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IN THE PLATES CARRYING THE SLITS PROVIDE AN EASY MEANS OF MEASURING NEGATIVES FOR
SHRINKAGE , THE CONSTRUCTION OF THE COLLIMATING MARK PLATE HAS BEEN ARRANGED TO
FACILITATE CALIBRATION BY THE UNITED STATES BUREAU OF STANDARDS. ANOTHER POINT
OF INTEREST 1S THE METHOD USED TO MOUNT THE LENSe SO MUCH TROUBLE HAS BEEN EX=
PERIENCED IN THE PAST INOBTAINING ACCURATELY FITTING THREADS ON LENS AND SHUTTER
BARRELS THAT THIS FEATURE HAS BEEN ELIMINATED AND CENTERING IS OBTAINED WITH EX=
TREME ACCURACY BY MEANS OF A CYLINDRICAL SHOULDER ON THE FRONT AND REAR CELL AS=
SEMBLIES, THE LOWER PART OF THE CAMERA BODY IS PROVIDED WITH FLANGES AT THE PROP=~
ER DISTANCE APART TO SECURE THE NECESSARY SEPARATION OF THE TWO CELLS AND THESE
FLANGES ARE BORED OUT SO AS TO BE PERFECTLY CONCENTRIC WITH THE MECHANICAL AXIS
OF THE BODY. THE CYLINDRICAL SHOULDERS ON THE LENSES ARE TRUED UP BY TAKING A
LIGHT CUT OFF THE LOCATING SURFACES AFTER THESE ELEMENTS HAVE BEEN OPTICALLY CEN=
TERED BY WELL KNOWN MEANS., THE FRONT AND REAR ASSEMBLIES ARE HELD IN PLACE BY
ORDINARY SCREWS PASSING THROUGH A FLANGE ADJACENT TO THE LOCATING DIAMETERS, THIS
FLANGE BEING MACHINED SQUARE AT THE TIME OF TRUING UP,

THE SHUTTER MECHANISM IS CONTAINED IN A CAST ALUMINUM HOUSING INSERTED BE=
TWEEN THE TWO FLANGES AT THE LOWER PART OF THE CAMERA BODY., THE HOUSING IS AT=
TACHED ONLY TO ONE OF THESE FLANGES AND IN SUCH A WAY AS TO PERMIT RADIAL EXPAN=
SION OF THE DISSIMILAR MATERIALS WITHOUT DISTORTION BEING TRANSMITTED TO THE BODY
FROM THIS CAUSE OR AS A RESULT OF SHOCKS INCIDENT TO THE OPERATION OF A HIGH
SPEED SHUTTER, ETC. PROVISION IS MADE TO ACCOMMODATE THE USUAL LIGHT FILTERS ON
BAYONET PINS ON THE LOWER FLANGE,

IN ORDER TO ELIMINATE THE POSSIBILITY OF STRAINS BEING APPLIED TO THE CAMERA
BODY ABOVE MENTIONED, THE ENTIRE ASSEMBLY IS SUSPENDED BY MEANS OF A FLANGE NEAR
ITS UPPER EXTREMITY INSIDE A SECONDARY CASING IN WHICH ALL REMAINING CAMERA MECH=-
ANISM 1S ASSEMBLED, THIS MECHANISM CONSISTS OF THE WINDING MOTOR, SHUTTER RETARD
AND DRIVE COUPLINGS, MAGAZINE DRIVE ASSEMBLY, ETCs SUITABLE BAFFLES ARE PROVIDED
FOR THE EXCLUSION OF UNWANTED [LLUMINATION AND DIRT, A SPECIAL MAGAZINE CONTAIN=
ING ENOUGH FILM FOR 250 EXPOSURES FITS INTO A RECESS ON TOP OF THIS SECONDARY
BODY IN SUCH A WAY THAT ITS MOVABLE VACUUM BACK WILL FUNCTION IN THE MANNER PRE=
VIOUSLY DESCRIBED, THE MAGAZINE IS EASILY REMOVABLE AND THUS PERMITS THE USE OF
AN EXTRA SUPPLY OF FILM WHENEVER DESIRED, THE OUTER BODY |S PROVIDED WITH FITe=
TINGS TO PERMIT INSTALLATION IN STANDARD MAPPING MOUNTS., PROVISION IS ALSO MADE
FOR THE ATTACHMENT OF THE TELESCOPIC VIEW FINDER MENTIONED EARLIER IN THIS ARTI=
CLE SO THAT THE ENTIRE ASSEMBLY PROVIDES AND AER|AL PHOTOGRAMMETRY UNIT OF ADE=
QUATE ACCURACY AND HAVING THE NECESSARY ADVANTAGES OF FULLY AUTOMATIC OPERATION
AND RUGGED DEPENDABILITY, FREE FROM DAMAGE DUE TO THE HANDLING TO WHICH AERIAL
PHOTOGRAPHIC EQUIPMENT IS UNAVOIDABLY SUBJECTED,

THE BOULDER RESERVOIR SURVEY
BY
LEON T. ELIEL
(PAPER PRESENTED AT THE ANNUAL MEETING OF THE AMERICAN SOCIETY OF PHOTOGRAMMETRY
January 18, 1937)

AT EIGHT O'CLOCK ONE SATURDAY MORNING, TELEGRAPHIC NOTIFICATION TO PROCEED
WiTH MAPPING LAKE Meap (BouLDER RESERVOIR) WAS RECEIVED IN Los ANGELES, THE CON-
TRACTOR WAS FURTHER INFORMED THAT WATER WAS BACKING UP BEHIND THE CLOSED GATES
OF THE DAM AT THE RATE OF TWO MILES A DAY, |T WAS IMPERATIVE TO GET THE PICTURES
TAKEN AND THE CONTROL IN BEFORE ANY SUBSTANTIAL AREA OF THE RESERVOIR 'WAS SUB=
MERGEDs PICTURES OF THE CRITICAL AREA WERE SAFELY RECORDED ON THE AERIAL FILM
FIVE HOURS AFTER RECEIVING NOTICE OF AWARD, NEEDLESS TO SAY THE PHOTOGRAPHIC CREW
HAD BEEN HELD ON THEIR MARKS AND SET, READY FOR THE CRACK OF THE GUN == "JusT IN
CASE."

To BEGIN WITH, THE RESERVOIR BACKED UP BETWEEN FAIRLY STEEP SLOPING BANKS,
CONFINING THE GROWING LAKE SO THAT IT LENGTHENED WITHOUT GETTING VERY WIDE, FoOR
THIS REASON IT WAS POSSIBLE TO CONTROL THE PICTURES WHICH COVERED MUCH MORE THAN
THE WIDTH OF THE RAPIDLY EXTENDING LAKE LONG AFTER THE RIBBON OF WATER EXTENDED
ACROSS THEMe THUS ALL OF THE AREA WHICH WAS ABOVE THE FLOOD LINE AT THE TIME OF
PHOTOGRAPHY WAS CONTROLLED AND MAPPED,

THE SotL CONSERVATION SERVICE, FOR WHOM THE MAP WAS MADE, ARRANGED FOR THE
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Us So CoasT AND GEODETIC SURVEY TO MAKE AVAILABLE RATHER EXTENSIVE CONTROL, THEN
BEING INSTALLED IN THE VICINITY OF LAKE MEAD, THE SPLENDID COOPERATION OF THAT
ORGANIZATION 1S RESPONSIBLE IN NO SMALL MEASURE FOR THE SUCCESS OF THIS ENTER=
PRISE,

THE coNTRACTOR USED THE U, S, CoasT AND GEODETIC SURVEY SYSTEM AS THE ORIGIN
OF BOTH HORIZONTAL AND VERTICAL CONTROL. THE LEVEL CIRCUITS WERE IN MANY IN=-
STANCES MODIFIED TO GIVE ELEVATIONS WHERE THE CONTRACTOR NEEDED THEM AND SEVERAL
SPUR LINES WERE RUN TO PROVIDE ELEVATIONS AT VARIOUS TRIANGULATION STATIONS,
FROM THIS ORIGIN, HORIZONTAL AND VERTICAL CONTROL WAS EXTENDED SIMULTANEOUSLY BY
THEODOLITES READING DIRECT TO.ONE SECOND, :

FLyiNe was DONE wITH THE Four CoupLEs CAMERA AT AN ELEVATION oF 13,000 fFEET
ABOVE MEAN GROUND. THIS ELEVATION WAS DESIGNED TO GIVE TEN FOOT VERTICAL ACCURA=-
CY OF CONTOURS, THIs 1300 FACTOR WAS SELECTED RATHER THAN THE UsUAL 1500 FACTOR
FOR THE STEREOPLANIGRAPH BECAUSE OF THE BARREN NATURE OF MUCH OF THE GROUND WHICH
IS DEVOID OF GOOD STEREOSCOPIC DETAIL,

" SOME EXPERIMENTAL PICTURES WERE TAKEN TO DETERMINE HOW MUCH COULD BE SEEN I[N
THE SHADOWS IN STEEP CANYONS SUCH AS BrLack CAnNyoN, BouLbpeErR CANYON, AND THE GRAND
CANYON PROPER, |IT WAS FOUND THE BLACK CANYON, TRUE TO ITS NAME, REFLECTED INSUF~
FICIENT LIGHT FROM ITS BLACK WALLS TO RENDER ANY USABLE SHADOW DETAIL, EVEN AT
THE SLOWEST CAMERA SPEEDS AND WITH THE LIGHTEST FILTERS., |N BouLDER CANYON, 'THE
ROCK IS LIGHTER IN COLOR, THE WALLS ARE SO STEEP THAT TWO FLIGHTS WERE MADE,™ ONE
FOR EACH WALL, THUS EACH WALL WAS PHOTOGRAPHED WELL TOWARD THE SIDE OF A SERIES
OF PICTURES, ENABLING THE WALL TO BE VIEWED OBLIQUELY IN SPITE OF THE FACT THAT
THE PICTURES WERE CONVENTIONAL "VERTICALS", WHICH, OF COURSE, ONLY REFERS TO THE
PRINCIPAL POINT, SINCE IT WAS NECESSARY.- TO MAKE A SEPARATE STRIP OF PICTURES FOR
EACH SIDE OF BouLDER CANYON, -A TIME OF DAY WAS SELECTED FOR EACH FLIGHT GIVING
THE BEST ILLUMINATION, [N THIS MANNER [T WAS POSSIBLE TO CONTOUR BouLDER CANYON
WITHOUT UNDUE DIFFICULTY ON THE STEREOPLANIGRAPH, HAD A CAMERA OF NARROWER ANGLE
BEEN USED, IT WOULD HAVE BEEN NECESSARY TO TAKE THE PICTURES "osLIQuELY". THIs
WOULD HAVE INVOLVED AN EXTREMELY DIFFICULT AND IMPRACTICAL CONTROL PROBLEM AS
WELL AS GREATLY INCREASING THE "SET uP" TIME ON THE STEREOPLANIGRAPH.,

THE FORMATIONS OF THE GRAND CANYON RECORDED USABLE DETAIL [N THE SHADOWS,
[T wAs SURPRISING THAT THE "sHEER" GRAND CANYON WALLS WERE MAINLY SHEER IN OUR
IMAGINATIONS AND THAT WHILE THE CANYON IS TITANIC, GIGANTIC, COLOSSAL AND ALL .THE
OTHER SUPERLATIVES, IT IS LESS SHEER THAN MANY OTHER PLACES [N WHICH WE HAVE
WORKED. OUR SURVEY PARTIES WHICH DAILY SCRAMBLED UP TO THE FIRST BENCH ABOUT A
THOUSAND FEET ABOVE THE RIVER MIGHT DISAGREE WITH ME, BUT THEY MADE IT SAFELY
OVER A PERIOD OF THREE MONTHS WITHOUT RESORTING TO ANY SPECIAL CLIMBING PARAPHER=
NALIA OTHER THAN STRONG FINGER NAILS,

IN A FEW INSTANCES, WE MADE TWO SETS OF POSITIVE PLATES FROM THE ORIGINAL AIR
NEGATIVES, MAKING ONE SET VERY LIGHT FOR THE SHADOWS AND THE SECOND SET NORMAL
FOR THE BALANCE OF THE AREA.

FORTUNATELY, WE WERE NOT REQUIRED TO CONTOUR THE WORST PART OF BLack CANYON,
HAD THIS BEEN NECESSARY, THE PICTURES WOULD HAVE BEEN DEFERRED UNTIL M|D=SUMMER
AND THE TIME OF DAY SELECTED FOR THE BEST ILLUMINATION OF EACH WALL, [T MIGHT
ALSO HAVE BEEN NECESSARY TO EMPLOY A SLOW-MOVING BLIMP WHICH COULD HOVER WHILE
LONGER EXPOSURES WERE MADE, WE HAVE DONE THIS ON A NUMBER OF OCCAS|ONS ALTHOUGH
THE MOTIVE HERETOFORE HAS USUALLY BEEN.LARGE SCALE PICTURES WHICH WOULD HAVE
BLURRED IN A FAST=MOVING AIRPLANE,

THE AERIAL PHOTOGRAPHY INVOLVED NOT ONLY THE SECURING OF THE NECESSARY P[C=-
TURES TO COMPILE THE MAP BUT ALSO A CONSIDERABLE AMOUNT OF RECONNAI'SSANCE PHOTOG=-
RAPHY USED IN STUDYING THE CONTROL PROBLEM, WHILE THE CONTROL OF THE ENTIRE AREA
WAS UNUSUALLY DIFFICULT, THE GRAND CANYON SECTION WAS POSSIBLE ONE OF THE MOST
TROUBLESOME CONTROL PROBLEMS IN THE ENTIRE HISTORY OF PHOTOGRAMMETRY., HERE WAS
A STEEP WALLED SINUOUS CANYON, A MILE DEEP, FIFTY MILES LONG, WITH A' ROARING
RIVER IN THE BOTTOM BOILING THROUGH A CONTINUOUS SERIES OF RAPIDS, THE MERE
PROBLEM OF ORGANIZING TO GO THROUGH THE CANYON WAS MADE EASIER BY REASON OF THE
PREVIOUS EXPERIENCE OF THE GEOLOGICAL SURVEY AND OTHER EXPEDITIONS, HOWEVER, IT
HAD NEVER BEFORE BEEN NECESSARY TO CARRY A SURVEY THROUGH THE CANYON OF A HIGHER
ORDER OF ACCURACY THAN A STADIA TRAVERSE, THIS ADDITIONAL PRECISION BROUGHT MANY
NEW COMPLICATIONS, WHICH WILL BE DISCUSSED AS WE COME TO THEM,

THE FIRST PROBLEM WAS TO BREAK DOWN THE LONG NARROW FIFTY=FIVE MILE ARC OF
TRIANGULATION INTO SHORTER SECTIONS WITH CLOSURES INTO THE U, S, CoasT AND GEO=-
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DETIC SURVEY SYSTEMe FIRST, A CONTINUOUS SET OF STEREOSCOPIC HIGH ALTITUDE VER=-
TICALS WAS TAKEN FRoM 25,000 FEET ABOVE SEA LEVELe THIS GAVE AN ELEVATION OF
asouT 18,000 FEET ABOVE THE RIM, AND AT THIS ELEVATION THE CAMERA COVERS A GROSS
WIDTH OF ABOUT SIX MILES, THE SOUTH RIM HAD BEEN SELECTED BY AN OBSERVATION
FLIGHT AS THE LOGICAL SIDE FROM WHICH TO BRING IN CONTROL FROM THE U, S, CoasT
AND GEODETIC SURVEY SCHEME, THE PICTURES WERE TAKEN TO SHOW THE RIVER AND AS
MUCH OF THE SOUTH RIM AS POSSIBLE, ON THESE PICTURES,IT WAS POSSIBLE TO [M=
POSE A STEREOSCOPIC HAIR LINE "TO DETERMINE VISIBILITY FROM THE RIM EDGE TO THE
BoTToM OF THE CANYON, NEXT, A COMPLETE SET OF STERESCOPIC OBLIQUES WAS TAKEN
SHOWING THE SOUTH RIM IN THE FOREGROUND AND EXTENDING TO THE HORIZON. ON THESE
PICTURES, ALL OF THE CoAsT AND GEODETIC SURVEY STATIONS COULD BE IDENTIFIED, AN
INDEX MAP WAS PREPARED CORRELATING THE VERTICALS AND OBLIQUES,

THE VERTICALS WERE STUDIED FIRST UNDER THE STEREOSCOPE AND EVERY SECTION ON

THE RIM FROM WHICH TWO STATIONS COULD SEE A COMMON POINT ON THE RIVER WAS NOTED,
NEXT, THE OBLIQUES WERE STUDIED TO DETERMINE WHICH OF THESE RIM SECTIONS COULD BE
MOST READILY TIED IN To THE CoasT AND GEODETIC SURVEY SYSTEMs |IN THESE STUDIES,

A HAIR LINE WAS AGAIN SUPERIMPOSED STEREOSCOPICALLY ON THE OBLIQUES AND THE PROB=-
LEMS OF INTERVISIBILITY, ACCESSIBILITY AND STRENGTH OF FIGURE WERE PRACTICALLY
SOLVED AT A GLANCE,

THE FIFTY=FIVE MILES FRoM DiamoND CREEK To PIERCE's FERRY READILY BROKE DOWN
INTO THREE SECTIONS., ONE OF ABOUT TWENTY MILES FRoM DiamonNT CREEK TO SPENCER
CANYON; A SEGCOND OF ABOUT FIFTEEN MILES FROM SPENCER CanNYoN To New WATER CANYON;

AND A FINAL SECTION OF TWENTY MILEsS FRom NEw WATER CANYoN To Prerce's FERRY,

HAVING SETTLED THIS MATTER, THE COAST AND GEODETIC SURVEY WAS-REQUESTED TO
RUN LEVELS TO EACH OF THEIR TRIANGULATION STATIONS IN THE CANYON SECTION FROM
WHICH OUR SURVEY WOULD TAKE OFF,

THERE WAS SOME QUESTION WHETHER TRIANGULATION OR TRAVERSE WOULD BE EMPLOYED
AT DiamonND CREEK AND SPENCER CANYON., THE TRIANGULATION APPEARED DIFFICULT, THE
TRAVERSE APPEARED EQUALLY DIFFICULTe THE DECISION WAS LEFT TO A FINAL GROUND [N=
SPECTION FOR THE PURPOSE OF DETERMINING JUST HOW PRACTICAL THE TRAVERSE MIGHT BE,

IN BOTH CASES, THE DECISION WAS MADE IN FAVOR OF TRIANGULATION, AT New WATER
CANYON, TRIANGULATION WAS DECIDED UPON FROM THE STARTe

THE SELECTED TRIANGULATION SCHEME WAS MARKED ON THE OBLIQUE PHOTOGRAPHS AND
THE BEST ROUTE TO REACH EACH STATION WAS INDICATED, THE SELECTION OF THE ROUTE
TO THE RIM WAS PARTICULARLY HELPFUL AT NEw WATER CANYON WHERE THE APPROACH ACROSS
THE MESA HAD TO BE MADE AROUND TORTUOUS SIDE CANYONS WHICH FREQUENTLY COULD NOT
HAVE BEEN SEEN UNTIL THE PARTY ARRIVED AT THE [MPASSE.

From THE RiM AT NEw WATER CANYON, A NUMBER OF NATURAL OBJECTS WERE IDENTI~
FIED ON THE RIVER TO WHICH ANGLES WERE TURNED, LATER THE RIVER PARTY OCCUPIED
THESE STATIONS, THE SEVERAL SOLUTIONS CHECKED EACH OTHER FOR BOTH POSITION AND
ELEVATION,

AT THE CONCLUSION OF THE RECONNAISSANCE, THE CONTROL PROBLEM WAS BROKEN DOWN
INTO THREE AREASe FIRST, THE COLORADO RIVER PROPER BETWEEN BLACK CANYON AND
PiErRcE's FERRY WAS WORKED UPSTREAM., OSECONDLY, THE VIRGIN RIVER AREA WAS ENTIRE-

LY A LAND OPERATIONs THIRDLY, THE GRAND CANYON SECTION WAS TO BE AN EXPEDITION
FrRoM DiamonD CREEK DOWN To PIERCE's FERRY,

THE FIRST SECTION WAS NOT UNDULY DIFFICULT. A RECONNAISSANCE WAS MADE BY
ENeINEER Co M, COTTRELL AND POINTS WERE PRICKED ON THE PICTURES WHICH WERE TO BE
TIED IN BY THE TRIANGULATION PARTIES, THIS JOB WAS SO WELL ORGANIZED THAT PRAC-

TICALLY EVERY POINT WHICH WAS OCCUPIED WAS A NECESSARY CONTROL POINT, THERE WERE

VERY FEW EXTRA POINTS WHICH WERE REQUIRED FOR THE TRIANGULATION NET WHICH WERE

NOT ALSO LATER ESSENTIAL FOR CONTROLLING THE CONTOUR PLOTTING., THE TRIANGULATION

PARTIES MOVED AROUND BY TRUCK, OUTBOARD MOTOR BOATS, AND WATER SLED. THE LATTER ‘
IS A FLAT BOTTOM SHALLOW DRAFT BOAT DRIVEN BY AN AIRPLANE ENGINE AND PROPELLER.,

IT WAS PARTICULARLY USEFUL GOING UP THROUGH RAPIDS AND SHALLOWS, WHERE ITS HIGH |
SPEED AND LIGHT DRAFT GOT IT THROUGH PLACES WHICH WOULD HAVE BEEN UNNAVIGABLE BY
CONVENTIONAL CRAFT., OUTBOARD PROPELLERS WERE IN FREQUENT TROUBLE ON ACCOUNT OF
THE DIRT CARRIED BY THE WATER CUTTING OUT THE PROPELLER BEARINGS, AND THE PROPEL~-
LERS THEMSELVES WERE EVER STRIKING SUBMERGED ROCKS AND SHEARING DRIVE PINS,

IN THIS SECTION OF THE TRIANGULATION, AS IN THE VIRGIN RIVER SECTION, THE
CONTROL DISTRIBUTION WAS SUCH THAT THE AVERAGE SIGHT WAS ONE TO TWO MILES LON@
AND RARELY EXCEEDED THREE MILES, EXCEPTING LINES WHICH TIED IN To DISTANT CoAsST
AND GEODETIC SURVEY STATIONS, VERTICAL ANGLES WERE NOT USED ON THE LONGER SHOTS

B - |
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As CoAST AND GEODETIC SURVEY LEVELS WERE ALWAYS USED AS THE ORIGIN OF THE VERTI|=
CAL SYSTEM,

ON THE VIRGIN RIVER AREA, TRANSPORTATION WAS CONVENTIONAL, EMPLOYING TRUCKS
AND PACK ANIMALS. I[N THIS SECTION, HORIZONTAL AND VERTICAL TIES WERE MADE TO
80TH CoasT AND GEODETIC SURVEY AND BUREAU OF RECLAMATION WORKs,

IT sSHOULD BE KEPT IN MIND THAT THE TRIANGULATION AT ALL TIMES HAD TO BE
CROWDED TO KEEP AHEAD OF POSSIBLE ABRUPT RISES OF WATER DUE TO FLOODS. THIS HAZ=-
ARD WAS PARTICULARLY CRITICAL IN THE OCCASIONAL FLATTER AREAS WHERE A SLIGHT RISE
MIGHT SUBMERGE CONSIDERABLE AREA BEFORE |IT HAD BEEN OCCUPIED, UNTIL THE RUSH
WORK WAS COMPLETED IN THE FLAT AREAS OF THE LOWER VIRGIN RIVER, THE COORDINATION
OF THE PARTIES PROVED NO EASY MATTER. THE SURVEY WAS ON AN EMERGENCY BASIS,
THERE HAD BEEN NO TIME FOR CAREFUL RECONNAISSANCE AND ORGANIZATION, ONLY THREE
PARTIES COULD BE WORKED BECAUSE ONLY THREE INSTRUMENTS READING TO ONE SECOND
VERTICALLY WERE AVAILABLE, AND BY THE TIME NEW INSTRUMENTS WERE ACQUIRED THE
EMERGENCY WOULD HAVE BEEN OVER, CONSEQUENTLY, IT WAS NECESSARY TO ORGANIZE THE
WORK AS IT PROGRESSED, THE PARTIES WERE EQUIPPED WITH SHORT WAVE RADIOS AS A
MEDIUM FOR COORDINATING THEIR ACTIVITIES, UNFORTUNATELY, THESE DID NOT WORK AND
WERE ABANDONED, OCOORDINATION WAS FINALLY ACCOMPLISHED BY HAVING EACH PARTY SET
ON THE GROUND AT THEIR CAMP IN LARGE ROMAN NUMERALS AN ESTIMATE OF THE NUMBER OF
DAYS' WORK REMAINING AT THAT LOCATION, EACH DAY AN AIRPLANE OBSERVED THESE Sla-
NALS AND REPORTED TO THE LoOS ANGELES OFFICE, THE FOLLOWING DAY THE AIRPLANE
DROPPED MESSAGES AT EACH CAMP, [INSTRUCTING THEM, ARRANGING RENDEZVOUS, ETC, THE
WORK PROGRESSED SMOOTHLY,

IN THE ORGANIZATION OF THE GORGE EXPEDITION, WE WERE FORTUNATE IN HAVING THE
HELp oF E. C. LARuE, FORMERLY OF THE U, S, GEOLOGIGCAL SURVEY AND A VETERAN OF
severaLt CotLoraDo RIVER TRIPS, HE WAS RESPONSIBLE FOR THE DESIGN OF THE FOUR
BOATS WHICH WERE PRONOUNCED THE BEST EVER ON THE RIVER BY FRANK DoDGE, HEAD BOAT~
MAN, WHO TOOK OUR PARTY TWICE THROUGH THE CANYON WITHOUT THE SLIGHTEST MISHAP.

IN MANY WAYS OUR PROBLEMS DIFFERED FROM THOSE OF PREVIOUS EXPEDITIONS, THEY
HAD GONE THROUGH AT THE RATE OF SEVERAL MILES PER DAYe. THEY HAD AMPLE CHOICE,
GENERALLY, OF A SAFE CAMP sSITE, OUR PARTY ONLY MADE ABOUT A MILE A DAY AND CAMP
HAD TO BE MADE WHEREVER THE DAY'S WORK ENDED. FURTHERMORE, OUR PARTY SPLIT INTO
FOUR GROUPS EACH DAY, FIRST, THERE WAS THE COOK BOAT WHICH WENT .AHEAD EACH MORN=-
ING AND SELECTED CAMP FOR THAT NIGHT., THEN THERE WERE THE THREE REMAINING BOATS
WHICH STAYED BEHIND TO ASSIST IN CARRYING ON THE SOUNDING WORK UNDER THE DIREC-
Tion oF E, A, ScHucH, oF THE SolL CONSERVATION SERVICE, THE TWO TRIANGULATION
PARTIES CLIMBED THE WALLS TO THE FIRST BENCH ON EACH SIDE OF THE RIVER AND SCRAM-
BLED ALONG ON FOOT, HIGH ABOVE AND FREQUENTLY OUT OF SIGHT OF THE RiIVER., THEY
HAD TO BE ALERT NOT TO WORK PAST THE NIGHT'S CAMPSITE., TO PREVENT THIS, THE
COOK, AT EXACTLY THREE O'CLOCK EVERY AFTERNOON, SENT UP A BOMB WHICH EXPLODED
aBouT 800 FEET IN THE AIR WITH A LOUD NOISE AND A PUFF OF SMOKE, AT THIS EXACT
MINUTE EVERY MEMBER OF THE SPREAD-OUT EXPEDITION WOULD BE WATCHING FOR THIS
SIGNAL SO EVERYONE KNEW WHERE DINNER WAS, IN THE TWO MONTHS OF THE SECOND TRIP
NO ONE FAILED TO MAKE CAMP BY DARK,

EVERY MEMBER OF THE PARTY CARRIED A SUPPLY OF SMALL BOMBS TO USE IN SIGNAL~-
ING OR TO ATTRACT ATTENTION, SIX HUNDRED OF THESE BOMBS PLAYED AN IMPORTANT PART
IN SMOOTHING OUT THE DAY'S WORK.,

RADIO PROVED INDISPENSIBLE, ON THIS EXPEDITION COMMUNICATION WAS CARRIED ON
AT APPROXIMATELY [J000 K,C, WITH ENTIRE SUCCESS WHILE OUR EARLIER EFFORTS ON FIVE
METERS HAD BEEN A COMPLETE FAILURE, A RADIO STATION WAS ESTABLISHED BY THE SolL
CoNSERVATION SERVICE NEAR MiLFORD, UTAH, AND IN PAsSADENA, CALIFORNIA CONTACT WAS
FREQUENTLY MADE THROUGH AN AMATEUR STATION, PERMITTING DAILY PERSONAL CONTACT BE~-
TWEEN THE HOME OFFICE AND THE PARTY. FREQUENTLY THE RIVER PARTY FOUND THEMSELVES
CAMPED IN PRECARIOUS SPOTS FROM THE STANDPOINT OF FLASH FLOODS IN THE NIGHT, BE=-
FORE THEY WENT TO BED EACH NIGHT, THEY RECEIVED BY RADIO THE FOUR O'CLOCK RIVER
QAUGING REPORT FROM THE U, S, GEOLOGICAL SURVEY STATION AT BRIGHT ANGEL, THIRTEEN
HOURS AS THE WATER FLOWS ABOVE CAMP, THUS THERE WAS NO DANGER OF SURPRISE FLOODS
AND CAMP COULD BE MADE IN SPOTS WHICH WOULD HAVE BEEN UNSAFE WITHOUT THIS WARNING,

ANOTHER IMPORTANT PART PLAYED BY THE RADIO WAS DAILY TRANSMITTING OF THE
SURVEY NOTES FROM THE FIELD TO THE OFFICE IN Los ANGELES. |IN THIS WAY, QUICK
CHECKS WERE MADE OF TRIANGLE CLOSURES, STRENGTH OF FIGURES, ETC. E. R, FRISBY,
GEODESIST IN CHARGE OF THE COMPUTATIONS, WAS ABLE TO NOTIFY THE PARTY WHEN THEIR
FIGURES WERE GETTING WEAK, WHEN IT WAS NECESSARY TO MEASURE A NEW BASE, THE
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RADIO THUS KEPT THE SURVEY OUT OF SERIOUS TROUBLE, AS WITH INNUMERABLE SMALL
FIGURES IT WAS NOT PRACTICAL TO DO PRELIMINARY CHECKING DAILY IN CAMP,

TOWARD THE END OF THE TRIP THE LAKE HAD BACKED SEVERAL MILES INTO THE GRAND
CANYON., |T WAS THUS AN EASY MATTER TO REPLENISH THE LARDER IN REPLY TO A RADIO
8$.0.5. (Sick oF Sour)e.

IT WAS INDEED A MODERN MIRACLE WHEN THE EXPEDITION WHICH BUT FOR THE RADIO
HAD BEEN [SOLATED FOR MORE THAN SIXTY DAYS MADE CONTACT WITH THE TRUCKS FROM DIS=
TANT KINGMAN. THE TRUCKS PULLED UP To PIERCE's FERRY AND HAD SCARCELY DROPPED
THEIR TAIL GATES WHEN THE BOATS, DRIFTING IN A LEISURELY CURRENT, APPEARED AROUND
A NEARBY BEND,

THIS STORY OF MODERN WIZARDRY = OF AIRPLANE AND RADIO; OF CAMERA AND THEOD=
OLITE; OF THE AWESOME STEREOPLANIGRAPH - MIGHT NOT HAVE BEEN BUT FOR A GRIZZLED
INDIAN, A COUPLE OF LEAN=RIBBED, HUNGRY-LOOKING HORSES, AND A TUMBLED DOWN, BIG=-
WHEELED OLD DERELICT OF A FORMER LUMBER WAGON, WITHOUT THESE, OUR ULTRA SCIEN=-
TIFIC EXPEDITION MIGHT STILL BE STALLED IN PEAcH SpriNas WasH or Diamonp CREEK.

ALTOGETHER 758 TRIANGULATION STATIONS WERE OCCUPIED TO CONTROL 100 obbD
STEREOSCOP|C MODELSe [HE SURVEY INVOLVED h17 SQUARE MILES WHICH WAS DRAWN BY
THE STEREOPLANIGRAPH ON FORTY~FIVE METAL MOUNTED SHEETS AT A SCALE ofF 1"=1000',
THE CONTOUR INTERVAL WAS TEN FEET,

CONTROL WAS DISTRIBUTED SO THAT SIX POINTS WERE AVAILABLE FOR EACH STEREO=-
scoPi¢c MODEL, WE HAVE NOT FOUND IT PRACTICAL TO CARRY CONTROL FORWARD WITH THE
STEREOPLANIGRAPHe WHILE WE RECOGNIZE THAT CONTROL ‘COULD BE CARRIED FORWARD TO
SOME EXTENT AT A SACRIFICE OF ACCURACY, WE HAVE NOT SO FAR FOUND IT ECONOMICAL,

IT CANNOT BE LOGICALLY ASSUMED THAT THE VERTICAL ACCURACY OF CONTOURS WILL
BE THE SAME WITH CONTROL CARRIED THROUGH A NUMBER OF MODELS AS WHEN CONTROL IS
AVAILABLE IN EACH MODEL, FOR THE SAKE OF HAVING A START|NG POINT FOR A HYPOTHET=-
ICAL DISCUSSION, LET US ASSUME THE ACCURACY WILL BE 60% FROM THE SAME ALTITUDE,
THEN TO GET THE SAME VERTICAL ACCURACY THE AREA COVERED PER MODEL WILL BE IN THE
RATIO OF 12 To 462 orR 1 To .36, IF SiXx POINTS, FOR EXAMPLE, ARE REQUIRED TO FUL~-
LY CONTROL A MODEL, THE NET NUMBER OF GCONTROL POINTS REQUIRED PER MODEL ON A
LARGE AREA, AFTER ALLOWING@ FOR OVERLAP, WILL BE TWO, WE Now HAVE TWO CONTROL
POINTS CONTROLLING ONE UNIT OF AREA OR o5 UNIT OF AREA PER CONTROL POINT. Now IN
CARRYING FORWARD CONTROL ON A COMPARABLE BASIS, WE WILL REQUIRE SIX POINTS I[N ONE
PICTURE EVERY SO OFTEN. |F WE ARE TO GET THE SAME CONTROL EFFICIENCY, SIX CON-
TOL POINTS MUST CONTROL 6 X 5 OR THREE UNITS OF AREA. THUS WE MAY ESTABLISH

CONTROL NOT MORE OFTEN THAN ONEE PER —3% OR EIGHT MODELSes WHILE THIS ENTIRE COM=
L]

PARISON [S PURELY HYPOTHETICAL, IT I[LLUSTRATES THAT FOR A GIVEN SPECIFICATION
THERE ACTUALLY MAY NOT BE ANY ADVANTAGE IN CARRYING CONTROL FORWARD WITH PRESENT
PLOTTING EQUIPMENT, ForR PRECISION WORK, WE SEE NO ADVANTAGE. WE wiLL LET THE
MILITARY PEOPLE ANSWER AS TO RATHER OBVIOUS MILITARY ADVANTAGES, WHERE [T IS NOT
A CASE OF WHICH IS MOST EFFICIENT, BUT OF GETTING THE BEST POSSIBLE RESULTS FROM
AN INADEQUATE AMOUNT OF CONTROL, WHICH JUST CANNOT BE INCREASED.,

To SUMMARIZE: IN CASES WHERE CONTROL IS TO BE PUT IN FROM BEGINNING 'TO END
WE BELIEVE THERE IS LFTTLE |F ANY ADVANTAGE IN ATTEMPTING TO CARRY CONTROL FOR=-
WARD, FOrR ANY GIVEN VERTICAL ACCURACY WITHIN THE ALTITUDE RANGE OF THE AIRPLANES
THE INCREASED AREA AND MORE FAVORABLE DISTRIBUTION OF CONTROL FOR EVERY MODEL
MAY RESULT [N LESS COST PER SQUARE MILE THAN CARRYING CONTROL FORWARD THROUGH
PICTURES TAKEN OF NECESSITY AT A LOWER ALTITUDE TO MAINTAIN THE SAME VERTICAL
ACCURACY,

For THESE REASONS, EVERY MODEL OF THE LAKE MEAD SURVEY WAS FULLY CONTROLLED,
THE RATE OF PROGRESS THROUGH THE STEREOPLANIGRAPH AVERAGED APPROXIMATELY .125
SQUARE MILES PER MACHINE HOUR.

AT THE END OF THIS PAPER A RESUME IS GIVEN SHOWING THE VERTICAL ANGLE RE-
SULTS . IN OTHER RESPECTS, ASIDE FROM THE DIFFICULTIES ENCOUNTERED, THE CONTROL
SURVEY WAS QUITE CONVENTLONAL.

THE MAP IS NOW IN PROCESS OF PUBLICATION AND WILL SOON BE AVAILABLE FOR
GENERAL DISTRIBUTION,

THE STEREOPLANIGRAPH HAS BEEN USED ON OTHER PROJECTS RANGING IN SCALE FROM

1" = 30" 1o 2" = 1 MILE, VERTIGAL AGCURACY SPECIFICATIONS HAVE VARIED FRoM 3/L

FOOT AVERAGE FOR A 10,000 squaRE FooT AREA To 12,5's THE INSTRUMENT HAS BEEN
FOUND RELIABLE TO 1 ALTITUDE, PLOTTING FROM FOUR COUPLE PICTURES WITH
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CONTROL IN EVERY MODEL, THIS ACCURACY REFERS TO MAXIMUM ERROR OF CONTOURS AND
SHOULD BE CAREFULLY DIFFERENTIATED FROM CONSISTENCY OF SETTING ON A GIVEN POINT

WHICH MAY RUN AS HIGH AS 1 FOR A GOOD OPERATOR,

T2000
WiITH SINGLE LENS CAMERAS NOW AVAILABLE WITH PRACTICALLY THE SAME ANGULAR
COVERAGE . AS THE FOUR COUPLE CAMERAS, THE EFFECTIVENESS OF THE STEREOPLANIGRAPH
SHOULD BE |IMPROVED AS THERE S AN UNDENIABLE LOSS OF ACCURACY DUE TO THE SMALL
RESIDUAL ERRORS OF A FOUR LENS SET UPe,

VERTICAL SUMMARY

No sOF Loor DiFFs. No, MAX o PrOB.
Fixep ConDi= OF OF CorRECT ERROR
MAIN RESERVOIR AREA ELEVS, TIONS ELEV., PoiNTs (CM) (CM )
BouLpber Dam TO
BouLper CANYON 2 8 39 3% 22 41423
BouLpeEr CANYON TO
Huacpat WasH
Brock 1 3 10 36 29 27 +1.07
BLock 2 2 n 12 10 17 T 9.2
BLock 3 n 25 I3 22 g 7.4
HuaLratl WasH TO
Pierce's FERRY 6 30 L5 21 58 +13.9
ViraIN RIVER
BrLock 1 L 2l 37 17 2 + 9.6
BrLock 2 5 22 ﬁz 20 2 * 9.3
BLOCK a 9 2l 27 19 T g.s
BLock 6 31 0 2l 30 3 8.2
BLock 5 I 2l 1 21 38 5_13.8
BLock 6 3 19 3l 18 1 + 8.5
BLock g 2 i 27 12 1 T 7.2
BLock 2 2l 140 17 30 T 9.3

RIVER GORGE

DiamonDp CREEK TO
New WaTer CaNYON 3 FAILURE

8l cm THROUGH 53 LINES=1.,6 cM PER LINE,
New WATER CanYON
To PIERcE's FERRY 2 FAILURE

17 M THROUGH 33 LINES = 0,5 cM PER LINE,

OVERHEAD VERTICAL REFLECTING PROJECTOR
BY
M. S. KENNEDY, U, S, SoiL CONSERVATION SERVICE
(PAPER PRESENTED AT THE ANNUAL MEETING OF THE AMERICAN SOCIETY OF PHOTOGRAMMETRY
January 18, 1937)

DURING THE PROCESS OF CONSTRUCTING A PLANIMETRIC MAP FROM AERIAL PHOTOGRAPHS
THE CONTACT PRINT IS THE BASIS OF A SYSTEM OF COMPILATION, THEREFORE, [T WAS
MOST IMPORTANT TO DESIGN A PROJECTOR, SIMPLE OF OPERATION, BUT ONE THAT WOULD
ACCURATELY PROJECT THE AERIAL PHOTOGRAPH AT VARIOUS PRECISE SCALES DIRECTLY TO
THE FINAL OR BASIC MAP; ALSO TO BE ABLE TO CHANGE THE SIZE OF THE PROJECTED [M-
AGE TO FIT PREDETERMINED RADIAL CONTROL POSITIONS,

THE VERTICAL REFLEGTING PROJECTOR IS DESIGNED AND CONSTRUCTED TO AGCURATELY
PROJECT TEN INCH BY TEN INCH (10" x 10") AERIAL PHOTOGRAPHS, NINE INCH BY NINE
INcH (9" x 9"), SEVEN AND ONE-EIGHTH BY NINE AND ONE-EIGHTH INcH (7-1/8" x 9-1/8")
AERIAL CONTACT PHOTOGRAPHS ON TO A DRAWING BOARD. |IT WAS ALSO ARRANGED THAT THIS




