-09-04  157/1.8 146i5. 2 2458
78MG4B 53.5-L8w T78-09-04  15579.5  [4708.7 247, 9 3.7




! Table 11.--Columbia Glacier 1978 surface ice radar measurements--Continued, '

Date _Sea leve].coordinates Separation Ice Radar
] ‘ o o . p4 . s delay time
Point surveyed Y-M-D meters meters meters - m S

78MAYA 61.7-33W T78-09-04 144210 = 136%0.5 200.0

18MI4A ¢1.3-33W  78-0%-04 /453?,5" 13048.0 202.0 2.45
(8T35 l.B-2.28 MP 78—04,-..07 20008.7 '131-///.4, 183.9. 100 | 2,1
78T3¢ C2.4-02WMP 78-06-07 17504.0 * 1285Y80 o4z . /oo' 6.5
® 78T30 623-23wmMP 78-06-07 /5541.3 -/20552' ' /?6.8 ./OO \ 2.3
78735 o4.5-1.86 HP  78-06-07 /19787. / 10609.3 134.8 /00 ‘Z.O

78193 64,6 -1.3w 78-09 -0y 16174,/ /0893.0 146.2
78M93 4.6 -1.3W 78-09-04 15688.4 10374, 4 /61,7 2,57

78H2l 4410w 78-0%-04  16731.9 107350 163.4
78HZ]  64.8-1O0w  78-0%-04 16717.8 1051855 164, 3 ' Y, 9
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i Table 11.-~Columbia Glacier 1978 surface ice radar measurements--Continued.”

Date Sea leyel coordinates Separation Ice Radar
, X Y, Z s delay time
Point surveyed Y-M-D meters meters meters m s

78H20 &5t 1.zwW  78-09-04 16455, © \.oqoo.,\ 15¢. 4 |
78H20  6S5-lzw  78-09-04 1648/ 8 10592.6  164.4 3.9
76793 B2 78-09-06 28808, ¢ 29525, 4 ¢34.0
78793 B2 78-09-06 2817i¢.7 294¢8.9 634.8 €. 6
/8TS2F £3¢-1.1 78-09-06 2786%. 0 33754.3 7{7.8
78M98A £36-).1 78-69-06 27815. 0 33818.8  717.7 8.3
78T92D E3¢-~17 18-09-06 28078.3 3295¢.2 711,00
78M374 E36- 1.7  78-09-06 280214 = 33002. 709.5 9,
78T92L E36-2.7 78-09-06 1 28573.2 32507, 0 723. 6
/8MA7B8 E36-2.7 78-09-06 28501.8 32591.7 724 .0 g
78T9z< E36-34 /8-09-06 28748.3 31900. | 7/3.3
78M36B E36-34 Z8804./ 31737, 711.7 H.35

76-09-06




| Table 11.--Columbia Glacier 1978 surface ice radar measurements--Continued.

Date Sea leyel coordinates Separation Ice Radar
, Xo Yo 'z . S delay time
Point surveyed Y-M-~-D meters meters meters m S
[6T92B E36-36  18-09-06 28898.9 31608.0 709.5
18M36A £36-3.6  78-09-06  28%¢2.4 31536.5  708.4 343
8Mic1A R 17 78-09-0% 25516.3 ~ 23520.5§ §30,%
78Mi0tA  R|.7 ' 78-09-09 22548.8  23526./ 531 ho reTorn
78M1o018 R).T7 78-09-09 22627 4 23561.3 S32.0
C78Miczh  R2q  78-09-0% 230378  23¢9L4  548.9 |

7BM 1024 R7Z2.4 78-09-0% 23058.C 23775.5  5%2.9 4.2
78758 & 39 78-08-10O 242355 24833.0 Jeée6. 0
78758 R 3.9 78-08 —l© 242754 24727.2 583. %5 o, 55
18758 RS +P  78-03-10  25729.6  25407.4  §52.9 100 4.95
8557 w44 8-09-07  2376.0 643.8 /127 10.95

26316.7




. Table 11.--Columbia Glacier 1978 surface ice radar measurements--Continued. !

Date Sea level] coordinates’ Separation Ice Radar

) Xo A Z , s delay time
Point surveyed Y-M-D meters meters meters - m uS
781D wW50-2MP  78-09-0f 13593.7 23196.4 520.0 / 0 3,9

78530 w30-3 78-09-0/ I3858.4 241¢585  521.6
/18530 ws0-3 72-07-01 /13940.2 241253 522.5 ne return

78MACA WsD-4 MP  78-08-31 1423%.7 25062.4 513,0 /00 6, H

” J8MEIB WS0-S MP 18-08-31 /144 63.0 260 64, } 528.5 /00 H, 45
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