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Form C&GS-181a U.5. DEPARTMENT OF COMMERCE
L12-812 COAST AND GEODETIC SURVEY

DESCRIPTIVE REPORT - DATA RECORD
T~ 12674 thru 12698

PROJECT NO. (1} :

40, 000-112 & 20,000-858 (1964-1965 reimbursable nos.)

FIELD OFFICE (1) : CHIEF OF PARTY

Blythe, Calif. We M. Reynolds

PHOTOGRAMMETRIC OF FICE (111}: OFFICER-IN-CHARGE

Wasghington, D.C. J. E. Waugh

INSTRUCTIONS DATED (11) (1)

Field:

Dec. 11, 1963

Supplement 1, Dec. 17, 1963
Office:

Jean. 13 » 1962

Sept. 25, 1964

v

METHOD OF COMPILATION (1}

. B=8 stereoplotter

3

It4

MANUSCRIPT SCALE {lID: STEREODSCOPIC PLOTTING INSTRUMENT S5CALE [ill}:

1:18,000

DATE RECEIVED IN WASHINGTON OFFICE (Iv}): DATE REPORTED TO NAUTICAL CHART BRANCH {1v):

APPLIED TG CHART NO., DATE: DATE REGISTERED (IV}:

VERTICAL DATUM (111):
MEAN SEA LEVEL EXCEPT A5 FOLLOWS:

GEOGRAPHIC DATUM (It1) ¢

Elavations ahown 28 (25) rafer to maan high water
N.A., 1927
Elevations shown as (_52 refer to sounding datum

i.a., mean low water or mean lower low water

REFERENCE STATION (113):

LAT.: LONG.:
[JapJusTED
[JunADJUSTED
PLANE COORDINATES (1V}): STATE ZONE
= X =
. ROMAN NUMERALS INDICATE WHETHER THE ITEM IS TO BE ENTERED BY {IlI) FIELD PARTY, (I!1} PHOTOGRAMME TRIC OF FICE,

OR (Ivi WASHINGTON OF FICE.
WHEN ENTERING NAMES OF PERSONNEL ON THIS RECORD GIVE THE SURNAME AND INITIALS, NOT INITIALS ONLY.
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DESCRIPTIVE REPORT - DATA RECORD

U.S. DEPARTMENT OF COMMERCE
COAST AND GEODETIC SURVEY

FIELD RIEEXENNK BY (11 : DATE:
Control W. M. Reynclds l1-1li=6l

H. L. Gans 2-28-64
ME KN ZIRFA K LOCATION {11} (STATE DATE AND METHOD OF LOCATION):
River Shoreline

Winter 196l

Spring 1965

DATE

PROJECTION AND GRIDS RULED BY (I1V):

A. E. Roundtree

October 1964

PROJECTION AND GRIDS CHECKED BY (I1V):

P. Hawkins

DATE

October 1964

CONTROL PLOTTED BY (11}:

"} D He Phillips

DATE

November 1964

* !l CONTROL CHECKED BY (111}

‘. J. Ce Richter

DATE

November 196l

G. M. Ball

RADIAL PLOT OR STEREOSCOPIC CONTROL EXTENSION BY {(111):

DATE

September 1964

STEREOSCOPIC INSTRUMENT COMPILATION {III):[ PLANIMETRY

M. C. Webber

DATE
December 196l
Jan-May 1965

Js B, Phillips

TONXOUEX

DATE

MANUSCRIPT DELINEATED BY (111):

DATE

December 196l
Jan-May 1965

M. C. Webber, J. B. Phillips

SCRIBING BY (1i1):

Negative Bngraving Branch

DATE

Jan-May 1965

PHOTOGRAMME TRIC OF FICE REVIEW BY (ti):

J. Battley

DATE

May 1965

REMARKS:

USCOMM-DC 18278D-P8°
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A rgmctese SRR LSS
DESCRIPTIVE REPORT - DATA RECORD
‘CAMERA {KIND OR SOURCE!} {1} T
» | Single=-lens 6" focal length ("S"™ & "W" cameras)
PHOTOGRAPHS (1))
NUMBER DATE TIME SCALE STAGE OF TIDE
62 S 9761A - 97704
62 8 97804 ~ 97864
62 8 97934 - 98014
62 s 98104 - 98164
62 3 98494 - 98384 Inapplicable
62 8 98834 - 99024
62 S 9909A - 99174
62 S 9923A - 99354
62 S 99784 - 9991A
63 W 9923 - 9927
TIDE (1)

RATIO OF MEAN SPRING
RANGES RANGE RANGE

) ‘r‘REFERENCE STATION:

L
,UBORDINATE STATION:

SUBORDINATE STATION:

LA

DATE:
WASHINGTON OFFICE REVIEW BY (1v):
PROOF EDIT BY (IV}: DATE:
. REC RED!: .| IDENTIFIED:
NUMBER OF TRIANGULATION STATIONS SEARCHED FOR {11): 25 ]_'_943.
H EN
NUMBER OF BM{S) SEARCHED FOR (l1}: RECOVERED IDENTIFIER

NUMBER OF RECOVERABLE PHOTO STATIONS ESTABLISHED {111}

NUMBER OF TEMPORARY PHOTO HYDRO STATIONS éSTABLISHED iam:-

REMARKS:
The only statlions counted as recovered or searched for are the

stations which were visited by the gecdetic party. Also seven new
statlons were established by the geodetic party for the use of
. | photogrammetry.
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ARIZONA-CALIFORNIA BOUNDARY COMMISSION
BOUNDARY MAPS

SCALE 1:18,000
1 inch = 1500 ft.

photographs of July 1962 and September 1963
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SUMMARY TO ACCOMPANY DESCRIPTIVE REPORT
T«1267) THROUGH T-12698
MAY 1965

Under an agreement with the States of Arlzona and
California, the Coast and Geodetic Survey has located
3h monumented boundary points by triangulation and 215
boundary sub points by photogrammetrlic methods in and
along the Colorado River. Analytic aserotrlangulation
methods were used to bridge ten strips of 1:40,000
scale photography for the project.

The Colorado River Boundary Commission selected )
and pricked the 215 river sub polnts on a set of 1:18,000
scale ratlo prints furnished by the Coast and Geodetic
Survey. Negatives, carefully ratioed to the bridging
glass diapositives, were then made of the pre-marked
photographs, These negatives were reglstered over the
bridging plates and drilled by direct transfer. Plane

.. coordinates were thus obtained for these points by the
well controlled bridge accomplished for this project.

A 1ist was prepared showing geographic posltions and
the Californla and Arizona State plane coordinates.

Following the location of the boundary points,
the states of Arlzona and Californla requested plan-
imetrlic maps along the Colorado River showling the deter-
mined boundary points, the boundary line and plani-
metric detail within 4000 to 5000 feet of either bank
of the river,

Twenty five surveys (T=12674 thru T-12698), all
at a scale of 1:18,000, were complled on the B—é stereo=
plotter by the Washington Compllation Offlce.

The manuscripts were compiled on worksheets holding
to plotted bridge positions and inked to the manuscripts
alfter careful review., All detalils were complled from
office interpretation of the stereo models, with the
exception of detail deseribed in the vicinity of the
boundary polints by the fleld party during field ident-
ification. All detalls surrounding the boundary points
were compliled to agree with the descriptions supplied
in the "Interstate Compact Defining the Boundary Be-
tween the States of Arizona and California"., The
boundary line between points was also compiled in
gccordance with the Interstate Compact.
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Field operations encompassed the recovery, ese
tablishment and identification of horizontal control,
including the location of the monumented boundary
stations on the field ratio prints, Field inspection
for and fleld edit of complled features was not per=-
formed for the project.

Compilation was completed in Aprll 1965. The
surveys were then scribed by the Negative Engraving
Branch, type applied and the completed sheets printed.

One negative, one cronaflex copy and 100 ozallds
of each map were supplied to the states of Arlzona
and California. Each state also was supplied with
a set of negatives and a set of ratio prints showing
all boundary points located for the project.

A copy of these surveys will be registered in the
Bureau Archives under their respective T=nos. (T=1267}
through T-12698).

Submi “6 giy :
J. P. Battley, Jr.
Cartographer
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PIELD TNSPECTION RUPORT
ARTZONA - CALIFCENIA STATE ROUNDARY
PROJECT 2142} ~ 40,000 - 142

The only item perteining to this project is Horizontal Control, It ia
discussed below md all other items have been omitted.,

Horisontal Control,

This was a joint project agsigned to Geodetie Party 639 and a sub~unit of
Photogrammetric Party 6430, FHorizontel control was gearched for amd T
identified in accordance with Projact Instiuctions and & cory of the project
diagram which was furnished the field unit. The geodetic party established

35 permanently marked points along the Colorado: River from the Wevada state

line to the Mexican Border, Fifteon of these points were idertified to help
control the aerotriangulation by the photogrammetiy division,-These painté °

are REFUGE 1964, Point ¥o. 2, DOCK 1964, Point No, 77 FLAT 196L, Poimt ¥o,0,

VISW 1964, Point No, 10, POINT NO, 12-1964, BHAFN 1964, Poimt Yo, 13, °
CIBNLA 1964, Point Yo, 1, 3QUAW 1964, Point No, 15, KOOL- 196, Point Wo, 19,
TES-R2M-S4-89 1964, Point No. 20, CAL-ARIZ PP, W0; 21 1964, 'CiL.ARI7 PT, WO,

22 1964, 'WISEC 13 1964, Point Wo, 26, MISSION 1944, Point Yo, 32 and 835-822~
BIM 1964, Point No, 3h. Seven stations were established by the geodetic party |
for the use of the photogrammetric unit, These-stations are SAW 1964, ¥IFID ~
1964, ELBOW 1964, CIB 196k, ZON 1984, WHITE 1964 and IM™7 1984, Wight stations
were requested by the photogramestry division but cne was cancelled with the
approval of the Washington Office,

It wag necessary to use ordinary base dnes and the “hort Base Method to

determine diatances to substitute points, A1) hags lines were laid ocuf with

a common side to two triengles. ALl sido checks were less than 3 feet, = 4
Vertical anglea were observed where there was & noficeable difference in !
elevaticn between the station and substitute point, \
Supplemental instructions were received to identify all turning points,

or: the state lins, which were established by the geodetie party, Twenty-five
additional points were identified for transfer to an un-controlled mosale,

These points were identified for the sbove purpose otly’and ade not’to de

used for horizontal control; These points are 1A, 18, 3; 4,°5, 6, &, 11,

124, 13, L, 17, 18, 21, 22, 23, 24, 25, 26, 27; 28, 29, 30, 31 and 33,
Substitute points were identified at "WRTW 1364, Point 'Foi'l3, CAL-ARIZ PT,

N0. 21, CAL-ARIZ POINT M0, 22 and W} SEC, 13, Point No, 26, The substitute”
points ere to be used for horisontal contiol if neéded. The direct pricking

of the stations is for transfer to the wosaic only.

Recovery Notes are submitted for zll stations which were uded by the photo-
grammetrie unit but were not visited by the geodetic party,
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Identification was performed on 1t40,000 scale contact printa, The photography”
was of very good quality ard mo great difficulty was encourtered in identifying
the substitute pointo excopl in the farming area along the Coloredo River, The’
cultivation in these ereas had eliminsted many of the points which were in place
at the time of photograpiy. Some of the areas had been cleared an put to culti- ~
vation since photography. In seveial instances it was impossible to select pointa
on opposite sides of the stations, Powever, this was dons whenover practiceble,
Ratio prints were réquested in the vicinity of stations FORT cAs® (tranz) 1934
and RED (USGS) 1933, The prints were not used due to fuzsiness from being
enlarged 6 times,

In the cass of Points 12 and 124, the recormeiogance deseription called for the
station to be established in the center of the concrete sertion of Palo Torde °
Dom while the COMPACT called for the center of the earth f£ill section of the dam,
Point No. 12 was established in the center of the concrete sectfon and Point 124
wag established in the center of the earth £ill1 section of the dam,

Compited positions of the 196L stetions were not comploted when the unit leoft the
area, These pooitions will be furnished by the geodetle party in approximately
one month, :

Willidm ¥, Reynolds °
Chief, "ub-unit Thoto,
Party 6420

— . — . - — oty e . e e i { e




Photogrammetric Plot Report
Project 40,000~142

Colorado River, Arizona-California Boundary

2l. Area Covered

This report covers the boundary between the states of Arizona

and California on the Colorado River from the boundary inter-

section at 35 degrees north latitude, to a point on the inter-
national boundary of United States and Mexico.

22, Method

Analytic aerotriangulation methods were used to bridge ten strips
of photography at the scale of 1:40,0006. The purpose wag to fur-
nish positions for preselected boundary points In the Colorado
River and to furnish control for shoreline maps at a scale of
1:18,000,. Approximately 200 unmonumented subpoints were pre-
seleeted and pricked on a set of ratic prints of the bridging
photography by the Boundary Commissionsof the states of Cali-
fornia and Arizona (see Interstate Compact, defining the boun=—
dary between the states of Arizona and California). By means

of a set of raticed negatives of the prints, the points were
located on the bridging diapositives by direct transfer. A

list was Mgovided showing geographic positions and state coordi-
nate positions (Transverse Mercator system for Arizona and Lam~
bert system for California) of each of these points.

23. Adequacy of Control

Horizontal control was adequate and complied with project in-
structions. Tles between strips were good. Bridging results
comply with National Standards of Map Accuracy, thus insuring
compllation accuracy well within national standards.

24, Supplemental Data

None

25, Photography

Photography was adeduate with regard to coverage, overlap and
definition,

Respectfully submitted,

G Bee_

M. Ball

Approved and Forwarded’

Henry P, Elchert
Acting Chief, Aerotriangulation Section




TNDEX NO.

. . : \
STATION ///

Boundary Post 142,1900 A . ystment
Fort Mohave,1934 Control used in adjustmen

San, 1964

2223%22?1935 /A Control used as a check
Field,196L
Refuge,i964‘
Arizéna 97,1961
Chem, 1951
Site 6,1948
No. 4 (U?GS),%951 () Closure of bridge to
Friant (USGS),1932 contro hown in
Parker Dam,1964 pa92ﬂ°geglg
Cairn (MWD ofSC),1932

Dock, 4964 -

Wathen,19564 ¥

Flat,1964 -

View,1964 -

Parker,1932

Calzona,1935

Vidal Water Tank,1951

End,1935 '

Plateau,1935

Riverside No. 21 (USGS)

Point No, 12,1964

Ehren, 1964

Heron,1948

Ripley Water Tamk,1935

Cibola,1964

Zon, 1064

Cib, 1964

Toofer,i835

San Diego Cairn No.21

White,1964

Red (USGS),1933

Inez, 1964

Squaw,1964 -

Senator,1934

Kool,1964

78S R22W SU-S9 \Wpainbomon20), 1064

Cal-Ariz (point no,21)BIM,1064

Cal. Ariz (point no.22)BIM,196L4

Wi/t See (pdéint no.26)BILM,1954

Mission,1964 -

Winter, 1064

S35-522,BIM, 1964

Offset 207,1934

g Tie points
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ARIZONA-CALIFORNIA BOUNDARY SURVEY
PROJECT 40,000-142 & 20, 000-858
COMPILATION REPORT
MAY 1965

This project covers the Colorado River from the
Arlzona , California and Nevada boundary southward to
the Mexican border. Twenty-five T-surveys, (T-126T7h
thru T-12689), were required to compile the project area,.
Compllation consisted of accurately delineatlng the river
and plottling the Callfornla-Arizona boundary line between
the river banks and boundary peints. Planimetric features
were also detailed within L1000 to 5000 feet of either
bank of the river.

Thirty four trisngulated boundary points and 215
subordinate polnts (located by the photogrammetric bridge)
were plotted on the manuscripts.

31l. Delineation

The entire project was compiled on the B-8 stereo=-
plotter. 1:40,000 scale panchromatic glass plates were
used on the plotter. This photography was taken in
July 1962 and September 1363.

32. Control

The identification, density and plaecement of control
was adequate and complied with project instructions. The
water level of the river and vertical control points used
in the bridge were used to level the B-8 models.

33« Supplemental Data

The "Interstate Compact Definin§ the Boundary Between
the States of Arizona and Californla” was studied carefully
and used throughout the project to assure complete agreement
between the compilation and the descriptions set forth in
the Compact. U.S. Geological Survey quadrangles were used
for geographic names and as an aid in road classification.

3. Contours and Drainage

Well deflned washes and intermlittent streams composed
the major features on many of the surveys in this project.
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35. Shoreline and Alongshore Details

The river shoreline and alongshore detalls were de=
lineated from offlce interpretation of the stereoc models.,

36, Offshore Details

There are many areas delineated as mud flats in the
Colorado River. These arecas were interpreted as too low
to support vegetation and subject to innundation with
changes in the river level.

37. Landmarks and Alds

Inapplicable

38. Control for Future Surveys

Inapplicable
39. Junctions

Junctions were made with each adjolning sheet in the
project.

1O, Horizontal and Vertical Accuracy

All manuscripis within the project comply with the
Netlonal Standards of Accuracy.

bl. ~ b5,

None

46, Comparison with Existing Maps

U.S. Geologlcal Survey quadrangle maps were compared
and utilized as mentioned in paragraph 33.

b7. Comparison with Nautical Charts

Inapplicable

Submitted by:

76 Pudgi

Je« B. Phillips
Approved by:
S Ve L

K. N. Makil
Chief, Compilation Section




ARIZONA~CALIFORNIA BOUNDARY SURVEY
PROJECT 40,000-142 & 20,000-858
REVIEW REPORT
MAY 1965

bl. General Statement

(See page 1, Summary)
62. Comparison with Reglstered Topographic Surveys

Kone

63, Comparison with Maps of Other Agencies

A comparison was made with the U.S85.G.S. quadrangles
covering the project area, The majority of these quad-
rangles were compiled from 1947 aerisl photographs and
field “edited in 1949. They were published at a scale
of 1:62,500 with a few published at 1:24,000.

In many areas the Colorado River was diverted
and re~channeled since publication of these quadrangles.

6. Comparison with Hydrographic Surveys

Inapplicable
65. Comparison with Nautical Charts

Inapplicable

66, Adeguacy of Results and Future Surveys

The 25 surveys of this project comply with project
instructions. E=xcellent positioning of the 215 subor-
dinate boundary points were realized by the method ex-
plained in Item 22 of the Plot Report.

The boundary line, as shown between the 3l trian-
gulated boundary points and the 215 sub-points was
compiled as described in the Interstate Compact. In
most instances the boundary line between points 1is
described as "down the Colorado River midway between
the shorelines on the right and left banks". The
meandering river with its irregular shoreline, mud
flats and scattered islands called for more sub-polnts
than were established. Measurements and interpretation



o
for the houndary line between widely separated sub-
points were performed with care, but are debatable

and subject to individual evaluation of intent and
what conatitutes the main river bank.

The 25 surveys of this project comply with the
National Standards of Accuracy.

‘izz;zzijégg;yz:i;ﬂlbﬂ-”- Reviewed by:
Chief, Photogra £pric Cartographer
Branch

Chief, Division of
Photogramme try

Jo
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NAUTICAL CHART DIVISION
RECORD OF APPLICATION TO CHARTS

FILE WITH DESCRIPTIVE REPORT OF SURVEY 0. L~126 74 ithru 12698

CHART

DATE

CARTOGRAPHER

INSTRUCTIONS

A basic hydrographic ot topographic survey supersedes all information of like nature on the uncorrected chart.
1. Letter all information. .
2. In “Remarks”

column cross out words that do not apply.
3. Give reasons for dev1at1ons, if any, from recommendanons ‘made under “*Com ar1son wu:h Charts in the Review.
Y’ npe

REMARKS

Full Part Before Aft After Venﬂcanon Revlew Inspecnon Slgned Vla

Drawing No.

Full Patt Befote After Venftcanou Re

Drawing No.

Drawing No.

I I

Full Part Before After Venﬁcanon Revxew Inspection S:gned Via

R A

Drawm g No

Full Part Before After Venflcatmn Review Inspectxon S1gned an

Drawing No.

Full Parr Before After Venﬁcauon Review Inspectmn Slgned Via

Drawing g No.

Full Part Before After Venficauon Revxew Inspecnon S1gned an

Drawing No.

| Full Part Before After Venflcanon Review Inspection ngned V1a

‘Drawing No.

Full Part Before Afrer Venﬁcauon Renew Inspectmn Signed Vza

Drawing No.

Full Part Before After Verification Review Inspecuon Signed V1a

FORM C&GS5-8352 SUPERSENES ALL EDITIONS OF FORM C&GS-g7F8
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Technical Bulletin Series

This series of Technical Bulletins was inaugurated to present primarily to the personnel
of the Coast and Geodetic Survey and incidentally to others technical information related to
the Bureau’s scientific and technical activities. Since many of the bulleting deal with new
practices and new techniques, the views expressedare those of the authors and do not neces-
sarily represent final Bureau policy.

Technical Bulletin No. 27 describes the 1964 survey of the Colorado River Boundary be-
tween the States of Arizona and California. It also contains the geographic positions of all
boundary points determined by this survey. The survey is unique in that geodetic and
photogrammetric techniques have been combined in the demarcation of a State boundary.
Inasmuch as the basic definition of most of this boundary is the middle of the channel of the
river and since the middle of a river channel cannot be defined, let alone determined, with
geodetic accuracy, it seems reasonable to assume that the photogrammetric determination
of most river points is the optimum approach. The result is a boundary survey controlled
hasically by geodetic means and supplemented by a well-integrated aerotriangulation scheme
for determining positions of the river points.
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Foreword

The 1964 survey of the Colorado River Boundary between the States of Arizona and
California is umique, as far-as the author is aware, in that it is the only survey of a State
boundary which has combined geodetic and photogrammetric technigues. Inasmuch as the
basjc definition of most of this boundary is the middle of the channel of the river and since
the middle of a river channel camnot be defined, let alone determined, with geodetic ac-
curacy, it seems reasonable to assume that the photogrammetric determination of most
river points is the optimum approach. The result is a boundary survey controlled basically
by gecdetic means and supplemented by a well-integrated aerotriangulation scheme for de-
termining positions of the river points.

Acknowledgment is made of the services of several members of the Geodesy and Photo-
grammetry Divisions. Particular mention is made of Mr. Buford K, Meade, Chief of the
Triangulation Branch, Geodesy Division and Mr, Benpett G. Jones, then Technical Assist-.
ant to the Chief of the Photogrammetry Division, and now under the Director’s Office. Both
of these men were consulted freely regarding technical aspects of the project.

Special mention is also made of Adm. L. Q. Colbert, formerly Director of the Coast and
Geodetic Survey, Under Public Law 1023, Chapter 1037, 84th Congress, Second Session,
approved August 8, 1956, Admiral Colbert was appointed by the President as United States
Representative to the Colorado River Boundary Commissions of Arizona and California.
The effective date of this appointment was March 28, 1957. Admiral Coibert acted as con-
sultant to the Boundary Commissions and linigson between the Commissions and the Coast
and Geodetic Survey. It is largely through his efforts that the two Boundary Commissions
agreed upon the methods finally adopted for the delineation of the Colorado River Boundary.
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" Survey of the Boundary Between
~ Arizona and California

LANSING G. SIMMONS, Chief Geodesist
' U. 8. Coast and Geodetic Survey '

HISTORICAL SKETCH

' This Bulletin is concerned with the boundary

between Arizona and California, which is de-
lineated basically by the middle of the channel
of the Colorada River.

Before the Mexican War, areas now included
in the States of Arizona, California, and New
Mexico, were a part of the Republic of Mexico.
After the war and under the Treaty of Guada-
lupe Hidalgo of February 2, 1848, this area was
ceded to the United States. In 1849, California
was formed into a new State and its Constitution
was adopted. Article XII of this Constitution
defines that portion of the California boundary
common to Arizona as follows:

“%.% #. thence running in a straight line in a
southeasterly direction to the river Colorado,
at a point where it intersects the 35th degree
of north latitude; thence down the middle of
the channel of said river, to the boundary line
berween the Unired States and Mexico, as es-
- tablished by the treaty of May 30th, 1848;* * *.”

There have been several treaties, statutes,
and constitutional provisions relating to the
boundary between Arizona and California. After
the treaty of Guadalupe Hidalgo came the Cali-
fornia Constitution approved in 1850; the Con-
gressional Act creating the territory of New
Mexico approved the same year; the Gadsden
Purchase Treaty of 1853; and the Arizona Con-
stitution which became effective in 1912. These
several documents are not entirely consistent

in regard to the Colorado River Boundary and

have added to the uncertainty as to the true lo-
cation. :

Perhaps the greatest uncertainties arise from
the meandering of Colorado River since the
adoption of the California Constitution. When
Arizona became a State in 1912, these uncer-
tainties became an interstate concern and have
introduced problems of governmental adminis-
tration along the river boundary. Uncertainties
have arisen as to which properties are to be in-
cluded in county assessment and taxation, and as
to ‘the jurisdiction in administering the law in
regard to detection and prosecution of criminal
acts. Also involved are the administration of

. fish and game laws, health and sanitation ordi-

nances, and the apportionment of cost of roads,
bridges, etc., between the counties and the states.

The character of the Colorado River channel,
downstream from the 35th parallel, forming the
common boundary between Arizona and Cali-
fornia varies comsiderably (figs. 1, 2, and 3),
The channel includes reservoirs, canyon sec-
tions, and stretches where meandering occurs.
Those portions of the river between canyon
walls, or where reservoirs now exist, create no
problem as to the location of the interstate

FIG. l.—Lake Havasu, locking northeast from Triangulation
Stacion Power,

FIG, 2,~Lake Havasu and Parker Dam from Triangulation -
Station Power.



boundary line. The greatest difficulties arise
where the river meanders. Such meandering of
the river has caused many changes requiring
channelization and other river control work in
the Mohave Valley, Parker Valley, Palo Verde
Valley, Cibola Valley, and Yuma Valley,

At these locations, the Colorado River channel
may change again in the future due either to
meandering or to additional channelization proj-
ects. It was agreed that no provisions should be
made in any proposed legislation in regard to
unknown future projects affecting the relocation
of the channel.

FI1G, 3.—Downstream from Parker Dam, housing area and
Colorado River,

Because of the many adminristrative problems
now existing due to the uncertainty of the river
boundary and also because it was found that
many portions of this boundary could nct be de-
fined in any practical way by retracement, it
was decided to effect a solution under an agree-
ment between the two states which would best
gerve the present and future needs.

FORMATION OF BOUNDARY COMMISSION
AND ARRANGEMENTS FOR SURVEY

Accordingly, in 1933 each State provided legis-
lation creating the Colorado River Boundary
Commissions of Arizona and California. These
two acts, Arizona Laws, 1933, Chapter 9, and
Statutes of California, 1953, Chapter 1693, desig-
nated the state officials in each case, who were
to form the boundary commissions and defined
the duties thereof.

The two commissions met in the first joint
session at Phoenix, Ariz., on September 10,
1953. A joint subcommittee was appointed, and
instructed to examine all related information
and to make recommendations regarding any
surveying and mapping that might be needed,
to prepare an estimate of costs of the required

-~

professional services, and to suggest means of
carrying out the purpose of the Joint Boundary
Commission.

Ag a result, aerial photography of portions of
the river was ordered and the necessary survey-
ing and mapping contracted to the U.S. Geologi-
cal Survey, to the extent that modern aerial
photography and topographic maps for the en-
tire length of the river boundary be made avail-
able. Engineering studies and historical and legal
research were undertaken by the staffs of the
two commissions and a total of nine joint sessions
were conducted, Addidonally, public hearings
were held at Yuma, Ariz,, and Blythe and Needles,
Calif. These hearings were well attended and
served the purpose of apprising the public of the
plans for resurveying the boundary.

The results of the studies and research under-
taken by the staffs of the two commissions
formed the basis for the determination of the
boundary agreed upon by the two commissions.

One plan consisted in determining geodet-
ically certain relatively fixed portions of the
channel such as those confined in canyon sec-
tions and those which are on structures across
the river, such as bridges, dams, etc. It was
suggested that in between these fixed points the
boundary would be the present location of the
middle of the channel of the river and would
shift with the river.

The plan finally agreed upon, however, was
that which fixes the entire length of the river
boundary by the determination of geodetic po-
sitions of selected points and would be inde-
pendent of any future meanderings of the river
and of future artificial channelization. To avoid
too many deviations from what tacitly has been
congidered by private property owners and pub-
lic agencies as being the present boundary, this
plan provides as far as practicable that the
present course of the river, including artificial
channels, be considered as the locus of the
boundary line.

Early in 1957, Adm. L. O. Colbert, formerly
Director of the Coast and Geodetic Survey, was
appointed federal representative, Joint Boundary
Commission, by the Stares of Arizona and Cali-
fornia. The first contact with the Coast and
Geodetic Survey in regard to a survey of the
boundary was made in the latter part of March
1961 by Admiral Colbert and Mr. J. R. Teerink
of the Colorado River Boundary Commission at
the office of the Coast and Geodetic Survey.
Originally, the plan was to fix 34 of the points
along the boundary by geodetic surveys and sup-
plement these with numerous points between by
photogrammetric means. At the time of the
visit of Admiral Colbert and Mr. Teerink, the
plan had changed to the fixing of all boundary
points by photogrammetric methods. However,
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" survey.

in July 1961 the thinking shifted back to the
original plan of fixing 34 points by geodetic sur-

- veys.

RECONNAISSANCE SURVEY

Arrangements were soon underway, aimed
toward the setting up of a cooperative project
in which the States of Arizona and California

and the Coast and Geodetic Survey would partici-

pate. It was agreed that a reasonable di-
vision of costs for the survey of this boundary
would be a three-way equal distribution, that is,
each organization would bear one-third of the
total cost. Before firm estimates of the survey
costs could be made, it was considered desirable
that a reconnaissance survey be undertaken by

_the Coast and Geodetic Survey. On theassurance

that the cost of this reconnaissance survey would
be reimbursed by the States, instructions were
issued to Mr. Garald C. Randall on September
21, 196!, to undertake this phase of the work.
Accordingly, instructions were written Mr. Ran-

dall, the details of which follow:

INSTRUCTIONS

1. General,—~The Coast and Geodetic Survey
is cooperaring with the States of Arizona and
California to determine the position of certain
fixed points along the Colorado River where the
river forms the boundary berween the states.
The total project for the location of this boundary
will include both geodetic and photogrammetric
surveys. No later than October 15, 1961, you
will discontinue work on your present assignment
at Eilsworth AFB, South Dakota, and proceed to
Los Angeles, Califormia, where you will con-
tact Mr. A. L, Hertz of the Colorado River
Boundary Commission and discuss the geodetic
surveys involved., You will transfer Mr. ]. Dee
Alford to Party 633 before proceeding to this
project. After meeting with Mr. Hertz, you will
advise this Office of the details involving the
location of the fixed points by geodetic methods
and proceed to the boundary area where you
will undertake the reconnaissance survey neces-
sary for the location of these points. Copies
of pertinent correspondence are forwarded here-
with.

2. Description.—The project calls for loca-
tion of certain predetermined fixed points of the
California- Arizona boundary by geodetic methods.
You will plan the required control using existing
stations of the national network and the most
economical methods that will give the accuracy
required.  Single triangles and Tellurometer
traverses should be utilized for most of the
The national network stations nearest
the required points should be used; however,

work should be planned so that a minimum of
old stations will be accupied.

3. Specifications.—Triangulation will conform
to specifications for Second-Order, Class II Tri-
angulation. Traverse will conform to specifi-
cations for Second-Order Traverse,

4. Liaison.—Your contact is Mr. A. L. Hertz,
Colorado River Boundary Commission, State of
California, 302 State Building, Los Angeles 12,
Calif.

Mr. Randall began travel from his work in
South Dakota on QOctober 16, 1961, and com-
pleted the reconnaissance project on February
21, 1962. The derails, contained in the project
report, follow:

REPORT

1. Authority, Scope and Dates.-Authority for
this reconnaissance is contained in the Direc-
tor's Instructions, dated September 21, 1961,
Reconnaissance for a Survey along the Colorado
River Boundary between Arizona and California,
Project 40110 Job No. G-122R and Project 40000-
980.

Work consists of recovery of existing contrel
stations of the natjonal network and plamning of
Second-Order, Class Il Triangulation and Tta-
verse for the determination of geodetic posi-
tioning for 33 boundary points along the Colorado
River berween the two States.

Travel and work activity on the project began
October 16, 1961, and was completed by Feb-
ruary 21, 1962,

2. Chyronology and Field Work.—Party head-
quarters were established at Blythe, Calif., on
October 24, 1961. After contacting Mr. A, L.
Hertz, Consuiting Engineer for Colorado River
Boundary Commission, at Los Angeles, Calif.,
the field work activities were started in the
northern limits of the assigned project and car-
ried southward to completion.

By the end of November 1961, work was com-
pleted for the first 12 points, atwhich time the
sketch was prepared and forwarded for approval
just prior to beginning annual leave on Decem-
ber 1.

Work was resumed on January 8, 1962, at
which date Mr. J. Dee Alford was assigned as
agsistant for the remainder of the project.

Work was completed in the vicinity of Blythe
and party headquarters were moved to Yuma,
Ariz., on January 23. Work was undertaken for
Points Nos. 15 through 33, which extend from a
point approximately 1.5 miles north of Imperial
Dam to the Mexico International Boundary. All
field work in the Yuma area was completed by
February 21. The sketch for this portion was
prepared and forwarded to Washington for ap-
proval.



. 3. Mmformation and Remarks,—A four-wheel
drive Jeep was obtained on loan from the U.S.

Army, Yuma Test Station, for travel into remote

desert sand terrain in the Yuma area.

- Point No. 21, described by Colorado River
Boundary Commission as the northwest corner
of. Section 8, Township 8 South, Range.22 West,
Gila and .Salt River Meridian, does not exist by
the original survey of the General Land Office in
this area. The variation of section corners and
section lines is created at this location by the
change from the Gila and Salt River Meridian to
the San Bernardino Meridian. This situation is
also the case at Point No., 22, described as the
quarter corner of Section 8.

Point No. 27, described by Colorado River
Boundary Commission as 330 feet due east from
the south sixteenth corner of the east line of
Section 25, Township 16 South, Range 22 East,
San Bernardmo Meridian, must be determmed
after the sixteenth corner is defined. No mark
exists at the described corner. :
 Point No. 28, described by Colorado River
Boundary Commission as the northeast corner
of the Fort Yuma Indian School reservation is
not monumented by any existing mark or feature,
" Point No. 25, described by Colorado River
Boundary Commission as the southwest corner
of Section 12, Township 8 South, Range 23 West,
Gila and Salr River Meridian, was not recovered
" by the reconnaissance party; however, the sec-
tion corner mark may exist-and be buried sev-
eral feet below the surface.

All the above listed section marks and the Fort
Yuma Indian School reservation boundary should
be established with certainty by the Bureau of
Land Management before the Points can be es-
tablished at the described positions as outlined
by the Colorado River Boundary Cornrmsswn
reference: file W.0. 1528.69.

Approximately 1/2 mile of tape traverse over
rough broken terrain is necessary between Point
No, 27 and Point No. 31, Due to the ground con-
ditions, the most suitable tape for measuremernts
will be the standardized 200-foot steel tape. A
steel tower erected at Point No. 29 is recom-
mended to permit measurement inio Peint No, 30,

A total of 7 stations require steel towers;
12 stations require wooden towers ranging in
height from 8 to 25 feet.

" TRIANGULATION SURVEYS

INSTRUCTIONS

Those, parts of - the instructions for the tri-

angulation surveys, which deal with the technical

aspects, dated December 10, 19603, and issued to
Mr. L. Gilbert Burdine of the Coast and Geodetic
Survey follow:

1. Gemeral.—As soon as is pracricable, you
will bring your work on Project 41024 in the vi-
cinity of Ontario, Calif., to an orderly close and

transfer your party to the vicinity of the Nevada, -

Arizona, and California boundaries where you
will make a survey in accordance with these
instructions.  The purpese of the survey is to
determine the positions of certain fixed points
along the Colorado River where the rivef forms
the boundary between Arizonma and California.
The rtotal project for the location of the boundary
will include both geodetic and photogrammetric
surveys. A photogrammertrist from the Photo-
grammetry Division will be assigned to your
party to select subpoints and identify them on
aerial photographs. Supplemental instructions
for this phase of the work will be forwarded
separately. The reconnaissance for this project
was made by Mr. G. C. Randall, Chief of Party
611 in the fall of 196l. Project sketches and
descriptions of stations will be furnished you
under separate cover. Single triangles and
Tellurometer traverse should be utilized 1o the
extent practicable. The national network stations
nearest the required poims should be used; how-
ever, the survey should be executed so that a
minimum number of old stations will be oc-
cupied. You will determine the positions of all
specified points if practicable. Some of the
special techniques that will be necessary are
indicated in Paragraph 2--Description Differ-
ences--below. Ties will be made 1o existing
stations of other organizations such as U.S,
Geological Survey, Corps of Engineers, etc.

2, Description Differences.—After the recon-
naissance was accomplished by Mr. Randall, the
descriprions of some of the so-called fixed points
were revised to some extent, The official de-
scriptions of Points Nos, 1through 34 are those
appearing in the pamphlet “Interstate Compact
Defining the Boundary Between the States of
Arizona and California,” copies of which will be
furnished you. Point No. 32 in the Compact does
not appear in Mr. Randall’s reconnaissance.
Point No. 33 in the Compact is Point No, 32 in
the reconnaissance. Poinf No, 34 in the Compact
is Point No, 33 in the reconnaissance. The de-
scriptions of Peoints Nos.-15, 19, 21, 22, 28, 29,
30, and 31 as they appear in the Compact differ
from those in the reconnaissance, although some
may be actually near the same point. Poinfs
Nos, 21 and 22, as described in the Compact,
appear to be 1/2 mile east from those described
in the reconnaissance, The descriptions in the
Compact shall govern in all cases.

3. Additional Reconnaissance.~You should
contact Mr. Wayne Forrest, Chief Engineer,
Bureau of Land Management, Phoenix, Ariz., re-
garding . Points Nos. 20 through 31I. . Most of
these points are referred to section or rownship
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corners, some of which may be lost or have

_been replaced by a recent survey of the Bureau

of Land Management. If any of these points have
been lost and have not been replaced, then the
triangulation station called for in the reconnais-
sance should be physically close to the proposed
section corner when it is established. In these
cases it will be necessary to make a connec-
tion at a later date.

You shall plan the necessary reconnaissance
required to establish eight additional triangula-
ticn stations needed by the Photogrammetry Di-
vision to control aerotriangulation. Approximate
positions of these eight stations have been indi-
cated on copies of Army Map Service (AMS)
1:250,000 scale maps. Selectthemostpracticable
site within the limits of each individual area as
marked on contact prints of aerial photographs.
Copies of the AMS maps and a set of contact
prints will be furnished by the Photogrammetry
Division. Mr. William M. Reynolds of that Di-
vision will photoidentify horizontal control re-
quired for .aerotriangulation. Consult him as
necessary to obtain his advice on the most ad-
vantageous site for each station.

4. Special Requivements,—~ Foint No. 1 must be
established by actual surveys from ' Boimdary
Posts Nos. 141 and 142 of the California-Nevada
oblique bhoundary. A careful recovery should be
made of both of these boundary monuments which
should include check measuremenis and angles
to the reference marks and a check Tellurometer
distance between the monuments, A reconnais-
sance should be made providing for a Tellurometer
traverse survey extending southeasierly from
Boundary Monument 142 in an azimuth 180° from
Boundary Monument 141 (314°27'27".6). This
traverse should be run in as straight a line as
possible. until it intersects the centerline of the
channel of the Colorado River, as constructed by
the 'Bureau .of  Reclamation. The geographic po-
sitions, of - the points where this line crosses
each side of the channel shall be determined so
that the intersection with.the center can be com-
This traverse should be connected to
triangulation station Sefo,” If for some reason
this traverse cannot be run as a straight line
along the designated azimuth, it will be necessary
to determine where such a line crosses the

‘channel by.computation from a randem traverse

line.. Also, any points along this traverse, in-
cluding Boundary Monument 142, should be con-
nected directly to Sofo by. dlstance and dlrectlon
when possible. .

.. There are about 11 points wh1ch are descnbed
as being.at the center.of some structure, such

Aas 4 bridge or a dam across the Colorado River.
:The reconnaissance should be followed as close-

ly as. poss;ble In most cases the triangulation

_. station is not at the center of the structure and

a short traverse will be necessary to connect
the center of the structure to the rriangulation
station. In all cases some sort of mark should
be established at the center of the structure.
Preferably this should be a triangulation disk
set in concrete, if possible, and stamped “Point
No. " If the mark must be made on a steel
member of the structure, this can be done by
punched marks set in some pattern such as
three marks forming an equilateral triangle
about 1 or 2 inches on the side and a larger
mark indicating the center of the triangle. The
center of the structure should be determined by
actual taping, although a high degree of accuracy
is not required. The use of a 300-foot tape for
this purpose is permissible. .Your records should
indicate clearly what was done and the kind of a
check employed. When the triangulation station
and the center point of the structure are identical,
which appears to be the case of Point No. 12,
the station name shall be “Point No, ."” Those
points which are defined as being in the center
of the river, with the exception of Painf No, 1,
will be determined by a photogrammetric proc-
ess.  Your responsibility in regard to these
points is merely to occupy the triangulation
station nearby called for in the reconnaisgsance.
Point No. 11A in the reconnaissance should be
omitted, since it does not appear in the Compact,

Point No. 17 which is near station Mittry in
the reconnaissance might  involve an unusual
situation. It is understood that this point has
been pricked on a photograph ata point acceptable
to both States. However, to assure proper lo-
cation of Poinf No. 17 in case the photographic
point is not accepted it will be necessary to
determine the azimuths of the longirudinal axes
of the Imperial Dam and the Laguna Dam at
Points Nos, 16 and 18, With these azimuths and
the geographic positions of Poinfs Nos. 16 and
18 known, tHe position of Poinf No., 17 can be
computed and determined by offset from station
Mztfry . .

Point No., 34 (No. 33 in the reconnalssance) is
the intersection of the centerline of the Colorado
River and .the.International Boundary between
California and Mexico, Near this point is tri-
-angulation. station “BLM Sections 35 and 227
‘(Secticns 15 and 22 onthe reconnaissance sketch).
Boundary Monumen! No. 206 is near this tri-
angulation station and visible from it. It should
be connected directly to the triangulation sta-
tion, probably by a direction and Tellurometer
distance. It will also be necessary to photo-
identify . this boundary monument, or the tri-
angulation station, or some point in the im-
mediate- vicinity. In any case, the geographic
position .of any. peint that-is photmdentlfled must
be determined. .

Some sort of check measurement shall ‘be



made to all points determined by 2 spur tra-
verse which might consist of a single line, This
can be done by another set of measurements
taken from a point offset from the triangulation
station.  Sufficient computations must be made
to determine the validity of the check.

If either or both Boundary Monuments 141 and
142, to be used in determining Point Ne. 1, can-
not be recovered, or any other problems arise,
feel free to.contact this office for advice.

5. Specifications.,—The horizontal-control sta-
tions will conform to specifications for Second-
Order, Class Il Triangulation or Second-Order
Traverse.

6. Liaison,—Your contact is Mr. A, L. Hertz,
Colorado River Boundary Commission, State of
California, 302 State Building, Los Angeles 12,
Calif. ‘

7. Vertical Angles.—You will observe recip-
rocal vertical angles on all lines on this project.
You will also observe the necessary ties to bench
marks.

SURVEY REPORT

1. Authority,—Instructions dated December 11,
1963, signed James C. Tison, Jr., for H. Arnold
Karo, Director.

2. Dates,—Work on the project was initiated
January 10, 1964, and continued throughMarch17,
1964. The processing of field recordsand compu-
tations was completed and mailed April 2, 1964,

3. Purpose and Scope.~The purpose of this
survey was tofix, by reference to existing triangu-
lation stdtions in the national network, the location
of the boundary line between California and
Arizona on the Colorado River from the point
where the obligie boundary between California
and Nevada intersects the 35th degree of north
latitude, said point being common to the boundaries
of the States of Arizona, California, and Nevada,
to a point on the International Boundary which is
common to the boundaries of California-Arizona
and the United Mexican States which are in ac-
cordance with 34 described points on the boundary
as selected by Authorities of the States of Arizona,
California--Colorado River Boundary Commis-
sion. .

4. Location.—The area is within the latitudes
of 32° 40' and 35° 05'; longitudes 114° 05" and
114° 45°,

The area includes Needles, Blythe, and Winter-
haven, Calif., and Topock, Parker, and Yuma,
Ariz.

Connections were made to existing control sta-
tions on both the California and Arizona sides of
the boundary.

5. Party Organization,— Total personnel in-
cluding the chief of party numbered 21 of which two
were photogrammetrists. Employees of sufficient
experience were available to permit the use of

multiple observing parties when this was desirable
for efficient operation.

6. Weather Conditions.—Climate and weather
conditions were ideal during the entire period ex-
cept for one day when the wind caused the partial
loss of one building schedule where steel towers
were being erected,

7. Transportation.— Transportation for this
project consisted entirely of Coast and Geodetic
Survey rrucks, the majority of which were trans-
ferred along with personnel irom Field Party 604.
The original vehicles on the party were, for the
most part, old and with many miles. Seven of
these trucks were sold to the highest bidder at
the completion of the job.

The terrainwas suchthat4-wheel drive vehicles
were necessary to reach many of the stations and
several packs ranging uptotwo and one-halfhours

were necessary to connect to old stations. The-

majority of these packs were involved inthe loca-
tion of the eight additional starions required for
photogrammetric control,

The drives to the extreme north and southends
of the project were long because the entire project
was worked from the Blythe area. The drives
could have been shortened by establishing a base
of operations at Needles, Blythe, and Yuma, how-
ever, this was deemed impracticaldue to the small
amount of work accessible to the individual loca-
tions. '

8. Equipment,—Equipment included 22 trucks,
ranging from one half-ton to one and one half-ton
capacity. Many of these were old and seven were
sold after completion of the project. All types of
geodetic instruments were available to the party
including several first-order theodolites and
vertical collimators, base-measuring equipment,
and electronic distance-measuring devices,

9. Method, Proceduvres, and Field Work.—
Standard methods and procedures as outlined in
Coast and Geodetic Survey Special Publication
No. 247, Manual of Geodetic Triangulation, were
used throughout the project.

There were a number of unusual situations
encountered that required special techniques to
fulfill the special requirements ser forth in the
instructions (fig. €).

There were a few changes from the recon-
naissance. These changes were due, largely, to
the change in the descriptions of someof the fixed
points after the reconnaissance was completed by
Mr. Randall and Mr, Alford.

Many of the fixed points, marked by the U.S.
Bureau of Land Management, where corners were
involved, were occupied directly after the pipe
marks established by them had been reinforced
with concrete and referenced with two good refer-
ence marks. In these cases many of the named
stations called for by the reconmaissance wer
eliminarted.

®
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In selecting sites for the eight additional sta- :

tions required for photo control, several additional

old stations most of which-were packs had to be -

recovered and occupied. In fact, only-seven ad-
ditional stations were added, since a suitable loca~

tion for dn eighth station could not be found. This;.
was cal_led to the attention of the proper authorities, . |
 ments,
Point No. 1, the ‘intersection of the houndary .
line common - to .California and. Nevada and the .
centerline of the channel-of the Colorado River as
constructed by the U.S. Bureau of Reclamation— .

who authorlzed the- elimination of that statiom.

this pomt being common to the boundaries of

Arizona, . California, ‘and Nevada where the 35th..

degree of north latitude intersects the centerline

g ' FIGURE 5.

C i

. Pt

of the channel--was established by actual surveys
from Bouwndary Posts Nos. 141 and 142 of the
California-Nevada oblique boundary.

A careful recovery was made of both monu-
ments: this recovery included check measure-
ments and angles to the reference marks and a
check Electrotape distance between the monu-
An Electrotape traverse was madé ¢ ex-
tending southeasterly from Boundary Monument
142,in an azimuth of 180 degrees from Boundary
Monument 141, to triangulation station Point 14
situated on the west levee of the river approxi-
mately 100 feet back from the west bank of the
channel—thence diagonally across the river, onthe
same azimuth, to triangulation station Poinf JB.
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situated approximarely 100 feet east of the east
bank of the channel and ar & point approximately
15 feet gouthwest of control station Sofo, Tem-
porary points were lined {n, on the sameazimuth,
between Foinf 14 and Point IR on both sides of
the river 4t the edge of the rock fill which deter-
mines the limits of the channel as constructed by
the U5, Burean of Reclamation, The distances
from Points 14 and 1B 1o these points were used
in determining the cenier of the channel’ (Pofnt
No, Ij for which 8 position was computed,

Large discrepancies in the check angles at
Breeze 1934 and Awiz 97 1961 inwolving Sife 5
1948 were noted and investigated, * During this
time, Sfte 5 1948 was occupied 1o determine if
there had been any local displacement relative 1o
the station and reference marks. Also, since it
was convenient and would constitute lirtle or no
additional expense, the angle Ariz 97 1561 w
Breeze 1934 was measured andall data forwarded
w the office for evaliation. The evalyation indi-
cated the vrouble was at 4z 97 1961 and thar
either the station, Teéference marks, and the area
in general had moved approximately 4 inches
northward, or ‘that the station’ had been occupied

ond all Hghrs had been shown from @ point ap-

proximately 4 inches south of the present point.

. There wasz some . guestion in regard to the
proper location of Point No. 12, In the.vecon-

naigsance it.was given as at the center of the
overflow section of the Palo Yerde Diversion Dam;
Mr, A, L. Hertz, Consulting Engineer with the
Colorado River Boundary Cornmission, assured
the reconnaissance party that the point was to be
in the cemter of the conorete spillway. of the di-
version dam, while Mr. John Blakemore, District
Engineer for the Palo Verde frrigation Disirict,
wag of the opinjon that the boundary shouldfall at
the center of the rock and earth-fill dam which is
approximately 150 merers. north northeast from
the -diversion dawu In the Interswate Compact, it

wag given as_ar the center of.the earth:{ill sec-

tion of the Palo.Verde Diversion Dam; both points
were, monumented and positioned and the point.at
the center-of the earth-fill section was designated
Poinf No., 124, T
Mr. Petex R. Kierpan, Chief Engineer Imperial
Irrigation District, Al-American Canal Section
River Division, and his assistant Mr. William D
Seays were contacted in regard w.any existing
data or positioned points relative to the azimuth
of the longitudine) axisat both Imperial and Laguna
Dams.  Little pertinent information was obtained
but existing publications indicate that the length
of the Imperial Dam is 3,485 feet: this includes
a 4%0-foot dike (approximate) at the Arizona end.
The length of the spillway section is 1,197.5 feet
and the height ranges from 31 feet at the bottom
of the base slab to 181.0 feet at the crest.  The
overflow section is a hollow shell-known as a

9

FIGURE 6,~Observation tent at Triangulation Station Power,
Lake Havasu in the background.

floating wejr—and is subject to some moverment
depending-on water level etc,; however, there was
no indication of movement during ohservacions.
The movement is not considersd a flpating,
bouncing movement in general terms, but perhaps
some movement could be expected in changing
from a high-water level to a low-water level or
vice versa., :

- During the observations for establishing Point
No, 16 and the Jongiudinal axis of Imperial Dam,
It was possible, through the cooperation of the
Chief, Engineer, 1o get the water level lowered to
& point where there was no overflow and the
rounded top surface of the welr vemained dry.
Although there were no monumented points to mark
the longirudinal axis of the weir, there was a bolt
or stud located about 2 feet in from either end of
the weir and common to, i not on, the crest of the
weir,' These bolt heads were center punched gnd
uged-in determining Pofnt No, 16 sand the longitu-
dinal axis from triangulation stavion fmperial lo-
cated © the east on & portion of the non-overflow
‘section of the dam. : -

-Bolt 4, located on the west end of the weir, was
occupied with e Wild T-3 theodolite, and a 300
foot tape was used toestablish Point No, 16 in line
hetween Bolt-A.gnd Bolt B and equidistant from
both.ends of the weir. . The angles were measured

Arom station Imperial 1o Prind No. 16 to Boli B.

1 Potnf No. 16.was occupied and angle Bolr A—
Imperiel was measured. The. sides Imperigl—
Bolr-A and Imperial~Point No, 16 were measured
with-an Electrotape, the side Bolt A to Point No, 16
wag measured with a steel tape. Stationlmperdal
was occupied mensuring the angles Point No," 16,
Bolt. A, Senafor.1934, and Squaw, the later two
being held to insure anazimuth withouterror, Al

.angles and: al} sides.weye measured. The U.S,

Bureau of Reclamation furnished a boat aund
operator during this operation.



The overflow section of the Laguna Dam is ap-
proximately 4,880 feet long. Itisafixed concrete
slab approximately 66 feet wide from the crestto

the downstream edge with a 12-to-1 slope.. The °

establishment of a longitudinal axis of this dam
required congiderable time and effort as no one

was in position to identify the ends of the weir, and-
gince the ends were covered with dirt’and gravel, -

vards of this had to be moved, by hand, in order
to determine where the conctete slab Jomed bed-
rock.
_ the section, which caised a layer of slick moss to
' form;- also a heavy, tough, Jomted—type reed was

- ! growing from.cracks in the’glab; the moss and

reeds had to be cleared-before Gbservartions could
be made. The U.S. Bureau of Reclamation was
very cooperative during this operation evento the
extent of furnishing a bulldozer and operator inan
atternpt to help clear the reeds.

When the ends of the weir were found, bolts were
established several feet back from either endand
designated Bolt A and Bolt B on the west and east
ends, respectively. Triangulation station Laguna
was located near the center of the weir.

The bolts were center punched and Bolt B was
occupied and two points were marked on line
between the bolts near the center of theweir. Bolt
B and-Bolt A were thenoccupied with Electrotapes
and the distance measured. The Electrotape was
then moved from Bolt A to station Lagunaand the
distance Bolt B— Laguna was measured. By simple
computation, a temporary position for Point No. 18
was established. The Electrotape was moved from
station Laguna to the temporary point and after
some checking Point No, 18 was permanently
monumented and the distance to Bolt Bwas meas-
ured. The side Laguna— Point No, 18 was meas-
ured with a steel tape.

Bolt B wasoccupied and angles Bolt A, Point No,
18, and Laguna were measured. PoinlNo, 18 was
occupied and the angle Laguna—Bolt Bwasmeas-
ured. Laguna was occupied and angles Bolt B,
Point No, 18, Delta (USGS) and Sugarioaf 2 (USE)
were measured, The laiter two stations were held
to insure a proper azimuch. This operation pro-
vided, as on Imperial Dam, the measurement of
all angles and all sides. 3

The establishment of the longitudinal azimuths
for both the Imperial Dam overflow section and
the Laguna Dam overflow section was requiredto
determine Point No, 17, which was defined as the
intersection of the normals to the longitudinal axes
of the two dams, through Poinfs Nos. 16 and 18,
The intersection of these normals fell approxi-
mately 42 meters north of control station Méttry,

Points Nos. 27, 28, 29, 30, 31, and 33 were, for
the most part, changed by the Interstate Compact
from that of the reconnaissance and caused ad-
ditional reconnaissance, higher signals, broken
traverse, and other minor problems.

Water was f]owmg over largeportions of -

Point No, 27 was located by azimuth and Electro-
tape distance from the well-established Point No,
26, A broken Electrotape traverse was necessary
to determine distance and direction to Point No.
28, with an inverse -computation to verify same.

" Point No. 28 was well located by triangulation
as well as being in the traverse.

“Pointf' No. 29 was at the base of a 14-foot ma-
sonry wall across the road from Point No. 28, A
20-foot signal of a Rube Goldberg nature was
required, as it had to be tied tothe wall with only
two legs extending to the ground level. This signal
was necessary also to see a new, additional sta-
tion {Bee) to the south, as the Indian School and
Hospital obstructed the line to Point No. 30which
was on the edge of a wood-constructed overpass

. and could not be occupied.
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A Point No, 30 reference mark wasestablished
by the U.S. Bureau of Land Management and oc-
cupied with direction and distance measured to
Point No. 30 which was marked by a heavy spike.
It was properly positioned with the necessary
checks for verification of azimuth and distance,

Point No. 31 was in a low spot and required a
37-foot steel tower to clear the lines.

Point No, 33 was located by intersection from
station Mission and Point No. 31 with all sides
measured.

The entire area from Point No. 27 to Point No,
31 was revised and modified from the original
reconnaissance. Most of the necessary changes
were cleared with the computing section in Wash-
ington.

BOUNDARY POINTS DETERMINED
GEODETICALLY

As called for in the pamphlet Iferstate Com-
pact Defining the Boundary Belween the States of
Arizona and California, 34 of the boundary points
were determined essentially by geodetic methods.
Of these 34 points, 12 are on existing structures
over the river and § are described as the center
of the river at some definite intersection or.at

some specified distance along the river. The're-

maining 13 are on land, off the course of the
present river, and with one exception, were
marked by either the U.S. Bureau of Land Man-
agement or by its predecessor, the General Land
Office. Point No. 17 was not markedas explained
later.

The nine points defined as being at the center

of the river were naturally not monumented, but
identified on aerial photographs. However, in
each case, a geodetic control station was estab-
lished on one of the banks of the river near the
boundary point and the position of the boundary
point was determined photogrammetrically in
relation to the nearby control station.

..
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Of these 34 geodetically determined points 4
present -unusual features which perhaps require
some explanation and word of caution.

Boundary Point No. 1

Point No, I of the boundary between Arizona
and California has special significance since it
algo involves the State of Nevada. It seems ap-
propriate, therefore, togive some detail regarding
the historical determination of this point.

The Interstate Compact Defining the Boundary
Between the States of Arizona and California,
defines Point No, 1 as the intersection of the
boundary line common to California and Nevada
and the center line of the channel of the Colorado

River as constructed by the U.S. Bureau of Rec-.

lamation, said point being common to the bound-
aries of Arizona, California, and Nevada, where
the 35 degree of north latitude intersects the center
line of said channel. First it should be made clear
that the “35 degree of north latitude” refersto the
astronomic parallel, not the geodetic. The au-
thority for this statement appears in the Report
of the Superintendent of the U.S. Coast and Geo-
detic Survey for 1900, Appendix No. 3, page 287.
The Superintendent, in a letter to Prof. George
Davidson, Assistant, Coast and Geodetic Survey,
dated April 17, 1893, makes the following state-
ment, “This boundary, as defined by Act of Con-
gress, is a straight line joining two points. One
of these points isastronomically defined, the other
only partially so, it being dependent for its
longitude on the location of the Colorado River.”
This reference is to the oblique boundary line
between California and Nevada, the southeastern
terminus of which is Point No. 1. It was neces-
sary at that time to define the 35th parallel as
astronomic, since there was no geodetic connec-
tion in that area tothe triangulation existing in the
United States at that time. The subsequent geo-
detic determination of this point on the North
American Datum of 1927 indicates that the 35th
astronomic parallel is approximately 650 feet
north of the 35th geodetic parallel.

Actually, no astronomic latitude was observedat
this point. The astronomic data available at the
time of the 1893-99 survey of the oblique houndary
included a latitude at Von Schmidt’s 35° latitude
post near the Colorado River (35° 00" 15702), and
another latitude about 10 nautical miles to the
south at Needles (34° 50' 17'90). The difference
between these astronomic latitudes is0° 09" 57112,
The geodetic difference between these two points
determined by triangulation at that time was 0°
10" 06Y31. Thus, a change of 919 in the deflec-
tion of the vertical in the meridian, between the
two points, was brought to light. Assuming that
this change in the meridional deflection was uni-

. form between Von Schmidt's 35° latitude postand
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Needles (the only assumption we can make), we
find that the rate is 0092 per minute of latitude
or per nautical mile. Now since the geodetic dif-
ference in latitude between these points exceeds
the astronomic difference and since the 35th
parallel is one-fourth nautical mile south of Von
Schmidt’s post, we can infer that the geodetic dif-
ference in latitude between Von Schmidt’s post
and the 35th astronomic parallel is 1502 + 0”23
or 15125, which is 470 meters. This information,
then, permitted the determination of the 35th
astronomic parallel.

The Iongitude of Point No. I was defined phys-
ically as the midchannel of the Colorado River
where it intersects the 35th astronomic parallel.
Owing to the meanderings of the river, this point
constantly changes. The point selected, however,
was that midway between the more stable bluffs on
each side as they existed at the time of the 1893-
99 survey,

When field instructions were issued for the
recent survey of the Arizona- California boundary,
no information was available to the effect that the
U.S. Bureau of Reclamation, in constructing the
Colorado River channel, planned for Point No. L
to fall in its center. Atthattime, the feeling was
that a new position of Peint No. 1 must be deter-
mined which would depend on some unknown
vagaries of engineering requirements in con-
structing a new channel. Accordingly, the field
instructions called for an actual extension of the
oblique boundary between California and Nevada
to where it intersects with the center of the newly
constructed channel. This was in conformance

with the definition of Point No, I in the Arizona~ = =~

California Compact. Inother words, the reference
to the 35th degree parallel in the definition of this
point was ignored since there was no assurance
that the oblique boundary, the river channel, and
the 35th parallel would meet at a single point and
there can be but one point common to all three
States.

Later it was learned rhat the channel was con-
structed to center on the point common to the
three States and the recent survey bore this out.
However, because of inevitable smallerrors inthe
channel construction and in extending the oblique
boundary and also because of the acuteness of the
angle with which the oblique boundary crosses the
channel, the determination by the 1964 survey
failed to check the original point exactly, but fell
about 18 feet south and 3 feeteastof it. All things
considered, this constitutes a substantial check.

With no information contrary to the fact that the
1893-99 determination of Point No. 1 had been
agreed upon by all three States, there seemed to
be no good reason why this determination should
not still be valid. Thus, the Coast and Geodetic
Survey has recommended that the 1893-99 deter-
mination of Point No, 1 be accepted as official.
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The geodetic position of Point No. 1, onthe North
American Datum of 1927, is latitude 35° 00
06'435; longitude 114° 37" 551668,

Boundary Point No. 12

There was some question in regard to the defini-
tion of Point No. 12, During the reconnaissance
survey by Mr. Randall, it wasassumed to be at the
center of the overflow section of the Palo Verde
Diversion Dam. However, there was another
opinion that this boundary point should be ar the
center of the earth-fill section of this dam,
Actually both points were monumented and their
positions determined. The monumentat the center
of the earth-fill section was stamped Poinf No.
12A and the one at the center of the overflow sec-
tion was stamped Point No. 12, Inasmuch as the
Interstate Compac{ defines the point as the center
of the earth-fill section, the result is that boundary
Point No. 12 actually was marked by a tablet
stamped Point No. 12A. Boundary reference Point
No. 12 is 146.794 meters (481.61 feet) distant from
boundary Poént No. 12 (stamped Point No. 12A) in
geodetic azimuth 35° 59' 32,"

Boundary Point No, 17

Point No. 17 is defined as the intersectionof the
normal to the longitudinal axis of the Imperial Dam
from Point No. 16 with the normal to the longi-
tudinal axis of the Laguna Dam from Peint No, 18,
Triangulation station Mitlry was set near this
intersection and its position determined by the
survey. The geodetic position of boundary Point
No. 17was computed from the data available and
it was found to be 42.682 meters (140.03 feet) in
geodetic azimuth 182° 41' 54)'1 (from the south’
from triangulation station Mittry, This boundary
point was not marked by the Coast and Geodetic
Survey.

Boundary Point No. 34

In the Interstate Compact, Point No, 34 is de-
fined as the intersection of the center line of the
Colorado River and the International Boundary
Line between California and the United Mexican
States. The guestion arises astowhat constitutes
the center line of the river since it changes by
small amounts from day to day and, of course, by
larger amounts over a long period.

A letter in this regard was written the Inter-
national Boundary and Water Commission, United
States and Mexico, at El Paso, Tex. The reply,
dated January 7, 1965, indicares that the Interna-
tional Boundary changes with the channel. This
leaves in doubt the validity of defining sucha point
by geodetic means.. The position determined by
the 1964 survey is the center line of the river as
it appeared on an aerial photograph taken July 23,
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1962. Any future deposition of this problem is,
of course, out of the hands of the Coast and Geo-
detic Survey..

STATISTICS ON ADJUSTMENT AND ACCURACY
OF GEODETIC SURVEYS

The geodetic scheme for the 1964 boundary sur-
vey consisted mainly of triangulation. This was
supplemented by some traverse surveys and con-
nections to the triangulation in whichthe distances
were measured by the Electrotape, an electronic
microwave device. A total of 83 stations were
established in the scheme in which 269 directions
were observed and 46 distances were measured.
Of the 85 stations, 34 were the geodetic points as
defined in the Interstate Compact. Controlling
this new geodetic scheme were 30 first- and
second-order stations previously established by
the Bureau. The 1964 geodetic survey was ac-
complished under the field specifications for
Second-Order, Class 11 work. .

A simultaneous least-squares adjustment was
made using a total of 310 observation eguations
{269 direction and 41 length). The result of this
adjustment indicates that all points were estab-
lished well within the specified accuracy. Ac-
tually, Second-Oxder, Class I accuracy was
achieved. The relative weight of the direction
observations to the length observations was, in
general, 1 to 0.36. There were a few instances
where the length observations were given less
weight due to the short length of the measured
line, Statistics from the observations and the
adjustment reflect the accuracy obtained. These
are:

Average triangle closure, 1,18.
Maximum triangle closure, 3.'79,
Average correction to an observed direction,
0786. '
Maximum correction to an
448, ‘
Average correction to a distance measurement,
1:160,000. '
Maximum correction to a distance measure-
ment, 1:39,000.

observed direction,

BOUNDARY POINTS DETERMINED
PHOTOGRAMMETRICALLY

By far the larger number of boundary points
were positioned photogrammetrically. These
215 points were selected and agreed upon by the
two, Boundary Commissions. -These- selections
were made on ratio prints of the aerial photog-
raphy at an approximate scale of 1:16,000, and
were indicated. by fine-needle pricks on the pho-
tographs. All of these points.are in' the water
with exception of a few that happen to fall on mud



flats or small islandsinthe river. It was not pos-
sible for the Boundary Commission representa-
tives to prick these points closer than 15 or 20
feet of the exact center of the river due to limita-
tions imposed by the scale of the ratio prints and
visual acuity to judge the exact center of the river.
The important thing is that these points were
preselected and agreed upon by joint action of
both Boundary Commissions. These points were
thus official boundary points, and though they are
riot monumented, the position of each point has
been determined on the North American Datum of
1927 defined by the geodetic triangulation in the
area. Thus, these positions can be reproducedon
the ground or even inthe water, if the river should
change its course appreciably, at some future
time.

The Coast and Geodetic Survey photographed
the area in 1963 from an altitude of about 20,000
feet (scale of photography 1:40,000). This pho-
tography was taken with Wild Aviogon camerason
panchromatic film. Ratioprintsatanapproximate
scale of 1:16,000 were then furnished the Boundary
Commissions for selection of the river points.
The positions of these points were determined by
precise analytic aerotriangulation methods.

The ground controlfor the analytic aerotriangu-

lation was not premarked, but was identified on

contact prints of the aerial photography. Identifi-
cation was accomplished by standard procedures
and two photo points were identified on opposite
gides of the primary triangulation station. In all
cases, the ground contro! points were connected to
nearby geodetic triangulation or rraverse stations.

The 215 photogrammetrically determined points
selected and marked by the Boundary Commis-
sions were transferred to glass diapositivesof the
aerial photographs. This was accomplished by
making ratio film negatives of the prints showing
the intermediate boundary points to the same scale
as the diapositives. These negatives were then
superimposed on the diapositives and the points
transferred directly. After this transfer, these
points were stereoscopically transferred to the
overlapping photos by the use of the Wild PUG
transfer device,

The plate coordinates of all passpoints, bound-
ary points, and ground control points were then
measured with a Mann Comparator. The aerc-

triangulation, or bridge, of each strip (including

relative orientation, connecting of models, and
fitting of the strip to ground control) was accom-
plished by analytic methods employing electronic
computers., The ten strips were adjusted to the
ground control by a new procedure for simulta-
neous horizontal and vertical adjustment. Eleva-
ticns taken from the best existing topographic
maps were used to provide approximate leveling
of the strips of photography to insure horizontal
accuracy. At least .9ix elevations were used in
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each strip and additional elevations were included
as vertical floaters. The topography had been
contoured at an interval of 40 feet and it was felt
that the elevation data used in the process was
generally good within 20 feet and always within
50 feet. Such elevation errors will have no sig-
nificant effect onthe accuracy of the determination
of horizontal positions.

A block adjustment was not applicable and con-
sequently not applied. The ten stripsdonotrep-
resent a block in the true sense of the word since
there are no common pass points except for small
overlapping areas at the ends of the strips.

The probable error of the horizontal position of
these 215 photogrammetrically determined points
resulting from the precise aerotriangulation is
judged to be about 3 feet, This is to say that the
chances are even for and against the proposition
that the determination of any one position is within
3 feet of its true position as related to the North
American Datum of 1927 defined by the geodetic
triangulation in that area. The maximum errot,
from error theory, cannot exceed 4 or 5 times the
probable error. In this case the maximum error
would be of the order of 12 or 15 feet. Sucha
maximum error, if it exists at all, would be very
rare. This is, as previously pointed our, within
the accuracy of pricking the boundary points on
the ratio prints.

Anticipating arguments of some who may read
this, it may be well to point out that error theory
is concerned only with random errors, that it
cannot so nicely dispense with the problems of
systematic or bias errors. But it is the feeling
of those who have been in this work that errors
other than random cannot persist or accumulate
enough to alter significantly the accuracy state-
ments given. This is principally due tothe abun-
dance and quality of ground control available on
this project.

PLANIMETRIC MAPPING

In the early stages of the negotiation between
the Coast and Geodetic Survey and the Colorado
River Boundary Commissions of Arizoma and
California, the thought was that an aerial photo-
graphic mosaic of the river boundary be compiled.
However, because of the limitations in accuracy of
a mosaic and the difficulty -.of placing any geo-
graphic or State grid lines on such a portrayal,
the thinking shifted to the preparation of plani-
metric maps.

At a joint meeting of the Boundary Commissions,
held on May 23, 1964, a resolution was adopted
providing that the Coast and Geodetic Survey be
requested to prepare a seriesof planimetric maps
of the river. The work would be performed under
a service agreement between the Coast and Geo-
detic Survey and the States of Arizona and Calj-

fornia. This agreement was additional to and.
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separate from that which provided for the deter-
mination of the positions of some 250 points along
the boundary.

The Coast and Geodetic Survey prepared the
service agreement, which called for the prepara-
tion of planimetric maps, scale 1:18,000, depicting
the Colorado River from the common corner of the
States of Arizona, California, and Nevada to the
Mexican border, Other provisions of the service
agreement were that the boundary between the
States would be delineated between the boundary
points and that the maps would also include the
location of boundary and ground control points
within the compilation limits along the Colorado
River. The maps would show all planimetric de-
tail, including the river shoreline, main drainage,
and the road network within 4,000 to 3,000 feet of
the river. Also indicated would be the Arizona
and California State coordinate systems. Oncom-
pletion of the work,a transparency and 100 copies
of each planimetric map would be furnished
independently to the States of Arizona and Cali-
fornia. The cost of this work would be shared
equally between the two States. This wasagreed
upon and the work gotunderway in November 1964.

Twenty-five maps, each at scale ratio of 1:18, -
000, were compiled, engraved, and printed at
the Washington, D.C.,. Office of the Coast and
Geodetic Survey, see figure 8.

The manuscript maps were compiled by means
of Wild B-8 stereoscopic plotting jnstruments.
The aerotriangulation, or bridge, done for loca-
tion of the 215 boundary points, mentioned earlier
in this report, provided the control for the map
compilation. The same diapositive plates used for

the aerotriangulation were used for--the map

compilation.

All boundary points had previously been posi-
tioned by either field survey or by the aerotrian-
gulation. The positions of the boundary points,
and of the triangulation starions within the limits
of the mapping, were plotted on the manuscript
maps by means of a coordinatograph prior to the
stereoscopic delineation of map details.

The river shoreline, drainage, roads, and other
map details, exclusive of the boundary points,
were compiled solely from an office interpretation
of the photographs. Field inspection for the clar-
ification of details on the photographs prior to
map compilation had been limited totheareasim-
mediately around control stations; that is, to the
identification of control stations for the aerotrian-
gulation, and provided very little information for
interpretation of map details. No field editof the
maps was made after compilation. This procedute
was discussed with representatives of the States
and understood by them prior to signing the serv-
ice agreement.

The compilation was completed in April 1965
The surveys were then scribed and printed. One
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ARIZONA-CALIFORNIA BOUNDARY COMMISSION
BOUNDARY MAPS

SCALE 1:18,000
1 inch = 1500 ft.

photographs of luly 1962 and September 1963
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negative, one cronaflex copy, and 100 ozalids of
each map were supplied to the State of Arizona and
to the Stare of California. A copy of the surveys
will be registered in the Bureau Archives under
numbers T-12674 through T-12698.

One set of negatives of the aerial photographs,
and a set of prints from these negatives, showing
the boundary points, were also furnished 1o each
State. These negatives were made by photo-
graphing the set of ratio prints on which the
Boundary Commissions had selected and marked
the 215 boundary points that were positioned by
aerotriangulation. The original setof ratio prints
on which the Boundary Commissions marked these
points is retained in the Archives of the Coast and
Geodetic Survey.

DESCRIPTIONS AND POSITIONS OF BOUNDARY
POINTS DETERMINED GEODETICALLY

On each of the following 46 pages is a detailed
description of the boundary points determined
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geodetically. -Eleven of these boundary points fall
in the river and are not monumented, These eleven
points are referenced from monumented stations
on the bank of the river nearby. Descriptions of
these boundary reference points arealso included.
These immediately follow the boundary point which
is referenced.to it. Included for each of these
points, besides the detailed description andonthe
same page, are the geographic positions and the
State plane coordinates; the latter given for the ap-
propriate zone in Arizona and California. Ad-
diticnally, under each description of a boundary
reference point is given the geodetic azimuth and
distance to the boundary point itself.

Boundary Point No. 5 is identical to rriangula-
tion station El Paso,

Bounda'?y Point No. 8 is-identical to triangula-
tion station Wathen.
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