~UNITED STATES DEPARTMENT OF THE INTERIOR

GEOLOGICAL SURVEY

Crustal Deformation near Hanford, Washington
by

W. H. Prescott1

J. C. Savage1

Open-File Report 84-797

This report was prepared under contract to the Department of Energy and has

not been reviewed for conformity with U.S. Geological Survey editorial
standards and stratigraphic nomenclature.

IMenlo Park, CA 94025



Contents

1. Deformation in the Hanford Strain Network by J. C. Savage.eescesss3

AbStraCteceescccesocsccsessssosssscsccsccscscccscsnscccsessosssccscsh
INtroductioNecseecscssceccoscscscsccscocscscsccccsccsscscssoccosseh
The Hanford NetwWorkKeeeeceecsoooooeoocosoossscsoscscososscscscccccseh
Networks along the Wallula fault system-....................-5
ConclusioNecssecsssocvsscssossssoseccscessoscesssscssescsscscsssssed

Reference.....................Q............0000000000000000007

Figure 1. Hanford Net LocatioNeecscecccsecssccvsccscccscocseed
Figure 2. Wallula Fault locationSesceccccccccscsccccsssccvcsed
Figure 3. Results of angle OobservationSeeceecceccsccccesccceessll
Figure 4. Time history of strain componentSeesecsccssecsssesll
Table 1. Line ungth Data..................................12
Table 2. Line Length ChanQCSUQooooooo0000000000000.0000000018
Table 3. strain Mtes..................'...................20

I11. Cold Creek level line, Hanford, Washington: Summary of Initial

Observations by W. He PrescOttecccvececsccssscsscsssscscscscccsceell
IntroductiONeccecsscscescscessvsssssssosscssscsssssocsssnssccsell
Data Set....................................................22
Discussion................'.................................23
Summaty and Suggestions for future WOrKeeeoesosoosoooosoossels
ReferencCeSesesessecscsssscscsoscsosscsessscsscsscsssssssossvseeld
Table 1. Observed elevation differenceScecscecccccesceccceee2b
Table 2. Changes in elevation differenceScececcccecccccecces2?
Figute Benchmark 1ocationSeecescccecccccsccccccsccvscccnssce 28
Appendix 1982 field notes
Appendix 1983 field notes
Appendix Benchmark Descriptions
Appendix Note on Station Imstallation
Appendix Leveling Field Procedure
Appendix Level Rod Calibrations

Mmoo OwdD



DEFORMATION OF THE HANFORD STRAIN NETWORK

J.C. Savage



ABSTRACT

A new survey (August 1983) of the Hanford strain network indicates only
minor deformation since the last survey (October 1981). The 1972-1983 defor-
mation of the main network is adequately described by uniform strain accumula-
tion with principal strain rates =-0.016 £ 0.013 pstrain/a N3°W % 34° and -0.024
+ 0.013 ystrain/a NB7°E % 34°. (Extension is reckoned positive.) The
deformation of a new 12-line network across the Cold Springs syncline suggests
a north-south contraction (-0.27 % 0.22 ystrain/a) for the 1981-1983 epoch.
That strain rate would be consistent with the long-term geologic evidence from
folding, but the observed rate is not above possible errors in measurement. No
systematic strain accumulation in the 1981-1983 epoch could be deduced from the
four, small-aperture strain networks across the Wallula fault system. However,

line-length changes somewhat larger than expected were observed in those
networks.

INTRODUCTION

In 1972 the U.S. Geological Survey (USGS) established a trilateration net-
work (Figure 1) near Hanford, Washington, to measure the accumulation of
tectonic strain on the Hanford Reservation. The network has been surveyed in
1972, 1973, 1975, 1978, 1979, 1981, and 1983. In 1980 the Basalt Waste Isola-
tion Group (BWIP) of Rockwell Hanford Operations added 15 lines (Figure 1) to
the Hanford trilateration network and established three new three~line net-
works (Figures 2 and 3) along the Wallula fault system. These additional lines
were surveyed by the U.S5.G.S. in October 1981 and August 1983. All of the
measured lengths for lines in the original network are shown in Table 1, and
the 1981-1983 changes in length for all lines are shown in Table 2.

THE HANFORD NETWORK

The line lengths in the basic Hanford network (i.e., stations shown by
solid triangles in Figure 1) show only minor changes in the 1972-1984 inter-
val, and those changes are generally within the range that might be expected
due to measurement error. (Gable to Rattlesnake may be an exception to this
statement,) To detect systematic changes in the network it is necessary to
average over the network as a whole. This 1s done most conveniently by
computing the strain field required to transform the network from some average
configuration to the configuration measured at the time of each survey (see
Savage et al., [1981] for a more detailed discussion of the calculation). The
tensor strain components so calculated are shown in Figure 4 as a function of
time. In that figure the strain field is referred to a geographic coordinate
system (i.e., the 1 axis is directed east and the 2 axis north). As can be
seen in the figure both extensions (e } and e o) exhibit slight negative trends
whereas the shear (e,,) is essential&y flat. The average strain rates (with
standard deviations) computed from those plots are as follows:

€;; = =0.024 % 0.013 pstrain/a
'el = 0,000 3 0.005 ustrain/a
ey, = -0.016 + 0.013 ustrain/a
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These are extremely low strain rates, and at the 95% confidence level it is not
clear that real deformation has been measured. The results are perhaps best
summarized by the statement that the measurements provide marginal evidence for
east-west contraction, contraction that might be associated with the subduction
of the Juan de Fuca plate beneath the American plate off the Oregon-Washington
coast [Savage et al., 1981]. The rate of north-south contraction, if any
exists, 1s below the 1level of detection in our measuring system (0.042
Vstrain/a or 4.2%/Ma). Thus, no source of continued formation of the prominent
east-west anticlines in the Hanford area is evident in the measurements.

The 12-line Cold Creek network (stations Benson, Haven, and 911 through
917 in Figure 1) spans the Cold Creek syncline within the Hanford network (see
Figure 3 for greater detail). This network was surveyed only in 1981 and
1983. The observed 1line length changes are all relatively small (Table 2).
The average strain rate for this network over the 1981-1983 interval is given
by the tensor components

éll = -0.02 £+ 0.26 ustrain/a
€12 = -0.01 £ 0.14 Ustrain/a
ey, = =0.27 % 0.22 Ustrain/a

The strain rate corresponds to an essentially uniaxial north-south contrac-
tion, but the observed rate of accumulation is within the uncertainties of the
measurements. Thus, although the observed north-south contraction is con-
sistent with the folding observed in the Hanford area, the uncertainties in the
geodetic observations are such that a coincidence between the geodetic and
geologic observations cannot be claimed with confidence.

The geodetic triangle Weller-Bender-Gibbon at the south end of the Hanford
network (Figure 1) wi;l be discussed in the next section.

NETWORKS ALONG THE WALLULA FAULT SYSTEM

Four new networks across the Wallula fault system were established in 1980
and surveyed by the USGS in October 1981 and August 1983 (Figure 2). Three of
the networks are shown in Figure 3 and the fourth network, the Prosser net-
work, consists of the Weller-Bender-Gibbon triangle shown at the bottom of
Figure 1. Each of these networks is simply a small aperture geodetic triangle,
which offers no redundancy in measuring either line length change or strain.
The observed 1981-1983 changes in line length for these networks are shown in
Table 2. Two of the lines (Jigg-Siwash in the Wallula Gap net and Quarry East-
Quarry West in the Milton Freewater net) show significant changes in length
(+13.7 and -16.8 mm) (Table 2), rather large changes considering the very short
lengths (3.76 and 2.15 km) of the lines. Because of the absence of redundancy
in these networks and the short history of measurement, we are hesitant to
attach too much significance to these observed changes, but we are surprised by
the magnitude of the changes. The average strain rates for the four networks
are shown in Table 3. Significant strain rates are observed for both the
Milton-Freewater and Wallula Gap networks as a direct consequence of the large
length changes in the two lines discussed above. The strain rate for the
Milton-Freewater network is primarily a contraction parallel to the strike of
the Wallula fault system with marginal right-lateral shear across the strike.
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At the Wallula Gap network the contraction is perpendicular to fault strike and
the shear is left lateral across the strike. The strain rates observed at the
Prosser and Warm Springs networks are not defined within measurement precision.

In an attempt to define the strain field across the Wallula fault system
more precisely we have lumped all four networks (Prosser, Wallula Gap, Warm
Springs, and Milton-Freewater) into a single strain adjustment. The result is
shown in the last row of Table 3. The strain field is dominated by the along-
strike contraction from the Milton-Freewater network and the left-lateral shear
from the Wallula Gap network. None of the components of strain for the
combined network is significant at the two-standard-deviation level.

CONCLUSION

Marginal deformation in the main network has been detected for the 1972-
1983 interval. The deformation is best described by the principal strain rates

-0.016 + 0.013 ystrain/a NO3°W % 34°
-0.024 + 0.013 ystrain/a N87°E % 34°

This is the lowest strain rate observed in any of the networks surveyed by the
U.S.G.S. The 12 new lines in the Cold Creek syncline area of the Hanford net-
work show no significant changes in length in the 1981-1983 interval, although
the deformation is suggestive of north-south contraction.

The four small-aperture networks along the Wallula fault system seem to
show larger line-length changes than similar lines measured in the Hanford
network. Nevertheless, no well defined pattern of strain accumulation was
identified. The average strain rate measured in those four networks is best
described by the principal strain rates:

= -0.02 + 0.27 pstrain/a S88°E ¢ 32°
e, = =0.27 £ 0.22 ustrain/a NO2°E % 32°
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Table 2. 1981-1983 line length changes for the Geodolite lines observed near
Hanford, WA.

From _'I_‘g Line legth AL c
kn mm mm

BASIC HANFORD NETWORK

Allard Saddle 2 15.6 5.6 6.1
Benson Coal 13.2 0.7 5.7
Benson Rattlesnake "10.9 3.5 5.2
Coal Gable 32.5 21.4 10.1
Pug 26.4 10.1 8.6
Rattlesnake 18.2 -0.9 6.7
Reynaud 12.0 -0.3 5.4
Saddle 28.0 =-3,6 900
Sentine 23.4 -8.4 7.9
Corfu Saddle 17.3 1.0 6.5
French Saddle 17.1 12.3 6.4
Gable Hartman 25.0 -4.8 8.2
Pug 9'5 2.7 500
Radio 24-4 O|7 8-1
Rattlesnake 33.6 -6'2 10.4
Saddle 28.9 1.2 9,2
Taunton 22.4 -2.4 7.6
Hartman Kelly 10.2 -1.3 5.1
Lyne 11.3 -8.2 503
MCKinley 19.1 -11.0 6.4
Rattlesnake 20.2 -0.3 7.1
WEIler 11I3 "'0-6 503
Kej.ly Rattlesnake 15-5 6.4 6.1
McManamon Saddle 28.8 1.4 9,2
Pug Rattlesnake 24.3 4.9 8.1
Radio Saddle 8.6 =0,2 4.9
Rattlesnake Reynaud 9.5 14.9 5.0
Saddle Taunton 27.1 0.5 8.8

COLD CREEK NETWORK

911 913 8.44 -6.4 4.9
916 6.09 =-2.4 4.6
Benson 8.09 -2.4 4.8
912 913 5.89 =-0.2 4.6
916 3.60 +2.5 A
917 2.99 =-3.7 4.3
913 914 2'71 -113 4.3
915 4.09 -8.1 4.4
Benson 8033 -3D6 4.9
914 915 4,51 =-0.7 4.4
916 917 14.19 +0.8 5.8
Benson  Haven 13.06 +0.5 5.6



From & Line length
k=

PROSSER NETWORK

Bender Gibbon 10.24
Weller 6.33

Gibbon Weller 10.37

WALLULA GAP NETWORK

Jigg Siwash © 3.76
Yellepit 2.66

Siwash  Yellepit 2,71

WARM SPRINGS NETWORK

Lambdin Power Line 6.26
Warm Springs 6.30

Power Line Warm Springs 7.93

MILTON FREEWATER NETWORK

Geer Quarry East 5.38
Quarry West 4.62

Quarry East Quarry West 2.15

"1 '8
+1.5
-1608

L BRSO PP S W Wwn
L] L] L ]
o e B e} ww &~ N O -

Bl o
L]
W &
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Table 3. Strain rates (with standard deviations) in Mstrain/a along the
Wallula fault system. The coordinate system is oriented so that the
1 axis is parallel to fault strike (S60°E) and the 2 axis is perpen-

dicular to strike (N30°E).

Network ¢’ e,
Milton-Freewater -3.4 £ 0.9
Prosser 0.0 £ 0.4
Wallula Gap 0.9 £ 0.9
Warm Springs -0.5 ¢ 0.3
All 4 Nets -0.25 £ 0.24

¢
1.9 £ 0.8

-0.3 £+ 0.3
-2.4 t 0'9
0.1 £ 0.4

=0.27 £ 0.17

-0.8 1 1.1
-0.2 £ 0.3
-2.1 % 1.0

0.8 £ 0.4

0.9 £ 0.20
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Introduction

As part of a broad investigation into the suitability of a prospective
nuclear waste disposal site near Hanford, Washington, the U.S. Geological
Survey (USGS), under contract to the Department of Energy, has begun an
investigation into the vertical stability of the area. The U.S.G.S. has
established a 20 km long level 1line running north-south across Cold Creek
Valley. This level line has been measured twice, in February 1982 and in
September and October 1983. These two surveys taken together form a base
measurement against which future surveys can be compared for the purpose of
detecting crustal motion. The purpose of this report is to discuss these
first two surveys and to record the data in an accessible form. In addition
to the vertical control discussed here, the USGS has been conducting studies
of the horizontal stability of the area since 1972. These measurements are
discussed elsewhere (Savage et al., 1981; Prescott and Davis, 1983; Savage,
1984).

Data Set

In February 1982 the U.S. Geological Survey established a level 1line
across Cold Creek Valley., The line extended 19.6 km in a north-south direc-
tion from the Rattlesnake Hills to a small unpamed hill just west of Gable
Butte (Figure 1). In February 1982 the relative elevations of all bench marks
were determined by conducting a first-order spirit level survey along the
line. The leveling was repeated in September and October 1983,

There are 20 bench marks along the level line. Two of these, Haven
(1947) and Lyne (1947), are old horizontal survey markers that have been in
place for nearly 40 years. Two, U.S.G.S. 610 (1915) and U.S.G.S. F322 (1949),
are old vertical control marks that have also been in place for many years.
911 and 917 were installed by Rockwell-Hanford personnel and have been used
for both horizontal and vertical surveys. One mark, 32 Ensting (1949), was
established by Rogers Surveying Co. The remainder of the marks were
established by Walters Flying Service (WFS), the subcontractor for both
horizontal and vertical surveys in the Hanford area. The marks used in 1982
are numbered "WFS#1” through "WFS#13". 1In 1983 the field crew determined that
the WFS series marks were unsatisfactory and a second set of marks were
established nearby. The 1983 marks are stamped "BM 20" through "BM 32". Each
1983 mark is 3 feet south and 3 feet west of the corresponding 1982 mark.
Appendix D contains copies of descriptions for all the stations and Appendix E
contains a copy of a letter describing the procedures used in installing the
1983 bench marks.

All leveling was done using first-order leveling equipment. A Wild N-3
spirit level (U.S.G.S identification number G-279967) and Wild GPL-3 level
rods (serial numbers 1685A, 1685B, 2176A and 2176B) were used. The level uses
a parallel plate micrometer to read directly to 0.01 cm with interpolation to
0.001 cm. The rods consist of a wooden frame supporting an invar steel strip.
The strip is under tension and graduated every centimeter. The - thermal
coefficient of invar steel is about 0.0000015 m/m/°C. A copy of a recent
calibration is contained in Appendix G.
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With minor exceptions, the levels were conducted in accordance with
standard procedures for first-order levels. These procedures are summarized
briefly in the statement of work contained in Appendix H, and discussed more
fully by Phillips (1980). The 1982 survey was double run, to First Order,
Class II standards (p. 28, Phillips (1980)). The 1983 survey was single run
to First Order, Class II specifications, a category of leveling now referred
to as First Order, Class III leveling. It is commonly used for releveling
after relatively short time intervals such as was the case at Hanford. The
essential requirements of the specifications are:

Maximum sight lengths of 50 m

Maximum sight imbalance 2 m per setup

Maximum sight imbalance 4 m per section

Minimum rod reading 0.5 m

Maximum difference between low and high scale reading 0.30 mm

Maximum line misclosure 5 mm

Maximum difference between forward and backward running of a section
4 mm K

Where K is section or line length in kilometers.

Discussion

The elevation differences that were obtained 1in 1982 and 1983 are
summarized in Table 1 columns a and c. Because different sets of intermediate
bench marks were used during the two surveys, it is not possible to directly
compare the observed elevation differences. Columns (b) and (d) contain
cumulative elevation differences between the 7 bench marks that were common to
both surveys. Rod calibrations, temperature corrections and orthometric
height corrections have not been applied to the observations listed in Table
1. The orthometric correction along the level route is only about 1 mm.
Assuming no change in gravity this correction is time invariant and will not
affect the comparison in Table 2. Since the entire orthometric correction for
this 1line is on the order of 1 mm, even if gravity changed there would be no
significant effect on the orthometric height correction. From the plot in
Appendix F it.is apparent that the worst scale on the rods has a proportional
error of about 20 ppm (.006 em in 300 cm). Since the maximum elevation
difference along the Cold Creek level line is less than 400 m, the rod correc-
tion 1s less than 8 mm. Most of the correction is in the single section
WFS13/BM32 to 917. Over the remainder of the line the rod correction is less
than 1 mm.

The rods were calibrated at 15°C. Air temperature during the leveling
varied from =4°C to 24°C (25° to 75°F, Appendices A and B). The coefficient
of expansion of invar is 1.5 ppm/°C so the maximum temperature correction is
30 ppm. Over most of the line the temperature correction is less than 1.5 mm.
Over the section WFS13/BM32 to 917 the temperature correction would be signi-
ficant. During the 1982 survey of this section the temperature averaged 30°F
or 0°C during the 1983 survey the temperature was 55°F or 13°C. Consequently,
the elevation difference obtained in 1982 should be decreased by 5 mm and the
elevation difference obtained in 1983 by 0.7 mm. This correction would reduce
the observed change in elevation (Table 2) of the section Lyne to 917 from
-5.79 mm to about -2 mm. Temperature correcting the other sections would have
no affect,
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Not all of the specifications were adhered to rigorously during the
surveys. As an examination of the field notes from 1982 will reveal, the
sight lengths frequently exceeded 50 m and the minimum reading was often less
than 0.5 m. In 1983 one section elevation difference, F322 to 32 Ensting,
exceeded the allowed line divergence.

Neither the 1982 nor the 1983 field crew recorded the identification of
the rods and levels used. Only one level could have been used. During the
1982 survey either of the rod pairs may have been used. 1685A and B were lost
in shipping in June 1982 so 2176A and B were used in 1983,

Summary and Suggestions for Future Work

Initial measurements have been completed along a 20 km long level line
across Cold Creek Valley. In a number of ways these measurements were not
conducted the way they should have been. Some of the procedures for first-
order leveling were not followed. Bench marks were replaced with no tie made
between the old and new bench marks. 1In spite of these shortcomings in the
methods, the results appear satisfactory. We now have a baseline against
which future surveys can be compared.

In light of the low rates of movement in the vicinity of the Hanford
site, we suggest a 3 year interval between observations. Since both the hori-
zontal and vertical arrays were surveyed in mid-1983, they will be due in
1986. Measurements more often than once in 3 years are probably not cost
effective when the deformation rates are below 0.1 ppm/yr as they appear to be
at Hanford. The observed horizontal compression rate of 0.27 ppm/yr across
the Cold Spring syncline (Savage, 1984) is higher and an earlier survey of
this area might be indicated. However, there will be no serious loss of
information incurred by leaving this area until 1986 also; by then we will
have a 5 year record in the area and the strain rates should be well defined.
Consequently, we suggest a complete resurvey of both the horizontal and
vertical arrays in 1986,
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Table 1. Summary of Observed Elevation Differences

Station 1

“Haven

WrFs 1/8M 20
WFS 2/811 21
WFS 3/BM 22
WFS 4/BM 23
WFS S/BM 24

USGS F322

WFS 6/BM25
WFS ?/BM 26
WS 8/8M 27

Ensting 32
WFS 9/8M 28

Rockwel] 911

USGS 610

WFS 10/B11 29

Lyne

WFS 11/BM 30
WFS 12/BM 31
WFS 13/BM 32
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Station 2

WFS 1/8M 20
WFS 2/BM 21
WFS 3/8M 22
WFS 4/BM 23
WFS 5/BM 24
USGS F322

WFS 6/BM25
WFS 72/BM 26
WFS 8/BM 27
Ensting 32

WFS 9/8M1 28
Rockwell 911

UsGS 610

WFS 10/8M 29
Lyne

WFS 11/BM 30
WFS 12/8M 31
WFS 13/BM 32
Rockwell 917

(a)

1982
Individual
Sections
M

-43.68253
-3.46373
3. 15636
14.53972
31.04737
15.03964

-4?.25877
-1.04732
-1.69814
-1.69924

1.7975?2
6. 12241

=12. 15454

2.01434
22.3205?

43.25491
$56.97773
68.80900
222.69564

(b) (c)
1982 1983
Preexisting Individual

Sections Sections
M [y )]

-44 02852

-3.42489

3.48710

14.40985

31.04468

16.63683 15.06437

-42.3564 1

-6.11416

-1.59334

-51.70347 -1.62677

1.66201

7.89813 6.23681

-12.15454 ~12.15187

1.89247

24.34191 22.44761

43.46137

56.80882

68.67120

301.73728 222.79016

(d)
1983

Preexisting

Sections
am

16.64259

-51.69068

?.89882
-12. 15187

24 .34008

391.73155



Table 2. Summary of Observed Changes in Elevation Difference

Station t Station 2 Section Elev. Diff. Divergence
Length 1983-1082  Allowed (= Samv/ Kn)
Km> Cmm) (mm)

“Haven F322 5.9 +5.67 12.1

F322 32 Ensting 4.7 +12.65 10.8

32 Ensting Rockwel ) 911 1.7 +0.48 6.5

Rockwell 911 USGS 010 1.2 +2.78 5.9

UsGS 610 Lyne 1.7 +1.87 6.5

Lyne Rockwel | 917 4.4 -5.79 10.5

Cumulative 9.6 13.92 8.7
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APPENDIX A:

February 1982 Field Notes
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APPENDIX C: . 221

Bench Mark Descriptions




DESCRIPTION OF BENCH MARKS
Hanford Area

Station Haven (1947) State Washington County Benton Date 2/17/82

Nearest Town Benson Ranch County Benton

Distance and direction from nearest town 8.5 miles north

Character of mark Brass disk Stamping Haven 19
Established by: USGS

Detailed description:

From intersection of 240 E. and 240 W. in Richland on west on State

Route 240 for 24 miles then proceed through locked gate (N.) 7.0 miles to
a power line access road. Turn right on to power line access road and
proceed approximately 1.2 miles, turn left up to top of hill and station.

DESCRIPTION OF BENCH MARKS
Hanford Area
Emzo
Station WFS—1- State Washington County Benton Date 2/17/82

Nearest Town Benson Ranch County Benton

Distance and direction from nearest town 8 miles north

Character of mark Brass disk Stamping WES1 Bm 20

Established by: Walters Flying Service

Detailed description:

From intersection of 240 E. and 240 W. in Richland go west on State
Route 240 for 24 miles then proceed through N. locked gate 7.0 miles to a
power line access road. Turn right onto power line access road and
proceed approximately 1.05 miles to WFS 1. Station is approximately

104 feet N. of road and 9 feet S.E. of witness post. -
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DESCRIPTION OF BENCH MARKS - 223

Hanford Area

Bm2l
Station WFS—2 State Washington County Benton Date 2/17/82
Nearest Town Benson Ranch -County Benton

Distance and direction from nearest town 7.6 miles north

Character of mark Brass disk Stamping WFS2- Bm 2.1

Established by: Walters Flying Service

Detailed description:

From intersection of 240 E. and 240 W. in Richland, go W. on State

Route 240 for 24 miles then proceed through N. locked gate 6.5 miles to
Railroad Grade Rd, Turn right and proceed 0.6 miles to WFS 2. Station is
approximately laiffet S. of centerline road, and 3 feet W. of witness
post.

( RDEGE7)

DESCRIPTION OF BENCH MARKS

. Hanford Area
Bma2

Station #FS—3 State Washington County Benton ' Date 2/17/82

Nearest Town Benson Ranch County Benton

Distance and direction from-nearest town 7.2 miles north

Character of mark Brass disk Stamping W53~ BEm2z 2

Established by: Walters Flying Service

Detailed description:
From intersection of 240 E, and 240 W. in Richland, go W. on State
Route 240 for 24 miles then proceed through N. locked gate 6.0 miles to

WFS 3. Station is approx. 54 feet E. of paved road and 3 feet W. of
witness post.

c-3




DESCRIPTION OF BENCH MARKS 224

Hanford Area

Em2F
Statfon WwFS—# State Washington County Benton Date 2/17/82
Nearest Town Benson Ranch County Benton

Distance and direction from nearest town 6.4 miles south

Character of mark Brass disk Stamping WFES4 B 23

Established by: Walters Flying Service

Detafled description:

From intersection of 240 E. and 240 W. in Richland, go W. on State
Route 240 for 24 mi then proceed through N. locked gate 5.2 miles to
WFS 4. Station is approx. 51 feet E. of paved road and 3 feet W. of
witness post.

.

DESCRIPTION OF BENCH MARKS

Hanford Area
B m24

Statfon #F§5 State Washington County Benton Date 2/17/82

Nearest Town Benson Ranch County Benton

Distance and direction from nearest town 5.6 miles north

Character of mark Brass disk Stamping WESS- Bm_R ¥4

Established by: Walters Flying Service

Detailed description: '

From intersection of 240 E. and 240 W. in Richland, go west on State
Route 240 for 24 miles, then proceed through N. locked gate 4.5 miles to
WFS 5. Station s approx. 48 feet E. of paved road and 3 feet W. of

witness post. Station is also 60 feet N.E. of anchor pole and 60 feet
N.W. of most N. edge of elect. towers.

c-4
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DESCRIPTION OF BENCH MARKS

Hanford Area
USGS
Station F 322 (1949) State Washington County Benton Date 2/17/82

Nearest Town Benson Ranch County Benton -

Distance and direction from nearest town 4.9 miles north

Character of mark Brass disk Stamping F 322 1949
Established by: USGS

Detailed description:

From intersection of 240 E. and 240 W. in Richland, go W. on State
Route 240 for 24 miles, then proceed N. through N. locked gate 3.7 miles
to (F322, 1949). Station is approx. 45 feet W. of paved road at top of
cut bank.

DESCRIPTION OF BENCH MARKS

Hanford Area
smz§

Station W56 State MWashington County Benton Date 2/17/82

Nearest Town Benson Ranch County Benton

Distance and direction from nearest town 4.3 miles north

Character of mark Brass disk Stamping WS€ R mES

Established by: Walters Flying Service

Detailed description:

From intersection of 240 E. and 240 W. in Richland go west on State
Route 240 for 24 miles, then proceed N. through N. locked gate for

3.1 miles to WFS 6. Station is approx. 24 feet E. of centerline of paved
road, and approx. 5 feet W. of a2 4 x 4 witness post.

c-5
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DESCRIPTION OF BENCH MARKS

Hanford Area
Bm26
Station WFS—7-- State Washington County Benton Date 2/17/82
Nearest Town Benson Ranch -County Benton

Digtance and direction from nearest town 3.5 miles north

Character of mark Brass disk Stamping WFS7 ®BM 26

Established by: Walters Flying Service

Detailed description:

From intersection of 240 E. and 240 W. in Richland, go west on State
Route 240 for 24 miles, then proceed N. through N. locked gate 2.4 miles
to WFS 7. Station is approx. 30 feet E. of centerline of paved road and
3 feet W. of witness post.

DESCRIPTION OF BENCH MARKS

Hanford Area
sEmen
Station HFES—% State Washington County Benton Date 2/17/82

Nearest Town Benson Ranch --_County Benton

Distance and direction from nearest town 2.7 miles north

Character of mark Brass disk Stamping WFS8 Sma27

Established by: Walters Flying Service

Detafled descriptidn:

From intersection of 240 E. and 240 W. in Richland, go west on State
Route 240 for 24 miles then proceed N. through N. locked gate for

1.6 miles to WFS 8. Station is approx. 60 feet E. of centerline of paved
road, and 2 feet W. of witness post,

¢ +3'5
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- DESCRIPTION OF BENCH MARKS
Hanford Area

Station No. 32 (1949) State Washington County Benton Date 2/17/82

Nearest Town Benson Ranch - County Benton

Distance and direction from nearest town 1.9 miles north

Character of mark Brass disk Stamping BM No. 32 Elev. 623.405

Established by: Rogers Surveying Co.

Detailed description:

From intersection of 240 E. and 240 W. in Richland, go west on State
.Route 240 for 24 miles, then proceed N. through N. locked gate 0.8 miles
to station No. 32. Station is approx. 45 feet E. of a paved road, also
approx. 188 feet N.E. of a P. P. and on the prod of a graded road to the
E. of station. There is a 4 x 4 witness post present that is 2 feet high
and 2 feet east of station.

L

DESCRIPTION OF BENCH MARKS
Hanford Area
T pma®
Station WFS—9 State MWashington County Benton Date 2/17/82

Nearest Town Benson Ranch County Benton

Distance and direction from nearest town 1.4 miles north

Character of mark Brass disk Stamping WKS-9

Established by: Walters Flying Service

Detailed description:

From intersection of 240 E. and 240 W. in Richland, go west on State
Route 240 for 24 miles, then proceed N. through N. locked gate 0.3 miles
to WFS 9. Station is approx. 35 feet E. of centerline of graded road and
3ffeetdS.H. of witness post. Station is also 2 1/2 feet above centerline
of road.

c-7




DESCRIPTION OF BENCH MARKS 228
Hanford Area

Station 911 (A) State Washington County Benton Date 2/17/82

Nearest Town Benson Ranch County B8enton

Distance and direction from nearest town 0.85 miles north

Character of mark 1 1/2" Brass disk  Stamping 911

Established by: Rockwell

Detailed description:
From intersection of 240 E. and 240 W. in Richland, go west on State

Route 240 for 24 miles, then proceed through S. locked gate 0.1 miles.
Then E. cross country 0.1 miles to N.E. edge of Rock Quarry Pit.

DESCRIPTION OF BENCH MARKS

Hanford Area

USGS
Statfon 610 (1915) State Washington County Benton Date 2/17/82
atum, Wash
Nearest Town Benson Ranch County Benton

Distance and direction from nearest town

Character of mark Brass disk Stamping USGS 1915 610 feet Datum
Established by: USGS

Detailed description:

From intersection of 240 E. and 240 W. in Richland, go W. on State

Route 240 for 24 miles, then proceed through S. locked gate 0.95 miles to
station (USGS 1915). Station s approximately 18 feet W. of graded rd.
and in between two graded roads and 2 feet S.W. of witness post. Station
is also among the first three trees you come to.

c-8




DESCRIPTION OF BENCH MARKS 229

. Hanford Area
pmz

Station WFS—10 State Washington County Benton Date 2/17/82

Nearest Town Benson Ranch County Benton

Distance and direction from nearest town 0.4 miles south

Character of mark Brass disk Stamping WS36- Z» 29

Established by: Walters Flying Service

Detailed description:
From intersection of 240 E. and 240 W. in Richland, go W. on State
Route 240 for 24 miles, then proceed through S. locked gate 1.35 miles to

WFS 10. Station is approximately 78 feet N. of graded rd. and 3 feet W.
of witness post.

DESCRIPTION OF BENCH MARKS

Hanford Area

USGS
Station tyne (1947) State Washington County Benton Date 2/17/82
Nearest Town Benson Ranch County Benton

Distance and direction from nearest town 1.1 miles south

Character of mark Brass disk : Stamping Lyne 1947

Established by: USGS

Detailed description:

From intersection of 240 E. and 240 W. in Richland, go W. on State

Route 240 for 24 miles, then proceed through S. locked gate 2 miles to
Station (Lyne 1947). Station is located on top of a small hill '
approximately 200 feet to the E. of the center of graded rd. and 3 feet E.
of witness post. Station is cemented to a large rock.

c-9




DESCRIPTION OF BENCH MARKS
Hanford Area

m3o
Station saﬁ?-il State MWashington County Benton Date 2/17/82

Nearest Town Benson Ranch - ‘County Benton

Distance and direction from nearest town 1.8 miles south

Character of mark Rod in cement square Stamping Nere Bz

Established by: Walters Flying Service

Detailed description:

From intersection of 240 E. and 240 W. in Richland, go W. on State

Route 240 for 24 miles, then proceed through S. gate 2.7 miles to station
11, Station is approximately 78 feet E. of center of graded rd. and

3.5 feet S.W. of witness post.

. DESCRIPTION OF BENCH MARKS

Hanford Area
Bm 3|

Station WFS=Y2 State Washington County Benton Date 2/17/82

Nearest Town Benson Ranch - County Benton

230

Distance and direction from nearest town 7.6 miles south

Character of mark Rod in cement square Stamping None IZme)

Established by: Walters Flying Service

Detailed description:
From intersection of 240 E. and 240 W. in Richland, go W. on State

Route 240 for 24 miles, then proceed through S. gate 3.45 miles to Station

12, Station is approximately 57 feet E. of center of graded road.
Station is also at intersection of a road going W. from graded road.
Station is also 6 feet S.W. of witness post.

c-10




DESCRIPTION OF BENCH MARKS 231

Hanford Area
smI2
Station WFS—13 State MWashington County Benton Date 2/17/82

Nearest Town Benson Ranch County Benton

Distance and direction from nearest town 3.3 miles south

Character of mark Rod in cement square Stamping Nere- FH/ 32

Established by: Walters Flying Service

Detailed description:

From intersection of 240 E. and 240 W. in Richland, go W. on State

Route 240 for 24 miles, then proceed through S. locked gate 4.2 miles to a’
“T* intersection, bear right and proceed another 0.25 miles to

Station 13, Station is approximately 50 feet W. of centerline of graded
road and 3.5 feet N.W. of witness post.

DESCRIPTION OF BENCH MARKS

Hanford Area

Station 917 (G) State Washington County Benton Date 2/17/82

Nearest Town Benson Ranch -County Benton

Distance and direction from nearest town 5.5 miles south

Character of mark 1 1/2: Brass disk - Stamping 917

Established by: Rockwell

Detailed description:

From the entrance to Richland Municipal Airport go N. 0.8 mi to State
Route 240, turn left on 240, and go W. 21.5 miles to a locked gate on left
(S.). Proceed through the gate on main bladed rd. 3.9 miles to a *T*
intersection, turn right and go 1.3 miles to a top of saddle and turn
right on 3 faint jeep track 0.3 miles to top of rocky knoll and station.

c-11
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Note on Station Installation
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“WALTERS
FLYIKE SERVICE

P.O. Box 2123 - Ridgecrest, CA 93555
24 Hours Phone: (619)375-4688

January 14, 1984

Dear Wil:
Thanks for a copy of the letter.
1. A1l "new" B.B.M's are 3' south and 3' west of "old" W.F.S.'s rods.

2. All Bench marks are encased in 18" (L) X 8" (D) white PVC pipe.

3. All Rods are 5/16 galvanized, all thread driven to refusal with 65 1b.
air hammer.

4. Gate number to north stations is 117A.
Gatr number to south stations is 117.

5. If road between 911 and 610 is blocked (drainage area) use the description
I wrote in September, 1983:

U.S5.G.S. 610 to reach: From the interesection of 240 E and 240 W in Richland
go W on 240 for 24.6 mi. to gate 118, proceed through gate (SW) along power-
line 0.9 mi. Y go left, 0.9 mi. Y go left, 1.4 mi. Y go left, 0.4 mi. to sta-
tion on left.

ot —

Floyd Walters
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APPENDIX E: 234

Leveling Field Procedures




Statement of Work

1983 Hanford Site Releveling

1. INTRODUCTION: The USGS requires releveling of a 1Y km long level line on
the Hanford site across Cold Creek Valley. The following statement of work

sets out the procedures to be followed by the level crew.

I1. REQUIREMENTS: (A) The contractor shall provide the necessary personnel,
vehicles, and equipment required for the surveying and as specified herein.
(B) Surveys = (1) All field work shall be performed to
first-order Class 111 (Class 1, double-simultaneous) standards of accuracy, as
specified in tkic statement of work.
(2) In the event of an earthquake or an
abnormal situation requiring a redirection of effort, the COTR may modify the

instructions to the contractor and the contractor will respond as expeditiously

as possible to redirect the field operations.

(C) Field Procedures: Observing order: rod A low scale,

rod A lower stadia, rod B low scale, rod B lower stadia, rod B high scale, rod
A high scale, with rod A always observed first. (This procedure minimizes
effects of rod and tripod settlement during setups and errors caused by refrac-
tion changes with changing temperature), Start and end each station with rod A
on the bench mark for an even number of setups. (If this is not done, rod
index errors from sections with an uneven number of setups can accumulate over
long distances.) After a setup is completed, the instrument and back rod are
moved forward "leap-frogging”™ to eliminate accumulation of systematic error
causéd by index errors, refraction, etc. Level the instrument vith telescope

pointing opposite directions at alternate instrument statfons (that is, always
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pointed toward rod A) to prevent accunmulation of small compensation error on
compensator levels, caused by hysteresis. this is not required om the Ni 002
when the compensator is reversed between left and right scale readings. Maxi-
mun disagreement between left and right scale elevation differences is 0.30 mm
for each setup. The length of site should be adjusted so setup observations
will not have to be repeated frequently to meet this requirement. Maximum
length of site shall be 50 m. The direction of running will be reversed on
alternate sections when practical to avoid accumulation of small systematic
errors from refraction; movement of the forward turning pin while the instru-
ment is moved ;o the next setup, etc. Backward and forward stadia distances
can differ by no more than 2 meters per setup and 4 meters accumulated along a
section. The line of sight between instrument and rod should always be higher
than 0.5 meters above the ground. This may be relaxed only when checking into
a wall-mounted BM. In this case, a TBM will be set and tied to the vertical BM
with a single setup, using the vertical BM rods supplied by the contractor.
Turning pins with driving cap will be used when they can be driven. Turning
pins will be driven vertically into the ground to provide a firm support for
the rods. (Tests show that the turning plate settles up to five times as much

as the turning pin.) Turning plates, however, will be acceptable. Rod

supports will be used at all times. Allow 20 seconds for the tripod feet and

turning pins (with rod on pin) to stabilize before making observations. (Tests

show that most of the displacement occurs during the first 20 seconds after the

tripod and pin are forced into the ground.) The “C" factor will be checked
daily on the Ni 1, Ni 2, and N3. Compensators will be checked weekly for

automatic levels only. .
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(D) Circuit lag and re-momumentation: All level lines are

presently monumented. Bench mark spacing shall be 1 BM/km (horizontal
distance) except where gradients are steep, where 1BM/4Um (vertical distance)
supercedes horizontal spacing criterfa. Continuous circuit lag (net time
between initial and final occupation of a BM) must not exceed four days. The
COTR will provide an abstract of BM's to be leveled and their elevations for
the previous leveling. Destroyed or damaged BMs are to be remonumented at the
expense of the COTR and documented for future recovery, at a rate of $75/BM.

| (E) Instruments: Provided by the USGS and must include:

(1) a spirit micrometer level of the highest
precision: Wild N3, Wild NA2, Ni002, or Ni A3l.

(2) Wild matched rods with double invar
scales, 1 cm graduation must be calibrated at every graduation by the National
Bureau of Standards Lab prior to use. ’

(3) Field tape recordiﬁg devices for storing
all field measurements and verifying field procedure. The calculator device
must: (a) not accept‘sights in excess of 50 m; (b) not accept rod readings
below 50 cm from the ground; (c) not accept left and fight scale differences
greater than 0.30 mm; (d) not accept stadia mis-balance of more than 2 m per
saction (4 m for entire line); (e) accept only the prescribed order for
reading rods; (f) accept

the daily C-factor.




. 4

(F) Section re-run: Sections shall be rerun if the

difference between three consecutive BM's differs from the previous leveling
by 3 mn or more. Otherwise each section shall be run in only one direction.

This value may be altered by the COIR as a function of terrain, after

notification. .

(G) Reports: Level abstracts, with cumulative observed
elevation differences from previous leveling (suppied by COTR), instrument and
rod make and serial numbers, 2 weeks after the completion of the field work on
each line, Personnel changes, remonumentation reports, and schedule changes,
all of which r;quire COTR approval, shall be submitted during the course of
field wvork.

(H) Crew Experience: (a) Party Chief: Licensed

California Surveyor and extensive previous experience as Party Chief of a
1st-Order level crev. (b) Remainder of crew: previous experience on a
lst-Order level crew. (c) For the entire crew: competeﬁce with complete
operation of the field tape recording instruments.

(1) Right-of-way: The contractor will obtain right-of-vay
perﬁission from appropriate persons or agencies with cover statements and

assistance as needed, provided by the COTR.




DEPARTMENT OF THE NAVY
NAVAL AlR REWORK FACILITY
ALAMEDA, CALIFORNIA 94501

-NAVY STANDARDS LABORATORY-

CALIBRATION REPORT

for

3 METER LEVELING ROD SET
Manufacturer: WILD Heerbrugg

Model: 1685

Serial No.: A4B

submitted by

US GEOLOGICAL SURVEY

345

Middlefield Road
Mail Stop 77
Robert Castle

Menlo Park, CA.94025

This set of leveling rods was calibrated using standards

traceable to the National Bureau of Standards and the

results are listed below.

The measurements were made from the base of the footplate

to the centers of the graduations on the metallic strip.

The assumed coefficient of thermal expansion of the

metallic (invar) strip is .0000015 m/m/degree celsius.

IRTERVAL

306
400
450
So00
600

AMBIENT TEMP.:
REL. HUMIDITY:
REPORT »

DATE

19.2 Deg ¢
451
J6-6

6/3/82

S/N:A

(4 D]

3.99739
99.99473
149.99862
199,.99857
299.99896

4.44898
98.45039
148.45241%
198.45252
298.45454

S/N:B
M
3.99704
99.99723
149.99909
199.99983
300.00090

4.44663
98.44760
148.44945
198. 44882
298, 45204

. :
f}%& M
PREPARED BY: i/ SIS\

APPROVED av.__&,’_._<é[a@'£g‘lﬁ/

RESUBMISS10N DATE:




APPENDIX F:

Level Rod Calibration
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GAGE AND STANDARDS CENTER
NAVAL WEAPONS STATION, SEAL BEACH, POMONA ANNEX
P. 0. BOX 2426
POMONA, CALIFORNIA 91766

DEPARTMENT OF THE NAVY P

$avy Standards Laboratorp 241
Report of Calibration

FOR

(2) 3-Meter Leveling Rods
Wild Heerbrugg Instr. Inc.
Serial Nos. 2176A and 2176B

SUBMITTED BY:
U. S. Geological Warehouse, Menlo Park, CA

The above leveling rods have been compared to N.B.S. traceable standards.
The horizontal straight line distance between the terminal points of the
indicated intervals have the following lengths under the environmental
conditions listed below:

—

INTERVAL LENGTH
UNITS No. 2176A (1) No. 21768 (2)
Bottom Plane of footpiece to 60 cm .59988 Meter .60002 Meter
to 80 em .79987 Meter .80001 Meter
to 100 em .99987 Meter 1.00001 Meter
to 200 cm 1.99984 Meters 1.99999 Meters
to 300 cm 2.99986 Meters 2.99999 Meters
Rod Constant 5.50 and 4.50 wmm 5.50 and 4.50 mm

The rod constant factor is the average offset distance between terminal points
of the right and left scales of the invar strip measured from each of the above
intervals to the first graduation below and above the interval.

The length values shown above are not in error by more than 0.00005 meter.

This accuracy is based upon the limits imposed by the standards used, the
length of the intervals and the quality of the interval points.

The terminal points of the intervals are defined as the centers of the
graduations at their ends nearest the middle of the rod and the point on
the bottom plane of the footpiece coincident with the normal projection

of a straight line through the ends of the graduations. The coefficient of
thermal expansion is assumed to be 1.0 micron per meter per degree celsius.

AMBIENT TEMP 20°C PREPARED BY: 1/{} /!Ilj 1A 11/
RELATIVE HUMIDITY 40% B. Overcash
REPORT NO. 6873 & 6877 aveRoveD BV PG e
DATE May 21, 1980 A. M. Luis

PAGE 10f1 RESUBMISSION DATE  May 21, 1981

1IND-POMONA-4355/25 (REV. 12-79)
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