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INTRODUCTORY NOTE

The Hawaiian Volcano Observatory Summaries have been published in the current format since 1956. The Quarterly
Summaries (1956 through 1973) and the Annual Summaries (1974 through 1985) were originally published as Ad-
ministrative Reports. These reports have been compiled and published as U.S. Geological Survey Open-File Reports.
The quarterly reports have been combined and published as one annual summary. All the summaries from 1956 to
the present are now available as .pdf files at http://www.usgs.gov/pubprod.

The earthquake summary data are presented as a listing of origin time, depth, magnitude, and other location param-
eters. Network instrumentation, field station sites, and location algorithms are described. Tilt and other deformation
data are included until Summary 77, January to December 1977. From 1978, the seismic and deformation data are
published separately, due to differing schedules of data reduction.

There are eight quarters—from the fourth quarter of 1959 to the third quarter of 1961—that were never published.
Two of these (4™ quarter 1959, 1t quarter 1960) have now been published, using handwritten notes of Jerry Eaton
(HVO seismologist at the time) and his colleagues. The seismic records for the remaining six summaries went back to
California in 1961 with Jerry Eaton. Other responsibilities intervened, and the seismic summaries were never pre-
pared.

Chronology

The following Kilauea eruption chronology covers the two recent reports and the six missing quarters:

Location Beginning Date Ending Date Comment

Kilauea Iki crater (Kilauea’s summit) 11/14/1959 12/20/1959 19 eruptive episodes
Kapoho (lower east rift zone) 1/13/1960 2/18/1960 4 eruption stages
Halemaumau (Kilauea’s summit) 2/24/1961 2/24/1961 Intermittent activity during

uninterrupted inflation fol-
lowing the 1960 eruption

Halemaumau (Kilauea's summit) 3/22/1961 3/25/1961 Same as above.
Halemaumau (Kilauea’s summit) 7/10/1961 7/17/1961 Same as above.
Heiheiahulu (middle east rift zone) 9/22/1961 9/25/1961 First historical east rift erup-

tion at this location

The 1959-1960 eruptions were among two of the most spectacular Kilauea eruptions. The HVO staff was kept busy
with acquisition of unusually high quantities of instrumental data and observations of the two sequences, which
were separated by less than one month. Even with a year’s interval before the beginning of the summit-east rift se-
quence in 1961, the staff never caught up, and the seismic records were set aside for later study.

A total of 1,672 earthquakes—1,106 for 1960 and 566 for 1961—are part of HVO's cataloged database. The annual
listings have been appended to the 1* Quarter Report of 1960 and to the 4™ Quarter Report for 1961. The number of
earthquakes is probably low, biased toward the larger magnitudes. The entire HVO catalog, including 1960 and 1961,
is accessible from the ANSS CATALOG SEARCH site at http://www.ncedc.org/anss/catalog-search.

Thomas L. Wright and Jennifer S. Nakata
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INTRODUCTION

1971 marks the second year of a cooperative effort by the U. S.
Geological Survey's National Center for Earthquake Research (NCER) and
the Hawaiian Volcano Observatory to publish quarterly summaries on a
regular basis. The usefulness of the summary has often been questioned.
It is hoped that constant improvements and the timely publication of
summaries will obviate this question. With the continued expansion of
the Observatory's seismic net it is obviously important to maintain a
readily available reference to serve as a guide for detailed analysis
of the large volume of data being collected. As such a reference an
attempt is made to document as accurately as possible seismometer
station lists, instrumentation, parameters used for preliminary data
analysis, changes in tilt, and the chronology of events for the quarter.
In addition when the opportunity is presented, detailed descriptions
of other Observatory projects will be published.

The Observatory seismic net has been undergoing a significant
expansion in size and a marked improvement in the quality of instrumen-
tation. More stations have been added to the net or updated using
preamp/voltage controlled oscillators for seismic telemetry (cable or
FM radio). All the telemetered stations are recorded side by side
along with the Uwekahuna chronometer and the WWVH radio trace, on a
single 16 mm film strip on a Develocorder located at the Observatory.
The stability in timing at the few outstations in the net have also
been improved substantially by the replacement of old pendulum clocks
with more stable crystal controlled chronometers. As a result of the
continued improvements the volume and quality of usable recorded
seismic data has increased both in the number of stations available
for each earthquake and in the total number of earthquakes that are
sufficiently well recorded to be located.

Seismogram readings are punched on computer cards to provide an
input deck for use in a slightly modified version of the location pro-
gram HYPOLAYR (Eaton, 1969), which generates an output deck summarizing
the solution of each event. The output deck is a convenient source of
material for further analyses of the earthquakes, and the input deck
is saved for possible reanalysis. Starting in the first quarter of
1971, a velocity-depth model based on refraction studies by Hill (1969)
is used in the determination of hypocenters (as tabulated below).

Velocity model used for locating earthquakes in Hawaii

Velocity Depth Thickness
Layer km/sec. km km
1 1.8 0 0.8
2 3.1 0.8 1.4
3 5.2 2.2 5.8
4 6.8 8.0 5.5
5 8.25 13.5



For future summaries, as has been done in this quarter, an attempt
will be made to limit changes in the methods of analysis or computer
program parameters to the first quarter and appropriately described in
the first summary of the year. On the other hand, an effort will be
made to continually improve the format and also to simplify the process

of preparing the summaries so that the summaries are rapidly available
as a reference.
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CHRONOLOGICAL SUMMARY

JANUARY-MARCH 1971 (lst quarter of 1971)

The Mauna Ulu eruption continued throughout this quarter in much
the same manner as during the preceding 6 months. A brief outbreak in
late January and early February from a new vent west of Mauna Ulu was
the only major departure from the general pattern of activity on Mauna
Ulu's east flank.

The quarter began with a comparative 1lull in activity. The lava
lake in the summit crater (by now sufficiently widened by rock falls to
make obsolete the term, fissure) of Mauna Ulu remained 25-35 m below the
rim, and no lava was visible along the chain of vents to the east. The
last remaining bridge along this chain collapsed on January 2, leaving
a talus-mantled collapse trench more than 300 m long and 15-25 m deep
(Figure 2).

The lull ended on January 14, when the trench became filled with a
stream of lava flowing eastward and spilling over its banks. Some of
these overflows reached the floor of the subsidence bowl in Alae Crater.
At times. the lava took part in the familiar rise-fall cycle, centered
at the site of the engulfed December 20 collapse pit (see last summary).
During this interval of trench activity, the lake in the summit crater
rose to within 12-15 m of the rim. By January 21, lava had drained from
the trench except for a small pool of bubbling lava at the site of the
December 20 pit. Lava was, however, moving in conduits below the floor
of the trench, for lava continued to pour through the old tube system
into the Alae holding reservoir. Small flows fed by outlet tubes from
Alae spilled into Makaopuhi Crater on January 23 and over Poliokeawe and
Holei Palis on" January 24.

These flows continued until January 28, when a new vent opened on
Mauna Ulu's lower west flank, causing an abrupt change in pattern. Low
fountains issued from a 650 m-long fissure that crossed the buried Chain
of Craters road 50 m east of the west edge of the 1969-70 lava field
(Figure 2). This outbreak continued until February 10 and fed flows that
eventually built a low satellitic shield over the site of most persistent
activity at the east end of the fissure. New flows covered several
square kilometers south of the fissure, in places ponding against the
scarp along Kalanaokuaiki Pali.

Activity on the east flank of Mauna Ulu resumed immediately after
the new outbreak had ended. On February 11, a vigorous flow was pouring
into the Alae subsidence bowl, which had already filled with new lava.
Over the next several days a wide area was covered by lava that spilled
from Alae (Figure 2). This surface flow stopped between February 18 and
20, although lava continued to pour out of Alae through the tube system.



A new subsidence bowl resulted from this continued withdrawal and is
described by Swanson and Peterson (1972).

During most of the January 28 - February 10 outbreaks, the lava lake
in Mauna Ulu's summit crater continued its slow circulation and cyclic
rise-fall action apparently unrelated to the activity on the west flank.
On February 7-9, the lake rose to within 3 m of the crater rim, but by
February 11, when the east-flank activity had resumed, it had dropped to
its usual depth of 15-20 m below the rim. Lake level continued to drop
slowly throughout March and, by the end of the quarter, fluctuated between
depths of 40 and 55 m.

On February 22, a new lava stream, fed by the outlet tube from Alae,
plunged over Poliokeawe and Holei Palis. It then pooled at the base of
the palis, crossed the Chain of Craters road, and continued slowly ,
toward the sea, finally reaching it near the Hawaiian village site of
Kealakomo on March 8. Lava continued to enter the sea for the rest of
the month, slowly building a lava delta outward away from the old shore-
line. This delta and its formation are described by Moore and others
(1973). '

Throughout March, no lava could be seen in the trench on Mauna Ulu's
east flank, but it could be heard flowing and bubbling beneath the
rubbly trench floor. By the end of March, the trench was about 350 m
long and varied from 15 to 50 m in depth. The trench was growing westward,
and the summit crater eastward, because of rockfalls; on March 23 the
bridge separating them was 50 m wide but by March 28 had narrowed to only
12 m wide.
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January-March 1971 leveling at Kilauea
and tabulated comparisons with previous data

by

R. T. Okamura and D. A. Swanson

An extensive leveling survey was conducted at Kilauea in January,
February, and early March 1971. A line was run from the Hilo tide gage
to Kilauea summit along Highway 11, and from the summit to Kupapau tide
gage and BM 10 at Kalapana Protestant Church via two routes, the Chain
of Craters road and the Kalapana trail. In addition, numerous bench-
marks in the summit area were occupied. Figure 3 shows the location of
all benchmarks used. Precise locations for benchmarks established in
1958 or earlier are given in a report by Yamamoto (1957-1958), which can
be obtained from either the Topographic Division of the U.S.G.S. or from
the Volcano Observatory. Locations of benchmarks installed since 1958,
including reset older benchmarks, are on file at the Volcano Observatory.

Two crews working simultaneously were used for the Hilo-Kilauea
summit run and in the summit area; one crew did the rest. Each crew used
a Zeiss Ni2 pendulum level and yard rods with invar strips. In general,
procedures as outlined by Karren (1959) and the U. S. Geological Survey
(1966) were followed in the field. For most of the leveling, the same
rod was sighted first from each setup (that is, foresights were made
before backsights about half the time) in order to minimize small system-
atic errors, a procedure suggested by J. P. Church. Both levels were peg-
tested at least once a day to a tolerance of 0.003 ft, and both seemed
to be quite stable. Foresights and backsights were generally balanced.
The pendulum housing was tapped before each reading, quite vigorously
‘during rainy or misty periods when the pendulum has a greater chance
of sticking. The three-wire method of observation was used exclusively.
In almost every case, the same rod was used for a foresight and the accom-
panying backsight, thereby cancelling any rod index errors; when different
rods were used, a rod-index correction was made if significant.

Field books are on file at the Volcano Observatory. The notes were
completely checked and recomputed in the office as the leveling progressed
and at a subsequent time. Major discrepancies in elevation differences
when compared with previous leveling were immediately checked, and in
only one case was an error in the 1971 leveling detected; thus the large
elevation differences indicate either errors in the previous leveling or
more generally, real vertical displacement. Orthometric corrections were
applied, using the technique given by the U. S. Geological Survey (1966),
based on the Hilo datum. These corrections were small, reaching a maximum
of 0.045 ft at Hilina triangulation station.

Rod pairs T232964-T232965 and T232966-T232967 were used; these rods
were loaned by the Topographic Division of the U.S5.G.S., courtesy of
J. P. Church. Six months after the field work, the rods were checked for
length by the Topographic Division in Washington, D. C. using a calibrated



invar tape known to be accurate throughout within 1 part in 30,000. The
invar in the tape is the same as that of the rods, so temperature cor-
rections were unnecessary. That part of each rod between the 0.2 and 3.9
yard graduations was checked; the error between the surface of the foot-
plate and the 0.2 graduation, the rod index error, was also measured.

The length of the calibration tape was corrected for the 4 pounds of
tension applied to it during measurement of the rod. Two measurements of
each rod interval were made, each by a different individual, and the
results were averaged. ‘

The results of these tests are shown in Table 1 and Figure 4. All four
rods are too long, so that the true height above the ground is more than
the rod reading and a positive correction must be added to the reading.
The error is not proportional to the length of the rods; if it were, a
rod correction could be computed by multiplying the difference of eleva-
tion between two benchmarks by a constant based on the mean excess length.
Because the error is not proportional, each rod reading should be corrected
individually. This was done for several typical benchmark intervals, but
was too time-consuming to be done for all the data.

The method of Karren (1959) was used for making the rod corrections.
The average backsight and foresight per interval were computed in yards
by dividing the sum of the thread readings by the product of the number
of setups times 3 (to convert from feet to yards). The mean rod correction
for the average backsight was obtained from the appropriate graph (Figure
4, A or B), as was the mean correction for the average foresight. The
difference between the mean corrections was then computed, with due
regard to the signs. Since the rods are all long, the sign of the correction
for an uphill interval is positive if the backsight correction is more than
the foresight correction and negative if less; for downhill intervals,
the sign of the correction is positive if the foresight correction is more
than the backsight correction and negative if less. If the signs are
positive, then the difference in elevation between the backsight and
foresight benchmarks is increased; if the signs are negative, the differ-
ence in elevation is decreased. Usually the signs are positive, because
the upper part of the rods generally is in error by more than the lower
part. Once the difference in backsight and foresight corrections had been
obtained, this difference was multiplied by the number of instrument
setups to give the total correction to be applied to the elevation of the
foresight benchmark. The results using this method checked closely
with those from the intervals for which each rod reading was corrected
individually. '

As an example of this method, assume that the raw difference in ele-
vation going from BM 1 to BM 2 is -169.058 ft, BM 1 being higher than
BM 2. There were 26 setups between the benchmarks, and the sum of the
backsight and foresight thread readings is 63.309 ft and 232.367 ft,
respectively. Thus, the average backsight and foresight readings, in
yards, are .812 and 2.979, respectively. Rod pair T232966-T232967 was
used, and Figure 4B shows that the mean correction to the average back-
sight is .00070 ft, and to the average foresight is .00115 ft. The
difference between these corrections is .00045 ft, and the sign is

8



positive since the foresight correction is greater than the backsight
correction and the route is downhill. The number of setups (26) times
the difference in corrections (+.00045) is .012, and this added to the
difference in elevation of 169.058 gives a final difference of 169.070,
which means that BM 2 is 169.070 ft below BM 1.

No average backsight or foresight during the leveling was signifi-
cantly less than 0.2 yd, the datum for the rod calibration; the average
shots slightly less than 0.2 yd were considered to have no error. No
average sight was more than 3.9 yds.

Rod corrections significantly reduced the closure error in the sev-
eral circuits in the network. For example, the long, 28.36 mi loop
defined by the Kalapana trail and the Chain of Craters road closed
-0.215 ft before rod corrections and -0.150 ft after corrections.

The rod corrections are based on the assumption that the rods did
not change length during the leveling. There is no way to check this,
but consideration of the type of rod makes this assumption seem reason-
able. No corrections for length changes because of varying temperature
were applied during the leveling, but these corrections would be minor
because of the very small coefficient of expansion of the invar.

Closure adjustments were made after correcting for rod error by
applying a correction proportional to the distance from the start of
the circuit. Elevations on spur lines are based on the adjusted eleva-
tion at the tie point.

A1l loops closed to within second order tolerance (0.035 ft times
the VIength of section In miles). Many short, unclosed spur lines were
run, and the long line from Hilo to the summit was also not closed;
these lines are technically of third-order accuracy. However, many selected
portions of the Hilo-summit run were releveled, both in flat and steep
terrain, and comparison of the results suggests that this leveling is of
second-order quality, despite the lack of a closed loop.

Table 2 lists the elevations of all benchmarks in the 1971 leveling
network before and after rod corrections. The datum is USC&GS tidal
benchmark E 2 in Hilo, which was assumed to have an elevation of 7.936
ft, in order to facilitate comparison with earlier work (Rappleye, 1929;
Karren, 1959). Recent measurements between BM 4, the USC&GS primary tidal
benchmark a short distance from E 2, suggest that the elevation of E 2
should be lowered by 0.016 ft to an elevation of 7.920 ft. Since E2 is
located on busy Pier 1, which is subject to considerable heavy truck
traffic, it is not surprising that it should subside; moreover, bench-
mark F 2, located farther out on the pier, is known to be subsiding
(Karren, 1959; table 3 of this paper). However, BM 4 is located in the
concrete footpad for a large water tower, and it seems likely that it may
change elevation slightly as a result of the water load in the tower,
although level lines run periodically by the USC&GS to a nearby tide gage
suggest that such movement is small. Probably this spurious change would



be in the sense of lowering its elevation and all elevations based on it,
although the water level in the tank may fluctuate and cause the eleva-
tion to do likewise. 1In short, the datum E 2 is probably slowly sub-
siding but this cannot be proved and in any event would not seriously
affect any comparison of the 1971 survey to previous surveys.

Table 3 shows a comparison in meters of first-order leveling in 1926,
second- and third-order leveling in 1957-58, and the present leveling.
The data from the previous surveys are taken from Rappleye (1929), Karren
(1959), and Yamamoto (1957-58). Several benchmarks were reset after
1958; data for transferring the reset elevation to the original elevation
are listed in Table 8.

In 1965, R. W. Decker supervised a leveling crew that installed and
occupied many benchmarks along the Chain of Craters road from near
Kilauea summit to BM 10, at the Kalapana Protestant Church. The note-
books are filed at the Volcano Observatory. The equipment was similar
to that used in 1971. The invar rods (numbers 299 and 315) were not
checked for length errors. These same rods have been used by the Volcano
Observatory since then and in April 1971 were calibrated by the Topo-
graphic Division in the same manner as described earlier. Table 4 and
Figure 5 give the results for the pair 299-315, as well as the pair
260838-260839, a frequently used pair of rods at the Volcano Observatory
but not used in any leveling quoted in this report. It is not known how
much, if any, rods 299 and 315 were in error in 1965. On the assumption
that the corrections in 1971 were applicable in 1965, Decker's leveling
has been examined and rod corrections applied, using the method described
earlier. Table 5 shows a comparison of the final 1971 and 1958 eleva-
tions with the 1965 elevations before and after rod corrections, using
the 1958 U.S.G.S. elevation of 10.812 ft at BM 10 as the datum.

In February 1921, R. M. Wilson leveled from Keaau (BM 359.3) to
Volcano House Flag via Kalapana. Over the course of the next year he
leveled in the vicinity of the summit of Kilauea, and in January-February
1922 he ran a line from Keaau to Crater Hotel (since destroyed), which
allowed closure of the circuit containing the February 1921 line. This
leveling is discussed by Wilson (1935) and Karren (1959); the notebooks
and related memoranda are on file at the Topographic Division of the
U.S.G.S. in Menlo Park, California. The leveling is probably of poor
quality for the reasons given by Karren (1959). In particular, the prob-
lem of incorrect rod length is of utmost importance. The wooden rods
used in 1921-22 were long and changed length repeatedly (Wilson, 1935).
Wilson applied a proportional correction based on the most recently
measured length of the rods for a particular period of leveling. This
method is wvalid only if the error of a rod is proportional to its length,
a dubious assumption and one that would give somewhat erroneous results
if applied to the 1958 and 1971 leveling. However, this type of correction
for Wilson's rods is probably better than no correction at all.

We have recomputed the 1921 leveling between BM 10 (Kalapana Pro-

testant Church) and BM 2738, south of Makaopuhi Crater. This leveling
was done between February 4 and 9, 1921. The rod lengths were measured

10



on February 8, apparently under field conditions of humidity and tempera-
ture. The tape Wilson used for the measurement of the rods was later
found to be long by .0008 ft in 9 ft; that is, at 9 ft the tape read

only 8.9992 ft. Wilson realized this but did not take it into account
when making his rod corrections. We have recomputed the rod corrections
based on the corrected tape. Thus, as measured on February 8, 1921,

rod A 9 was long by 0.0076 ft in 9 ft and rod 42 was long by 0.0051 in

9 ft. The mean of these errors is +0.00635 ft/9 ft, which is the rod
correction to be applied proportionally to the 1921 raw data between

BM's 10 and 2728. 1In addition, we recomputed Wilson's collimation
corrections more precisely than he had done, taking into account curvature
and refraction.

Table 6 shows the 1921 raw data and our corrections. Table 7 com-
pares the 1921, 1958, and 1971 elevations holding BM 10 at the 1958
elevation of 10.812 ft.

The 1921-22 line from Keaau via Kalapana closed 0.488 ft low at
Crater Hotel relative to the direct Keaau-Crater Hotel line. After
Wilson's rod and collimation corrections, the closure was 1.940 ft low.
Karren (1959) used this to cast doubt on the reliability of Wilson's
method of correction, which should have reduced the closure error.
However, it is important to take into account the timing of the surveys.
The line via Kalapana was run in February 1921 during continuous eruption
in Halemaumau; this is typically a time of summit stability, a conclusion
based on knowledge acquired over the last 20 years. Beginning in March
1921, the magma column withdrew in Halemaumau, and throughout the next
year it fluctuated greatly in height. This time, clearly one of instabil-
ity in the magma column, could well have been accompanied by substantial
ground deformation. The direct run from Keaau to Crater Hotel was not
made until January-February 1922, almost a full year after the 1921
leveling, and it is quite possible that the summit area was considerably
higher than in early 1921. 1In this regard, it is notable that a flank
eruption occurred in Makaopuhil Crater in May 1922, shortly after the
1922 survey; usually such flank eruptions are preceded by long periods
of summit uplift. Thus, the closure error in Wilson's circuit may not
be as bad as it seems, although it still should be emphasized that the
1921-22 leveling was of poor quality and should be used with caution.

We feel that the differences between the 1921, 1958, and 1971 surveys
along the short Kalapana trail are large enough to indicate important
vertical displacements. These displacements will be interpreted by
Swanson and colleagues in future publicationms.

We thank Jack P. Church of the Topographic Division of the U.S.G.S.
for his interest, advice and patience in dealing with all our questions
and requests. Virtually all members of the Volcano Observatory took
part on survey crews, and the Kilauea Job Corps contributed rodmen at
times. CDR Moran, Ensign Lilley and Mr. Stanley Shibuya of the Coast and
Geodetic Survey (then ESSA) showed us the Hilo tide gage and nearby bench-
marks.

11



/ = \Q

Figure 3.--Location of all benchmarks and leveling routes used in the
January-March 1971 leveling on Kilauea.
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Figure 4.--Graphs used in determining rod corrections for rod pairs T232964-T232965 and
T232966-T232967. These rods were used in the 1971 leveling. See text and Table 1.
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Table 1.--Data for correcting rods used in 1971 leveling.

Rod reading,
in yards

0.2
0.5
1.0
1.5
2.0
2.5
3.0
3.5
3.9

Rod index error

Calibrated at T3°F on August 5, 1971.

Correction in feet.

T23296L4
0

+.00064
+.00141
+.00153
+.0011L
+.00150
+.001L0
+.00130

+.00178

+.00150

T232965

15

0

.00032
.00113
.00130
.00158
.00150
.00158
.001k2

.00165

.00125

7232966
0
+.00060
+.00108
+.00090
+.00086
+.00118
+;00132
+.00105

+.00160

+.00125

T232967
0
+.00027
+.00071
+.00113
+.00122
+.00120
+.00107
+.00085

+.00112

+.00100



Table 2 .--1971 elevations, before and after rod corrections,

based on 1958 elevation for E 2 of 7.936 ft.

Elevation
"before rod Final elevation after
correction rod correction
B.M. ft ft m
U.S.E. Pier 1 7.518 7.518 2.291
F2 7.656 7.656 2.334
E2 7.936 7.936 2.419
D 2 8.444 8. 444 2.574
A-100 1967 11.683 11.683 3.561
5.83 5.959 5.959 1.816
5.79 5.922 5.922 1.805
TBM Airport 31.194 31.196 9.509
3Y¥ 1957 42.631 42.632 12.994
Lyy 1957 110.415 110.423 33.657
5YY 1957 147.788 147.799 Ls.0k49
B 2 (1926) 198.095 198.111 60.384
6YY 1957 reset 244,683 244 701 74.585
A 2 (1926) 277.894 277.913 84.708
7YY 1957 reset 1971 278.391 278.410 84.860
Z 1 (1926) reset 1963 327.776 327.798 99.913
359.3 359.373 359.398 109.545
8y 1957 561.091 561.135 171.034
Keaau Trig. 604.630 604.676 184.306
1YY 1958 650.995 651.0L46 198.439
Y 1 (1926) 690.352 690.406 210.436
2 Yy 881.717 881.793 268.771
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Table 2.--1971 elevations, before and after rod corrections,

based on 1958 elevation for E 2 of 7.936 ft (cont'd).

1266

4YY

W1l reset 1948

5YY

2002

V1l (1926) reset 1967
6YY 1958 reset 1967
7YY 1958 reset 1967
U 1 (1926) reset 1967
8YY

9YY

10YY

11yY

12YY

13y

14YY

15YY

S 1 (1926)

3565

16YY 1958 reset 1968
17YY 1958 reset 1962

90YY 1958 reseét 1962

Elevation
before rod
correction

ft
1043.480

1266.366
1397.859
1530.474
1723.855
2002.347
2119.361
2155.467
2224,713
2358.677
2474,910
2486.815
2681.077
2751.352
2892.887
3157.061
3417.383
3413.454
3521.804
3565.646
3722.791
3826.939

3874.696

17

Final elevation after
rod correction

ft m
1043.575 318.082
1266.486 386.026
1398.002 426.112
1530.637 466.539
1724.044 525.490
2002.586 610.389
2119.618 646.061
2155.725 657.066
2224.979 678.175
2358.962 719.013
2475.210 754. 445
2487.115 758.074
2681.410 817.295
2751.697 838.719
2893.255 881.866
3157.471 962.399
3417.828 1041.756
3413.899 1040.558
3522.262 1073.588
3566.105 1086.951
3723.271 1134.855
3827.433 1166. 604
3875.194 1181.161




Table 2.--1971 elevations, before and after rod correctioms,

based on 1958 elevation for E 2 of 7.936 ft (cont'd).

Elevation

before rod Final elevation after

correction rod correction

B.M. ft ft m

94YY 1968 reset 1962 4022.820 4023.328 1226.313
95YY 4000.798 4001.305 1219.600
NPS 3999.67 3999.936 4000.443 1219.337
120YY 3931.079 3931.580 1198.348
121YY 3807.601 3808.088 1160.708
122vY 3696.974 3697.450 1126.985
123YY - 3641.223 3641.694 ©1109.991
96YY 3992.377 3992.884 1217.033
HVO 25 3965.225 3965.729 1208.757
HVO 24 3967.226 3967.730 1209.366
P 1 (1926) 3950.444 3950.947 1204.251
HVO 23 3907.481 3907.980 1191.155
HVO 26 4026.672 4027.182 1227.487
HVO 27 4079.219 4079.735 1243.506
4076 4076,717 4077.232 1242.743
Uwekahuna Trig. 4087.947 4088.463 1246.166
HVO 28 4007.244 4007.750 1221.565
203YY 3943.546 3944.047 1202.148 .
HVO 29 3880.106 3880.600 1182.809
204YY 3779.009 3779.489 1151.991
117YY 3743.231 3743.705 1141.084
118YY 3737.945 3738.419 1139.472
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Table 2.--1971 elevations, before and after rod corrections,

based on 1958 elevation for E 2 of 7.936 ft (cont'd).

B. M.

Cracks Trig.
Pali Trig.
Cone Peak Trig.
127YY

Aa Trig.

Sand Hill Trig.
HVO 119

129YY

Nose Trig.

HVO 30

HVO 31

HVO 32

HVO 33

205YY

Sand Spit Trig.
HVO 36

111YY

HVO 37

112yy

HVO 38

113YY

Ahua Kam. Trig.

19

Elevation

before rod Final elevation after
correction rod correction

ft ft m

3724,737 3725.209 1135.446
3747.965 3748.439 1142.526
1 3653.344 3653.811 1113.684
3363.073 3363.518 1025.202
3348.858 3349,302 1020.869
3701.048 3701.519 1128.225
3701.349 3701.820 1128.317
3605.813 3606.279 1099.196
3551.511 3551.973 1082.644
3726.012 3726.485 1135.835
3654.057 3654.521 1113.900
3645.417 3645.881 1111.267
3671.096 3671.564 1119.095
3639.191 3639.657 1109.370
3647.991 3648.457 1112.052
3625.505 3625.970 1105.198
3620.212 3620.677 1103.585
3602.469 3602.933 1098.176
3563.990 3564.449 1086.446
3484.704 3485.157 1062.278
3495.116 3495.570 1065.452
3557.093 3557.554 1084. 345




Table 2.--1971 elevations, before and after rod corrections,

based on 1958 elevation E 2 of 7.936 ft (cont'd).

Elevation

before rod Final elevation after

correction rod correction

B. M, ft ' ft m

114YY 3547.446 3547.906 1081.404
HVO 39 3600.229 3600.693 1097.493
115 YY 3647.003 3647.470 1111.751
HVO 40 3687.742‘ 3688.213 1124.170
Keanakakoi Trig. 3690.675 3691.146 1125.064
HVO 41 3621.144 3621.609 1103.869
HVO 42 3617.573 3618.038 1102.780
HVO 43 3695.532 3695.995 1126.541
HVO 44 3550.431 3550.890 1082.313
110YY 3551.064 3551.523 1082.506
HVO 45 3538.785 3539,243 1078.763
109YY 3525.477 3525.934 1074.707
108YY 3501.321 3501.777 1067.344
HVO 46 3531.093 3531.550 1076.419
HVO 47 3545.097 3545.555 1080.687
HVO 48 3567.491 3567.951 1087.514
HVO 49 3592.660 3593.121 1095.185
HVO 34 3632.759 3633.225 1107.409
HVO 35 3636.795 3637.261 1108.639
TBM (nail) 3661.893 3662.362 1116.290
HVO 10 3674.048 3674.517 1119.995
22YY 3721.623 3722.096 1134.497
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Table 2.--1971 elevations, before and after

rod corrections,

based on 1958 elevation for E 2 of 7.936 ft (cont‘d).

Elevation
before rod
correction

ft

23YY
24YY
25YY
26YY
3390
27YY
28YY
29YY
131YY
132YY
133YY
Ohale (3314)
134YY
135YY
136YY
137YY
138YY
139YY
Hilina Trig.
HVO 98
HVO 97

3269

3641.624
3623.314
3522,036
3431.371
3384.639
3283.439
3270.688
3231.605
3303.091
3272.655
3218.705
3312.014
3153.364
2927.731

2829.199

. 2627.677

2465.853
2282.624
2249.428
3244.530
3249.183

3267.797

21

Final elevation after
rod correction

ft m
3642.089 1110.111
3623.779 1104.530
3522.490 1073.657
3431.818 1046.020
3385.080 1031.774
3283.866 1000.924
3271.115 997.038
3232.030 985.125
3303.527 1006.917
3273.090 997.640
3219.137 981.195
3312.451 1009.637
3153.793 961.278
2928,128 892.495
2829.591 862.461
2628.040 801.028
2466.202 751.700
2282.950 695.845
2249.752 685.726
3244.955 989.064
3249.608 990.482
3268.224 996.157




Table 2.--1971 elevations, before and after rod corrections,

based on 1958 elevation for E 2 of 7.936 ft (cont'd).

Elevation

before rod Final elevation after

correction rod correction

B. M. ft ft m

HVO 96 3330.516 3330.949 1015.275
HVO 95 3393.067 3393.506 1034.343
HVO 99 3211.252 3211.675 978.920
HVO 101 3189.968 3190.390 972.433
HVO 103 3200.689 3201.113 975.701
HVO 104 3152.139 3152.559 960.902
HVO 105 3076.556 3076.968 937.862
2746 2749.355 2749.746 838.124
Q 1 (1926) 4015.413 4015.920 1224.055
93YY 3999.886 4000.391 1219.322
HVO 143 3984.558 3985.062 1214.649
92YY 3943.562 3944.059 1202.152
3973 3972.645 3973.143 1211.016
Vol. H. Flag (Spike) 3970.208 3970.705 1210.273
Observatory Trig. 3979.664 3980.162 1213.156
HVO 87 3953.306 3953.801 1205.121
18YY 3874.308 3874.799 1181.041
19YY 3917.767 3918.259 1194.288
20YY 3834.953 3835.434 1169.043
21YY 3763.791 3764.267 1147.351
3440 3443.585 3444.031 1049.743
Puu Huluhulu Trig. R.M.1 3441.803 3442.249 1049.200

22




Table 2.--1971 elevations, before and after rqd corrections,

based on 1958 elevation for E 2 of 7.963 ft (cont'd).

Elevation
before rod Final elevation after
correction rod correction
B. M. ft ft m
P.H, Trig., top of pipe 3445,440 3445,887 1050.308
T-129A 3089.507 3089.911 941.807
T-12 3040.183 3040.579 926.770
120 : 3011.776 3012.169 918.111
34YY 2999.746 3000.139 914.444
Makaopuhi Wall 2922,912 2923.297 891.023
2728 2736.818 2737.193 834.298
HVO 53 2558.602 2558.963 779.973
2503 2505.862 2506.216 763.896
36YY 2504,982 2505.336 763.628
2302 2305.397 2305.738 702.790
37YY 2299.777 2300.118 701.077
38YY 2305.060 2305.401 702.688
39YY 2136.936 2137.262 651.439
40YY 1919.966 1920.278 585.302
1638 1641.108 | 1641.399 500.299
41YY 1441,268 1441.549 439.385
42YY 1252,100 1252.371 381.723
1082 1083.045 1083.303 330.191
43YY 927.983 928.231 282.925
44YY 559.861 560.084 170.714
557 558.375 558.598 170.261
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Table 2.--1971 elevations, before and after rod correctionms,

based on 1958 elevation for E 2 of 7.936 ft (cont'd).

Elevation

before rod Final elevation after

correction rod correction

B. M. ft ft m

352 352.045 352.258 107.368
45YY 168.186 168,389 51.325
167 167.620 167.823 51.153
46YY 76.326 76.523 23.324
64 64.278 64.474 19.652
48YY 19.745 19.935 6.076
34 34.884 35.074 10.691
49YY 41.580 41.770 12.732
50YY 42.990 43.180 13.161
51YY 32.312 32.502 9.907
10 10.930 11.120 3.389
Hakuma Trig. 61.815 62.008 18.900
HVO 86 15.120 15.309 4.666
HVO 13 10.266 10.455 3.187
Kupapau Trig. 24,298 24,487 7.464
HVO 85 37.046 37.234 : 11.349
HVO 84 34.573 34,758 10.594
HVO 83 42,630 42.813 13.049
HVO 82 73.003 73.184 22.307
HVO 81 62.057 62.236 18.970
HVO 80 65.178 65.354 19.920
HVO 79 46.219 46.392 14.140
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Table 2.--1971 elevations, before and after rod corrections,

based on 1958 elevation for E 2 of 7.936 ft (cont'd).

Elevation

before rod Final elevation after

correction rod correction

B. M. ft ft m

HVO 78 83.057 83.230 25.369
HVO 77 113.787 113.962 34.736
HVO 76 148.346 148.523 45.270
HVO 75 160.542 160.718 48.987
HVO 74 264.774 264.962 80.761
HVO 73 374.518 374.716 114.214
HVO 72 465.154 465,358 141.841
HVO 71 566.265 566.478 172.663
HVO 70 660.760 660.982 201.468
HVO 69 787.779 788,012 240.187
HVO 68 913.911 914,158 278.636
HVO 67 1031.888 1032.145 314.598
HVO 66 . 1146.323  1146.591 349.482
HVO 65 1300.593 1300.875 396.507
HVO 64 1429.747 1430.043 435.878
HVO 162 1383.985 1384.291 421.933
HVO 63 1530.564 1530.873 466.611
HVO 62 1655.097 1655.414 504.571
HVO 61 1781.349 1781.678 543.057
HVO 54 2489.681 2490.037 758.965
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Table 3. Comparison of elevations, in meters, for leveling surveys of 1926, 1958, and 1971. Datum

is benchmark E 2, near the Hilo tide gage.

B.M. 1926 1958 1971 1926-1958 1958-1971 1926-1971

U.S.E. Pier 1 _ 2.306 2.291 -.015

F 2 2.432 2.350 2.334 -.082 -.016 -.098
E 2 2.419 2.419 2.419 0 0 0

D 2 2.566 2.573 2.574 +.007 +.001 +.008
5.83 1.804 1.808 1.816 +.004 +.008 +.012
5.79 1.792 1.798 1.805 +.006 +.007 +.013
3YY 1957 12.975 12.994 +.019

4YY 1957 33.635 33.657 +.022

5YY 1957 45.022 45.049 +.027

B 2 (1926) 60.390 60.358 60.384 -.032 +.026 -.006
6YY 1957 74.473 74.483 +.010

A 2 (1926) 84.682 84.673 84.708 -.009 +.035 +.026
Z 1 (1926) 100.011 99.995 100.018 -.016 +.023 +.007
359.3 109.522 109.521 109.545 -.001 +.024 +.023
8YY 1957 171.013 171.034 +.021

Keaau Trig. 184.383 184.306 -.077
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Table 3, continued

B.M. 1926 1958 1971 1926-1958 1958-1971 1926-1971
1YY 1958 198.418 198.439 +.021

Y 1 (1926) 210.424 210.410 210.436 -.014 +.026 +.012
2YY 1958 268.748 268.771 +.023

3YY 318.059 318.082 +.023

1266 386.014 386.009 386.026 -.005 +.017 +.012
4YY 426.094 426.112 +.018

W 1 reset 1948 466.539 466.520 466.539 -.019 +.019 0
5YY 525.483 525.490 +.007

2002 610.400 610. 385 610. 389 -.015 +.004 -.011
V1 (1926) 646.199 646.042 646.034 -.157 -.008 -.165
6YY 658.092 658.080 -.012

7YY 685.043 685.023 -.020

U1 (1926) 715.571 715.558 715.557 -.013 -.001 -.014
8YY 754.450 754,445 -.005

9YY 758.079 758.074 -.005

10YY 817.280 817.295 +.015

11YY 838.694 838.719 +.025

12vY 881.839 881.866 +.027

13vY 962.364 962.399 +.035
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Table 3, continued

B.M. 1926 1958 1971 1926-1958 1958-1971 1926-1971
14YY 1041.734 1041.756 +.022

15YY 1040.537 1040.558 +.021

S 1 (1926) 1073.548 1073.554 1073.588 +.006 +.034 +.040
3565 1086.917 1086.951 +.034

16YY 1134.856 1134.897 +.041

17YY 1165.843 1165.797 -.046

90YY 1182.063 1182.119 +.056

94YY 1226.322 1226.449 +.127

95YY 1219. 455 1219.600 +.145

120YY 1198.202 1198.348 +.146

121YY 1160.573 1160. 708 +.135

122vY 1126.863 1126.985 +.122

123YY 1109.887 1109.991 +.104

96YY 1216.909 1217.033 +.124

P 1 (1926) 1204.155 1204.202 1204.251 +.047 +.049 +.096
4076 1242.540 1242.743 +.203

Uwekahuna Trig. 1245.979 1246.166 +.187

203YY 1201.925 1202.148 +.223

204YY 1151.671 1151.991 +.320
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Table 3, continued

B.M. 1926 1958 1971 1926-1958 1958-1971 1926-1971
117YY 1140.696 1141.084 +.388
" 118YY 1139.072 1139.472 +.400
Cracks Trig. 1135.033 1135.446 +.413
Pali Trig. 1142.200 1142.526 +.326
Cone Peak Trig. 1113.327 1113.684 +.357
127YY 1025.004 1025.202 +.198
Aa Trig. 1020.729 1020.869 +.140
Sand Hill Trig. 1127.754 1128.225 +.471
129YY 1098.765 1099.196 +.431
Nose Trig. 1082.249 1082.644 +.395
205YY 1109.450 1109.370 -.080
Spit Trig. 1111.734 1112.052 +.318
111YY 1103.146 1103.585 +.439
112YY 1085.972 1086.446 4.474
113YY 1064.902 1065.452 +.550
Ahua Kam. Trig. 1084.107 1084. 345 +.238
114YY 1080.835 1081.404 +.569
115YY 1111.274 1111.751 +.477
Keanakakoi Trig. 1125.034 1125.064 +.030
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Table 3, continued

B.M. 1958 1971 1926-1958 1958-1971 1926-1971
110vY 1082.738 1082.506 -.232
109YY 1074.900 1074.707<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>