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PREFACE 

This report is published to provide coastal engineers \,:ith profile 
and sediment data collected duri ng a 23-month survey of beClch and offshore 
sand level changes along a strai ght beach at Torrey Pines, California. 
The \,:or~ \,as carried out under the coastal processes program of the ll.S. 
Army Coastal Engi. ne e ring i{esean:h Cc:n ter (C[i~C:). 

This report i.s published, \·;ith only minot" l'diting, as received from 
the contractor; results Clnd conclusions are those of the authors and are 
not necessarily accepted by CEi~C or the Corps uf Engineers. 

Th0' report \\'ClS prepared by Dr. Douglas L. Inman, Professor of Oceano
graphy, and Charles E. ~ordstrom, Associate Specialist in \Iarine Geology, 
Scripps Institution of Oceanography, i>a Jolla, C,J!iforni(l, under CU~C 
Contract ;-';0. flAC\1'72-72-C-UiJ20. Dna obtained under the contract \,'C'lS used 
to clugment and help evaluate similar information in tile CTRC Beach 
Evaluation Program. The authors ac knO\dedgc the LlSS istancc of 01i chad 
Kirk and Earl ~lurr;:Jy in the collection and reduction of field lbta. 

Dr. Cr:lig H. rvcrts, Oceano graphc)", \,'as the CU~C techniccd monitor 
for this contract under the supervision of Dr. C.J. Galvin, Chief, Coasud 
Processes Branch, [~C'search Division. 

CO ll llll e nts un this public3.tion are invited. 

Approved fo)" publication lfl accordance \\'ith Puhlic Lel\" Ib(J,. 79th 
Congress, 3. r p roved ~l .July 1915, as supplemented by Public La~ 172, 
88th Con gress, approv~d 7 \ovembe r 1963. 

/ 
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J.'\\fJ:S L. lllAYEIlS 
Colonel, Corps of ~ngLncers 

Commander and Director 
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Si\\[) LLVr:.L CHANGES ON TOIWEY P I\JES BEAn{, CAL} PORN fA 

h.' 

[ , I i\TROOUCno\' 

1. Ohjective of the Study. 

The princip31 objective of this stuuy \Vas to measure beach profiles 
along a straight beach 11ith uncompllcateu offshore bathymetry that is 
exposed to ocean waves from all offshore uirections. Emphasis in this 
stuuy Ivas placed upon the accur a te measurement of beach profiles in order 
to determine changes in profile configurat ion caused by \vClVe action. 
Profiles were measured from the beach backshore seaward to a depth of 
about 60 feet (18 m) at monthly intervals for a period of 23 months. 
Additional measurements 1"8re madc foLlolving storms and periods of high 
waves in oruer to doc ume nt the extent of profile modific~ltion associateu 
with these periodic events. naily visual ohservations and measurements 
by pressure sensors provided a record of the Ivave5 incident to the beach 
uuring the duration of the :;tudy. Comparison of the profiles from mOllth 
to month and seasonally \Vas made to determine the erosion~ll and deposi
tional parts of the profile and the volumes of sand invo~vecl in unsilol'C
o ffsho rc t r;lllspurt . 

2. Previous \~ork 

~!;lllr studies llilve he e n made of till' c1wllges in Ile;lcil profiles under 
\,:lVCS; lIohTvlT, most fieLI ,L,t;1 ;Ire difficult to intc·rprct ill terms of 
~"':l"OII~11 elI;II)!,;l'" ill cUIII'i !',tll':lt iOIl ;Jlld ollsil(l)'C'-off"horc s;JJld tl-:II)sJlort 
I'L'L';IIISC (1f the ill:Il'ClIl-;lC:' ill t he IIICaSlll'el:Il'lltS. "lost IJ(,:IL~h pro['i les ;Jrl' 
() I I 1 Y n I ('; I '~l I I'l' d fro III t 1I l' h ; I e k s h 0 n' ". C': 11\'; 1 I'll i II t. () the s 1I r I: :: () Ill', II S II : It 1 Y C 11 d i W'. 

IIcal' thL' lIIeall S(',I level ddtllili. lhis type of d;lt;1 is useflll for docllrn(,llt-
i Ilg ch;lll ge s in the h :I,'h 1'0 rcsho rc ,llld Sdlld levc 1:; 011 r Ilc sllll:Il'l' i ~I I fll';ICll 
Illit docs not dOCLl IllL' llt the on:;ilol'e-orrs!lorc S;Jlld transport. In order to 
<Idequd tc I v mca :, UT,' the dctua I c h:lngcs i II prof i Ie cOllf i gULl t L()II alld (Ill shu rc
offshore transport, thc \)(',Ich !li'()file must he :IL~curJtely nll',lsurL'd to tile 
sC':I\\;ll'd lilllit of significant sand IJlov un cnt. 

Stuuies uf sdnd Il'vl-l chall g E"" on SOlltlIlTl1 C;lliforni.;l i)cdL'llcs have 
been Jllildl' hy ShC'JlLlrd (l~)S()), Sh q l;lrd ;Ind Imnall (1~)51), [11111;111 (1957)), 
I\l'll II 11 (1~)S4), ;Ind 1lllll;LII alld l\llsn ,l k (llJS(»), liohcvel', of till'Sl' previous 
:;tudies, ollly [ tl1ii :!11 «lId l~u:;lI:Jk ( l ~):;(,) JlI:tdc C1CCLll':ltc JIlC·~I"Url'Jnl'lIt:; uf :';;, III I 
levc-I ch;llIges ClVl'f' the ()ffsllOl'c seg l11 ent uf tile profi Ie. nil' Inrn~ln 
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and r~usnClk study h'JS mo.ele on Cl shel f :11'(';1 bethocen t\'IO hranches of 
Lo. Jolla Subm;:nLne (o.nyon so that sand movements \\'ere influenced by the 
refraction of wc.:.ves over the complex nea r shore hathymetry. This study 
of hC:lch profi 1 c changes J.nd onshore-off s hore sand t r,lnsport is s ill111 Ul' to 
that of Inman anel Rusnak (1956) but applic'd to 0. strJight beach h'ith 
uncomrlicJted offshore bathymetry. 

11. TORREY PINtS BEACH STUDY AREA 

The si te sl'lected for thi s study \\Ta s a s e gme n t of Torrey Pines BeClch 
]11 San Diego (ollnty. CaliforniJ. The stu d y area consisted of 0. straight. 
finc-gra1ned SOlid heach lOCJtcd :lpproxilllJt c ly 2 miles north of Scri p P ':i 
Institution of OceanogrJphj. i\ 106-mile (3.0 kill) segment of this beach 
tho.t has gently sloning offshore hathymetry and 1S tcnninJted shorel1ard 
by a 3()O-foot (<)1 meters) high sea cli f f wa s used for the heach profile 
measurements (Figure 1). Thi s beach satisfied the basil' requirements 
for a straight heach h'itil uncomplicated offshore hJthymetry that is 
exposed to wave:; frolll all offshore quadr;'nts. [n addition. the site has 
the advantage of being, readily accessihle on lanel hy J private road and 
from sea h)' usc of boat launching fJcilities <1t Scripps Institution. 

Torrey Pines Beach is at tht' southern encl of <1 littoral cell that 
extends nor-tlJl':ard SI mj les (82 km) to D:.1n~l PoLnt. Sand is sup]!1 ied to 
this cell by streJms entering the ocean along this stretch of coastline 
(lnd from minor sea cli.ff erosion (State of California. 19(9). \\'i1ves 

cause a net longshore transport of sa nd to the south through the li.ttoral 
cell to ScrLpps Submarine Clnyon \vhich i s 10c<1ted 1.S miles (2.8 km) 
south of the stitely site. Chamherlain (l ~)60J and State of CalLforniCl 
(19b'.i) have estimated the net littoral trans p ort in the vicinity of Torrey 
Pines Be<1ch at ,Ibout 2.6 x 11/', Yll1'yr (2 x InS m3 !),l'). Once jn Scripps 
Canyon, the SJnd is periodically transpor t ed by strong currents from the 
ne;nshore zone'? through the canyon into d e ep hfa t e}'. 

The study . ..:,ite l1e;lch sl'!:,:mt'l1t llilclel'g ' l' s typicll se~lsonill chJnges in 
con f i guLltion JIll' tD ch a ng es in \\°;1\,C cl i m:lte. Ill:ring su mme r \o.';1\,e conlli-
tion s , the bC:lch has ;1 l(lO- to 2()()-foot-\,ide ( ::iO to )0 Ill) hackshorc, :1 

rcl:ltively stecp Ilpper foreshore, :lIld ;l p r onoullceci herm. II'intet' storm 
\\O;I\o'CS (lVC1'tOP the summe r herm ;llld erod e: th e ha c kshore. thus red uc i Ilg 
the hidth of 1'lle e:-.:poscd hC';lch. il'inter b C lIo: h profile configur:l t ion is 
typified h>o J. gently slol1in g \le;lcli fOJ'c <;h o rc ti1,lt in place:; extcilds 
shore\,odJ'd to tl]!.: toe of tile S\:.';I cl iff. .. \locurate °C;hllremcllt or these 
:;(, 3<; '.)n;[1 ChJllo\.',e:, in he;l.ch profi Ie confi guration 1,°;1'0 thell'illl.:ip:ll 
n h j (' C t i v C 0 f til iss t ull y . 

III. Fl[U) I'ROCTDlmr 

l. Rench ~]C1rk.s. 

The beach Jt the study site 1S ori.ented true north-south .so that 
three range 1 i ill'S hocrc l'st:Jhl ished nonn:ll to the he:lcil ill ;1 true l':lst-

8 
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west direction. A prominent canyon [Indian Canyon) cuts through the 
clifL; to the heLlch at the o;tudy site so the central 1'~lnge lilw \\:lS 10~':I

ted ne:lr the mouth of the canYOll for geo ,e. r ap hic l'cfel'el1ce. ,\nother r.1n.\',e 
1 ine \ILlS ]uc:lteu 1,1:;:; feet (3'I(l meters I south of the Indian Canyon range 
line, and the third range lint' \\'dS locat e d 2,200 feet (biO meters) north of 
tile lndl:,n Canyon range line. These r~ln ' (' 1 inC's I\er(' named South 1{,l11ge, 
In d i eln C Ll n yon l\ a n g e, all d ~ 0 r t 11 [{ cl n get 0 de s i g nat c the i r g co\'. r; 1 p 11 i c ]l 0 sit j Ll n 
r e la ti vet 0 In di il n (;111 yon ( FL g U I' C .2). 

A level line survey Il'as m3.de from an established U. S. Coast and 
Geodetic Survey bench mark to Soutll Ran ge along the top of the sea cliff. 
This survey \\Ia5 made using a transit, rod and tape with calibration 
marks of ±O.OI foct (±().:; cm) un 11llri;:ontal amI vertic;!! distdl1~'l's. '11K 
permanent posi tion and e I eva t i on of t\\O poi nt s \\'cre estal! I i shed on the 
flat terrace above the cliff on South Range. These points il1'e: 

a. ,\ point 10ci1ted at the base of the sec,lll'anl 1II0n~)lilent of 
the U.S. \avy measured n~lutici11 lIli Ie COllrs('. 

b. i\ point locatecl hy ~1 pipe ddven into the ground lIithin 
i1 fell feet of the cliff ed ge . 

The elevation of the bench mark on the beach at South Ri1nge 1I'3.S dC'ter
mined hy using a trigonometric solution. The vertici11 i1ngle from the 
established point at the top of the cli ff and J point on the beJch \\'as 
accurately measured lI'ith a tr:msit. Then the "thin i1ir" distance between 
the point at the top and bottom of the cliff lias measured with a tlewlett
Packard 3800A Distance ~leter. These two measurements JllolI'ed the calcu
lation of the vertical distance betlvecn the tllO points to h'j thin a frac
tion of a foot. 

The exact location and elevi1tion of the bench marks for Indian Canyon 
and ~orth Ranges I"ere established by making a level 1 ine survey along the 
beach from thE.' South Ri1ngc bench mark. The i1ccuracy of the elevation 
betll'een the hench marks for the three r:.mge lines is ;lhout (J.UI foot 
(0.3 cm). Appendix A has a description of the bench mar!..:s estctblished on 
Torrey Pines Beach and the notes from the bench mark surveys. 

Lach r:lngc 1 i ne is phys i Ci111 Y I ocnt ('II h)' tll'O po i nts on the r:'lngc 
at beach !evel. These points :11'e mark e d by 1/2-inch-di;1l11eter st,linh'ss 
steel pipe.:; feet long driven into the g r ound i1nd l'elliented in p!3ce. 
The sei1I1'ard pipe is ci1Ppcci \I'ith a brass pIll:", thi1t is labeled as SIll I. 
SIO II, and ~IO III for South RJnge, Indian I:anyon Range, Clnd i\orth Range, 
respectively. The landll1ard point on e a ch range 1 inc is llli1r!":ed b)' ClJ1 open 
1/2-inch-diameter stainless steel pi1le set hi1ck from the seaward point. 
For protection from vandalism and natural erosion, the bench lnark pipes 
were set at the landll'Jrd edge of the beach and up on the toe of the sea 
cliff. The pipes h'ere pounded into the present ground surface to reduce 
their conspicuousness and increase their stability. All of the origin al 
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bench m~rk monumcnts placed for this study rcmain scrviceable ~nd did 
not require any rep;)i r dllr i ng the term of thc study. 

1 Profile Surveys. 

Sear.h profi 1 e surveys I-Icr(' ,ICL'Olllpl i shed in tim r:nts on the same 
d~y: 1) the h~ckshore Clnd upper f1l1'l':c:lwre herc mea s r ed fruin till' bench 
Tnnrk out to I-Iadillg depthS, un the 10\\ tide. and 2) tlw offshore part of 
tilc profi Ie h',15 measurcd I,ith a fatil()lllctc'r on :1 bO;lt seelh'ard from the 
hreakers. on the high tide (Figtlre 0)), By doilll~ thc monthly surveys OIl 

the d3te of maximum spriltg tidal r<mge during c.l:ly1ight hO'Jrs. overlap 
of the- th'O parts of the survey I\'as u sually acll'ieved. lIigh I\'~ves and 
h'i11ds complicated the survey opc1'C1t ion and introducL'd errurs into the 
fathometer survey of the offshore profi 1 e ,,- e gTl1ent, 

The land survey of the back shore ::md foreshore h'ilS eiolle using a 
tr;msit, surveyor's rod,and tape, Elevations \\'ere me a s ured to 0,01 foot 
(0,:\ em) ellld distances to 0.1 foot (:; Clll). \Iin c mc nt ;liOll ,'; the r;tll g c 
) inc h'as achieved by using flags to m;ark the tlW hCllch mark s on tile 
range, Rod stations h'CH' measured D.t 10-foot (3 meters) intel'\lu]s SC3 -

I~ard of the hench mark except I"hl:'re pronounced changes i 11 thc slope occur. 
I-lc:1surc'mC'nts I,ere m(lJe out 1nto the I~atcr hy thE' Llpem;ln payi ng out the 
tape in Ili-foot (3 meter:;) inCl'CI:1cuts frolll :1 Fi xed I)clint :tt the h';lter 
edgl'. The Lmd survey I"DS terminated I,hen the 1,;lter bCCelllle too deep 
fl)r the rodman to \,ade or the In-c(lking h'Dves lI1:1de it impossihle to p)uml) 
the rod. 

The offshore part of the survey I"as done \\'1 th Cl I~a)'th('on I-lodcl 
liE719 survey fathom cter used from <l H)-foot I)oat. Thi" is a por t a ble 
survey fatho me ter that ,11101"s for cll ;_br~tion to specific oc('anographic 
cOlldit-ions of se~lI-1ater temperature and salinity and is an ideal instl'u
ment for the survey depths of this study. 

Iloh'cver, use of a survey fD.thonlet c r for mcasuring beach prof11es on 
the ocean involves additiollal errors inherent in reducing the fathometer 
d<ltD. to all :tctua 1 bottom profi] e, Th e se errors arc due to the effect of 
I,aves, tiJe. rel:ltion of transducer to water surface, etc .. involved in 
correcting the Llh' fathometer readings to the profile soundings. Saville 
and Caldh'ell (195:\) evaluatec1 the :lccumuLlted acoustic sounding error 
1nvolved in m~;ls\lring b8ach p]'ofill's I,ith ~ f:lthoilletcr by me]king rcpe~tecJ 

soundings of a single profile OVI..']' a short period of time. ~l1lJ comparing 
them to lead iine soundings. Their l'esul ts ShOh that tl]e probable error 
in this survey method is less than (),5 foot (15 em). Thu:;, it is thought 
with proper c21ibration and suitable c a r e ill reducing the d3ta. that an 
,Iccuracy of I] foot (13() ern) 1,';lS puss j b 1 e in ItS in>.; ;t f:JtlwJIlctcr for 
tIll' offshore pruf i Ie llle;lSU)'Clllcnts. 

Positioning of the hoat during the off5horc part of the profilc 
survey \ofaS pcrformeu by a range' :1nd llOrizontal SL'xL1Jlt angl e system 
similar to that employed hy Inman and ]';:USll;lk (1~iS6). FilCh range line 

12 



LAND SURVEY 
r----- - - --1\'---------, 

OFFSHORE SURVEY 
____ -A~ ____________ _. 

HIGH TIDE 
/' ~ 

/ ,.....,:\ 

,,;// ,-------- -
LOW TIDE 

. . . .... 

..... . 
'.' 

- ' . 
. ', -.. 

" ~ . 

, 
BENCH 
MARK 

A. PROFILE 
REFERENCE RODS 

1/1\' '1//\\' dl/I\\ Jill\" 1j/1\~' 1;/1\'\ '1/1 1\\' 1;1/\\\ 'Ij/I\~ 11/\\' /I/I\~ 1111\' 1'1//1" 
RANGE(I I 

FL AGS ~ I , 
I BEACH / 0 

I SU RF ZONE 

~~==~~~--~~~~ 
I 

~I 
~I 
t!) 21 SEXTANT 
~ ANGLE 

~ 

O/~URVEY 
BOAT 

Figure 3. Survey procedure . 

13 

I 

I 
I B. PLAN 



is marked by two flags for alinement 011 the range and horizontal sextant 
angles were determined between the range and the nJarker flag on an adja
cent range (Figure 3). Sextant angles were measured every 20 seconds 
as the boat proceeded tOI"ard shore and I,ere correlated \\'ith time marks 
on the fathometer record. The distances along the ran ge lllle \\'cre then 
calculated from the angles and plotted I,ith the appropr i ate sounding. 

3. Reference Rods. 

The offshore profile measurements made I"ith a fathometer h'ere not 
accurate enough to detect small changes in sClnd level on the shf'lf. Thus. 
in order to monitor these changes along the profile. reference rods \\ere 
placed on the bottom on each range using the procedure of Inman and Rusnak 
(1956). Arrays of r<:'ference rods \\'ere placed at depths of -16, -24, and 
-33 feet (-4.9, -7.3, and -10 meters) on (;"J ch r<lllge. /\dditional refer
ence rod arrays were plac<:'d at depths of -45 and -65 feet (-13.7 and 
-l9.8 meters) on Indian Canyon Range (Fjgurc 2). Eacr: reference rod array 
consists of four 3/8- inch brass rods that h'cre 4 feet long and driven 
into the sand bottom so that 1 foot of the rod \\'as left exposed. The 
rods were placed in a "T" pattern Ihth :, rods arranged in a line paral
lel to shore and 1 rod offshore from the center rod of the line. Fig-
ure 2 shows the spacing of tile reference rods and their number designa
tion in the array. Some of the shallol\' reference rod arrays I,ere changed 
from a "Til to a "+" pattern with the addition of a rod h'i th 2 feet 
(61 cm) of exposed length placed 10 feet (3 meters) onshore from the 
center rod of the line. This longer rod was added becaus<:, sand deposi
tion at the shallow reference rod statiOJ1S buried the shorter rods in 
winter. Absolute elevations of the reference rods h:ere determined using 
a sounding line at the time of installation. A diver held the line on 
the bottom h'hile an observer in a boat illlmcdiatdy above determin<:'d the 
depth of h'ater. This depth h'as then corrected to the datum of mean s<:'a 
level using the tide gage at the end of the Scripps Pier. Each depth 
measurement h'as estimated to the nearest 0.1 foot (3 cm), using a grad
uated sounding line. The Illean of five measurements \\'as then tQ.ken as 
the depth of the bottom at the site of the rod. :'!athematically these 
measurements usually had a standard deviation of about 0.1 foot (3 cm). 
Ho\\rever, there are operator biases and I,ire angle errors in the soundings 
and additional errors in tide gage corrections that lead us to believe 
that the probable accuracy of the absolute elevation is about 0.3 foot 
(9 cm). 

The reference rods \\'ere measured l"l th each monthly survey of the 
beach profiles. ~leasurements \,ere mCldc by divers I"ho located the stCltion 
by range and horizontal sextant angle, marked it \\'ith a buoy, and found 
the rods by unden,Tater search from the buoy position. Positioning on 
the surface \\'as usually accurate enough to place the buoy anchor within 
20 feet (6.1 meters) of the array edge. Often the buoy anchor \\'as 
placed I,i thin the margins of the array so that no unclen,rater sCClrch was 
required. The exposed length of each rod \'las marked on a piece of 
plastic and measured at the surface. The reference rod elevCltions in 
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\jll"_'11l11,\ [) :Ire thc aver:Ll,:' of four-rou measurClllcnts ~!t c:lch st;ltiull, (':lc'11 
measured to the nearest 0.01 foot (0.3 cm) giving J probable error of 
"bout 0.01 foot (Cl.3 cm) for the station. These measurements are nola
tive to the top of the rod and are rnore accurelte than the assigneu SUl
tlOll ell'\':ltlon. The (l.ll] (-'uot (() .. ') cllli accur:lc)' is useu in cumpllt;ltion 
of Sell1U level c'hanges :IS it is al\\avs rcl'c'l'cnced tu the "top of the rud" 
LJnd not :t change in absolute elev'ltion. 

i'-leLlsuremcnts and sounu i ngs taken at each reference rod station \\('re 
used as absolute reference points for the fathometer d~IUl obtained frOI1l 
the offshore surve)'s. Figllre 4 shOll'S Cl comparison of the reference rod 
111C'<lSUrements :lnd acoustic sounding::; ll1i1ue at the 33-foot (10 meters) sta-
tion on South Range:. :\s can be scen, the :lcoLlstic sounding from the off-
shore surveys indicLlte depth variations of ±l fuut C±3!1 e lll] l'l'Lltivc to 
the lead line sounuing derth of 33 feet (10 meters). These difference::; 
art' related to errors ill the survey proceuure since the reference rod 
meLlSllrements indicate Ijttlc or no c)13ngc in actual sClnd levcl. ~illlilar 

differences \I'ere ohservecl hy Inman and r<.usnak (1956, FLgure 9). 

4. Record i ng Depth G(1ge . 

The be(1ch profile SlH'veys and reference rod dJ.t;1 \vere supplemented 
\yith soundings made with the recording depth gage that \vas devclored for 
this study. The instrument consists of a pressure sensor, logic cir-
cuitry, and a three-digit panel meter. An absolute pressure transducer 
lI'ith a sensing range of about 13-:;0 ]lsiJ h'as used in the instrument. 
This sensor is capable of sensing \.;ater level changes of ±0.08 feet 
(2Ll cm) in II'Clter up to -58 feet (- 17. -; mC'tl'rs 1 i II depth. Output from till' 
sensor h'as interfaced through <in amplifjer-lo\.; pass filter and a viuiable 
gain amplifier to ':1 digititl di sp lay (Figure 5), The intent of instrumC'nt 
design is to usc an accurClte pl't'ssurc sensor to lTleClSUre the \,:ater level 
and then filter out the high-frequency oscillation caused hy \vaves and 
only read the mean depth. The 10ly-pass filter used In the instrument has 
;) time const':lJ1t of ':lhout I Ininl!tc. so t]\,l t onl\' 10h-frellllency lI'dtcr ]c\'el 
ChilllgCS il ffcl·t the medS\lrl'I~lcl1t s. 

The physictl assembly of the instrulllent lS sucl) that the pressure 
sensor and logic circuitry arc one package called rhe sensjllg package; 
:lnd the recording panel meter ,'Inc! its [10\';c1' supply arc another pilckage 
called the recording package. The sensing package is mounted on a tri
Jngular-shared met::d plate that ilssured proper orientation of the pres
sure sensor to the hottom and prevented scouring into the sanG bottom. 
This package is IOI\'ered to the bottom at a station for the ::;-Inlnute 
recording perioo \,I'jth a surface float to mark its 10CCltion for retrieval. 
The measurement of IvJter depth made hy the pressure sensor is Clverageu 
anrl retained by the logic circuitry for display. At the end of the 
measurement period the sensing pa kage is retrieved and once ~It the sur
face the recording pi1CkJgc is connected to its out[lllt for JisplJY of 
the me:1surcd depth. OnC2 the r~eaSl1rement is recorded on a Jata sheet, 
the instrument is cleared \vith J reset sll'itch to prepare it for the next 
measurement. 
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The recording depth guge is intended to supply be<1ch profile datu 
from that segment of the profile near the surf !:one hCl1ere it is hazar
dous to make a fathometer surveyor to anchor the boat for a leud line 
sounding. Deployment of the depth gage involved traversing the r3nge 
line quickly to a station very ne3r the brl'3k point and then dropping 
the sensing package ;]s a sextant angle is shot ;]t the station. After the 
recording period the sensing pack3ge is quickly recovered by the b03t 
and the measurement is read. The instrument \,as employed in field u53ge 
a number of times duri'dg its dev<210pment, and \,Cas found to yield measure
ments that \,'ere inconsistent \,ith independent lead line me;]surcments. 
Each field trial brought further modification of the instrument design. 
As a result, all field information ob t a ined from the instrument during 
this study has been used for calibration purposes 3nd is reported in 
Appendix C. 

5. Visu,ll Wave Observations. 

W3ve energy incident to the study-si tc heach \\'3S documented by th'O 
me t hods: (<I) ViSIWl \\',lve ohservcltion.-; madc dally on \\'eekd;IYs :1t Suuth 
I{ange; ,md (b 'l h';]Ve JIleasurements m,lde \.; i tl1 ,l 1 j ne ;lrr<'l'.' uf pressure sen
sors located ;It J. depth of -::;.'i feet (-l() met(,rs) on South Hanl~c. \'isual 
observations were made using the same procedure as developed for the CERC 
Beach Evaluation Progr3m. \vave and surf observations made at the beach 
level at South Range inclllded an est imate of t 11e height of the highest 
one-third of the waves, the average period of [I) cOIlSCl'lltive W;lves, and 
the hreaker type. 

To supplement the visual \\'ave ob:c;e?rvations :1t the beach Level, 
additional wave observations were made from a fixed point :1t tIle top of 
a 300-foot (91 meters) high sea cliff at South Range. From this point 
a visual estimate of the breaker :mgle and 3 rhotogT3ph of the \,ave con
ditions \"ere made. The photogr;]ph h'as al\\Clys oriented so that its bottom 
margin \,as aligned \vith the beach in order to 3ccurately illustrate the 
breaker angle. ;\ppencii,x I) is a tabulation of t he delily visu;]l \'.Jve 

observations from June 1972 through 01ay 1974. 

Wave measurements from the pressure sensor :11'ray <1re described in 
.J separate report to CERC including the concluslons of that study. 
\ppenci i x J: is :1 compari son bet\"een the v isual observations and the pres
sure sensor array measurements for those dates witll synoptic data. This 
comparison indicates that the visual observations and pressure sensor 
measurements are in gener<11 agreement for \vave direction \\'hen h'ave refrac
tion from the sensor array to the be<1ch is take?n into account. 

IV. D:\TA RrDUCTION FROCEDUH[ 

All measurements of beach profiles for this study \\'e1'e determined 
from the permanent bench m<1rks established on the? bC:1ch. Distances h'erE' 
referenced sec1h'ard from the bench mark and elevat ions \\'ere referenced to 
mean sea level r~lSLJ. The mean 10h'e1' 10h' \\'ote1' C>lU,IV) d3tum is -2.7 feet 
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(- 7:; . S C In) reI iI t i v (' to H:; I" at t h cst 1I u Y sit e sot hi I tal 1 e 1 E' V <I t ion SC;I fl 
he cross-refercllced to ~1I"L\\' L f l1l'cess'Il"Y. 

At the time of the actual surveys data were recorded on field data 
sheets uesigned to accommodate the measurements acquired from the land 
and offshore surveys. The lcmu sll:'vey data consisted of di stances meos
ured from the bench mark and rod readings measured with a transit. Data 
reduction for the lanu survey simply involved calculating the elevations 
relative to ~tSL datum. In auuition, the fathometer data h'cre compareu 
to lead line and depth gage sounuings and the reference rod measure
ments to verify their accuracy at specific stations on l':leb l'L1l1ge line. 

The corrected profile data were then recorued on standard BEP 
sca nning forms (CERC form No. 60, 4 August 69 and CERC Form No. 83 -71 , 
26 May 71) for transmittal to CERC. At CERC these data were then 
plotted for their files using 0 line printer. The distance-elevation 
pairs for 8dCh survey point arc given in :'\ppclld i x IL 

Plotting of the pro~ilc clata for study at Scripps was done with 
the Llse of il Burroughs ()700 computer and its ll-illCh x-y plotter. 
A short ALGOL computer program was devised to produce a computer-plotted 
profile from the reduceu survey clata. These datCi \"ere punched on IB~1 

cards for computer input. The program output is an ink plot of the beCich 
profi.1e cit il sc:rle of 1 inch = 10 feet for elcv:ltiJ>I1 anu I inch = IOO feet 
{'or di::;t:lllCC on one set of ;Ixes hith ;Ill cquivulel1t scale in tile metric 
system on the other ,lxes Plotted beach profiles for the surveys arc 
compiled in Appenciix F. 

J\ppel1uix G gives CI description Clnc! listing of the beCich profile 
plotting computer progrClm. Use of the computer to plot the beach [11'0-

fj les \vas found to JccelcrJtc the process of making comparisons between 
different surveys since 311y t\\'O sets of survey data con quickly be 
processed by the computer. Also, the IB~1 card files of the surveys 
have been found to be a good referencc library for making additional 
copies of any specific surveyor combiniltion of surveys. 

Visual \,(lve observat Lons \,'ere recorded on a standaru 13[P scunni.ng 
form (CERC FOR}l r;o. 120-n, 10 ~by 72) at the time of the observation 
and simply fonvardeu to CeRe for their files. Each visual \,'ave ohserv
ation was ilccompanied by u color transparency photogroph taken as des
cribed from the top of thE: sea cliff. These photographs \"ere included 
as l,art of tile \"IVe uilserv;ltiono-; ttl 11(' kcpt on file ;It CT,I(C Sediment 
;rn:llysis d;lt;1 for s;lmples colll'cted frolll Torrey 1'1nes l\c;lcil urc s110\\'11 ill 
'\Jll'endix II. \ . lil.i\U I 1'lWI r 1.1 U 1:\\CIS 

Be(lcb profile measurements rnade ;It Torrey Pines Beach hove been 
l'ompared from survey to survey ,wd on CI seasonal basis over the 23-month 
periou of the study. The most signific(lnt ch(lnges in profile configur
ation occur seasonally so thClt the results of these measurements are 
presented for seasonal time intervals. 
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1. Season:! i Changes JUlle 1972 - Cktuher I ~)72 '. 

This stuuy \\!ClS illjtiatcu at ,1 time hl1ell Torrey I) illes Be<lch hilS 

under<lojlll' the ~h;ln (T l' from a h' inter u)llfil;Llr;ltion to :l Sllmmcr cOllfigln'-
t:-- ... ~ t:l ... 

ati.ol1. The first beach profi les '.\'ere InC:lsLll'l'd 011 6 June 1~) 72 at \.;hieh 
til1le til e hench had u eve loped ;1 uefinitr' hel-m for tile full length of the 
studY:lrco. !luring the months of .July. I\ugust. SeptembCl',(lnU October 
the iwocil ~'ontinucd to accrete 011 the fon'shore 8t all tlln'e rangE' Ii lle s. 
Thi s occretion of the fore sho re c:111sC'd the sub:{crial beach to h'iden ::1nu 
the berm crest to move se'II\'ll·d. The most Ii kcly source for th e sa nd 
de]lositeu 011 the beach foreshore \\'<1S fromimmediCitely o ffs!lOr c at depths 
of -20 feet (-C).l Ill) 01' Ic'ss, ;IS lndi(':lt cd hy the progressive erosion of 
til(' H)-foot (ii.\) m) referellce rods on Soutll 1~;lllge (1'igllTc ();IJ. SimiLlr 
erosion Cit shDllm-l uepths also occurred on "\ort'l anli lllciiJn Cll1yon I<a ngcs , 
although the lnZlgnLtuJe aJld progressive re11l0v ,11 of s:lnd is not as apparent 

(l'igul'cs ()\J and (1C). 

Profi les measured on 23 Octoher 72 <:lrc represcnt<=ltive of the fUlly 
developed summey he(lch confjguTZItion 'in 1~) 72 . ':' hese profi les h'ere char-
acterizeJ by ;} sharp berm crest :It a 11 three r:ngc lines th;lt sep:lr :lt c(\ 
o \~ide flat ilackshorc from CI steeply s l opi ng foreshore. The foreshore 
slope gradually decreased seaward to fo~m a relatively flat terrace 
ex tending offshore from the ~ISL intercept to about -5 feet (-1.5 meters). 
Th e seah'3 rd edge of this terrace is marked by a slight increase in the 
profile s lope at a depth of -5 to ·10 f e et ( -I.:> to -3 IIlcters) \\'ilcre the 
gradua l decrease in slope continues out onto the shelf. Formation of 
the summer beach profile configuration I~as a gradual process o f sand 
accretion on the beach face and erosion at shZlllow depths sea ward of 
the s urf zone over the periOd of several months. 

2. Seasonal Changes Novemher 1972 - April 1973. 

The summer beach profile configllrJti~1n descriheu in the prev ious 
se~'tion remained intact until 15 '\!ovC'll1ncr 72 I~hcn a storm pa ssed through 
the study a.re3 over a weekend. This s torm brought con s idercthlc precipi
tation, high h'inds and \"aves coincident Idth th e spring high tjd~s in 
the month of r.;ovember. A heach profile survey h'a.S maul' of the three 
range lines on 21 Novemher 72 inllncuj cltely follOldng tile storm to document 
modification to the beach. The 21 Novemher 72 profiles indicated that 
the pronounced berm thot had developcd on all three L1llgC 1 ines I\'as com-
pletely removed and the beach h'as cut back up tc 100 feet 00 meters ) . 
Erosion on tile upper beach was accompanied by s3nd ,lccretion immediately 
offshore in depth of -to t o -:)0 fee t (-3 to -:-) meters). I~eference rod 
measurements lIl<.lue h'ith this survey 5110\\ :lccl'etiolJ in exccss of t foot 
(:)0 cm) on North Range completely coverjng the rods at a depth of 16 f ee t 
(4.9mJ. 

Figure 7 is a compa.rison of the October c1l1d November 1972 beach 
profiles a t North Range which indicate that approximately 530 cuhic fcet 
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of sand per foot (49 cubic meters per meter) beach 1 ength \\Iere eroded 
from the beach face betlveen +7 feet (2.1 meters) and -7 feet (-2.1 meters). 
This erosion was matched by an accr et ion of about 600 cubic feet of sand 
per foot (56 cuhic meters per met er) beach length in depths of -8 to 
-2:; fcet (-2.5 to -7.5 meters) belo"" mC<11l sea level. Thus, tt clppcarc; 
that most of the sand eroded from the upper part of the beach Ivas trClT1S
ported in~ediately offshore and deposited at shallow depths. 

The profile measurements at Indian Canyon and South Ranges show 
similar changes ill profile configuration and volumes of offshore sand 
tran:c;port related to the storm. This major change in beach configuration 
I,as caused by high surf (up to 10-foot breakers) coincident Ivi th +6 to 
+7-fo(lt-high (1.8 to 2.1 mete)':;) tidec; during the 4-day storm. The 
hi ah tides enabled the s-:::orm surf to overtop the berm crest and quickly 
erode the beach. 

After the storm of 18--20 0iovember 1972, Torrey Pines Beach main
tail1eci a "inter beach profile cOl1figuration Ivith a more gentle foreshore 
slope. Subsequent storms of lesser intensity during the "inter months 
caused additional erosion of the beach face and accretion at shallow off
shore depths, Comparison of beach profiles from the three range lines 
indicc1tes that the beach respond ed to the \"inter storm waves in a similar 
m,'lnner along the full length of the study are~L, 

ligures bel, ll,cllld c ~;hO\," the progressive retre:lt of the herm crest ~IIHl 

related offshore ~lccretion of sand from November 1972 to April 1973 dur
ing the winter. As can b3 seel1, most of the total amount of sand eroded 
from the beach face during the h'inter h'as removed by the storm in Nov
ember 1972. The remainder of the sand transported offshore during the 
\.,:inter 1"<lS progressively removed over several months. 

Beach profile :lnd re f erence rod measurements made on 11 April 73 
shoh' the fiIlal I,"inter confi guration of the heClch profiles I"ith maximum 
retreat of the berm crest an J the lowe s t foreshore slope. Figure 8 
shows two representative profiles measured at \orth Range Ivhich indicate 
the magnitude of the tot a l seasollal cha nge in profile configuration, 
A comparison of the 23 October 72 and II April 73 profiles shOl"s the 
total amount of sand LIlvolved in the s ea sonal change in beach config
uration. The ljuantity of sand eroded from the beach I,as ~lbout 1,:lU() 
cubic feet per {uot (121 cubic met ers per meter) beach length, and the 
qual1tity accreted offshore total e 880 cubic feet per foot (82 cubic 
meters per meter) beach length. The inequalities in the amount of sand 
eroded from the upper beach and the amount accreted offshore :lre pro
hablya result of longshore transport of sand o."I,.1Y from the vicinity of 
the ran,"c ltne. 0lC:.lsurel1lcnts j",dc 011 the other range lirll':C; illuicatc:l 
similar seasonal change for the entire section of beach unuer study" 
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3. §~asonal Changes April 1973 - October 1973. 

Beach profile measurements after April lY73 indi ca t e that the 
upper foreshore of Torrey Pine s Beach began to accr e t e and construct a 
nelv summer berm. Beach profi I e and r eference rod measur ements made on 
II May a nd 6 June 1973 show Dccre ion o n all thr ee range l i nes with the 
i n i tial onshore mov ement being the de ve l opment of a bar at -3 feet 
(- ! me t er ) ,mel t11l' progl"eSSLVe acc r etio n of san d at higher clcv,ltiol1s on 
th e f oreshore to form a ne w suba eri a l berm. Figure 10 sho ws this pro
gress i ve o nshore movement of s a nd at \ortl1 Range during April to Septem
ber 1973 . The source of the sand accreting on the beach face 1\'3S from 
the area immediatel y offshore CIt d p ths of le ss than -33 fect ( -1 0 llIet e l' s) 
as shown by the int errre l atio n of berm crest progradation and erOSIon 
at the sha11ol" reference r ods (F i gu fl'" hO. h, iJnd c) . 

The summer beac h config urat i on in 1973 was best typifi ed by the 
profil es measured on 25 October 1973 whe n the berm crest had prograded 
farthest sea\'iard and the foreshore increased in slope. Examin at i on of 
the 2S Oc t ob er 1973 profile at Nort h Range (Figure 9) shows th e beach 
configuratio n during the summer season. Approximately 1,300 cub i. c feet 
per foot (1 2 1 cubic meters per mete r ) b e ach l eng th accreted on the beach 
face while 770 cubic feet r er foot (72 cub i c meters per meter) beach 
l e ngth I~ ere eroded from depth s of -1 0 to -20 fcet (-3 t o -6. 1 me t ers). 
Pro -des meas ured on the ot her tl,O ran ge lines shoh' s i mi. la r changes 
duri ng thi s per iod. 

4 . Sea so na 1 Changes NovQmher 1973 - April 1974. 

The summer beach profil e co nfi gurCltion shown by the 2S October 73 
profile at \,Iorth Range (Figu r e ~l) r emained until the OCl'urrcnce o f 6 -foot
hiTh breaker s coincident \vith a +7 foot (2.1 me t e rs ) high tid e o v er 7 a nd 
8 J a nuary 19 74 . This peri::ld of hi g h I-Javcs caused th e rapid r eces sion of 
the subaerial berm and l'edJc ti o n i n slopo of the beach foreshore. The 
ex treme h ig h tides enabled the hi gh breakers to ove rt op the berm crest 
and quickly erode th e subCl2r iai beac h. 

Fo11o\ving this occurrence of high h'dves, th'O ot her periods of high 
\·:aves and a storm occ urred during the spr ing causi ng onl y minor further 
mod i Fi cat ion of t he be,n: h profile configuratio n. r i gUfCS (la, h, ~IJHJ C S l1 01,' 

the chan ." e in t he pos i ti. on of th e )e nn Cl'est and sd nd l L'vcl chan ~J,e :I t til e 
offshore reference rod stAtion s duri ng the \, int cl" and s pring of 1973 - 74 _ 
Final \vin t e r beac h profil l: configur a tion is sho\m by th e 4 Apr il 1974 
-rofile at Nor th Range (Fi gure 9) , with the farthest land\,arcl recess ion 
Jf the berm cres t ,I ncl gentlest foresho re slope. Profiles at the ot hcr 
tincc ran ge- lLIlCS al~o had sim il ar \,i ntcr season conf.i.g uT'C1tio ll s. 

Comp" ri.son of the 25 October 73 summer profil(C; ~Jnd the 4 Apri l 74 
\\Ii nt er profile at \;ort h Range sho wn.in figure :.1, indicat es the mQx.i.mUJIl 
s ea s ona l sand level change s. The volume of sand eroded from hco.ch bce 
wa s ~pr roximatcly 400 cu bi c fcet pe r f oo t (37.4 cuhic met e r s per meter) 
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beach length and the quantity accret ed offshore ;:l.mOllnted to 640 cubic 
feet per fo ot (60 cubic meters per meter) beach length at depths of 
-10 fe et to -20 feet (-3 to -6 meters) be low MSL. This comparison indi
cates that ther e was a net gain of sand in the offshore area at North 
Range which is offset by slight net loss of Si11 0 in the vicini ty of 
South Range and Indian Canyon Range. The nct losses of sand at the two 
southern range lines and ga jn <.It \orth Range may reflect a nct north,·:ard 
littoral transport caused by the high \,aves approaching from the south 
on 8-11 January 1974. 

The Volume of sand involved in the summer to winter profile tran s 
ition was considerably les s during th e 1973-74 winter season than for 
the previous year. This was espec ially notic eable at ~o rth Range where 
the volume of sand eroded from the beach face in th e 1973-74 winter 
season was approximately one- third that removed during the winter of 
1972-73. Thi s diff er ence i n sand volume involved in t he summer to \"inter 
transition in beac h profile configuration can be attributed to the rela
tively mild winter of 1973-74. The difference between th e volumes of 
sand tran spor ted off shor e during the two winter periods s tudi ed is also 
apparent in r:igures ()a , h, and c. The refer ence rod data s ho\\' that s and 
accretion occurred he-yond a depth ()f -24 fec t (-7.:<. Ill) in th e \~inter of 
IlJ72 -FS , hut that accretion did not ex. t end to depths of -24 fcet (- 7 . 3 1Il) 
durin g th e wint er of 1973-74. The 1973-74 winter had relatively few 
storms pass through the study area so that only occasional periods of 
hi gh waves affected the beach. 

Th is study employed the technique of Inman and Rusnak (1956) for 
determining sand level changes on the shelf in order to accura tely det er
mine changes :n beach profile configur:ltion. Since these two studies 
were done in the same general ar a , it is useful to compare th eir 
resul t s. Inman and Rusnak noted that th~ range of the sand l evel change 
exc eeded 2 feet (61 cm") at a depth of -18 feet, 0.29 feet (9 cm) at a 
depth of -30 feet , and 0.16 feet (5 cm) at a oe~)th of -50 f eet, indicat
ing a general decrease in th e magnitud,_' of sand level change hith in
cr ea se in water depth. The r ange of s nd level change of the thr ee 
range lines studied at Torr ey Pines Beach was 4.1 f ee t (125 cm) at a 
depth of -16 feet, 1.5 feet (45.7 cm) at a depth of -2 4 feet, 0.60 feet 
(18 cm) at a depth of -33 feet, 0.20 feet (6 em") at a depth of -45 fe e t , 
and no change a t a depth of-65 fc ct. Th se ran g s of sand l eve l change 
and their decrease in magnitUde with i ncr easin g depth follow similar 
trends to those measured by Inman and Rusnak (1956). However, the range 
of th e cha ng e was gr eater at Torr ey PO ne s Beac h for similar depths. This 
may be rel a t ed to the fact that the waves are somewhat higher at Torrey 
Pines Beach than off Scripps Beach. It was noted in th e earli er study 
that the sand l evel I\'as higll in SUT!lid(' r and 101" j n winter at d pths of 
- 18 t o - 30 feet. This trend \oJas also observ ed at depths of -Hi to -24 
feet at Torr ey Pines Beach. At Torrey Pine s Beac h high sand levels at 
the se depths occur in winter and spri ng (December to July ) and low sand 
l eve l s occur in summer and fall (Au gust t o Novem ber ) . The seasonal 
fluctuation documented in the two separate studies are s imilar with any 
differences probably being accounted for by variation in the wave char
acteristics at the time of each study. 
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5. Storm Assol" i ated Changes 

Another aspect of this study 1\'3S 311 attempt to c.locumel1t the abrupt 
changes in beach profile configura.tion l',lLlsed by storms ami periods of 
high ~aves. Oocllmentation of th s c changes was made hy profile measure~ 
ments before and Jfter the occurre nce of storms or high \vavcs. Ilo\"ever, 
the problem in this plan \VclS in predicting the occurrence of storms in 
order to efficiently m:li<l' "before surveys." The only informi1tion avail
abl e for storm prediction \\(1S LJ. S. i~eather Service forecasts for the 
I'acifil' CO~lst hhich \"ere thought to be reliable since most of the 10cJl 
h'inter storms progress sCllltil\\'ard ~llong the coast and can be ident1 fied 
before Jrriving in the stuc.ly area. Ilo\\'ever, it \"JS soon realized that 
it is difficult to predict the occurrence of these storms and to make 
a representative "before"sllrvcy. 

!luring the \vintcr of 1972-7:> the first \"inter storm occurred over 
the \\Ieekencl of 18-19 November 72 so th~lt a survey previous to the event 
\,a5 not made. but a survey \"35 mac.lc inunediately following the storm. 
This storm caused extensive chan g e s in the beach anc.l essentially altered 
the pTofile to a winter configura t i on. Thic; chonge in profile configll1'
:ltioll was descrihed ac; part of the seasollal changes bet\veell .\ovemher 1~72 

to April 197.), and is SllO\Vl1 in ri gure 7. Several storms and periods of 
high haves occurred during the 197 2 -73 winter season following the 
November storm. ~\ost signific:Jnt of these \vere the following: 

(h) 

(c) 

9-10 Jaml~ll'Y 197:; 
17 .J;lnUal'Y 1~!73 

1 2 - 1 5 r el) nw 1'>' 1 97 :; 
l() FebrLl~lry 1~7.) 

12- \L1 ~rarch 197,'j 
16 I'brch 197:1 

9-foot-high hreakers 
Beach profile survey 

Storm 7- to lO-foot-high breJ.kers 
Beach profile survey 

Storm 7- to lO-foot-hLgh breakerc; 
Beach profile survey 

Comparisons of the beach profiles made from month to month following 
these storms and high \"ave OCCl,rrences indicate that each subsequent 
event had less effect in modifying the profile configuration than tile 
first storm in November 1972. 

During the winter season of 1973-74 storm predictions were again 
bClsed upon U. S. l~eather Service forecasts in an attempt to document the 
changes due to storms with profile surveys. However, the 1973-74 winter 
season was relatively mild with few storms and occasionCll occurrences of 
hi g h waves. The significant surveys and occurrences of high \vi1ves dur-
ing this season \vcre as follows: 
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(a) 

(b) 

(e) 

Cd) 

(e) 

4 December 1973 

14-15 December 1973 
17 December 1973 

8 January J974 
10 January 1974 

19-20 February 1974 
21 February 1974 

4-8 ~13rch 1974 
11 ~'larch 1974 

Beach profile survey, but 
storm did not reach area 

7- to 9-foot-high breakers 
Beac'l profi 1 C' survey 

6- to 8-foot-hjgh breakers 
Beach profile survey 

7-foot-high breakers 
Beach profi Ie survey 

Storm 6- to 9-foot-high breakers 
Beach profj Ie survey 

Since most of these events were occurrences of high h'aves, there h'as 
no way to predict the waves and ma ke a "befo re survey." The most signifi
cant occurrence of high waves during the 1973-74 winter season was on 
8 January 1974 which was coincident with a +7-foot-high tide which caused 
considerable change in the configuration of t~le beach profile. These 
changes are described in greater det a il as part of the seasonal changes 
between November 1973 and Apri 1 1974. 

Comparisons of pressure sensor records from February 1973 h'i th the 
winter of 1973-74 show February 1973 to hav<:, been a period of high haves. 
The mean significant height derived for February 1973 is 1.4 meter~; as 
compared to 1.0 meter for the \'Jinter of 1:)7:~-74, and, in fact. the high
est h'aves observed during the study occurred Juring f-ebruary 1973. Thus. 
the mean height of waves during Febrllary 1973 has approximately 30 percent 
greater than that of other winter months. A check of annual precipitation 
records for the San Diego region also sugg sts tllat 1972-73 was one of the 
four \vettest years in the la st 20 ye:1rs. Since most of the precipi tat ion 
in San Diego area comes from winter storms. tllis may be a reasonable indi
cation of the severity of the winter season. 

VI. COhCI..USIONS 

The beach profile measurements at Torrey 
have provided some insight into the seasonal 
configuration on a straight beach \\'i t11 uniform 
exposed to waves from all offshore quadrants. 
study can be su~narized as follows: 

Pines Beach. Cal i f ornia. 
changes in beach profile 
offshore slope that is 
The conclusions of this 

1. Tile 
responueu in 
site section 

three range 1 incs estab I. i<.;hed on Torre\' l'inccs Be ach 
a similar manner in 3J 1 S:lnu leveJ Ch3~gC5 so th8t th e s t udy 
of beach was not anomalous along its length. 
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2. All significant changes in beach profile configuration can be 
related to the incident waves, tides, and to local storms with strong 
onshore winds. 

3. Formation of a summer beJJ"h profile configuration is the resul t 
of a progressive onshore migration of sand from depths of less than -33 
feet (10 meters) which accretes on the beach face. 

4. The summer beach profile is characterized by a pronounced berm 
crest which is produced by the progressive accretion of sand starting 
as a bar at depths of ·3 feet (-I meter). 

5. The summer beach profile configuration did not fully develop 
unt i October in 1972 andl973 when the berm crest was prograded the 
farthest seaward and beach face slope was the steepest. 

6. Th change from summer to winter profile configuration occurred 
abruptly with the coincidence of high waves and spring high tides in 
November 1972. 

7. At the time of high \\'aves and tides the surruner profile berm 
crest \·,'as easily overtopped by \\'ave rUllup and the upper foreshore 
quickly eroded. 

8. Most of the sand transported offshore during the winter seasonal 
change was removed from the beach f ace during the few days when high waves 
and tides were coincident. 

9. Sand transported offshore during the winter seasonal change in 
prof i le configur~tion was deposited in depths of -10 to -30 feet (-3 to -9 
meters) . 

10. There were no recorded sand level changes at depths greater than 
-45 fect (-J'i.7 meter;;) OIl the deeper reference rod stations at Indian 
Canyon R.ange. 

II. Comparisons between the visual wave observations and the pres
sure sensor measurements a~ South Range show that there is agreement be
t ween the two sets of data for the angle of wave approach under conditions 
when there is a single, predominant wave present. Visual observations are 
much less valid under complex sea conditions. 
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APPENDIX A 

DESCRIPTION JF RAi\GE LINES A>JO BENCH ivlARKS 

TORREY PIN ES BEACI-I. CALIFORr.iII\ 

INTRODUCTION 

Three range lines normal to the shoreline were established on 
TOl:n'y Pines Beach for use in making repe:lted measurements of sand level 
change in the onshoH'-offshore eli rcction. [<:1ch range 1 i no \·:as m:HKecl hi th 
two bench marks (8M) that define the direction of the range line and 
elevation of tl<.'O fixed points relative to a datum. The three range lines 
are referred to as South Range, Indian Canyon Range, and ~orth Range to 
designate their geographic position relative to Indian Canyon. 

RANC[ LINE LOCATION SURVEY 

The closest C;overnmcnt bench marK to the section of Torrey Pines 
Beach under study is the lJ.S. Coast :md Ccodetic Survey (USee::;) 13ench \brK 
"Ball" located in the NW 1/4 of Section 12, To\\'nship 15 South Range 4 
l'iest from the San Bernaruino meridia.;1 ;JnJ hClse Ii ne. Thl' bench mdt'k LS 
a brass disc identifil'd as a USCGS monument at the top of the sea cliff 
about 1/2 mile south of South Range which design<:1tes a point 326.3 fel't 
above mean seCl level. Thi.s brass disc served as the point of origin for 
the range line location survey (Fip:\lre A-I). Since the USCGS twnch mark 
is located at the top of the sea c~iff, the range line 10catiol1 survey 
Ivas necessarily performed in th'O segments that \,e1'8 tied together using 
a specialized type of surveying technique. The first segment was a 
level jine survey from USCGS "Ball" to an established point at the top 
of the sea cliff on South I~ang('. This \vas done using a transi t, tape, 
and rad for measuring elevat· on and horizontal distance to ±-0.01 foot. 
f i gure /\-2 ~hoh's the plan of the first survey segment \"itlt the location 
o f transit station. rod station, and measured lines as listed in Table 
,\ - 1 . 

This survey segment re~ulted in the location of four points lying 
on South Range as shOlm in Figure A-2. These points are: 

<'1. "+" chiseled in the concrete hClse of the U.S. Navy 
sou t h \" est r;I n g e nw r K cr. 

b. i\ l/'::-inch-diametcr stdinless steel pipe at the top of the 
SC;1 cliff. 

c. T\\o 1/2-inch-di:lllletel' st:linless steel pipes :Ipproximately 
50 feet :1paTt at the foot of the sc,i cliff. 
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TN MN 

hgurc /\-2. l)l~tn (If survey from lJS(CS bench llIClrk to South I(Clngc. 
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T::ible .\-1. :.Jotes for survey from USC:GS "hall" to bench mark ::it cliff top on South Range. 

I-Ieight Backsj tc Foresitc Iliffer- El cv. 
of Direct. Rod Rod ence III ReI. to 

Transit Instr. Rod Re 1. to Dist. Reading Reading Elev. Datum 

Station CFt) Sta. Mag. N. CFt) CFt) CFt) CFt) ( Ft) Notes 

Bj\1 Gall ~26.30 j\ISL Datum 

B1--1 Ball 4.5 1 N5°W 166.15 9.07 -4.52 321.78 

I 1 SIOoE 161.2U 3.26 
I 2 N100W 240.20 2.15 +1.11 322.89 

II 2 S100W 364.35 4.66 
II 3 NI Oo[ 285.9CJ 1. 52 +3.14 326.03 

III 3 S200E 225.30 6.37 
III 4 N200 W 322.45 4.85 +1.52 327.55 

IV 4 S13° [= 290.90 12.25 
IV 5 \I~7°[ 119.60 - )'l .). , __ L +9.03 3.36.58 Cross chiseled 

on USN S\\' 
Range 

" 5 N7CioE 93.10 4.50 v 

V Ci S76°W 173.95 13.76 -9.26 327.32 

VI 6 N76°E 97.50 0.10 
VI -, S76°W 200.10 14.70 -14.()0 312.72 

VII "7 \l76°E 43.20 0.79 I 

VII 8 S7()oW 92.20 13.64 -12.85 299.87 Pipe In ground 
at cliff edge 
on Range 

---

Total 36.48 62.91 -26.4~ 



The second segment of the ran ge line location survey was a level 
1 inc survey beginning ZIt the most s e a \\'ard pipe on South Range north along 
the beach to :\orth Range. Figure /'>.-3 shows the pliln of til(' se'cond Se'g-
ment of the r;1nge line survey \vith the transit stations, rod stations, 
and measured lines as listed in T~IIJle .\-2. 

This survey segment resulted ill the location of four additional 
POllltS ;1S shOlm in Figure A-3. These points are: 

a. Th'o 1/2-inch-diameter stilinless steel FlJpes ~lpproximJtely 
45 fcct Clpilrt at the mouth of Indian Canyon on IncliCln 
Canyon I~ange; ~l!ld 

b. Th'O 1/2-inch-diilmcter sLlinless steel pIpes arproximately 
:')0 feet <I]!<I rt on North lbn ge . 

These additional established POlllts define the location of Indian Canyon 
Range and i\orth R::lnge. 

A spcci~J I i zed surveying technique Ivas used to determi ne the di stance 
between points located at the top a nd \lottom of the sea cliff on South 
Ran g '. This involved setting up t he survey as a trigonometric prohlem 
in which the vertical ilngle' and the distance between points at the top 
and bottom of the cliff arc measured ill order to define a triangle as 
shohln in Figure A-4. A trigonomet r i c solution of the right triangle pro-
vi des the d i. f fer e '1 c e i n e I e v :1 t ion be t Iv c C' nth e J1 0 i n tat the top 0 f t i1 e 
cliff and the' point at the bottom of the cliff. In order to determine 
the difference in elev:1tion between the two points to the nearest 0.01 
foot. an exact measurement of the 1 ine-of-sight distance bet\\een the 
points at the top and bottom of the cliff had to be made. This \,as accom
plished by ll:->ing:1 lle\dett-Packard 3S0()A l)istance ~leter. r::X~lCt measure
ment of line-of-sight distance to the nearest 0.001 foot for distance up 
to :\()()O feet is possible \\'Ith this instrument. Th'o indepellC\cnt IlICdSUrC'
ments of the distance het hre en points at the cliff top and bottom resulted 
in measurements of 505.182 Jnd 505.185 feet r~spectively. Thus.:1 slope 
distance of 505.18 feet \"o.s used for the calculation of the difference 
in elev:1tion. The vertical angle of slope for the measurements was deter
mined to be 35° 56' by a transi t. Tri gonometric Solllt j on of the I'ight 
triangle and consideration of the instrument offsets results in a dif
ference in elevation of 291.10 feet between the pipe bencll mark at the 
cliff to]! and the S10 I bench mark on the beach (see Figure 1\-4). This 
determination of the elevation of SIO I bench mark provided the necessary 
link between the tlvO segments of the range line location survey and 
established the exact elevation of the SIO II and SIO III bench marks 
on the beach. 

RA;..JCE LINE BENCH t--li\RK OESCrU PTIO\! 

Each range line is located by two permanent bench marks. These 
bench marks are 1/2-inch-diameter stailliess steel pipes 36 inches long 
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Torrey Pines Bea c h, Ca l ifo rn iQ . 
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TDblc ,\-2. i\otes f Ol' survey from South 1~:1nge (SJD 1 lL\I.) to \Jorth I~ange (SID Jil l)'~l.) 
on Torrey I'j n es ])e~ch. 

Height 
of 

Transit lnstr. 
Station eft) 

I 
I 1 
I I 

I I I 
I I 1 

IV 

IV 
V 

VI 
VII 
VI I 

VII I 
1\ 
IX 

X 

3.9'1 

<1.10 

-f.30 

4.20 

.:). 5 1 

4.50 
4.22 

4.20 
3.80 

4.21 

1(00 
StD . 

S10 I 
13H 

I 
1 
2 
2 

S 10 IT 
13M 

5 
5 
G 

7 
7 
8 

S10 III 
131'-1 

Direct. 
Re I. to 
~]ag. \'. 

N14°W 
S14° E 
N14°W 
S14°E 
(>J44°E 

N14°\\' 
576 °1'1' 

\J 14 ° Iv 
S14°E 
576° 1\: 

N 14 °l~ 
51 ,:joE 
~n:1 Ow 
\l76°E 

D.ist. 
(Ft) 

50.00 

200 . ()O 
350.0() 
250.00 
235 . 50 
193.60 

Tot n l 

101.80 

400.00 
100.00 

,400.00 
443 .60 
100.00 

400.00 
544.20 
12.20 
35.00 

Tota l 

Backsite 
Rod 
Reading 
(Ft ) 

2 .07 

S . 6'1 

5.35 

13.(l7 

1. 77 

4 . 51 

4.50 
5.46 

4.20 
3.75 

4.21 

28 . .:1 0 

Foresite 
Rod 
Reading 
(Ft) 

3.96 

5.75 

2 . IS 

I J . 86 

3 . 78 
.:1. 62 

4. ·-16 

4.95 

4.87 

.~ . 04 
0.75 

27.47 

Oi ffer
enc e in 
Elev. 
(Ft) 

-I .89 

-0.10 

+3.2D 

+ 1 . 2 1 

- 2.01 
- O. 11 

+0.04 

+0.51 

-0.67 

-0.29 
+3.4() 

+().93 

Elev. 
Re 1. to 
Datum 
(Ft ) 

8 
~..., 

. ,' / 

6.88 

6.78 

9.98 

9.98 

7.97 
7.86 

7.90 

8.4 1 

7.74 

7.45 
10.91 

Notes 

South Range 

Indian Ca nyon 
Ra nge 

Indian Canyon 
Range 

Western offset 
of survey lin e 

\~estern offset 
of survey line 

North Range 



DISTANCE METER 

LEV E L LI NE ----.---7'''---t" 11--------:---. 

CLIFF EDGE 

SOUTH RANGE 
--~-

1 41j '\ PIPE B.M. 
'2. . 299.87 fl. 

DISTANCE 
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PIP E 8 .M. 
t 
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I 
PIPE B.M. 
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91AOm 

4 .0 41 

Figure A-4. Schematic diagram of survey procedure to det ermine the 
difference in elevation between bench marks at the top 
of th e sea c liff anJ on th e beach for South Range. 
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that have been driven into the round to the ground surface. The pipes 
were then set in place with concrete to a depth of 24 inches. The sea
ward pipe was capped with a 3-inch brass plug that has the bench mark 
designation engraved on its upper surface. The bench marks were desig
nated S10 I (South Range), SIO I I (Indian Canyon Range), and SIO I II 
(North Range) as shO\·m be Jow: 

The primary bench mark, as described above. was placed in the bed
rock at the landward margin of the beach. This location allowed both 
ready access for survey use and also provided some protection from loss 
by erosion of the beach. A secondary bench mark was placed on the range 
about 50 to 100 feet landl'cud of the primary bench mark. These bench TllcLL-ks 
were necessarily located up on the talus slope at the base of the sea 
cliff and are identical to the prinwry bench mark except that the pipe was 
not capped. Elevations of the bench marks for each range are given below: 

[levation of Elevation of 
Bench Primary l) . r·1. Secondary l\ . ~1. 

Range Mark R c l . r.-ISJ, 11(' 1 . HSL 

South SID I 8.77 ft 42.67 ft 

Indian Canyon SIn TT 9.98 ft 29.92 ft 

\lorth SIO III lO.9} ft 32. lO ft 

;\1 inemcnt on the range line is accomplished by using flags to mark the 
two bench mark pipes so that the rodman or boat operator can position a 
point on the range. Distances along the range are determined by tape 
measurement from the primary bench mark or by plotting the boat position 
from horizontal sextant angles between flags marking adjacent ranges. 
Elevations along ranges are determined by surveying a level line from 
the primary bench mark. Fathometcr soundings are corrected to mean sea 
level to provide the corresponding data offshore. The onshore and off
shore surveys are combined into a single profile by referencing all 
data points to the MSL datum. 
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AI' I'[ND I X R 

DI5TANCE-ELEVATION DATA FOR BEACH PROFILES SURVEYED 
AT TORREY PINES BEACH, CALIFORNIA 

June 1972 - April 1974 

Definition of teriilS: 

1. Distance - is the horizontal distance along the range line scawarJ 
from the bench mark. 

2. Elevation - is the vertical distance at eac], profile station relative 
to mean sea level. 

3. Reference rod - is the vertical distance relative to mean sea level 
based upon the mean of the four reference roJ readings at the 
reference rod station. 
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6 .Jun e 1 ~)7 2 

SOUTH RA~(;F l~nI}\N (;\;\lYON RA:-.lCL ;-.JORTII RANGE 

Dist . Llev. Dist. Elev. Di s t. Elev. 
F C' t Fcct Fee t Feet rcet Feet 

() 8.80 0 10.10 0 10. ~) 0 
2() S.H) 20 9.30 20 9.80 
4() 7.30 40 8.60 40 9.30 
()n ().6!l 6() 8.10 60 9 . I 0 
f\() o . CH) SO 7.80 80 8.20 

1 DO q . S () 10D 7.60 1 0 () 8 . 10 
120 .~ .40 12() 7.60 120 7.CO 
140 2 .. )0 14 () 7.40 140 7.20 
16D 1. 40 16 () 7.10 160 6.90 
180 O.SO 180 (} . SO 18 () 7 . 10 
ZOO -0. 20 200 6.60 ZOO 6.60 
220 -O.SO 220 6 . 10 220 5.20 
24 () -1.00 24 (] 5.10 240 5.30 
260 -1 .30 260 4 . 1 () 260 4.60 
28 0 -1.70 2S0 3.10 280 3.10 
.')(l () -2.70 300 2.10 300 1. 80 
32 () -2.20 320 1 . 10 320 0.60 
340 -2.70 340 0.30 340 - 0.50 
360 -.).40 360 -0.20 360 -1. 20 
380 - 3.10 .')80 -0.60 380 -1.70 
400 -3.10 400 -0.90 400 -2.30 
420 -,).60 42() -1. 30 42() -2.70 
440 -4.20 44() -1. 60 440 -3.20 
460 -4.60 460 -1 .70 460 -3.80 
480 -5.10 480 -2.30 500 -5.30 
660 -8.40 500 -2.20 520 -6.30 
855 -11.40 520 - 3.10 540 - 7.10 

1020 -16. 20 540 -3.20 885 -14 .90 
1200 - 20.10 560 -3.60 1005 -17.40 
1.)60 -23.40 580 -4 .20 1125 -19.80 
1525 - 2 () .60 820 -16 . 10 1310 -23.60 
1730 -30.40 1000 -20 . 10 1460 -26.20 
1930 -34.20 1195 - 24 . 10 1620 - 29. 10 
2100 -37.20 1370 -27.10 1865 - 33. 10 
2280 -40.20 1545 -31.10 2045 -36. 20 
2500 -4!\.10 1740 -35.10 2210 -39. 20 
2650 -46.80 1930 - 38. 10 2320 -41.10 
2845 -50.20 2125 -41.10 2475 -44 .10 
3010 -53.10 2285 -44.10 2675 -47.30 
32ln -56.60 2465 -47.10 2895 -51.10 

2660 -50.10 3015 -53.30 
2795 -52.10 3140 -55.40 
2980 -55.10 
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3 J ul y 1972 

SOLJTH RANGE I'JO 1.1\;" CA;\lYO\i RA:-.JGE NORTH RAN GE 

Oi st. El ev . Oi st. El ev . Di st . El cv. 
Feet Fee t Fee t Fee t Feet Fee t -- --

0 8 .80 0 1 () . 1 () 0 10 . 90 
20 R. 50 20 9. 4 0 20 9 . 80 
40 8.00 40 8 . 60 4 0 8.90 
60 6 . 60 60 8. 10 60 9. 10 
80 6.20 80 8. 10 80 8. 10 

100 S.20 100 7 . 70 100 8.20 
120 4. 10 120 7.60 120 7 . 70 
141) 3. 1 r) 140 7 . 60 14 0 7.~0 
160 1. 90 160 7 . 20 160 7. 10 
180 0 . 80 180 7 . 40 180 7 .1 0 
200 0.20 200 6 . 70 200 7 .1 0 
220 -0.20 220 6.30 220 6 .1 0 
240 - O. SO 24 0 6.30 240 S. 10 
260 - 0 . 90 260 4 . 80 260 3. 80 
28n -1 .1 0 280 ~.60 28 0 2.60 
300 -1 .4 0 300 :2 . 40 300 1. 4 0 
320 - I . 60 320 1. 40 320 -0.30 
~4 0 - I .9 0 340 0 . 60 340 -I .30 
360 - 2 . 20 360 - 0 .1 0 360 -1. 90 
380 -2 . 60 380 -0 . 60 380 -2.60 
400 -3 . 20 400 -1. 10 400 -2.70 
420 -3.5 0 420 -1 . 20 420 - 3.10 
440 - 3 . S0 440 - 1. 60 440 - 3.40 
46 0 -3 . ~0 460 - 1 . 80 460 -3.90 
48 0 - 3 . 40 480 - 2 .1 0 480 -4.60 
500 -3 .7 0 SOO - 2.40 500 - S. 10 
520 - 4 . 00 520 - 2 . 70 520 -S.60 
540 -4.40 S40 - 3 .1 0 540 -5.70 
560 -4.90 S60 -:L 30 560 --S.80 
76() -9 . 20 580 - 3 . 60 5S0 -S.90 
~)05 - 13 . 20 6 10 - 6 . 10 5S5 -6.9 0 

104 () - 16 . S0 73S - 14 .1 0 600 - 6 . 10 
11 65 -1 9.40 900 -1 8 .1 0 620 - 6 . 20 
1:3 15 -22 . 40 1050 - 21.1 0 640 - 6 . 60 
H 65 - 25 . 30 1240 - 25 .1 0 66 0 - 6 . 90 
1620 - 28.30 1390 -28 .1 0 680 -7 . 20 
17S0 - 30 . 90 1565 -3 1 . 10 700 - 7 . 70 
2145 - 38. 10 1720 -34 . 10 955 -16 . :30 
2265 -4 0 . 1 0 1885 -37 .1 0 1065 -18 . 60 
2380 - 4:2 . 10 20S0 -40 .1 0 11 85 - 21 .1 0 
248 5 - 44 . 10 2160 -42 .1 0 135 0 -24.60 
2570 - 45.40 2365 -4S. 10 1460 -26.20 

2565 -48 .1 0 16 10 -28 . 80 
2720 -5 1.1 0 1700 - 30. 20 
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3 July 1972 (Cont'd) 

SOUTH RANGE INDIAN Cfu~YON Rfu~GE NORTH RA:~GE 

Dist. E lev . Dist. Elev. Dist. Elev. 
Feet Feet Fee t Feet Feet Feet 

2835 -53.10 19 35 - 34.30 
3[) 15 -55.1 0 2050 - 36 .40 
3185 - 58. 10 2240 -3 9 .80 

2385 -4 2.20 
25 15 -44.60 
2605 -4fi . l0 
2750 -4 8.60 
2855 -50.6 0 
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31 .]1I1y 1972 

SOUll1 R/\NGE 1 NO IJ\N CANYON RANGE NORTII Ri\\:C;E 

Uist. Flev. Dist. Uev. Di st. [lev. 
Feet Feet Feet reet Feet ':eet 

0 8.80 0 10.10 0 10.90 
.20 8.60 20 9.4 () 20 ~L ~)O 
4n 8.00 40 S.SO 40 ~) . 1 0 
()O 7.00 60 8 . 1 () 60 8 . ~)O 
80 6.70 SO 7.90 80 8.30 

100 5.70 100 7.70 100 8.20 
120 4.60 120 7.(',0 120 8.20 
14 () :'>.60 14 0 7.6D 14 () 7.6ll 
IbO 2.50 160 7.30 1 (i (l 7. 10 
If\() 1 .60 180 7.20 180 7 . 1 () 
200 1 . 1 () 200 7.30 200 7. 10 
220 0.70 220 7 . 1 () no 7.10 
2<'1 n 0.30 240 7.40 24 () 6 .. ) 0 
260 -0.10 260 5 . c) () 260 4.70 
280 -0.40 280 I~ .60 280 3.20 
:'>00 -0.80 31)0 3.10 300 2. 10 
320 -1 .00 320 2. 10 :'>20 1 . 1 0 
:'>4 I) -1.:'>0 340 1 .20 340 O. :; 0 
360 -1.60 :'>60 0.70 :'>b() -0.20 
:'>80 -2.10 38U 0.3U 380 -0.70 
400 -2.30 400 o . 1 0 400 -0.80 
420 -2.50 420 -0.:'>0 42() -1.10 

1120 -18.20 4<'10 -O.bO !~!~ 0 -l.bO 
1235 -20.70 4(',0 -0.90 4nQ - 2. 10 
1400 - 24. 10 480 -1.20 4S0 -2.90 
1550 -26.90 500 - 1 . 70 500 -3.60 
16~)O -29.60 520 - 2.10 520 -!~ . 30 
1850 -:'>2.bO S40 -2.60 540 -5. 10 
1 :)90 -35.10 560 -3. IW 1050 -18.20 
2150 -37.80 785 -12.40 1220 -21.70 
2205 -40.30 870 -16.4D 1385 -24.90 
24/~ () - 4:'> .10 1000 -19.80 1525 -27. :'>0 
2580 -45.40 116() -22.90 1695 -30.20 
2725 - <'18. 1 U 1300 -25.70 1865 -:'>3.10 
2835 -49.90 1455 -28.70 1970 -35.10 
3000 -52.70 1585 -31.30 217() - 38.40 

1760 -:)4.70 2315 -In.10 
1890 -36.90 2445 -43.20 
2020 -:;;9.30 2Ci05 -46.JO 
2180 -42.10 27!~ 0 -48.40 
2340 -4~ . :10 2910 -51.30 
2485 -In.20 3035 -53.60 
2580 -48.80 3210 -56.60 
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31 July 1972 (Cont'd) 

SOUTH RA!'lGE INDIA~! CA..~YON RA;-"!GE NORTH RA..\;GE 

Dist . El ev. Dist. El ev . Dist. Elev. 
Fee t Feet Fee t Feet Feet Feet 

2750 -51.40 
294 Cl -54 . 20 
3225 -58.60 
3360 -60 . 60 

Ref. Rods: Ref. Rod s : Ref . Rods: 

1011 - 16.30 816 -16 . 00 942 - 16.20 
1375 - 24 . 10 1219 - 24.00 133 1 -24.00 
1866 - 33 . 00 I h67 -33 . 00 1862 -33.00 

2:)43 -45.00 
3635 -65.00 
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28 Au gust 1972 

SO UTl-1 Rl~u\ G[ I \J D [A~I CA\YOi\ R ,~:'-Jr,F NORTH R/\.NGr: 

!J i s t. Elev . [l ist . l l ev. fh s t. Uev. 
Feet feet Feet Feet Feet Fee t 

0 8 . 80 0 10. 10 () l O. 9() 
20 S. 30 20 9 .1 0 20 9.90 
,~ 0 7.70 cl O g . 40 40 9. 10 
60 7 . 10 60 7 . 80 (i0 9 . }(J 

80 7.20 80 7 . 70 RO 8 .4 0 
100 5 . 40 100 7 . '~ 0 100 8 . 30 
120 4. 10 120 7.20 120 8 . 20 
14 0 3.00 140 7. 10 14 n 7.60 
160 2.20 160 7. I O 160 7 . . 30 
180 1. 70 I SO () . 90 180 7 . 30 
200 I. 10 200 7 . I 0 200 7 .4 0 
220 0 . 60 220 7 . 20 220 7 . 30 
240 0.20 240 6. 8 0 240 6 . 1 (J 
260 - 0 .3 0 260 4 80 200 4.2 0 
280 - 0 . 70 280 .3.30 280 2 .7 0 
3 0(l -1 . 00 300 2 . 30 300 1. 60 
320 -1. 20 320 1 . ,.1 0 320 o . 8 0 
340 - I . 5 tJ 360 0.30 34 () O. 10 
360 -1.8 0 :0>80 - 0. 20 3()0 -0 .40 
38 () - 2. 10 <-l00 - 0 . ()0 380 - 0.80 
400 - 2.30 420 - 0 . 90 400 - I . 20 
420 -2.70 4 4(J -1 ,,30 420 - I ,() 0 
44() -3.00 4 (~(l - I . 6 () 440 - 1. 80 
46() - 3.40 <-l S() - 1 . 80 4(J0 - 2 . I II 

lll7S -17.RO ::'00 - 2 . 1 0 480 - 2 . <-l 0 
1210 -20.40 S2() - 2.()() 500 -2 . 70 
1:').')0 -2::>.80 S40 - 2.80 S20 - .' I () 
IS3S -26.70 560 -::;.20 54 () - .) 30 
1 () 7 5 -2~1.40 S80 - 3 .40 5()0 . :; . ~) () 

1815 - 32.1 0 () 00 - 3.70 690 - () . () () 
1%0 -34 . SO () 9 () -1 0 . S0 SRS -H . 90 
2090 - 37 . 10 78:; - lS.(JO l OSS -I R. 3() 
223 () - 3~)' 40 9 0() - J 8. 10 124 S - 22 . 20 
2380 - 42. 10 I : )~ 0 - 20 . 60 Ins - 2S. 60 
2SS 0 - 4S .1 0 I 1 (J S - 13 . 1 () I S I S - 27 . :;0 
2 () () 0 - 47. I n 1320 - 2(). 1 n ]() 10 - 21{ . 90 
27 SO -q 8 .hO 14 hS - 29 . 10 17S5 - .) I .:>0 
29 q:; - S2. 10 I hOO -::; 1 .flO 1845 - 32.90 
306() -5q . ] 0 177:; -.,)5. 10 203S - 3() . Lj [) 
3240 - 57 . 20 I 9 1 () -.)7.()O 2 170 -::l 8 . 60 

204 () - ~~). 60 2320 - 4 1. 30 
2170 - 42 . 10 24 :>5 -4::;.20 
2:26 () - 4::; .6 0 
234 () -~ 5.10 
24()S -47 . 1 () 
Z()OS - 4 ~) . 1 () 
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28 August 1972 (Cont'd) 

SOUTll RA0JGE I 'l O IAJ'l C 0J YON RANGE NORTH RI-\NGE 

Di st. [lev. Dist. Elev. Dist. Elev. 
Feet Feet Feet Feet Feet Feet 

--~-

Ref. Rods: Ref. Rod s : Ref. Rods: 

lllll -16.50 816 -16.00 942 -16.10 
1375 - 24.10 1219 -24.00 1331 -24.00 
186b -33.00 1667 -33.00 1862 -33.00 

2343 -45.00 
3635 -65.00 
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25 September 1972 

SOUTll RANGE INDIAI' CANYO~ RA IGE NORTH RA.\lGE 

Dist. El ev. Dist. Elev. Dist. Elev. 
Feet Feet Feet F t Feet Feet --

0 8.80 0 1 n. 10 0 10.90 
20 8.30 20 9. :.10 20 9 . 90 
40 7.70 40 8.70 40 9.10 
60 7.60 60 8 . 1 () 60 9.00 
80 6.60 80 8 . .I 0 80 9 . 1 () 

100 5.40 100 7.70 100 8.20 
120 4.20 120 7 .60 110 8.20 
140 3.40 14() 7.60 12() 8.20 
160 2.60 Ih() 7.4D no 7 . 70 
180 2.00 180 7.3D 140 7.60 
200 1. 50 200 7 .:.1 0 150 7 . .:) () 
220 1. 00 220 7.60 160 7.20 
240 0.60 240 7.60 170 7.20 
260 0.30 260 5.20 ISO 7.20 
280 - 0.10 280 3.90 190 7.20 
300 -0.50 300 2.9 () 200 7.30 
320 - O. 80 320 2 . . 'in 210 7.40 
340 -1. 10 340 ] .60 220 7.40 
360 - 1.40 360 1 . 10 230 7.20 
380 -I .60 38u () . ()O 240 6 . ] () 
400 - 1.90 40() U. 10 2:=;0 5.00 
420 -2.20 420 -0. 10 260 4 . III 
440 -2.70 4:1 0 -0.40 270 3.30 
460 - 3. 10 4hO - 0 70 280 2.70 
4S0 -3.40 48rJ - ] . 10 290 2.20 
87ii -n.50 500 - 1 .30 3(l0 1 . 7 () 

1(l02 -16.30 520 -1 .60 3]0 1. 30 
109] -]8.10 54 () -] .90 320 1 . 0 () 
]109 -20.20 560 -2 .20 3,') () (). 70 
1319 - 22 . hO 580 - 2.70 :;4 0 0 .4 () 
1437 - 24 .90 600 -3 . 10 350 0.20 
1553 -27.10 62() - 3.90 360 -0.20 
1647 -28 .90 625 -6 .70 370 -().so 
1759 - 31.10 738 . 10.70 380 - 0.70 
1869 - 33. 10 843 -16.60 390 -1 . 0 () 
1971 - 34.90 965 - 19. 10 400 -1.2() 
2074 -36.80 1057 -21.10 410 -1 . 30 
2179 -38.60 1 1 S5 - 23. 10 420 -1 . SO 
2270 -4().20 12:;2 -24.60 430 - J .60 
2360 -41.80 J 384 -27 .60 440 -1 .8 () 
2462 -43.40 1477 -29.10 4:;0 -2.00 
2556 -45 . 10 1590 -31.60 460 -2.10 
2659 -47. 10 1 hS 2 - 3,<; . .3 () I~ 8 () -2,SO 
2731 -48,30 1 7~) () -35,30 4 ~)O - 2 .60 
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25 Scrtembcr 1072 (Cont'd) 

SOUTl! RA:-.JGE ~ ;\N Y00l RANGL NORTII RANGE 

Il i st . E1ev . Dist. Lt ev . [list. [lev. 
Feet Feet Feet Feet Fee t rce t 

2846 -50.20 18 85 -7> 7. 10 SOl! - 2.7 0 
2917 -SI.GO L991 ··38.7() 510 -.2. (1) 

3027 - 53 .. 30 20~)5 -4().70 520 -3.10 
31 I I - 54 . () () 2E)2 -42.00 530 -3.20 

2295 ·4 4.30 541) -3.40 
nsC) -45. 70 550 -3.4() 
24% -47.60 560 -3.70 
2 (i 0 9 - 49 .. ')() 57 () - 3 . ~) U 
27()() -50.70 580 - 4.1() 
2754 -51.30 5~)0 -4. 70 
2 ~)() 9 -5 .').70 600 -4.90 
3022 -55.70 6LO -5.20 
.3129 -57.lll 620 -5.60 
32:) 2 -58.70 630 -5.90 
.BOC) -CiO.LO 685 -5. gO 

7~B -S .90 
934 -15.00 

10 3~) -IS.IO 
L 15'1 - 20.40 
1283 -23.10 
143() -25.90 
1555 -28.10 
166.') -29.80 
1771 -31.60 
1 8 ~) C) -3 .') .80 
2016 -35.80 
2151 -38.1() 
2220 -39 .. ')0 
2340 -41.10 
2481 -44.10 
2599 -46.10 
27 27 - 48 .30 
2S33 -50 . 30 
2954 -52.30 
307>6 -53.7ll 
3166 - 56. 10 
3288 -58.20 
3387 - (i O.IO 

Ref . Rods: Ref. lZoGs: Ref . ROGs: 
1011 -16.60 81 (i -16.10 942 -IG.I0 
1375 - 24. 10 I 21:) - 24 . 10 1331 - 24.00 
1866 -3,').00 1067 -33.00 1862 -:)3 .00 

23 43 -45.00 
7>635 -A5.00 
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23 October 1072 

SOUTll RA:.J r;[ I ND l,-'\J\l CMYON R/\.\JGE NORTH RANGE 

fli st. El ev. Dj st. Flev. Dlst. Elcv. 
Feet rect Feet Fect Fect Fect 

0 8.80 0 U). JO 0 10. U~) 
20 8.50 20 C).60 20 9.00 
40 7.90 40 8.S0 40 9.10 
60 7.60 60 8. J 0 60 9. 1 () 
80 6.8 () 8Cl 8 . 10 80 8.:;0 

100 5.40 100 8 . I (l 100 8.20 
120 4.20 120 7.70 120 8 . 1 0 
140 3.40 140 7.60 140 7.40 
160 2.80 160 6.8 () 16() 7 . 10 
180 2.10 180 b.20 180 7.10 
2DO 1 .60 200 6.20 2(10 7.20 
no L 10 220 CL 40 220 7.20 
240 0.60 240 6 60 240 5.90 
260 0.20 260 '). 10 2() 0 :;.~)O 
2,c)(j -0.40 280 4. III 280 2.()(J 
300 -0.80 :;00 3 . 10 :>00 1 . 6 () 
320 -1.20 .')20 2 . () 0 320 1 . 1 () 
340 -l.SD :;40 1 . 80 :;40 0.40 
360 -1. 80 :;60 1. 30 360 -0.10 
380 -2.10 380 (l.80 380 -0.60 
400 -2.20 400 O.()O 400 -1. 10 
420 -2.40 420 () . I Cl 420 - 1 . :> 0 
44 (l -2.50 440 -0.30 440 -1.70 
459 -2.20 460 -(l.70 460 - 2 . I 0 
460 -2.70 480 -1.10 480 -2.40 
480 -2.90 500 -I .. )0 500 -2.M! 
500 -3.ClO 520 -1 . (,0 520 -2.9Cl 
520 -3.10 540 - J .80 S4 () -3.10 
S40 -3.20 5ClO - 2 . J 0 5()0 -:>.40 
6Cl2 -3.20 580 -2.20 580 -.'1.00 
754 -9.20 600 -2.60 600 -3.90 
910 -14.20 620 -2.70 607 -(). 70 

1087 -18.20 640 -2.90 830 -1J.70 
1250 -21.40 ()4 () -S.OO 987 - I 7 . I Cl 
1416 -22.80 804 -16.60 1130 -20. 10 
1576 -27 .4() 950 -19.:)0 1282 -22.90 
1728 -30.30 1130 - 22.60 1402 -25.20 
1911 -33.80 1292 -25.60 1517 - 27 . 10 
2080 -3b.90 1446 -28.70 1625 -29.10 
2205 -39.10 1598 -32.10 1764 -31 .40 
2338 -41.30 1749 -34.60 1840 -32.80 
2412 -42.70 1888 -:> 7 . 10 1097 -.35.40 
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)' _ .) October 1972 (Cont 'd ) 

SOUTH RAi',iGE 11\01A1'1 CANYON RA~GE NORTI-! RA>JG[ 

Djst. Elev. Oist. [lcv . Oist. Elev. 
Feet Feet Feet Feet Feet Feet 

2489 -44. LO 2037 -40.10 2191 - 38.90 
2S85 -45.60 2180 -42.10 2302 -40. 90 
2('65 - 47.10 2343 - 45 . : 0 2420 -43 . 10 
271 1 - 4 7 . ~) 0 25 18 -48.10 2564 -45 . 40 
277 1 -48.9CJ 2662 -50.10 2734 -48 . 40 

278:) - 52.10 2887 -51.1 0 
2949 - 54 . 60 3059 -54.20 
3 118 -5 7 .2 0 3323 -58.80 

Ref. Rod s : Ref. Rod s : Ref . Rods: 

10 L 1 -16 . S0 8 16 -1 6 .40 94 2 -16. 30 
1375 - 24 . 00 1219 - 24 . 10 1331 - 24 . 00 
1866 - 33 .00 16(,7 -33. 00 18 62 - 33.00 

2343 - 45 . 00 
36.")5 -6 5 . 00 
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21 \ovcmbcr ,1 f)7 2 

SOUll1 Ri\i'!G[ 1 ~I) I/\i'! C/\\.l\,():\ 1( !\:\Cr: '.;ORTII 1<,\:\(;1: 

Dist. [1 cv . !list . E 1 e\'. Ihst. [j C'V . 
r:cct Fcet Fect FC' c:' t f.cct h?ct 

() 8.~() 0 I O. 1 0 n 10.9(1 
20 7.70 20 9.b\) ZO 10.1Cl 
40 6.5(1 40 R. gO 40 9.10 
o() 5.50 (>0 8.~n 60 8.9U 
80 4 . () () S(l 8 .. 20 So 8 . .:1 0 

LOO 3.8() 100 S . .l () 100 8.20 
120 3.10 120 8 .10 120 R.20 
11\ () 2.5Cl I .:1 () 7. GO 140 7 , 10 
1 (1 () 1 . 9 () ](10 7.10 100 6.90 
18 () 1. 4 () I SO 6 .3 0 180 5.9(1 
200 0.90 200 5. 60 200 4.90 
no O. (10 220 4.90 no 4,ln 
240 O. ZO 240 4.20 240 3.20 
2(1() -0.20 260 3. :)0 260 2.60 
28 () -0.60 1S() 3. 10 2S0 1 , 9 () 
300 -0.90 300 2.60 300 1 .2 0 
3:2 () - 1 .20 320 1. 90 320 0.70 
340 -1 . (,0 34 0 1. 4 0 340 0.10 
360 -2 . 1ll 360 0, 90 360 -0.40 
3RO -2.70 3S0 0.30 380 -0.90 
400 -3.10 400 - 0.20 400 -1.60 
420 -3.50 420 - 0.60 420 - 2 .1 0 
440 -3.80 440 -I .10 44 0 - Z.S() 
40ll -4.3() 460 -1 .70 46 0 -3.60 
480 -4.7 0 4S0 - 2 .. 30 480 -4.30 
500 -4,90 500 - 2 . 80 SOO -5.20 

lOR 8 -17.20 520 - 3.30 520 -5.00 
J.) 1.2 -22.20 540 - 3.70 540 -51.00 
1499 -20.10 500 -4. 10 500 -5.60 
173.) -30.60 580 -4. 10 5S0 -5.60 
1970 -~5.10 600 -4.20 600 -5.60 
2192 -38.RO 835 -15.80 11 9() -2l.10 
2378 -42.10 1031 -19.80 130ci -Z3.20 
26 17 -46,20 12q 5 -24.30 }!.1 94 -2(1.60 
27R5 -4~),20 \1126 - 28.10 1637 -29.30 
2~)27 -51.60 1632 -32.60 1802 -32.20 
.'i 173 -50.10 1837 - 30 ,. 10 1967 <~S, 10 

:2 04 ~ -40 10 2093 37.20 
2209 -43.1 n 2252 -4ll.10 
2,no -46, ;)0 2488 - 44 . 10 
Z5:)\ -49 ,1 {) 2585 -q5.90 
2829 -53. JO 2769 -4 9. 10 
3043 - 56.10 29 16 - 51. 70 
:'273 -59.60 3151 55 .70 
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21 November 1972 (Cont'J) 

SOUTH RANGE 

Ref. Rods: 

1011 
1375 
1866 

-15.60 
- 23 . 90 
-33.20 

INDIA..'l CANYO~ RANGE 

Ref. Rod s: 

816 
1219 
1667 
2343 
363 5 

-15.1 0 
-23 . 80 
-33.00 
-45.10 
-65.00 

57 

NORTH RANG E 

Re f. Rod s : 

942 
1331 
1862 

-14.50 
-23.90 
- 33 . 40 



18 nee ember 1972 

S()IJTH R.t\c\I C; E 1\'0 I A;": CA:--J YOi\' I~A0!C I: ~ORTII RA'.1G I:. 

Di s t. r:lev . Dist. El ev . Di st . L 1 cv . 
Feet I:eet Feet reet Feet FeC't --- ---

0 8 . 80 I) 10 . 1 () () 10.90 
~O 8 .()() 20 9 . 60 2() 10. 10 
40 6 . 80 40 8.80 40 9 . 10 
60 5.6() GO 8 . 30 GO 8 . :)0 
gO 4.50 80 8.20 80 8 . L\O 

100 3 . 7 (J J OO 8.20 100 8 .20 
12ll :i.00 J 2U 8 . 1 0 120 8 . 30 
14 U 2.S0 1.:1 0 7.60 140 8. 10 
100 1. 90 I () () 7.2D 160 7 . cj 0 
18U 1. 30 JEW () .. ")0 180 6 . ()() 
200 0 .90 :ZOO :; . ::; 0 200 :;.30 
22() o ,(lO 220 4. -1 0 220 4 .30 
2 -11) ().20 24 (l .) . 60 2'~ 0 :).30 
2(;0 -0.1 0 2o() .) . ] 0 260 2 . 60 
28 () - U .. :; 0 280 2 . 6:) 28 () ] . 70 
300 -G.40 :'lOO 1 .90 300 1 . ] () 
32(J - O.SO :;20 1 .4 () 320 O. hO 
3!j (J - 0 . 80 340 1 . I 0 34 U -0 . I U 
36() -1.10 .") (ll! O.Oi) 3(i0 -O .()O 
380 -1.S0 3S0 () . 2 () 380 - I . ] 0 
4 0 (J -2.00 400 O.IU 400 -L .. )() 
42() -2.70 420 -U.30 4 20 - 1 . (jO 
440 -3. :~O 440 - () . 6 () 4':)() -1 .80 
.:) ()O -3 . 80 4 (,0 - () . 7 () 460 -2.1il 
480 - 4 . .30 480 -1.1 1l 480 -2.~0 
SOO - S . 1 0 SOO - 1 . () () 500 - 2 .CO 
793 -11.10 520 - 2 . I () S20 -2.90 
997 -14.70 S·W -2 . 60 54 0 -3.()() 

IJ7S -1 8 . 70 5 (i 0 -:;.20 560 -4 . 1 () 
1367 - 23.20 580 -3.90 58 () -4.110 
ISh3 - 27 . 20 600 - 4 . 70 600 -5.20 
1752 -30.80 () 20 -:" .,")0 020 -5.80 
1939 -3.:1 .3 0 6clO - 6 . 1 () ()40 -(,.GO 
2130 -37.1 [) 994 -l8.00 660 -7. J () 
.23 05 -clO.60 10S7 -20.()O 680 -7.bl) 
2487 - 43 .90 12:;1 - 24 . 10 88 () -Il. !\() 
26b3 -4 7 . 10 H14 - 28 . 1 G 10~() - L 7 . 1 () 
28S6 -50.30 ] 586 -:i l. GO ] 1 7~) -2 0 . 8() 
-""on -S3.20 17 ()2 -34.80 1333 -24.10 
3 1SS -55.70 1931 -37 .80 14 S () - 20 . 30 
3284 -S7.90 21 "18 -4 1 . () 0 1695 - .3().20 

.23 21 -44.80 1850 - :'i3. I O 
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18 December 1972 ,:Cont 'd) 

SOUTII RANGE INDIAN C NYON RANGE NORTH RANGE 

Dist. E1ev. Dist. E1ev. Dist. E1ev. 
Feet Feet Feet Feet Feet Feet ._- --' 

2469 -47 .10 2043 -36.30 
2648 -50.10 2194 -39.10 
2876 -53.30 2374 -42.20 
3022 -55.80 2534 -44.90 
3237 -58.80 2712 -48.10 

2896 -51.20 
3080 - 54 .40 
3231 -57.10 
3413 -60.10 

Ref. Rods: Ref. Rod s : Ref. Rods: 

1011 -14.80 81 6 -15.20 942 -14.80 
1375 -23.80 1219 -23.80 1331 -23.90 
1866 -33.00 1667 -33.00 1862 -33.00 

2343 -45.00 
3635 -65 . 00 
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17 .January 197 .~ 

SOUIII RAt\G[ INDIA~ NORTH RANGl~ 

Dist. El ev . Di st . [lev. Dist . El ev . 
Feet rect Feet Feet Feet Fee t 

0 8 . 80 0 I () . 10 0 10.90 
20 6 .1 0 20 9 . 60 20 ] O. 10 
40 4 . 80 40 8 . S0 40 9. 10 
60 3.90 60 8 . 00 60 8.90 
80 3. 10 80 8.40 80 8.4 () 

100 2.40 100 8.20 100 8.20 
120 1. 80 ] 20 7 . 30 ] 20 8 .. 30 
] 4 0 1.20 ] 4 0 (;.60 14 0 S.2() 
] 60 0 . 70 ] 60 5.60 ]()O 6.60 
180 O. 20 180 4.80 ] 80 5 . 10 
200 - ().30 200 4 . 10 200 3.90 
no - 0.70 no 3.40 220 2.80 
240 - I . ] 0 240 2.80 240 2. ] 0 
260 -] .Z() 260 2.20 260 I . 3 () 
28 () - 1. 60 28 () 1 .70 280 0.70 
300 -] .80 300 1.20 300 O. ] 0 
32() - 2. 10 320 O.SO 320 - 0.40 
34 () - 2.40 340 O .. 3 () 340 - 0.90 
3(~O - 2 . 60 360 O. 1 () 360 -1. 20 
380 - 2.80 380 -0.30 380 - 1 .60 
400 - :5. ] 0 4 DO -().()O 400 -1 .80 
420 - 3.20 420 -U.SO 420 -] .90 
440 - 3 . 60 440 - 1 . ] () 440 - 2. 10 
460 - .3.90 460 - 1 . 2 D 460 -2 . 10 
480 - 4 . 60 480 - I . 4 (J 480 - 2.30 
500 - S.hO SOO - I . () () SOO - Z.70 

l n l -1 9.80 S20 - 2. ] 0 520 -3.20 
]4 S3 - 24 . ()O 540 - 2.60 540 - 3.90 
1624 - 28 . 10 560 -2. 90 560 - 4 . 60 
J 74 5 -30. 30 580 -3.40 580 - 5 . 30 
1892 - 33.40 600 -4. ] 0 600 -6 . 10 
2083 - 36 . 90 620 -4 . 60 620 - 6.90 
2205 - 30.]0 640 -5. 40 640 - 7.90 
2358 - 41.80 660 - 6 . ] 0 660 - 8 . 90 
2499 - 44 . 10 967 - 17.80 ] 14 () -19.]() 
2690 - 47 . () () ] 02 S -19. 10 1363 -24 . 10 
2849 -S().20 1]57 -n .l 0 1554 - 27 . ()O 

3027 - 53 .3 0 1379 -Z6.S0 1710 -3 0 .60 
3231 -S7.10 lS05 - 3 0 . ~) () \ i'\71 -33.20 

1752 -:~4.6() 19f>1 - .~4 . 90 
\879 -37.10 2171 -:>8.()O 
20L~ -39. l() 2357 -41.70 
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17 January 1973 (Cont'd) 

SOUTH RANGE INDI AN CA. YON RA.,'lGE NORTH RA.:\lGE 

Dist. Elev. Dist. Elev. Dist. Elev. 
Feet Feet Fee t Feet Feet Feet 

2159 -42.10 258i -45.70 
2281 -44.10 2791 -49.40 
2533 -48.10 2900 -51.20 
2817 -52.60 3101 -54.80 

Ref. Rods: Ref. Rod s : Ref. Rods: 

1011 -13.40 816 -13.00 942 -14.80 
1375 -22.80 1219 -23.20 1331 -23.50 
1366 -32.90 1667 -33.00 1862 -:53.00 

2343 -45.00 
3635 -65.00 
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lfi February 1973 

SOllTH RAt'\GE IND I A CANYON RA NGE NORTH RA.!'JGE 

Dist. E 1 ev . Dist. [ l ev . Dist. E 1 ev. 
Feet Feet Feet Feet Feet f."eet 

0 8.80 0 10 . 10 0 10.90 
20 5.80 20 9. 7 0 20 10.10 
40 4.60 40 9.20 40 9. 10 
60 3.60 60 8.10 60 8.90 
80 2 . 90 80 6.90 80 8.80 

100 2 .30 100 6.30 100 8 . 60 
120 I. 70 120 5.70 120 8.60 
140 I . 20 140 5. J 0 140 5.40 
160 0 .7 0 160 4. ()O 160 4.60 
180 0.30 180 3.90 180 3.70 
200 -0.10 200 3.30 200 3.10 
220 -O. (~O 220 2.S0 220 2 .3 0 
240 -0.90 240 2.40 240 I. 80 
2('0 -1 .20 260 2. 10 260 1. 20 
280 -1.40 280 I . 6 () 280 0.70 
300 -1.80 300 1 . 10 300 0.30 
320 - 2. 10 320 0.70 320 -0.20 
340 - 2.30 340 0.30 340 -0.60 
360 -2.80 300 -0.10 360 -1 . 10 
380 - 2.10 380 - 0.40 380 -1 .20 
400 -2.20 400 - 0.70 400 -1 . I) 0 
420 -2.40 420 - 1.10 420 -I. 60 
440 -3.10 440 -I .20 440 -1 . l~ 0 
460 - 3.80 460 - 1.30 460 -1. 80 
480 -4. fiO 480 -1 .30 480 ··2.10 

1031 -14.30 500 - 1 . . ')0 500 -2.GO 
1223 -19.10 520 - 1 .40 520 -3. 10 
1409 -23 .30 540 -I .70 540 -3.()O 
1619 -27.80 560 - 2. l)O 500 -4.")0 
1769 - 31.10 580 -3."l() 580 -4.90 
1975 -35.10 fiOO -4. I () 600 -5.40 
218 1 - 38.40 620 -4.40 620 -6 .30 
2333 -41. 20 640 -5.10 640 - 7. 10 
2556 -45. 20 886 -1 (i. 10 1265 -2 1 .60 
2722 -4 8 . 10 104 2 -J9.()0 1413 - 24.60 
2922 -51. flO 1237 -24.10 1586 -28. 10 
3 105 - 54.80 1413 - 28.10 1757 -31. 30 

1605 -31. SO 1967 -35. ) 0 
1775 -:;:).10 2144 -38. 10 
1943 -.38. 10 2323 -41.20 
2126 -4 I . IO 2483 -44 .10 
2228 -43.l0 2667 -47.20 
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16 February 1973 (Cont'd) 

SOUTH RANGE I ND IAl\J CANYON RANGE NORTH RANGE 

Dist. Elev. Dist. [lev. Dist. Elev. 
Feet Feet Feet Feet Feet Feet 

2482 -47.30 2840 -50.20 
2661 -50.10 3025 -53.60 
2822 -53.10 3211 -56.S0 
2999 -55.30 3368 -59.40 
3164 -5S.10 

Ref. Roc! s : Ref. Rods: Ref. Rods: 

1011 -13.40 S16 -13.30 942 -14.00 
1375 - 22.60 1219 -22.90 1331 -22.S0 
lS66 -33.00 1667 -33.00 1862 -33.00 

2343 -45.00 
3635 -65.00 
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16 iVlarch 1973 

SOUTH RANGE INDIAN CANYO:--.l RANGE ! ORTH RANGE 

Dist. Elcv. Dist. El ev. IIjst. E1 cv. 
rcet rcet Feet F e t Feet Feet 

0 8.80 0 10.10 0 10.90 
20 6. 10 20 ~) . R () 20 10. 10 
40 4.70 40 0.20 40 9. 10 
60 3.60 60 7.90 60 S.90 
80 2.60 80 b.l0 80 S.SG 

IOO 1. 80 100 S. 4 0 100 8.7 () 
120 I . In 120 4.90 120 S.20 
140 0.60 140 4.20 J40 5.70 
160 0.20 160 3.(,0 160 4.S0 
ISO -0.30 ISO 3 . I () 180 3.90 
200 - 0.70 200 2.40 200 3.10 
220 -1 . I 0 220 I . 90 220 2.20 
240 -I .40 240 I .40 240 J .6 Cl 
260 -I .70 260 O.9Cl 260 I . I () 
280 -1.90 280 CJ.60 280 0.4C 
300 -2. 10 300 O. I (l 300 -0.20 
320 -2.20 320 -U.30 320 -0.60 
340 -2.60 340 -O.6Cl 340 -I . 1 () 
360 -3. 10 360 -C).90 360 -1.30 
380 -3.60 380 -I .20 380 -1. ()(l 

1132 -16.80 400 -1.60 400 -I .90 
1237 -19.20 420 -2.ICI 420 - 2.1 (1 

14 II -23.30 440 -2.60 440 -2.4D 
1571 -26.80 4 ()O -2.6() 460 -2.60 
1725 -30.10 4S0 -2.S0 480 -2.90 
2004 -3:-;.40 SOD -2.70 500 -3.20 
2076 -36.80 520 -2.60 520 -3.70 
2230 -:~9.40 540 -).10 540 -4.1U 
2406 -42.40 500 -3.70 560 -4 .6() 
2575 -45 . 40 862 -1 '). 60 580 -5.I() 
2741 -4S . 20 1007 -1 :-; . 80 1114 -18. 10 
2927 -51 . ()O 1144 -22.10 1336 -23.10 
3100 - 54.70 ]276 -25.IU 14 91 - 2b.I!) 
3275 -57.90 14 I 2 - 28. ] 0 ]637 -29 .. 30 

1564 -31.10 ]779 -3I.SO 
171 0 - 34 . ] 0 1903 -:'l.).8D 
1865 -36.60 2000 -35.60 
2012 -39.30 2130 -37.90 
2156 -41 .70 2248 -39.90 
2310 -44.](J 2372 -42.10 
2449 -4(j.90 2531 -44.90 
2599 -49.]CJ 26f,Q -47.30 
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16 ~larch 1973 (Cont'd) 

SOUTH RANGE INDIAI CANYON RANGE NORTH RAi'JGE 

Dist. Elev. Gist. Elev . Dist. Elev. 
Fee t Feet Fee t Feet Feet Feet 

2739 -51. 30 2823 - 50 .10 
2876 -53.60 2958 -52.30 
3020 -55.70 3118 -55.10 
3191 -58.30 3231 -57.10 
3318 -60.10 3409 -60 .10 

Ref. Rods: Ref. Rods: Ref. Rods : 

1011 -13 .8 0 81 6 -14.20 942 -13. 80 
1375 -22.60 1219 -22. 80 1331 -22.70 
1866 -32.90 1667 -32. 90 1862 - 33 .00 

2343 -45 .00 
3625 -65.00 
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11 April 197 3 

SOUTH R NGE D!DIAN C.A.'IlYON RANGE I ORTH RANGE 

Dist . Elev. Dist. E1cv. Dist . Elev. 
Feet Feet Feet Feet Feet Feet 

0 S.SO 0 10. 10 0 10.90 
20 6.30 2() 9.60 20 10.10 
40 5.60 40 9.10 40 9.10 
60 4.30 60 7.70 60 9.10 
SO 3.30 SO 6.10 SO 8 . ~0 

100 2 .30 100 5.40 100 8 . GO 
120 1.60 120 5. 10 120 7 . 30 
140 0.90 140 4.70 14 0 6 .1 0 
160 0 .30 160 4 . 60 160 5.10 
180 - 0 .1 0 I S 0 4 .1 0 180 4. 10 
200 -0.60 200 3 . 20 200 3 .4 0 
220 -0.60 220 2. 10 220 2.70 
240 -0.90 240 1. 30 240 2. 10 
260 -1.20 260 0.70 260 1.10 
280 -1.40 280 0.20 280 0.40 
300 -1. 90 300 - 0. 10 300 - 0 . 20 
320 -2.60 320 -0.30 320 - 0.80 
340 - 2.90 340 -0.30 340 -1. 30 
360 -3.60 360 - 0 . 60 360 - 1 . 80 
380 -4.3 0 3S0 -1. 10 380 -2.10 
400 -4 .9 0 400 - 2..10 400 - 2 . 60 
420 - 5.10 420 -1 .90 420 -2 .90 
440 -5 .30 440 -1.70 440 -3. 20 

1008 -14.20 46(J -1.60 460 -3.60 
11 69 -17.80 4S0 -1. 60 480 -."L 90 
1334 -21. 60 500 -1.60 500 -4. GO 
1499 -25.20 520 -1.S0 520 -4. (iO 
1656 -28.70 540 -2.20 540 - 5 .10 
18 27 -32. 10 560 -2.60 5f,0 -h.l 0 
1989 - 35 . 20 580 -3.10 1022 -16.10 
2171 -3 8 . 30 600 -3.70 1202 -20 . 10 
232 1 -41.10 620 -4.60 1375 - 23 . 90 
2493 - 44 .1 0 640 -5.20 1539 - 27 .10 
2630 - 46.40 660 - 6 .1 0 1699 -30.30 
2785 -49.10 S39 -15.1 0 1873 - 33.30 
2930 -51. 70 IOn -19.10 2030 -3G.30 
3063 - 54 . 10 11 79 - 22 . GO 2212 -39.30 
3197 -56.30 1334 -26.10 2368 -42.30 
3339 -5S . 90 15 29 - 30.30 2521 -44.70 

1698 -33.70 2696 -4 /.70 
18 71 -3b.70 2877 -50.70 
2013 -39.30 3038 -53.70 
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11 April 1973 (Cont'd) 

SOUTH RANGE IND IAN CAN ION RA:--JGE NORTH RANGE 

Dist. El ev. Dist. E lev. Dist. Elev. 
Feet Feet Feet Feet Feet Feet 

2207 -42.80 3182 -56.30 
2353 -45.30 3401 -60.10 
2516 -47.90 
2711 -50.90 
2866 -53.10 
3022 -55.60 
3240 -59.10 
3365 -60.90 

Ref. Rods: Ref. Rods: Ref. Rods: 

1011 -13.80 816 -14.40 942 -14.20 
1375 -22.80 1219 -22.80 1331 - 22.80 
1866 -32.90 1667 -32.90 1862 -33.00 

2343 -45.00 
3635 -65.00 
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11 ~]ay 1973 

SOUTH RA.J\J GE INDIAN CAN YON RANGE NORT!l RANGE 

Dist. Elev. Oist. E 1 ev. Dist. El ev. 
Feet Feet Feet F ct Feet Fee t 

0 8.80 0 10. 10 0 10.90 
20 5.70 20 9.70 20 10. 10 
40 4.80 40 9.10 40 ~l • 10 
60 4.20 60 7.90 60 8.90 
80 3.40 80 6.40 80 8.80 

100 2.90 100 6.10 100 8.60 
120 1. 30 120 6.10 120 7.70 
HO 0.60 14 0 5.90 140 6.20 
160 - 0.20 160 5.20 160 5.40 
180 - 0.70 180 4.60 180 4.20 
200 -1 . 10 200 4.10 200 ~.60 
220 -1.40 220 3.20 220 2.70 
240 -1.40 240 2.40 240 I. 70 
260 -I. 60 260 1. SO 260 0.80 
2S0 -1 .70 280 1. 30 2S0 (l.10 
300 -1. 90 300 O. :3 0 300 -0.60 
320 -2.10 ~20 0.40 320 -1 .1(1 
340 -2.10 ~40 O. 10 340 -1.60 
360 -2.20 ~()O -0.30 360 -1. 90 
380 -2.60 3S0 -0.60 380 -2.2U 
400 -2.80 400 -0.80 400 -2.30 
420 -3. 10 420 - 1 . 10 420 -2.40 
440 -3.40 440 -1. 30 440 -2.70 
460 -3.80 460 -1. 60 460 - 3. 1 () 
853 -11.80 480 -1 .80 4S0 -3.30 

1045 -14.S0 5UO -2.60 500 -4.30 
1248 -19.60 520 -2.30 520 -3.4D 
1469 - 24.60 540 -2.60 540 -3.80 
1662 -28.70 560 -3. 10 560 -3.80 
1860 -32.80 5S 0 -3.60 580 -4. 1 CJ 
2064 -36.60 600 -3.90 600 -4.6D 
2252 -39.80 682 -S.OO 795 -10.10 
2452 -43.30 862 -15.()0 970 -14.60 
2S41 -50.10 1057 -20.10 11 01 -17.80 
301S -53.20 1246 - 24.10 1242 -21.10 
3206 -56.60 1407 -27 .40 1375 -23.90 
3352 -59.10 1588 -31.60 1510 -26.40 

1770 -35.10 1647 -29.40 
1958 -~8.30 1785 -31 .70 
21.39 -41. 60 1931 -34.20 
2323 -44.90 20S 2 -36.90 
2503 -47.80 2230 -39.40 
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11 May 1973 (Cont'd) 

SOUTH RANGE INDIA:-.J CAWON RANGE :-.JORTH RANGE 

Dist. Elev. Di st. El ev. Di st. Elev . 
Feet Fe et Feet Feet Feet Feet 

2702 -50 . 90 2380 -42.10 
2871 -53 .1 0 2522 - 44 . 40 
3070 - 56 . 30 2667 -47. 10 
3208 -5 8 . 60 2769 -48.90 

2892 -51.10 
3050 - 53.80 
3166 -55.80 
3334 -5 8.80 

Ref. Rod s : Ref. Rod s : Ref. Rods: 

1011 -13 . 60 816 -14 .00 942 -14.00 
1375 -22 . 80 1219 - 22 .80 1331 -22.80 
1866 -32 . 80 1667 -3 2 .90 1862 - 33.00 

2343 -45.00 
3 6:~ 5 -65.00 
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6 June 1973 

SOUTH RI\NGC I NO rAj\) CANYON RANGE :-JORTH RA\'GE 

Di st . El ev. Dist. Elev. Dist. Elev. 

0 8.80 0 10.10 0 10.90 
20 7.20 20 9.70 20 10.10 
40 6.60 40 9.10 40 9.20 
60 5.60 60 8.10 60 8.90 
80 4.40 80 6.40 SO 8.80 

100 3.40 100 6.30 100 8.40 
120 2.40 120 6.40 120 7.60 
140 1. 60 140 6.40 140 6 . 20 
160 0.90 160 6.10 160 5.80 
180 0.10 180 5.60 ISO 4.90 
200 - 0 .60 200 4.80 200 3.90 
220 -1 .20 220 3.90 220 3. 10 
240 -1.40 240 3.40 240 2.20 
260 -0.80 260 2.60 2nO 1 .40 
280 -0 .60 280 1. 90 280 0.80 
300 -0.80 300 1. 60 300 0.40 
320 -1.10 320 1. 30 320 0.10 
340 -1.30 340 0.90 340 -0.2 0 
360 -1 .80 360 0.60 360 -0.60 
380 -2.20 380 1).20 380 -0.90 
400 -2.6 0 400 U. 1 () 400 -1.20 
420 -3.10 420 -0.20 420 -! .40 
440 -3.60 440 -0.40 44 () -1.70 
460 -3.90 460 -(l.70 460 -1. 90 
510 -6.90 480 -u.so 480 - 2 .20 
687 -10.90 500 -1.30 500 -2.70 
875 -13.90 520 -2.10 520 -3.40 

1032 -15.90 54 [) -2.80 540 -4.10 
1177 -IS.90 560 -3.20 560 -4.60 
1345 - 22 .60 580 -:-;. SO 580 -5. 20 
1512 -25.80 704 -11.70 600 - 5.60 
1692 - 29 .20 999 -19.20 620 - 8 .0 0 
1879 -33.30 1147 -22.20 S12 -10.30 
2070 -3 6 .80 1407 -27.6 0 1011 -16.30 
2226 -39.30 1593 -31.70 1194 - 20. 10 
2421 -4 2 .90 1792 -3S.20 1357 - 23.40 
2515 -44.60 199 ] -.38.90 1510 -26.30 
2781 - 49 .10 2212 -4 2.90 1697 -29.70 
2930 -51.80 2394 -46. 10 1835 -32.80 
3310 -58.30 2609 -49.30 1943 -34 .60 

2820 -52. 70 221 ] - 30 .40 
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6 June 1973 (Cont'd) 

SOUTH RANGE IND IA C NYON RA..:'lGE NORTH RANGE 

Dist. Elev. Dist. E1ev. Dist. E1ev. 
Fee t Feet Feet Feet Feet Feet 

2820 -52.70 2388 -42.40 
2554 -45.30 
2745 -48.70 
2966 -52.40 
3157 -55.80 
3358 -59.40 

Ref. Rods: Ref. Rods: Ref. Rods: 

1011 -13.80 816 -14 .60 942 -l4.60 
1375 -22.80 1219 -22.80 1331 -22.90 
1866 -32.90 1667 -32.90 1862 -33.00 

2343 -44.90 
3635 -65.00 
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5 July 1973 

SOlITH R.AJ\JGE INDIAN CANYO RANGE NORTH RANGE 

Dist. E1ev. Dist. Elev. Dist. E1 ev. 
Feet Feet Feet Feet Feet Fe et 

0 8.80 0 10.10 0 10.90 
20 7.90 20 9.70 20 10.10 
40 7.30 40 9.10 40 9.10 
60 6.10 60 7.80 60 9.10 
80 4.80 80 6.40 80 8.70 

100 3.60 100 6.40 100 8.40 
120 2.20 120 6.60 120 7 . .30 
140 1. 30 140 6.70 140 6.30 
160 0.60 160 6.90 160 6.30 
180 0.20 180 6.80 180 6.20 
200 -0.20 200 6.20 200 5.10 
220 -0.60 220 5.30 220 4.10 
240 - 0.80 240 4.60 240 3.30 
260 -1.10 260 2.90 260 2.10 
280 -1.40 280 1. 60 280 0.80 
300 -1.80 300 0.90 300 0.10 
320 - 2.10 320 0.60 320 -0.60 
340 -2.40 340 0.10 340 -0.80 
360 -2.90 360 - 0.40 360 - 1. 20 
664 -8.00 380 -0.70 380 - 1 .60 
887 -12.00 400 -0.90 400 -1.80 

11()2 -17.20 420 -1.20 420 -2.20 
1306 -21.70 440 -1 .70 440 -2.60 
1501 -25.60 460 - 2.10 460 -2.90 
169R -29.30 480 -2.40 480 -3.20 
1887 -33.40 500 -2.60 500 -3.80 
2092 -37.10 520 -3.10 520 -3.80 
23(H -40.60 540 -3. (JO 540 -4.10 
2475 -43.90 560 -4.10 560 -4.40 
2720 -47.90 507 -3.00 580 -4.70 
2874 -50.70 702 -9.00 600 -5.10 
3170 -55.90 580 -4.30 801 -8.50 

892 -17.20 949 -15.10 
1062 -20.20 1110 -18.30 
1259 - 24.10 1268 -21 .60 
1498 -20.40 1<177 -25.80 
1653 -32.90 1697 -30.40 
18.33 -36.1 n 1866 -33.2ll 
2022 -39.C,() 2083 -37.10 
2206 -42.80 2266 -40.20 
2384 -45.90 2i152 -43.40 
2581 -48.90 264 7 -48.70 
2768 -51.80 2823 -50.10 
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5 July 1973 (Cont'd) 

SOUTH RAl'.JGE INDI AN CAN YON RAl'.J"GE NORTH RAJ'.JGE 

Dist. E1ev. Dist. E1ev. Dist. E1ev. 
Feet Feet F e t Feet Feet Feet 

2964 -54.80 3044 -53.80 
3105 -56.90 3215 -56.80 

Ref. Rods: Ref. Ro s: Ref. Rods: 

1011 -15.10 816 -15.70 942 -15.30 
1375 -22.80 1219 - 23.10 1331 -22.90 
1866 -32.90 1667 -32.90 1862 -33.00 

2343 -45.00 
363'5 -65.00 

73 



27 August 1973 

SOUTH RANGE INDIA1\j CMYON RANGE NORTH RANGE 
Dist. Elev. Dist. Elev. Dist. Elev. 
Feet Feet Feet Feet Feet Feet 

0 8.80 0 10.10 0 10.90 
20 7.90 20 9.60 20 10.10 
40 7.70 40 9.10 40 9.20 
60 7.40 60 7.90 60 8.90 
80 6.80 80 6.40 80 8.80 

100 5.80 100 6.30 100 8.60 
120 4.60 120 6.60 120 7.70 
140 3.60 140 6.60 140 6.40 
160 2.60 160 7.10 160 6.30 
180 1. 80 180 7.30 180 6.40 
200 1. 20 200 7.80 200 6.20 
220 0.80 220 8.10 220 5.40 
240 0.30 240 5.40 240 4.60 
260 -0.30 260 3.80 260 3.40 
280 -0.80 280 2.60 280 2.30 
300 -1.20 300 1. 60 300 1. 40 
320 -1. 60 320 1.10 320 0.60 
340 -1. 90 340 0.70 340 0.10 
360 -2.10 360 0.10 360 -0.40 
380 -2.60 380 -0.60 380 -0.70 
400 -2.80 400 -1. 20 400 -1.10 
420 -3.10 420 -1. 60 420 -1.60 
440 -3.10 440 -1.90 440 -2.20 
460 -4.10 460 -2.20 460 -2.60 
480 -4.10 480 -2.30 480 -3.60 
966 -14.40 500 -2.60 500 -4.20 

1153 -18.20 520 -2.60 520 -5.10 
1345 -22.30 540 -2.70 540 -5.60 
1541 -26.20 560 -2.90 560 -5.90 
1725 -29.80 580 -3.10 580 -6.30 
1903 -33.60 623 -6.00 600 -6.90 
2132 -37.80 825 -16.70 620 -7.60 
2291 -40.40 1021 -19.90 1081 -18.40 
2475 -43.90 1211 -23.10 1262 -21.60 
2661 -46.90 1403 -27.10 1439 -25.10 
2839 -50.10 1606 -31.80 1665 -29.80 
3029 -53.30 1793 -35.20 1871 -33.20 
3222 -57.10 1988 -38.80 2070 -36.80 

2192 -42. GO 2291 -40.60 
2405 -46.20 2486 -44.20 
2593 -49.10 2699 -48.10 
2806 -52.30 2881 -50.90 
2997 -55.20 3144 -55.40 
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27 August 1973 (Co:lt'd) 

SmITH RANGE I NDIAN CA_IYON RAl"<GE NORTH RAl'JGE 

Dist_ El ev. Dist. E1ev. Dist. E1ev. 
Feet Feet Feet Feet Feet Feet 

31 68 -57.90 
3381 -61.20 

Ref. Rods: Ref. Rods: Ref. Rods: 

1011 -15.70 816 -16.50 942 -15_90 
1375 -22.80 1219 - 23.10 1331 - 22.90 
18 66 -32.80 1667 -32.90 1862 -33.00 

2343 -45.00 
3635 -65.00 
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28 September 1973 

SOUTH RANGE INDIAN CANYON RANGE NORTH RANGE 

Dist. E1ev. Dist. E1ev. Dist. E1ev. 
Feet Feet Feet Feet Feet Fee t 

0 8.80 0 10.10 0 10.90 
20 7.90 20 10.10 20 10.10 
40 7.70 40 9.60 40 9.20 
60 7.30 60 8.40 60 9.10 
80 7.10 80 6.90 80 9.10 

100 6.60 100 6.80 100 8.70 
120 4.90 120 6.90 120 8.40 
140 3.40 140 7.20 140 6.80 
160 2.30 160 7.60 160 6.60 
180 l. 60 180 7.80 180 6.80 
200 0.80 200 8.20 200 6.60 
220 0.20 220 7.60 220 6.10 
240 -0.30 240 6.90 240 5.20 
260 -0.60 260 5.10 260 4.10 
280 -1.10 280 3.60 280 3.10 
300 -1.30 300 2.60 300 2.10 
320 -l. 80 320 l. 80 320 l. 20 
340 -l. 80 340 l.10 340 0.60 
360 -1.90 360 0.60 360 -0.10 
380 -2.30 380 0.10 380 -0.60 
400 -2.60 400 -0.40 400 -1.10 
420 -2.80 420 -0.60 420 -1.60 
440 -3.40 440 -0.70 440 -1.70 
460 -4.10 460 -0.90 460 - 2.] 0 
480 -4.60 480 -1.20 480 -2.20 
500 -4.60 500 -1. 60 500 -2.60 
520 -4.30 520 -1. 90 520 -2.80 
540 -4.40 540 -3.60 540 -3.10 
560 -4.60 560 -2.80 560 -3.30 
698 -8.00 580 -2.40 580 -3.70 
830 -12.00 600 -2.60 1054 -18.70 
967 -15.00 758 -11 .00 1162 -20.60 

1112 -18.20 894 -18.90 1292 -22.80 
1249 -20.80 1047 -21.10 1447 -25.30 
1401 -23.60 1194 -23.40 1593 -28.10 
1541 -26.30 1356 -26.60 1728 -30.60 
1686 -29.30 1510 -29.60 1841 -32.60 
1813 -31. 60 1656 -32.70 1995 -35.30 
1947 -34.20 1806 -35.30 2161 -38.20 
2082 -36.80 1958 -38.20 2315 -40.90 
2202 -38.80 2085 -40.60 2412 -42.70 
2353 -41.40 2223 -43.10 2539 -45.10 
2489 -44.10 2504 -47.60 2649 -47.10 
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28 September 1973 (Cont'd) 

SOUTH RA.J\lGE IND IA.J\I CANYON RANGE NORTH RANGE 

Dist. E1ev. Dist. E1ev. Dist. E1ev. 
Feet Feet Feet Feet Feet Feet 

2607 -46.10 2667 -50.10 2785 -49.30 
2736 -48.10 2790 -52.10 2873 -50.70 
2876 -50.40 2885 -53.40 2960 -52.10 
2991 -52.40 2991 -55.10 
3146 -55.40 
3262 - 58.10 

Ref. Rods: Ref. Rods: Ref. Rods: 

1011 -16.20 816 -16.70 942 -16.40 
1375 -23.20 1219 -23.50 1331 -23.10 
1866 -32.90 1667 -32.90 1862 -33.00 

2343 -45.00 
3635 -65.00 
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25 October 1973 

SOUTH RA1\JGE INDIAN CANYOl RAN GE NORTH RANGE 

Dist. Elev. Dist. Elev. Dist. Elev. 
Feet Feet Feet Feet Feet Feet 

0 8.80 0 10.10 0 10.90 
20 7.80 20 9.60 20 10.20 
40 7.70 40 9.10 40 9.30 
60 7.60 60 8.10 60 9.10 
80 7.30 80 6.60 80 8.90 

100 6.40 100 6.40 100 8.80 
120 5.10 120 6.40 120 7.80 
140 3.70 140 6.70 140 6.60 
160 2.70 160 7.10 160 6.60 
180 1. 90 180 7.30 180 6.60 
200 1. 20 200 7.60 200 6.40 
220 0.60 220 8.10 220 6.10 
240 -0.10 240 6.70 240 4.80 
260 -0.60 260 4.80 260 3.70 
280 -1.10 280 3.60 280 2.80 
300 -1.40 300 2.60 300 2.10 
320 -1.70 320 1. 70 320 1. 30 
340 - 2.10 340 1.10 340 0.70 
360 -2.40 360 0.60 360 0.10 
380 -2.70 380 -0.10 380 -0.40 
400 -2.90 400 -0.60 400 -0.80 
420 - 2.80 420 -0.90 420 -1.10 
440 -3.10 440 -1.20 440 -1. 60 
460 -3.20 460 -1.60 460 -1. 90 
480 -3.20 480 -1.80 480 -2.30 
500 -3.30 500 -2.10 500 -2.60 
520 -3.60 520 -2.40 520 -2.80 
540 -3.60 540 -2.60 540 -3.10 
560 -3.90 560 -3.20 560 -3.30 
975 -14.70 580 -3.40 580 -3.40 

1085 -17.40 600 -3.60 600 -3.60 
1209 -20.10 620 -3.60 620 -3.60 
1342 -22.30 778 -12.00 640 -3.80 
1474 - 25.10 898 -18.90 660 -4.10 
1579 -27.10 1062 -21.30 680 -4.40 
1736 -30.10 1200 -23.40 700 -4.60 
1873 -32.70 1342 -26.30 720 -5.10 
1998 -35.20 1479 -28.90 740 -5.60 
2130 -37.70 1620 -31.80 760 -6.10 
2263 -39.90 1745 -34.20 780 -6.60 
2399 -42.30 1869 -36.40 1219 -21.40 
2527 -44.80 2000 -38.90 1393 -24.60 
2624 -46.30 2136 -41 . 20 1540 -27.10 
2759 -48.40 2294 -44. 10 1653 -29.10 
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25 October 1973 (Cont'd) 

SOUTH RAl'JGE INDIAN CANYON RAl'JGE NORTH RANGE 

Dist. Elev. Dist. Elev. Dist. Elev. 
Feet Feet Feet Feet Feet Feet 

2424 -46.20 1835 -32 .60 
2570 -48.80 2040 -36.10 
2717 -50 . 80 2181 -38.60 
2855 -52.90 2396 -42.30 
3002 -55.20 2551 -45.30 
3146 -57.20 2665 -47.20 
3255 - 58.70 2896 -51.10 
3088 -56.60 2970 -5 2.30 
3200 -58.20 3166 -55.60 
3291 -59.10 3108 -54.70 

3247 -57.10 

Ref. Rods: Ref. Rods: Ref. Rods: 

1011 -16.20 816 -16.70 942 -16.40 
1375 - 23.10 1219 - 23 .50 1331 -23.10 
1866 -32.90 1667 -32.90 1862 -33.00 

2343 -45.00 
3635 - 65 .00 
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28 November, 1973 

SOUTH RA.J\JGE INDIAN CANYON Rru\JGE NORTH RANGE 

Di st. Elev. Di st. El ev. Dist. Elev. 
Feet Feet Feet Feet Feet Feet -.--

0 8.80 0 10.10 0 10.90 
20 7.90 20 9.40 20 9.90 
40 7.90 40 9.10 40 9.20 
60 7.90 60 7.80 60 8.90 
80 6.60 80 6.20 80 8.80 

100 5.10 100 6.20 100 8.60 
120 4.70 120 6.20 120 7.90 
140 2.60 140 6.40 140 6.40 
160 l. 60 160 6.80 160 6.30 
180 0.70 180 7.10 180 6.60 
200 0.20 200 7.60 200 6.60 
220 -0.40 220 7.90 220 5.10 
240 -0.70 240 5.70 240 3.80 
260 -1. 10 260 4.10 260 2.70 
280 -1.10 280 2.40 280 1. 70 
300 -1.20 300 1.10 300 0.80 
320 -1.60 320 0.30 320 0.10 
340 -2.30 340 -0.10 340 -0.60 
360 -3.20 360 - 0.10 360 -1.10 

1024 -15.70 380 -0.20 380 -1. 60 
1215 - 20.10 400 -0.20 400 -1.90 
1381 -22.80 420 -1.20 420 -2.20 
1551 -26.20 440 -1.40 440 -2.60 
1713 -29.30 460 -1.60 460 -2.80 
1894 -32.90 480 -1.80 480 -2.90 
2068 -36.20 500 - 2.10 500 -3.10 
2241 -39.30 520 -2.40 520 -3.40 
2425 -42.60 958 -19.60 1124 -18.90 
2569 -45.10 1106 -21.80 1268 -22.10 
2769 -48.30 1253 - 24 .30 1373 - 24.10 
2933 -51.10 1399 -27.20 1506 -26.20 
3080 -53.60 1537 -29.90 1644 -28.80 

1716 -33.40 1781 -31.30 
1868 -36.20 1897 -33.60 
2024 -39.10 2010 -35.60 
2177 -41.80 2174 -38.30 
2310 -44.30 2315 -40.80 
2433 -46.20 2436 -43.10 
2579 -48.70 2564 -45.40 
2702 -50.60 2646 -46.80 
2838 -52.60 2735 -48.30 
2984 -54.90 2821 -49.70 
3096 -56.60 2910 -51.20 
3237 -58.60 3007 -52.90 
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28 November 1973 (Cont'd) 

SOUTH RANGE I ND IAN C NYON RANGE NORTH RANGE 

Dist. E1ev. Dist. E1ev. Dist. Elev. 
Feet Feet Fee t Feet Feet Feet 

--
33S7 -60.60 3112 -54.60 

3274 -57.20 

Ref . Rods: Ref. Rods: Ref. Rods: 

1011 -16.50 816 -16.90 942 -15.30 
1375 -23.30 1219 -23.50 1331 -23.20 
1866 -32.90 1667 -32.90 1862 -33.00 

2343 -45.00 
36:55 -65.00 

81 



4 December 1973 

SOUTH RANGE INDI AN CANYON RANGE NORTH RANGE 

Dist. E1ev. Dist. E1ev. Dist. E1ev. 
Feet Feet Feet Fee t Feet Feet 

0 8.80 0 10.10 0 10.90 
20 7.90 20 9.30 20 10.10 
40 7.90 40 8.80 40 9.20 
60 7.90 60 7.70 60 8.90 
80 6.40 80 6.30 80 8.80 

100 5.40 100 6.20 100 8.60 
120 4.10 120 6.30 120 7.90 
140 2.90 140 6.60 140 6.30 
160 2.10 160 6.90 160 6.30 
180 l.10 180 7.20 180 6.60 
200 0.40 200 7.70 200 6.70 
220 -0.20 220 8.10 220 5.30 
240 -0.70 240 5.40 240 4.20 
260 -1.20 260 3.70 260 3.10 
280 -1. 70 280 2.40 280 2.10 

300 l. 60 300 1. 20 
320 0.70 320 0.60 
340 -0.10 340 -0.20 
360 -0.80 360 -0.90 
380 -1. 30 380 -1. 40 
400 -2.20 400 -l. 90 
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17 December '1973 

SOUTH RANGE NORTH RAJ'.JGE 

Dist. Elev. Dist. Elev. Dist. Elev. 
Feet Feet Fee t Feet Feet Feet --

0 8.80 0 10.10 0 10.90 
20 8.40 20 9.60 20 10.10 
40 7.80 40 8.90 40 9.20 
60 6.60 60 7.70 60 8.90 
62 6.60 80 6.60 80 8.80 
64 5.70 100 6.60 100 8.60 
80 4.90 120 7.10 120 8.10 

100 3.80 140 7.40 140 6.60 
120 3.10 160 7.60 160 6.60 
140 2.10 18 0 7.80 180 6.80 
160 1.40 20 n 8.10 200 6.90 
180 0.80 21 5 7.60 220 6.60 
200 0.20 217 6.70 240 5.10 
220 -0.40 220 6.30 260 3.60 
240 -0.90 240 4.30 280 2.30 
260 -1.60 260 2.70 300 1.40 
280 -1 .80 280 1. 70 320 0.60 
300 - 3.10 300 0.90 340 -0.10 
320 -3.80 320 0.30 360 -0.60 

1082 -16.80 340 -0.30 380 -1.40 
1166 -18.70 360 -0.90 400 -1. 80 
1373 -22.40 380 -1.40 420 -2.40 
1500 -25.10 400 -1.80 440 -2.90 
1664 -28.20 420 -2.10 460 -3.20 
1812 -31.10 1082 -21.10 480 -3.60 
1935 -33.60 1236 -23.80 500 -3.90 
2112 -36.80 1360 -25.70 1132 -18.80 
2258 -39.60 1480 -28.70 1196 -20.40 
2410 -42.10 1616 -31.20 1247 -21.70 
2554 -44.60 1796 -34.60 1330 -23.10 
2729 -47.40 1978 -38.10 1470 -25.40 
2834 -49.20 2122 -40.60 1640 -28.60 
2962 -51.30 2212 -42.20 1814 -31.80 

2343 -44.70 1950 -34.30 
2473 -46.80 2090 -36.70 
2585 -48.60 2227 -39.10 
2702 -50.30 2412 -42.40 
2941 - 54.10 2576 -45.30 

2724 -47.90 
2852 -50.10 
2964 -51.90 
3095 -54.10 
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17 December 1973 (Cont'd) 

SOUTH RANGE INDIAN CA1\lYON RANGE NO RTH RANGE 

Dist. E1ev. Dist. E1ev. Dist. E1ev. 
Feet Feet Fee t Fee t Feet Feet 

Ref. Rods: Ref. Rods: Ref. Rods: 

1011 -16.10 816 -15.20 942 -14.50 
1375 -23.60 1219 -23.80 1331 -23. 60 
18 66 -33.00 1667 -3 2 .80 1862 -33.00 

2343 - 45.00 
3635 -65.00 
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10 January 1974 

SOUTH RANGE I ND IAN CAr..JYON RANGE NORTH RA.I'JGE 

Dist. Elev. Dist. Elev. Dist. Elev. 
Feet Feet Feet Feet Feet Feet 

0 8.80 0 10.10 0 10.90 
20 5.80 20 9.60 20 10.10 
40 4 .60 40 9.20 40 9.20 
60 3.60 60 7.70 60 8.90 
80 2.80 80 6.90 80 8.80 

100 2.30 100 6.60 100 8.60 
120 1.80 120 6.10 120 7.30 
140 1.40 140 5.60 140 6.60 
160 1.10 160 4.70 160 5.60 
180 0.60 180 4.10 180 4.60 
200 0.10 200 3.60 200 3.70 
220 -0.60 220 j .10 220 2.70 
240 -1.10 240 2.60 240 2.10 
260 -1.80 260 2.20 260 1. 60 
280 - 2.90 280 1.80 280 1.10 
300 -4.10 300 1.40 300 0.60 
320 -2.90 320 1. 10 320 0.10 
340 -2.10 340 0.60 340 -0.60 
360 -1.90 360 0.20 360 -0.90 
380 - 2 .10 380 -0.40 380 -1. 30 
400 -2.30 400 -1.10 400 -1.60 

420 -1. 90 420 -1.80 
440 -3.10 440 -2.10 
460 -3.90 460 -2.30 

480 -2.30 
500 -2 .40 
520 -2.80 
540 -3.10 
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22 January 1974 

SOUTH RANGE I DIAN CANY ON RANGE NORTH RA NG E 

Dist. Elev. Dist. Elev. Dist. Elev. 
Feet Feet Feet -- Feet Feet Feet 

0 8.80 0 10.10 0 10.90 
20 6.40 20 9.60 20 10.10 
40 5.10 40 9.10 40 9.10 
60 3.90 60 7.60 60 8.80 
80 2.80 80 7.10 80 8.70 

100 2.10 100 6.60 100 8.60 
120 1. 60 120 6.10 120 7.70 
140 1.10 140 5.30 140 7.10 
160 0.60 160 4.60 160 6.10 
180 0.10 180 3.90 180 5.10 
200 - 0.40 200 3.30 200 4.10 
220 - 0.80 220 2.70 220 3.10 
240 -1.20 240 2.20 240 2.10 
260 -1. 60 260 1. 60 260 1.30 
280 -1. 90 280 1. 20 280 0.70 
300 -2.40 300 0.80 300 0.20 
320 -2.70 320 0.30 320 -0.20 
340 -3.10 340 0.10 340 -0.70 
360 -3.20 360 -0.40 360 -1.10 
380 -3.40 380 -0.70 380 -1.60 
400 -3.80 400 -1.10 400 -1.90 

1034 -15.90 420 -1.30 420 -2.20 
1167 -18.80 440 -1.70 440 -2.60 
1314 -22.30 460 -2.20 460 -2.90 
1428 - 24.60 480 -2.40 480 -3.20 
1560 -27.10 847 -12.40 500 -3.40 
1668 -29.30 996 -19.10 732 -8.40 
1779 -31.30 1130 - 22.00 896 -10.90 
1900 -33.70 1266 -25.00 1055 -18.20 
2025 -35.90 1394 -27 .80 1203 -21 .. 30 
2157 -38.20 1543 -30.80 1339 -24.00 
2284 -4 O. 30 1676 -33.20 1487 -26.60 
2429 -42.90 1812 -35.80 1655 -29.50 
2571 -45.30 1957 -38.30 1737 -30.80 
2686 -47.30 2098 -40.90 1867 -33.10 
2764 -48.80 2221 -43.10 2111 -37.40 
2881 -50.80 2363 -45.50 2309 -41.00 

2510 -47.80 2496 -44.20 
2654 -47.00 
2819 -49.90 
2958 -52.30 
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22 January (Cont 'd) 

SOUTH RANGE INDI AN Cfu~YON ~~GE NORTH RANGE 

Dist. Elev. Dist. Elev. Dist. Elev. 
Feet Feet Feet Feet Feet Feet 

Ref. Rods: Ref. Rods: Ref. Rods: 

1011 -14.80 816 -15.70 942 -14.20 
U 75 -23.70 1219 -24.00 1331 -23.60 
1866 -33.00 1667 -32.80 1862 -32.90 

2343 -45.00 
3635 -65.00 
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21 February 1974 

SOUTH RAJ'lGE INDIAJ\I C YON RANGE NORTH RANGE 

Dist. Elev. Di st. El ev. Dist. Elev. 
Feet Feet Feet Fee t Feet Feet --

0 8.80 0 10.10 0 10. ~)O 
20 5.90 20 9.60 20 10.10 
40 4.S0 40 9.10 40 9.20 
60 3.70 60 7.60 60 8.90 
80 2.S0 80 6.80 SO S.70 

100 2.10 100 6.10 100 8.40 
120 1. 40 120 5 . 40 120 7.70 
140 0.80 140 4.70 140 7.10 
160 0.30 160 4.10 160 6.10 
180 -0.20 180 3.60 180 4.S0 
200 -0.60 200 2.90 200 3.90 
220 -0.90 220 2.40 220 3.10 
240 -1.30 240 1. 90 240 2.20 
260 -1.70 260 1. 40 260 1. 60 
280 - 2.10 280 0.90 280 0.90 
300 -2.20 300 0.40 300 0.40 
320 -2.40 320 0.10 320 -0.10 
340 -2.60 340 -0.40 340 -0.60 
360 -2.70 360 -0.80 360 -1.10 
3S0 -3.10 380 -1.20 380 -1.40 
400 -3.10 400 -1. 60 400 -1.70 
420 -3.40 420 -1. 80 420 -1. 90 
440 -3.70 440 - 2.10 440 -2.20 
460 -3.90 460 -2.60 460 -2.40 
480 -4.60 480 -2.70 480 -2.60 
500 -5.60 500 -3.10 500 - 2 .70 
974 -14.50 520 -3 . 30 520 -2.90 

1114 -17.30 540 -3.60 540 -3.30 
1251 -20.40 560 -3.80 560 -3.60 
1395 -23.90 580 -4.10 580 -4.10 
1542 -26.80 600 -4.30 600 -4.60 
1676 -29.30 1118 -21. 80 620 -5.10 
1812 -32.00 1208 -23. 80 640 -6.10 
1928 -34.10 1316 -25.80 660 -6.60 
2083 -36.90 1460 -29.00 1077 -18.70 
2212 -39.10 1580 -31.40 1263 -22.40 
2367 -41.90 1728 -34.20 1456 - 26.10 
2485 -43.90 1834 -36.20 1592 -28.40 

1950 -38.20 1752 -31.10 
2075 -40.40 1939 -34 . 40 
2180 -42.30 2115 -37.50 

2281 -40.40 
2447 -43.40 
2597 -46.00 
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21 February 1974 (Cont'd) 

SOUTH RANGE INDIAN CANYON RANGE NORTH RANGE 

Dist. E1ev. Dist. Elev. Dist. Elev. 
Feet Feet Feet ~ &.e..L Fe~ 

2756 -48.80 
2928 -51.70 
3110 -55.00 
3249 -57.30 

Ref. Rods: Ref. Rods Ref. Rods: 

1011 -14.80 816 -12.80 942 -13.80 
1375 -23.70 1219 - 24.00 1331 -23.70 
1866 -33.00 1667 -32.90 1862 -32.90 

2343 -45.00 
3635 -65.00 
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11 March 1974 

SOUTH RANGE I NDI AN CANYON RANGE NORTH RANGE 

Dist. E1ev. Dist. E1ev. Dist. E1ev. 
Feet Feet Feet Feet Feet Feet 

0 8.80 0 10.10 0 10.90 
20 5.20 20 9.60 20 10.20 
40 4.20 40 9.10 40 9.30 
60 3.10 60 7.60 60 8.90 
80 2.30 80 6.20 80 8.80 

100 1. 70 100 5. 60 100 8.60 
120 1.10 120 5.20 120 7.80 
140 0. 70 140 4.60 140 7.30 
160 0.30 160 4. 20 160 5.80 
180 -0.10 180 3.60 180 4 . 70 
200 -0.40 200 2.90 200 3.80 
220 -0.70 220 2.40 220 3.10 
240 -0.90 240 1.80 240 :.20 
260 -1.30 260 1.40 260 1.60 
280 -1.70 280 1.10 280 0.80 
300 -2.20 300 0.60 300 0.30 
320 -2.40 320 0.20 320 -0.10 
340 - 2. 80 340 -0.10 340 -0.60 
360 -3.30 360 -0.60 360 -0.90 

380 -0.90 380 -1.20 
400 -1.20 400 -1.60 
420 -1.60 420 -:.10 
440 -1.80 440 -1. 80 
460 -2.10 460 -2.10 
480 -2.30 
500 -2.60 
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21 March 1974 

SOUTH RAt\jGE INDI AN CANYON RAt~GE NORTH RMGE 

Dist. El ev. Dist. Elev. Dist. Elev. 
Feet Feet Feet Feet Feet Feet --

0 8.80 0 10.10 0 10.90 
20 5.40 20 9.60 20 10.10 
40 4.60 40 9.10 40 9.30 
60 4.10 60 7.80 60 8.90 
80 3.30 80 6.30 80 8.80 

100 2.40 100 5.80 100 8.60 
120 1. 60 120 5.30 120 7.80 
140 0.90 140 4.90 140 7.10 
160 0.60 160 4.40 160 5.80 
180 0.10 180 4.20 180 4.60 
200 -0.20 200 4.10 200 3.90 
220 -0.80 220 3.40 220 3.20 
240 -1.30 240 2.30 240 2.70 
260 -1. 60 260 1. 60 260 2.10 
280 -1.70 280 1. 10 280 1. 30 
300 -2.60 300 0.70 300 0.70 
320 -2.70 320 0.30 320 0.20 
340 -3.10 340 0.10 340 -0.10 
360 -3.70 360 -U.2() 360 -0.40 
380 -4.30 380 -0.60 380 -0.60 
588 -7.30 400 -0.90 400 -0.60 
726 -9.30 420 - 1 .10 420 -0.60 
902 -12.30 440 ·1 . 4 () 440 -0.80 

1089 -16.70 460 - j .70 460 -1.10 
1343 - 23. 10 480 -1 . :)0 480 -1. 60 
1419 - 24.30 500 - 2.10 500 -2.10 
1580 -27.40 520 -2. j 0 520 -2.40 
1736 -30.40 540 -2.30 540 - 2.80 
1891 -33.40 560 -2.60 560 -3.30 
2051 -36.30 580 -3.6U 580 -3.90 
2208 -39.10 823 -ll .20 600 -4.40 
2347 -41.30 1039 -20.00 718 -8.10 
2517 -44.40 1238 - 24.20 819 -10.10 
2650 -46.80 1411 -27.90 981 -15.70 
2829 -50.00 1591 -31.60 1159 -20.30 
2962 -52.30 1779 -35. 10 1314 -23.20 
3126 -55.10 1969 -38.60 1452 -26.10 

2149 -41.80 1647 -29.40 
2336 -45.00 1807 -32.10 
2516 -48.00 1962 -34.80 
2707 -50.80 2118 -37.60 
2892 -53.70 2285 -40.60 
3094 -56.80 2437 -43.20 

2611 -46.20 
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21 March 1974 (Cont'd) 

SOUTH RANGE INDIAN CANYON RAN GE NORTH RANGE 

Dist . E1ev. Dist. E1ev. Dist. E1ev. 
Feet Feet Feet Feet Feet Feet 

2703 -47.90 
2942 -52.00 
3114 -55.00 
3281 -57.90 

Ref. Rods: Ref. Rod Ref. Rods: 

1011 -14.80 816 - 13 .50 942 -13.40 
1375 -23.70 1?19 -23.80 1331 -23.60 
1866 -32.90 1667 -32.80 1862 -32.90 

2343 -45.00 
3635 -65.00 
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4 April 1974 

SOUTII RANGE INDIAN CANYON RANG E NORTH RANGE 

Dist. E1ev. Dist. E1ev. Dist. E1ev. 
Feet Feet Feet Feet Feet Feet 

0 8.80 0 10.10 0 10.90 
20 6.60 20 9.60 20 10.10 
40 5.20 40 9.10 40 9.30 
60 4.10 60 7.80 60 8.90 
80 3.10 80 6.80 80 8.70 

100 2.20 100 6.30 100 8.60 
120 1.60 120 5.60 120 7.60 
140 1.10 140 5.10 140 7.20 
160 0.40 160 4.40 160 6.10 
180 -0.10 180 3.70 180 5.20 
200 -0.60 200 3.10 200 4.20 
220 -0.90 220 2.60 220 3.10 
240 -1.30 240 2.10 240 2.30 
260 -1.70 260 l. 40 260 1. 60 
280 - 2.10 280 0.90 280 0.90 
300 -2.20 300 0.40 300 0.30 
320 -2.60 320 0.10 320 -0.10 
340 - 2.70 340 - 0.40 340 -0.60 
360 -2.80 360 -0.70 360 -1.10 
380 -3.10 38 :) -1.10 380 -1.40 
400 -3.20 400 -1.60 400 -1.70 
801 -11.90 420 -1. 80 420 -1.90 
911 -15.00 440 -2.20 440 -2.20 

1062 -15.80 460 -2.60 460 -2.60 
1202 -19.20 480 -2.60 480 -2.80 
1343 -22.70 500 -3.20 500 -3.10 
1471 -25.10 520 -3.90 520 -2.90 
1637 -28.30 540 -4.20 540 -3.10 
1763 -31.00 916 -13.90 560 -3.30 
1907 -33.80 1091 -21.10 580 -3.60 
2039 -36.20 1256 -24.60 600 -4.10 
2182 -38.60 14 20 -28.00 620 -4.40 
2335 -41.30 1602 -32.00 640 -5.10 
2483 -43.90 1794 -35.30 809 -9.80 
2598 -46.00 1927 -37.80 963 -10.80 
2720 -48.00 2081 -40. SO 1121 -19.00 
2866 -50.40 2246 -43.40 1292 -22.80 
2994 -52.30 2421 -46.40 1459 -26.20 
3137 -55.20 2583 -49.00 1625 -29.00 
3294 -58.10 2723 -51.20 1789 -31.80 

2900 -53.80 1949 -34.5n 
3091 -56.60 2121 -37.60 
3309 -60.10 2297 -40.70 
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4 April 1974 (Cont I d) 

SOUTH RANGE I NDIAN CANYON RANGE IORTH RANGE 

Dist. E1ev. Dist. E1ev. Dist. E1ev. 
Feet Feet Feet Feet Feet Feet - -

2465 -43.70 
2612 -46. 20 
2776 -49.10 
2964 -5 2.40 
3097 -54.80 
3238 -57 . . 70 
3428 -60.50 

Ref. Rods: Ref. Rods: Ref. Rods: 

1011 -14 . 60 816 -13.20 942 -13.10 
1375 -23.70 1219 -23.80 1331 -23.60 
1866 -32.90 1667 -32.80 1862 -32.90 

2343 - 45 .00 
3635 -65.00 

94 



30 April 197'4 

SOUTH RA NGE I NDIAN CANYON RANGE NORTH RANGE 

Dist. Elev. Dist. Elev. Dist. Elev. 
Feet Feet Feet Feet Feet Feet 

0 8.80 0 10.10 0 10.90 
20 6.90 20 9.60 20 10.10 
40 5.60 40 9.20 40 9.20 
60 4.70 60 7.80 60 8.90 
80 4.20 80 6.90 80 8.90 

100 3.40 100 6.40 100 8.60 
120 2.30 120 5.90 120 8.20 
140 1. 20 140 5.80 140 7.60 
160 0.30 160 5.20 160 6.60 
180 -0.40 180 4.60 180 5.80 
200 -1.20 200 4.10 200 5.20 
220 -2.10 220 3.30 220 4.40 
240 -1.60 240 2 .60 240 3.60 
260 -1.30 260 2 .10 260 2.90 
280 -1.20 280 1. 40 280 2 .30 
300 -1.30 300 1.10 300 1. 60 
320 -1 .40 320 0.60 320 0.60 
340 -1.60 340 0.30 340 0.10 
360 -1.70 360 0.10 360 -0.30 
380 -1.80 380 -0.20 380 -0.70 
400 -1. 90 400 -0.40 400 -1.10 
420 -2.10 420 -0.60 420 -1.20 
440 -2.40 440 -0.80 440 -1.60 
460 -2.60 460 -1.20 460 -1.90 
480 -2.90 480 -1.60 480 -2.20 

1154 -18.10 500 -1.70 500 -2.70 
1317 - 22 .00 520 -1.70 520 -3.10 
1515 -25.90 540 -1 .70 540 -3. 20 
1700 -29.50 560 -1 .80 560 -3.60 
1867 -32.90 580 - 2.10 580 -4.10 
2070 -36.70 600 -2.60 600 -4.60 
2250 -39.90 874 -12.10 1135 -19.50 
2450 -43.20 1038 -20.00 1300 -23.30 
2628 -46.30 1196 -23.30 1423 -25.50 
2846 -50.20 1359 -26.80 1590 -28.30 
3013 -53.10 1523 -30.10 1738 -30.90 
3206 -56.40 1702 -33.80 1894 -33.50 

1870 -36.80 2039 -36.10 
2044 -39.90 2173 -38.50 
2218 -43.10 2348 -41.60 
2384 -45.80 2527 -44.80 
2558 -48.60 2701 -47 .80 
2739 -51.30 2875 -50.80 
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30 April 1974 (Con t 'd) 

SOUTH RANGE INDIAN CANYON RANG E NORTH RANGE 

Dist. E1ev. Dist . E1ev. Dist. E1ev. 
Feet Feet Feet Feet Feet Feet 

2914 -54.00 3032 -53.40 
3078 -56.50 3208 -56.70 
3258 - 59 .20 3425 -60.40 
3400 -61.40 

Ref. Rods: Ref. Rods : Ref. Rods: 

1011 -14.40 8,16 -13.50 942 -14.80 
1375 -23.80 1219 -23.80 1331 -23.60 
1866 -32.90 1667 -32.90 1862 -32.90 

2343 -45.00 
3635 -65.00 
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DESIGN AJ D DEVELOPMENT OF THE RECORDING DEPTH GAGE 

INTRODUCTION 

It was proposed that an accurate instrument for measuring the depth 
at various points along a beach profile be designed and developed as part 
of contract number UACW72-72-C-002U. The instrument would be designed 
to satisfy the need for accurate measurements just seaward of the break 
point of waves where fathometers and lead line sounding are inaccurate. 

This instrument \-Jas conceived as an application of the very accurate 
absolute pressure sensors presently available to detect small changes in 
water level. The concept of design involved placing such a pressure 
sensor on the bottom and sensing the change in water level over a pre
determined period of time. The high frequency oscillations of the water 
surface due to waves would be electronically filtered out of the pressure 
sen sor output to produce a single average reading for the depth. 

PRELImNARY DESIGN r.V\Y -NOVEMBER 1972 

The instrument is designed around a Statham Model PA506-53, 13 to 
53 psia (absolute) pressure sensor which can accurately detect changes 
in water level of ±O.OS feet (2.4 cm) in water depths as great as -58 fcet 
(-17.7 m). Preliminary design of the instrument involved putting the out
put of this sensor through an amplifier low-pass filter and a variable 
gain amplifier onto a digi~al display. This electronic circuitry was 
intended to make an accura~e measurement of the depth by filtering out 
the high frequency oscillations caused by waves. Filtering was achieved 
by using a capacitator which had a time constant of 3 minutes. The 
output from the filter was then amp lified and read on the digital panel 
meter. 

A prototype of this instrument was constructed in September 1972, 
and tested by progressively lower i ng the pressure sensor into a labora
tory deep tank. This test indicated that the instrument gave unstable 
r adings and tended to drift from zero reset. The initial change in 
de sign was to replace the intergrated circuit used for amplification 
with a more stable unit. This resulted in the circuit design shown in 
Figure B-1. Also, the prototype i nstrument had a two and one-half 
digital panel meter for recording the data which was found to be of in
sufficient accuracy. 

CONSTRUCTION, DECEMBER 1972 - 1vIAY 1973 

The completion of the electronic circuit design and initial testing 
resulted in an instrument that was believed to be ready for field use. 
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These components were then packaged for field use by building water
proof containers for the pressure sensor and the logic circuitry. These 
containers were constructed out of PVC pipe and fitted with caps that 
had "0" ring seals to prevent leak 1,ng at shallow depths. The pressure 
sensor housing was equipped with a pliable diaphragm to make it sensitive 
to the environment. Connections behJeen the component s of the instru
ment were made by waterproof oceanic connectors. 

The pressure sensor, signal conditioning circuitry, and power supply 
bat teries were then mounted on a metal platform for field use. This 
platform is a triangular piece of 1/2-inch-thick steel equipped with a 
vertical shank for shackling to the recovery line. Figure B-2 shows this 
ass mbly with the pressure sensor housing mounted vertically with the 
sensor diaphragm down so it is adjacent to the bottom and the signal con
ditioning circuitry in the horizontally mounted container. Power supply 
batteries were also mounted on the platform and waterproofed with a 
"paint-on" sealant. 

Testing of this version of the instrument in the ocean from the end of 
Scripps Pier indicated a number of problems which caused erroneous meas
urements. The most serious problem was the progressive drift due to 
electronic instability. Other problems included leakage of the paint-on 
sealant and excessive drain on the batteries used as a power supply to 
the signal conditioning cic:-cuitry. At this point it became necessary to 
redesign the instrument and to restructure its components in order to 
improve its performance. 

REDESIGN AND CONSTRUCTION OF THE INSTRUMENT 

JUNE 1973 - FEBRUARY 1974 

The failure of the recording depth gage to hold an accurate measure
ment and to drift from a zero setting w' s found to be related to the 
bat teries used to power the signal cond i tioning circuitry. This could 
only be overcome by redesigning the circuit and replacing the batteries 
wi th a regulated power supply. Figure B-3 shows a schematic diagram for 
t he present signal conditioning circuit which uses a 1.4-volt mercury 
ce ll as a constant reference voltage for the power supply. Also, a 
res et s\,'itch wa~ installed in the circuit to facilitate making multiple 
measurements. 

These changes required modification of the waterproof containers 
and the physical configuration of t he instrument. The second version of 
the instrument required an enlarged signal conditioning package so that 
it could accommodate larger batteries for the power supply. This is nOI' 
a PVC container 7 inches in diameter and 11 inches long. Figure B-4 
shows the present physical configuration of the recording depth gage with 
a large and a small diameter waterproof package mounted vertically on 
the same steel frame that constitutes the sensing package. This instru
ment was then successfully tested in the laboratory deep tank and from 
Scripps Pier. 

99 



o 
o 

fi gur e B-2. ~irst verSion of the recording depth gage showing the sensing package to the left whi ch 
consists of a ver ticDlly mou nt ed pressure sensor and a horizontally mounted logic cir
cuitr}, container, Clnd the recordin '; package \\:ith ~l thr ee digit punel meter rC.Jdout. 
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rigurc B-4. I<.cconling dcpth ga ge sho\~l ng the ~;l'llsing package, rcconJing 
p;lck;lge Jnu b;ltteries for the recoruing p~lcka g u . The t\\o 
cylinuril'i1J containers of the sensing pack;lge, hhich hOllse 
the lo g ic cirl'uin'Y Dnu presc,lll'C sensor. Cl r E' mounted on ;J 

meed 1"1'::][11(:' th::lt is ues icL; lleu to 1lI::lint;lill thcir proper 
attituue 011 the seD floo r . 
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FIELD PREPARATION A. "D TESTING OF THE INSTRUMENT 

March 1974 - May 1974 

After testing of the instrument at Scripps Pier it ViaS modified for 
field use and tested in the ocean under differing wave conditions. Most 
of the modifications necessary to make the instrument ready for field use 
involved enclosing the three and one-half digit panel meter (Analog 
Devices Hodel AD2001) in a splash-proof box and to arrange a small 12-
volt wet cell and 5-volt power supply for it. This part of the instru
ment became the recording package of the instrument. 

Use of the instrument involves dropping the sensing package on a 
station lvith a marker float attached to its recovery line. After a 
3-minute sampling period the sensing package is recovered and the record
ing package plugged into it to read the retained measurement. Once the 
measurement has been read, the reset slvitch is activated to prepare the 
sensing package for another measurement. 

In April and May 1974 the instrument was field tested in the ocean 
off Scripps Institution and at Indian Canyon Range. The results of 
these tests are shown in Figure B-S. At present the instrument is work
ing properly and is available for field use. 
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APP EN DIX D 

VISUAL WAVE OJ3SERVATIO~S FROM SOUTH RAJ\lGE 

TORREY PINES BEACH, CALIFORNIA 

JU~E 1972 - ~~Y 1974 

Definition of Terms: 

1. Period (average 10 waves) - CERe procedure where the observer 
notes the time period of } O con secutive waves and divides 
by 10 for the average rer i od. 

2. Period (individual waves) - average period of severa l waves 
measured individually. 

3. Breaker heigh t visual estima te of breaker height. 

4. Breaker t ype - S spilling 

P :: plunging 

5. ab - visual estimate of the angle of wave approach to 
the beach. 
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June 1972 

Period Period 
(Avg. 10 (Indiv. Breaker 

Cl 
Waves) Wave) Height Breaker b 

Date Sec. Sec. Ft. Type Degree s 

1 
2 l7.5 8 3 S 0° 
3 
4 
5 12 8 2 S 0° 
6 13.5 9 2 S 0° 
7 19 9 3 S 50 S 
8 18 1 S 0° 
9 16.5 9 1 S 0° 

10 
11 
12 13 4 S 0° 
13 12.5 2 S 0° 
14 12.5 2 S 0° 
15 13.8 1 S 0° 
16 12.5 3 S 0° 
17 
18 
19 18 12 2 S 0° 
20 18 14 2 S 0° 
21 16 8 3 S SON 
22 14.5 12 4 S SON 
23 12 12 4 S 0° 
24 
25 
26 15.5 15 3 S 0° 
27 15 14 3 S 0° 
28 14.5 8 3 S SON 
29 13 7 .5 S 0° 
30 17 13 3 S 0° 
31 17 13 3 S 0° 
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July 1972 

Period Period 
(Avg. 10 (Indi v. Breaker Ct 

\vaves Wave) Height Breaker b 
Date Sec. Sec. Ft. Type Degrees 

1 
2 
3 14.5 15 4 S 50 S 
4 
5 13 14 3 S 0° 
6 13 .5 14 3 S SON 
7 11 9.2 3 S 0° 
8 
9 

10 12 8 3 S SON 
11 12 8 4 S 0° 
12 12 8 4 S 0° 
13 15 9.3 4 S SON 
14 
15 
16 
17 14 12.8 3 S 0° 
18 12 8.3 3 S 0° 
19 13.5 9 3 S 50 S 
20 13 8.8 3 S 50 S 
21 CHOP CHOP 2 S 0° 
22 
23 
24 9 8 4 S 0° 
25 10 7.3 4 S 0° 
26 10 8 4 S SON 
27 10 8 4 S 0° 
28 12 8 4 S 0° 
29 
30 
31 10 7.3 4 S SON 
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.August 1972 

Period Period 
(Avg.l0 (Indiv. Breaker 
Waves) Wave) Height Breaker Cl

b 
Date Sec. Sec. Ft. Type Degrees 

1 
2 10 8 4 S 50 S 
3 12 7 .S 3 S 0° 
4 12 7 3 S 0° 
S 
6 
7 9 7 3 S lOoN 
8 11 6.5 2 S SON 
9 

10 13 8.3 4 S 0° 
11 16 10.7 5 S 0° 
12 
13 
14 13 
15 9 7 4 S SO N 
16 
17 9 7 4 S SON 
18 8 7 3 S SON 
19 
20 
21 12 8 ., S SON 
22 12 8 '-I S SON 
23 11 7 4 S SON 
24 12 8 7 S SON 
25 12 8.5 4 S SON 
26 
27 
28 13 8.5 4 S 0° 
29 16 12 3 S 0° 
30 12 9 3 S 80 S 
31 13 9 3 S 50 S 
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September 1972 

Period Period 
(Avg. 10 (Indiv. Breaker 
Waves) Wave) Height Breaker 

a b 
Date Sec. Sec. Ft. Type Degrees 

1 12 9 3 S 0° 
2 
3 
4 
5 13 12 6 S 10 0 S 
6 13 9 4 S 50 S 
7 10 8 :I S 0° 
8 10 9 2 S 0° 
9 

10 
11 13 11 3 S 0° 
12 12.3 10.3 2 S 0° 
13 12 7 3 S SON 

14 14 10.4 2 S 0° 
15 13 10 S 0° 
16 
17 
18 11 15 3 S 0° 
19 17 15 2 S 3°S 
20 15 8 3 S 0° 
21 13 9.5 3 S 0° 
22 
23 
24 
25 12 8 3 S 50 S 
26 
27 16 IS 2 S 50 S 
28 12 8 4 S 0° 
29 15 8 2 S 0° 
30 
31 
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October 1972 

Period Period 
(Avg.10 (Indi v. Breaker 
Waves) Wave) Height Breaker 

Ct
b 

Date Sec. Sec. Ft. Type Degrees 

1 
2 13 6 3 S SON 
3 12 13 3 S 0° 
4 10 8 3 S 0° 
5 12 8 2 S 0° 
6 14 8 3 S 0° 
7 
8 
9 18 14 3 S 4°S 

10 14 12 2 S 0° 
11 18 14 2 S 50 S 
12 14 9.5 3 SIP 0° 
13 16 13.5 3 S 50 S 
14 
15 
16 17 11 2 S 50 S 
17 16 9 3 S 0° 
18 10.5 P 0° 
19 15 8.5 4 SIP 0° 
20 10 5.5 4 S SO N 
21 
22 
23 10 8 2 S SON 
24 18 8 2 S SON 
25 12 8.5 2 S SON 
26 14 8.5 2 S SON 
27 15 8 2 S SON 
28 
29 
30 9 6 3 S lOoN 
31 10 8 2 S SON 
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November 1972 

Period Period 
(Avg .10 (Indiv. Breaker 
Waves) Wave) Height Breaker Ct b 

Date Sec. Sec. Ft. Type Degrees 

1 10 7 1 S 0° 
2 12 7.5 2 S 0° 
3 13 8.5 2 S 0° 
4 
5 
6 9 6 P 0° 
7 8 4 S 0° 
8 6.5 6 S 0° 
9 9.5 5 S SON 

10 9 4 S 0° 
11 
12 
13 8.5 4 S SON 
14 5 P 
15 10 6 P 50 S 
16 5 S 
17 7 S 
18 
19 
20 13 8 3 S SON 
21 14 9 4 S SON 
22 14 8.5 3 S SON 
23 9 4 S SON 
24 
25 
26 
27 12 4 S 0° 
28 15 10 5 S SON 
29 10 8.5 2 S 0° 
30 9 7 2 S SON 
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December 1972 

Period Period 
(Avg. 10 (Indi v. Breaker 
Waves) Wave) He ight Breaker 

Cl
b 

Date Sec. Sec. Ft . Type Degrees 

1 16 12 2 S 00 

2 
3 
4 9 2 S 00 

S 9 7 5 S SON 
6 12 8 4 S SON 
7 9 6 4 S SON 
8 8 5.5 6 S SON 
9 

10 
11 12 8 2 S 00 

12 13 9 2 S 00 

13 12 6.5 :: S 00 

14 12 7.5 2 S 00 

IS 12 7.5 1 S 00 

16 
17 
18 12 12.8 3 SIP 00 

19 10.5 10.5 4 P 00 

20 10 10 4 P 00 

21 12 12 4 P 00 

22 
23 
24 
25 
26 12 11 9 S SON 
27 13 14,5 9 P SON 
28 
29 
30 
31 
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January 1973 

Period Period 
(Avg.l0 (Indiv. Breaker 
\'laves) Wave) Height Breaker a

b 
Dat e Sec. Sec. Ft. Type Degrees 

1 
2 12 8 4 S SON 
3 13 6.5 3 S SON 
4 3 S 
5 12 7.S 3 S SON 
6 
7 
8 10 11 2 S 0° 
9 12 S 

10 15 14 9 S SON 
11 14 11 3 S 0° 
12 13 14 3 S 0° 
13 
14 
IS 14 l3.S 3 S 0° 
16 12 7.5 3 S 0° 
17 
18 14 14 6 S 0° 
19 9 6.5 6 S 0° 
20 
21 
22 12 9 5 S 0° 
23 12 8 3 S 0° 
24 13 9 3 S 0° 
25 
26 11 8 5 S SON 
27 
28 
29 12 12 3 S SON 

30 12 12 5 P SON 

31 10 7.5 5 S SON 
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February 1973 

Period Period 
(Avg.10 (Indiv. Breaker 
Waves) Wave) He ight Breaker CLb 

Date Sec. Sec. Ft. Type Degrees 

1 10 10 2 S 0° 
2 
3 
4 
5 10 7 5 P 50 S 
6 12 12 4 S 50 S 
7 13 10.5 4 S 50 S 
8 14 8 4 S 50 S 
9 

10 
11 
12 14 10 10 S 50 S 
13 12 8 8 S 0° 
14 12 14 7 S 0° 
15 
16 
17 
18 
19 
20 16 15 6 P 0° 
21 16 14.5 6 P 0° 
22 13 13 4 S 0° 
23 12 9 3 S 0° 
24 
25 
26 10 7 4 S 0° 
27 13 15 7 S 0° 
28 18 16 10 S 0° 
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rch 1973 

Period Period 
(Avg.l0 (Indiv. Br aker 
Waves) W ve) Height Breaker °b 

Date Sec. Sec. Ft. Type Degrees 

1 11 12.5 5 S 50 S 
2 10 7 4 S SON 
3 
4 
5 11 7 5 S SON 
6 13 7.5 3 S 00 

7 10 8 5 S 50 S 
8 
9 12 7.5 6 S 00 

10 
11 
12 14 15 8 S 0° 
13 9 6 5 S 0° 
14 13 8 7 S SON 
15 15 9.5 4 S 0° 
16 12 8 4 S 0° 
17 
IS 
19 
20 9 6.5 5 S 0° 
21 12 7.5 4 S SON 
22 9 6 5 S SON 
23 13 8 6 S SON 
24 
25 
26 
27 10 7 6 S SON 
28 9 6 7 S SON 
29 12 13 7 S SON 
30 16 14 6 S SON 
31 
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April 1973 

Period Period 
(Avg.l0 (Indi v. Br ker 
Waves) Wave) H ight Breaker Ct

b 
Date Sec. Sec. Ft. Type Degrees 

1 
2 12 8 6 S SON 
3 14 15 S S SON 
4 14 12 S S 0° 
S 
6 10 7 S S SON 
7 
8 
9 14 14 3 S SON 

10 13 13 3 S SON 
11 4 
12 13 11 4 S 0° 
13 12 8 S S 0° 
14 
IS 
16 10 11 S S 0° 
17 11 12 5 S SON 
18 10 6.S 10 S SON 
19 13 9 9 S So~ 

20 14 12 7 S So~ 

21 
22 
23 8 7 4 S SON 
24 10 8 S S SON 
2S 13 11 4 S 0° 
26 10 8 3 S 0° 
27 12 13 2 S 0° 
28 
29 
30 12 9 3 S 0° 

116 



~Iay 1973 

Period Period 
(Avg.l0 (Indiv. Breaker 
lVClves) Wave) Height Breaker ct

b 
Date Sec. Sec. Ft. Type Degrees 

1 12 9 3 S 0° 
2 10 9 4 S 0° 
3 10 8 3 S 0° 
4 8 7 4 S 0° 
5 
6 
7 14 9.5 3 S 0° 
8 11 11 5 S 0° 
9 12 11 4 S 0° 

10 14 12 4 S SON 
11 13 13 3 S 0° 
12 
13 
14 13 13 3 S 0° 
15 12 8 3 S 0° 
16 13 10.5 3 S 0° 
17 10.5 11 3 S SON 
18 12 8.5 4 S 0° 
19 
20 
21 11.5 9 3 S SON 
22 13 .5 10 5 S SON 
23 10 9 4 S SON 
24 10 8.5 3 S SON 
25 13 12 5 S SON 
26 
27 
28 
29 18 8.6 3 S 0° 
30 14 9.3 3 S 0° 
31 10 8 4 S SON 
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June 1973 

Period Period 
(Avg.l0 (Indi v. Brea ker 
Waves) Wave) Height Breaker a

b 
Date Sec. Sec. Ft. Type Degrees 

1 13 12 3 S 0° 
2 
3 
4 11.5 8 2 S SON 
5 13 9.5 2 S SON 
6 9 8 2 S SON 
7 9 7.5 2 S 0° 
8 10 8 2 S SON 
9 

10 
11 
12 10 7.5 3 S SON 
13 14 12.5 4 S 5 o;~ 
14 12 10 7 S SON 
15 13 9.2 7 S SON 
16 
17 
18 12 9.3 6 S S° :-J 
19 10 9 4 S 
20 10 8 ") S 00 

"-

21 10 8 2 S 0° 
22 14 13 4 S 50 S 
23 
24 
25 14 12 S S 0° 
26 12 9.6 4 S 00 

27 12.5 11 3 S 50 S 
28 10 10 2 S 50 S 
29 10 8 2 S 00 

30 
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July 1973 

Period Period 
(Avg.l0 (I ndiv. Brea ker 
Waves) Wave) Height Breaker (lb 

Date Sec. Sec. Ft. Type De grees 

1 
2 12 10 6 S 50 S 
3 10 9 6 S SON 
4 
5 13 11 3 S 0° 
6 10 8 3 S SON 
7 
8 
9 10 7.7 2 S SON 

10 12 9 2 S 0° 
11 12 8 3 S 0° 
12 10 7 6 S SON 
13 12 8 5 S 0° 
14 
15 
16 9 6.7 2 S SON 
17 8 6.5 3 S SON 
18 10 7 3 S 0° 
19 10 7 3 S SON 
20 10 7 3 S SON 
21 
22 
23 12 11 4 S SON 
24 13 10.5 5 S SON 
25 12 8 6 S SON 
26 13 15 6 S 50 S 
27 15 14 4 S 50 S 
28 
29 
30 15 14 4 S 50 S 
31 14 14 4 S 50 S 
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Augus t 1973 

Period Period 
(Avg.l0 (Indi v . Breaker 
Waves) Wave) Hei ght Breaker (lb 

Date Sec. Sec. Ft. Typ e Degrees 

1 13 8 2 S 50 S 
2 11.5 8.3 2 S 0° 
3 13 9 3 S 0° 
4 
5 
6 13 9.3 2 S 0° 
7 13 9.3 3 S 0° 
8 12.5 8 3 S 0° 
9 9 8.5 4 S SON 

10 9.5 8 5 S SON 
11 
12 
13 10 8 3 S SON 
14 9 6.5 2 S 0° 
IS 12 11.5 2 S 50 S 
16 IS IS 4 S 50 S 
17 IS IS 5 S 50 S 

8 
19 
20 8 8 3 S SON 
21 10 8 2 S SON 
22 10 7.5 4 S SON 
23 9.5 8 5 S 0° 
24 10 4 0° 
25 
26 
27 IS IS '1 S 50 S L. 

28 11 11 '1 S 0° .. 
29 14 IS -, S 50 S L. 

30 14 11 2 S 0° 
31 12 11 2 S 0° 
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September 1973 

Period Period 
(Avg .10 (Indi v. Breaker 
Waves) Wave) Height Breaker 

Ct
b 

Date Sec. Sec. Ft. Type Degrees 

1 
2 
3 
4 14 9.5 2 S 50 S 
5 13 8.5 2 S 50 S 
6 7.5 7 3 S SON 
7 8.5 9.6 4 S SON 
8 
9 

10 8.7 9.6 2 S 0° 
11 8.2 8 1 S 0° 
12 7.1 8.9 2 S 0° 
13 11 10.7 2 S 50 S 
14 13 11.4 2 S 0° 
15 
16 
17 15 14 2 S SON 
18 12 10 3 S 0° 
19 10 8.6 3 S 0° 
20 11 8.5 4 S SON 
21 8 8 5 S SON 
22 8 8 5 S SON 

23 
. 24 9 8 5 S 0° 

25 7.7 8 4 S 0° 
26 13 11 4 S 0° 
27 11 13 5 S 50 S 
28 14 15 5 S 80 S 
29 
30 
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October 1973 

Period Period 
(Avg.l0 (Indiv. Breaker 
Waves) Wave) Height Breaker 

a b 
Date Sec. Sec. Ft. Type Degrees 

1 12 12 2 S 50 S 
2 10 8.5 2 S 50 S 
3 7.5 7.5 4 S SON 
4 12 8.5 3 S SON 
5 13 8.5 2 S SON 
6 
7 
8 10 8 2 S SON 
9 6.5 6 4 S SON 

10 8 6.5 4 S SON 
11 11 8.5 3 S 0° 
12 12 8 2 S 0° 
13 
14 
IS 12.5 11.5 2 S 0° 
16 10 8 3 S 0° 
17 11 11 4 S 50 S 
18 14 12 4 S 0° 
19 12 11.5 4 S 50 S 
20 
21 
22 14 14 4 SIP 50 S 
23 13 12 :> SIP SoS 
24 12 13 5 S SON 
25 10 8 5 S SON 
26 10 7.4 4 S SO N 
27 
28 
29 12 11.5 4 S SON 
30 14 14 S P SON 
31 14 12 6 SIP SON 
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November 1973 

Period Period 
(Avg.l0 (Indiv. Breaker 
Waves) Wave) Height Breaker Ctb 

Date Sec. Sec. Ft. Type Degrees 

1 10 11 4 S SON 
2 10.5 7.5 3 5 SON 
3 
4 
5 14 14 3 S 0° 
6 11 10.5 2 5 SON 
7 11 10.3 4 S SON 
8 9.5 9 3 5 0° 
9 10 9 2 5 0° 

10 
11 
12 10 10 4 5 SON 
13 10 11.3 6 S SON 
14 9 9 4 5 0° 
15 11 8.2 4 S 0° 
16 10 8 3 S 0° 
17 
18 
19 9.8 9.7 5 S 0° 
20 8.5 8.7 4 S 0° 
21 8 .5 9 4 5 SON 
22 
23 
24 
25 
26 10 8.5 5 S 0° 
27 14 13.3 5 S 0° 
28 14 12.5 3 S 50 S 
29 12 9.8 4 5 5°5 
30 12 14 6 SIP 0° 
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December 1973 

Period Period 
(Avg.l0 (Indiv. Breaker 
Wave) Wave) Height Breaker <lb 

Date Sec. Sec . Ft. Type Degrees 

1 
2 
3 8 8.5 4 S 0° 
4 10 8 4 S 5°N 
5 12 11 2 S 0° 
6 15 14 4 S 0° 
7 12.3 12.7 3 SIP 0° 
8 
9 

10 14 12 3 S 50 S 
11 15 15 6 S 50 S 
12 13 10.7 6 S 50 S 
13 12 11. 4 5 S 50 S 
14 16 16 7 S 50 S 
15 
16 
17 10 8 4 S 
18 12 12 4 S 50 S 
19 11 11.6 4 SIP 50 S 
20 14 14.3 5 P 50 S 
21 15 11.8 6 $ 5°$ 
22 
23 
24 
25 
26 12 11.5 5 $ 0° 
27 11 8.8 4 $ 0° 
28 
29 
30 
31 
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January 1974 

Period ?eriod 
(Avg.l0 (Indiv. Breaker 
Waves) Wave) Height Breaker CL

b 
Date Sec. Sec. Ft. Typ e Degrees 

1 
2 1l.S 8 5 S SON 
3 13 1l.8 4 S 5 0 S 
4 5.5 5 2 S lSoS 
5 
6 
7 10 6 2 S 10 0 S 
8 9 9.2 6 S 80 S 
9 8 4 S 50 S 

10 16 15 . 5 6 S 50 S 
II 16 16 6 S 50 S 
12 
13 
14 13.5 13 6 SIP 50 S 
15 13 12.7 5 SIP 50 S 
16 12.5 1l . 5 6 SIP 50 S 
17 15 14.5 6 SIP 50 S 
18 S 
19 
20 
21 II II 6 S SON 
22 13 12.5 5 S 0° 
23 10 11 3 S SON 
24 3 S 
25 3 S 
26 
27 
28 10 10 3 S 0° 
29 12 9. 7 4 S SON 
30 14 14.5 4 S SON 
31 10 9.5 ") S 0° '-
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February 1974 

Period Period 
(Avg.l0 (Indiv. Breaker 
Waves) Wave) Height Breai:er (lb 

Date Sec. Sec. Ft. Type Degrees 

1 7 7.3 2 S 00 

2 
3 
4 15 IS 5 S 00 
S 10 10 S S 
6 12 12 7 S SON 
7 11 12 4 S 00 

8 IS 14.S 3 S 00 

9 
10 
11 13 .5 13.2 5 SIP SON 
12 15 15 6 S SO N 
13 10 8.5 4 S SON 
14 12 11 4 S 00 
15 
16 
17 
18 
19 14 14 . 5 5 S SON 
20 9 8.7 7 S SO N 
21 
22 12 12 6 SIP SON 
23 
24 
25 10 10 3 S 00 

26 14 11 2 S 00 

27 10 8.5 3 S 00 

28 13 13 3 S SON 
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March 1974 

Period Period 
(Avg.l0 (Indi v. Br eaker 
Waves) Wave) Height Breaker CL

b 
Date Sec. Sec. Ft. Type Degrees 

1 12 12.5 4 S 0° 
') ... 
3 
4 11 11 8 S 0° 
5 10 8 4 S SON 
6 11 9.5 3 S 0° 
7 12 8 2 S 0° 
8 6 6.2 9 S 0° 
9 

10 
11 12.5 8 2 S 0° 
12 12 8 2 S 0° 
13 16 14.5 4 S SO;~ 

14 9 3 S 
IS 9 3 S 
16 
17 
18 12 12 3 S 50 S 
19 14.5 12 2 S 0° 
20 14 13 .9 2 S 50 S 
21 12 2 S 50 S 
22 12.5 12.5 2 S 50 S 
23 
24 
25 
26 13 ~2.3 4 S 50 S 
27 IS 15.5 7 S 0° 
28 IS ~S 7 S 0° 
29 14.5 14 6 S 0° 
30 
31 
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April 1974 

Period Period 
(Avg.l0 (Indi v. Breaker 
Waves) Wave) lleight Breaker CL

b 
Date Sec. Sec. Ft. Type Degrees 

1 13.5 12.1 6 S 0° 
2 10 7.3 6 S 0° 
3 11 7 6 S 0° 
4 11 .5 11.5 5 S 0° 
5 14 10.7 3 S 0° 
6 
7 
8 10 10 3 S 0° 
9 6.3 6.1 3 S SON 

10 10 7.6 7 S SON 
11 IS 9 7 S SON 
12 
13 
14 
IS 12.5 11.1 2 S SON 
16 11 8.4 4 S SON 
17 12 12 4 S 0° 
18 10 14.1 4 S 0° 
19 10 10.4 4 S 0° 
20 
21 
22 10 14.5 2 S SO N 
23 IS IS 2 S SON 
24 16 14 2 S 0° 
25 9 8 4 S 0° 
26 10 8.5 4 S SON 
27 
28 
29 10 8.5 4 S SON 
30 10 8.5 3 S SON 
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~lay 1974 

Period Period 
(Avg.10 (Indiv. Breaker 
\'laves) Wcve) Height Breaker °b 

Da te Sec. Sec. Ft. Type Degrees 

1 8 8 3 S SON 
2 10 9 4 S SON 
3 
4 
S 
6 12 12 4 S SON 
7 13. S 12 3 S SON 
8 13. S 12 2 S SON 
9 

10 
11 
12 
13 11.S 4 S SON 
14 10,S 4 S SON 
IS 
16 11 4 S SON 
17 8 6 S SON 
18 
19 
20 8.S 4 S SON 
21 8.5 3 S SON 
22 8 4 S SON 
23 8 4 S SON 
24 8 4 S SON 
2S 9 4 S SON 
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r\PPLNll1 \ L 

CO~1PARISO\! OF PRESSURE SENSOR ARRAY AND VISUAL OBSERVATIONS 

OF WAVES AT TORREY PD:ES BEAC'I; CALIFORr\IA 

FEBRUARY 1973 - ~~Y 1974 

Definition of terms: 

1. 

2. 

3. 

4. 

5. 

Ii. 

7. 

8. 

!-Ib 

Period: 

Period: 

a 
0 

6a 
o 

(Pressure sensors) calculated hreaker height from energy 
density of the energy spectral peak and refraction to 
the shoreline. 

(Visual observation) visual estimate of breaker height 
by ohserver on the heach. 

(Pressure sensors) model period for the defined peak 
of the data from all four pressure sensors of the d1Tay. 

(Visual observations) the average period of III 
individual waves as seen hy the observer. 

The direction of best fit to a single wave train of 
the data measured by the four-sensor array. Angle 
is measured from the norm81 to the array in 3:;-foot
hClter (lO meters) depth. 

Uncertaint), assigned to a . 
o 

(Pressure sensors) the angle of approach of a wave to 
the beach calculated h)' refracting the measured direct
ion of best fit to the arra), shoreward to the breaker 
depth of the \,ave relative to ~1SL. 

(Visual observ3tions) the observed angle of approach 
of the h'aves relat i ve to the beach at the hreak point. 

~1eaSUre)~lents from pressllre sensors ;l)"C data from T<lhle V-I of lnm<ln 
( i n r r E' p;] rat i () n, 1:17:;). 
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Measurements From Pressure Sensors Vi sual Observations 

/).a Hb 
Indiv. 

Hb Period a Cl b Period 
a b 0 0 

SAS Run and Date Sec Degrees Degrees Degrees Feet Sec Degrees Feet 

SAS-1-13 Feb. 73-02 12.3 12°S ± 3° 0° 5.8 8 0° 8 
16.4 3.0 

SAS-1-14 Feb. 73-02 14.2 90 S ± 2° IO N 7.4 14 0° 7 
6.4 10 0 S ± 2° ION 2.0 

SAS-1-20 Feb. 73-03 16.8 13°S ± ] ° 0° 6.1 ] 5 0° 6 
8.8 14°S ± 2° 0° 2.5 
:'.9 1.4 
5.0 0.7 

SAS-1-21 Feb. 73-02 16.8 13°S ± 1° 0° 6.3 14.5 0° 6 
OJ 6.9 10 0 S ± 3° 0° 0.9 

5.6 0.9 

SAS-l-22 Feh. 73-02 ]4.2 ]7°S ± 2° lOS 4.5 13 0° 4 
5.0 60 S ION 0.6 

SAS-1-23 Feb. 73-02 12.3 3°N ± ·2° ION 3.1 9 0° 3 
6.9 33°N ± ~O 3°S 0.8 :> 

4.5 0.5 

SAS-I-10 Apr. 73-03 12.3 2.8 13 S°;...J 3 
9.8 1.7 
6.4 0.7 
4.3 0.4 

SAS-1-12 Apr . 73-03 14.2 4.4 11 0° 4 
6.4 2.3 



Measurements From Pre ssure Sensors Vi sua l Obser va t ions 

Indiv. 
Period 0. /:).0. o.b 

Hb Period b Hb 

SAS Run and Date Sec. 0 0 Feet Sec. Degrees Feet Degrees Degrees Degrees . 
SAS-1-1.3 Apr. 73-03 14.2 4.3 8 0° 5 

5.9 2.7 
4.1 1.5 

SAS-1-16 Apr. 73-03 16.8 3.0 11 0° 5 
6.9 2.8 

SAS-1-17 Apr. 73-03 12.3 3.0 12 SON 5 
9.8 1.9 
6.4 2.1 
5.3 1.8 

SAS-1-16 May 73-03 14.2 22°S ± 3° lOS 1.6 10.5 0° 3 
0' 

9.8 0° '")0 2°N 2.6 I\) ± '-

4.3 28°S ± S° 0° 0.7 

SAS-1-17 May 73-02 10.9 2°S ± 2° SON 3.3 11 SON 3 
4.5 SON ± 3" ION 0.8 

SAS-1-18 May 73-03 12.3 10"S ± 2° 0° 2.8 8.5 0° 4 
4.5 2°S ± S° 3°N l.~ 

SAS-l-21 May 73-03 14.2 20 0 S ± S° lOS 2.7 9 SON 3 
5.6 1.8 

SAS-1-22 liay 73-03 10.9 0° ± 2° 2°N 2.8 10 SON 5 
6.0 1.5 

SAS-1-23 May 73-03 10.9 4°S ± 3° 2°N 2.8 9 SON 4 
6.0 30 0 N ± S° lOoN 1.4 



Measurements From Pressure Sensors Vi s ual Ob s er vati on s 

6a Hb 
Indiv. 

Hb Period a a
b Period a

b 0 0 

SAS Run and Date Sec. Degrees Degrees Degrees Feet Sec. Degrees Feet 

SAS-1-24 May 73-03 14.2 36°S ± 5° 2°S 1.7 8.5 SON 3 
6.9 4°N ± 3° 3°N 2.0 

SAS-1-2S May 73-03 12.3 50S ± 2° ION 3.5 12 SON 5 
6.4 60S ± 5° 10N l.7 

SAS-1-29 May 73-03 14.2 23°S ± 1 ° 1 Os 1.9 
8.8 0° ± 

~O 2°N l.7 8.6 0° 3 .) 

SAS-1-30 May 73-03 14.2 21 Os ± 2° lOS 2.0 9.3 0° 3 
7.4 1.6 

01 SAS-1-31 ~1ay 73-03 16.8 24°S ± 1° lOS 3.0 01 
10.9 2°S ± 2° 2°N 2.2 8 SON .~ 

7.4 1.3 

SAS-1-01 June 73-02 16.8 23 ° S ± 1° lOS 2.9 
12.3 lOS ± 2° 2°N 2.6 L? 0° 3 
6.4 1.2 

SAS-1-04 June 73-03 12.3 lSoS ± 3° 0° 3.1 
8.8 SON ± 2° 3°N 1.7 8 SON 2 
4.3 0.7 

SAS-1-0S June 73-03 12.3 60S ± 3° ION l.8 9.5 SON 2 
8.8 ION ± 2° 2°N 2.2 

SAS-1-09 July 73-03 16.8 2SoS ± 1° lOS 1.6 
8.1 3°N ± 3° 3°N 2.5 7.7 SON 2 



Measurement s sure Sensors Visua l Observations 

fja Hb 
Indiv. 

Hb Period 0.0 0 
a

b Period a
b 

SAS Run and Da te Sec. Degrees Degr e s Degrees Feet Sec . Degree s Feet 

SAS-1-10 July 73-02 14.2 24°5 ± 1 ° lOS 1.7 
8.8 3°N ± 3° 3°N 2.8 9 0° 2 
4.8 l.0 

SAS-1-11 July 73-02 14.2 26°S ± 1 ° l°S l.7 
9.8 0° ± 3° 2°N 2.5 8 0° 3 
5.3 2 ,4 

SAS-1-16 July 73 - 03 14.2 nOs ± 1° lOS 1.8 
9.8 ION ± 4° 2°N 2.5 6.7 SON 2 
5.9 1.7 

SAS -1-19 Ju ly 73-03 16.8 22°S ± 3° lOs 3.3 
VI 5.9 7°N ± 4 ° 4°N 1.8 7 SON 3 
~ 

SAS- 1-20 July 73-03 16.8 ION ± 1° lOS 3.2 
6.9 2l oN ± 2° 2°N 2.4 7 SON 3 

SAS-1-23 July 73-03 1.4 , 2 23°S ± 1° lOS 2.3 
9.8 3°N ± 3° 3°N 3.2 11 SON 4 
5.6 l.8 

SAS-1-24 July 73-02 16.8 29°S ± 1° 2°S 2.6 
8.1 3°N ± 4° 4°N 3.9 10.5 SON 5 

SAS-1-30 July 73-02 14,2 26°S ± 1° 2°S 3.2 14 50 S 4 
8.8 2°N ± 3° 2°N l .6 
5.3 l.4 

SAS-1-01 Aug. 73- 03 14.2 24°5 ± 2° lOs 2.1 
6.9 9°N ± 4° 4°N l.8 8 50 S 2 



Measurement From Pr e -sur e Sensor s Vi sua l Observations 

t:.a. Hb 
Indiv. 

Hb Period a a
b Period a

b 0 0 

SAS Run and Date Sec, Degrees Degrees Degr es Feet Sec . Degrees Feet 

SAS-1-02 Aug. 73-03 14.2 25°S ± 1° 50S 2.2 
8.1 6°N ± 3° 90N 2.4 8.3 0° 2 

SAS-1-10 Aug. 73-03 14.2 25°S ± 1° lOS 2.6 
8.1 7°1 ± 4° 4°N 2.1 8 SON 5 

SAS-1-1S Aug. 73-02 16.8 23°S ± 1° lOS 3.4 11. 5 50 S 2 
5.6 4°N ± 4° 3°N 1.0 

SAS-1-16 Aug. 73-03 16.8 23°S ± 3° lOS 4.2 IS 50 S 4 
8.1 7°N ± 4° 3°N 1.5 

VI SAS-1- 20 Aug. 73- 03 12.3 24°S ± 
_0 lOS 2.3 (]I 
.) 

5.6 6°N ± 4° 4°N l.8 8 SON 3 

SAS-l-21 Aug. 73-03 16.8 26°S ± 1° 2°S 3.6 
8.1 2.4 8 SON 2 

SAS-l-22 Aug. 73-03 16.8 27°S ± 2° 2°S 3.4 
7.4 3.1 7.5 SON 4 
6.0 2.5 

SAS-1-23 Aug. 73-03 14.2 2SoS ± 1° lOS 2.8 
8.1 2°S ± 2° 3°N 3.2 8 0° 5 
6.4 70S ± 3° ION 2.5 

SAS-1-24 Aug. 73-03 16.8 24°S ± 2° lOS 2.1 
8.1 4°S ± 2° 2°N 3.2 10 0° 4 



Measurements From Pressure Sensors Visual Observation s 

Hb 
Indiv. H 

Period CL t1CL CL
b Period CL

b b 0 0 

SAS Run and Date Sec. D e~r ee s De gr ees De~rees Feet Sec. Degrees Feet 

SAS-1- 27 Aug. 73-02 16.8 27°S ± 1 a lOS 2.6 15 50S 2 
9.8 lOS ± 20 2°N 2.0 
5.0 1.2 

SAS-1-06 Sept. 73-03 16.8 26°S ± 50 lOS 3.3 
8.8 lOS ± 50 2°N 3.2 7 SON 3 

SAS-1-07 Sept. 73-03 14.2 26°S ± 4 a 2°S 4.5 
8.8 lOS ± 50 3°N 3.7 9.6 SON 4 

SAS-1-14 Sept. 73-03 14.2 22°S ± 5° lOS 2.3 
10.9 

01 
2°S ± 3° 2°N 2.7 11 .4 0° :2 

(]I 

SAS-1-17 Sept. 73-03 16.8 22°S ± 5° lOS 2.7 
12.3 2°N ± 4 ° 2°N 2.5 14 SON 2 
5.0 l.3 

SAS-1-18 Sept. 73-03 14.2 20 0 S ± 4° lOS 2.4 
9.8 lOS ± 4 a 2°N 2.0 10 00 3 
6 .4. 2.1 

5 5-1-19 Sept. 73-03 14.2 21 aS ± 4 ° lOS 2.1 8.6 0° 3 
6.0 4°S ± 3° 2°N 1.9 

SAS-1-20 Sept. 73-03 14.2 22°S ± 4 ° lOS 3 . 1 
9.8 l°N ± 3° 2°N 1.7 8.5 SON 4 
6.4 2.4 

SAS-l-21 Sept. 73-03 12.3 50 S ± 3° l°N l.8 
7.4 3°S ± 3° 2°N 3.0 8 SON 5 



Measuremen t s From Pressure Sensor s Vi sual Obser va t i ons 

l'.a Hb 
Indiv. 

Hb Period a a
b Period 

a b 0 0 

SAS Run and Dat e Sec. Degrees Degrees Degr es Feet Sec. Degree s Feet 

SAS-1-24 Sept. 73-03 10.9 0° ± 3° 2°N 3.0 
7.4 9°N ± 3° SON 3.0 8 0° 5 

SAS-I-02 Oct. 73-03 16.8 18°S ± 3 ° 0° 1.6 
10.9 nos ± 4 ° lOS 1.9 8.5 50 S 2 
6.4 1.1 

SAS-I-03 Oct . 73-02 16.8 19°5 ± 3° 0° 2.2 
8.1 3°N ± 3° 2°N 2.3 7.5 SON 4 

SAS-I-08 Oct. 73-02 14.2 23°S ± 3 ° lOS 1.9 
7.4 2°N ± 4 ° 3°N ? .., 8 SON .., 

(.) "-

5.0 1.6 

SAS-I-09 Oct. 73-02 16.8 26°S ± 2° lOs 2.4 
7.4 SON ± 3° 3°N 1.9 6 SON 4 

SAS-I-I0 Oct. 73-03 14.2 26°S ± 2° lOS 2. 1 
6.9 00 ± 3° 3°N 2.6 6.5 SON 4 

SAS-l-11 Oct. 73-03 14.2 2SoS ± 4 ° lOs 2.1 
9.8 lOS ± 4 ° 2°N 1.9 8.5 00 3 

SAS-1-16 Oct. 73-02 14.2 21°S ± 2° lOS 3.9 
5.3 0° ± 3° 3°N 1.5 8 00 3 

SAS-1-19 Oct. 73-03 16.8 22°S ± 1 ° lOS 4.2 11.5 50 S 4 
5.0 2°N ± 2° 4°N 1.5 



Measurement s From Pressure Sensors Visual Obs e rvati ons 

fja Hb 
Indiv. 

Hb Period a ab Period a b 0 0 

SAS Run and Date Sec. Degrees Degrees Degrees Feet Sec. Degr ees Feet 

SAS- l-22 Oct. 73-03 14.2 21 Os ± 3° lOS 2.7 14 50 S 4 
10.9 2°S ± 3° 2°N 3.3 

SAS-1-23 Oct. 73-03 14.2 22°S ± 2° lOS 2.6 12 50 S 3 
7.4 28°S ± 3 ° 2°S l.S 

5AS-1-24 Oct. 73-02 12.3 50 S ± 3° ION 4.3 13 SON 5 
7.4 1 oN ± 4 ° SON 3.0 

SAS-1-2S Oct. 73-03 16.8 2SoS ± 1 ° lOS 1.8 
8.8 3°S ± 3° 2°N 3.4 8 SON 5 

01 
(X) SAS - 1 - 26 Oc t. 73-02 16.8 2SoS ± 1 ° lOS 2.1 

9.8 2°N ± 2° ZON 1. 9 7.4 SON 
7.4 2.0 

SAS-1-29 Oct. 73-02 16.8 17°S ± 3° lOS 3.6 
12.3 2°S ± 2° 2°N 2.8 11 .5 SON 4 
8.1 2.9 

SAS-1-02 Nov. 73-02 14.2 IrS ± 4 ° lOS 3.9 
8.1 ION ± 2° 2°N 1.9 7.5 SON 3 

SAS-1-0S Nov. 73-02 16.8 18°S ± 3 ° 0° 3.5 14 0° 3 
6.0 ION ± 2° 4°N 2.0 

SAS-1-07 Nov. 73-02 12.3 50 S ± 3° ION 3.8 10.3 SON 4 
6.0 l.8 

SAS-1-08 Nov. 73 -03 14.2 2SoS ± 3° lOS 2.0 
9.8 4°S ± 4 ° 2°N 3.0 9 0° 3 



t-feasurements From Pres su e Sensors Vis ual Ob s er va tions 

/':,.a Hb 
Indiv. 

I-I 
Period a a

b Period a
b 0 0 b 

SAS Run and Date Sec. Degrees Degrees Degrees Feet Sec. Degrees Feet 

SAS-1-09 Nov. 73-03 16.8 24 Os ± 2° lOS 2.2 
10.9 2°S ± 3° 2°N 2.5 9 0° 2 

SAS-1-12 Nov. 73-03 12.3 70 S :!: 2° ION 4.7 10 SON 4 
4.1 30 0 S ± 3° 90 S 4.9 

SAS-1-13 Nov. 73-03 9.8 2°S ± 2° 2°N 4.7 11. 3 SON 6 
5.6 2.0 

SAS-1-03 Dec. 73-02 9.8 3°S ± ,0 2°N 4.7 8.5 0° 2 

(,oJ SAS-1-05 Dec. 73-02 16.8 60 S ± 2° ION 3.0 11 0° 2 
<D 8.8 2°N ± 2° 2°N 1.8 

6.4 1.4 

SAS-1-10 Dec. 73-03 20.5 2.6 
14. 2 12°S ± 3° 0° 2.6 
10.9 lSoS ± 2° 0° 2.5 12 50 S 3 
6.9 1.4 

SAS-1-12 Dec. 73-03 14.2 80 S ± 2° ION 3.9 10.7 50 S 6 
4.1 68°S ± 3° 90 S 0.7 

SAS-1-18 Dec. 73-03 14.2 11 Os ± 4° 0° 3.6 12 50 S 4 
7.4 43°S ± 4° SON 3.0 

SAS-1-19 Dec. 73-03 12.3 0° 3.7 11.6 50 S 4 
8.1 SON 1.8 
5.6 1.2 



Measurements From Pressure S nsors rvat i ons 

Indiv, 
Hb Period a 60.

0 
a b Hb Period Ci.

b 0 
SAS Run and Date Sec. Degr es Degrees Degrees Feet Sec. Degrees Feet 

SAS-I-21 Dec. 73-02 36.6 2.4 
14.2 13°S ± 4 ° 0° S.6 11.8 SOS 6 
6.4 33°N ± 3 ° 7°N 1 .1 

SAS-I-02 Jan. 74-03 16.8 17°S ± 4 ° 0° 4.3 
8.1 14°N ± 4 ° SON 2.4 8 SON S 

SAS-I-03 Jan. 74-02 14.2 2SOS ± 4 ° 2°S 4.S 11. 8 SON 4 
8.8 4°S ± 2° ION 2.1 

SAS-I-08 Jan. 74-03 8.8 18°S ± 4 ° lOS S.2 9.2 8 0 S 6 

~ SAS-1-09 Jan. 74-02 8.8 30 0 S ± SO 4 °~ 4.8 8 SOS 4 0 '-' 

S /~S-1-10 Jan. 74-03 20.S 17°S ± 3° 0° 3.9 lS.5 SOS 6 
9.8 13°S ± 3° 0° 2.8 

SAS 1-11 Jan. 74-03 14.2 15°S _0 0" 3.4 16 SoS 6 ± .) 

7.4 23°S ± 4 ° 2°S 1.3 

SAS-I-14 Jan. 74-02 14.2 90 S ± 3° ION S.9 13 SOS 6 

SAS-l-IS Jan. 74 - 03 12.3 8 0 S ± 2° ION 4.2 12.7 SOS 5 

SAS-1-28 Jan. 74-03 14.2 SOS ± 3° ION 4.S 10 0° 3 
6.9 0° ± 4 ° ION 1.7 

SAS-1-29 Jan. 74-03 14.2 10 0 S ± 3° 0° 3.7 
9.8 4°N ± 3° ION 3.1 9.7 SON 4 

SAS-1-30 Jan. 74-03 14.2 90 S ± 3° 0° 2.7 14.S SON 4 
6.9 SON ± 3° 4°N .., -

L.. • .) 



~lea surements From Pressure Sensors Visua l Obse r va t i ons 

f1a a
b Hb 

Indiv. 
Hb a Period 

a
b Period 0 0 

SAS Run and Date Sec. Degrees Degrees Degrees Feet Sec. Degrees Feet 

SAS-1-11 Feb. 74 - 03 14.2 4°S ± 2° 2°N 5.8 13.2 SON 5 
6.9 50 S ± 3° 2°N '_ .8 
5.0 11 Os ± 3 ° 0° 1.3 

SAS-1-12 Feb. 74-02 16.8 8 0 S ± 1 ° 2°:-.1 2.8 15 SON 6 
12.3 5 0 S ± 1 ° ION 4.0 
5.3 l.S 

SAS-1-26 Feb. 74 -02 14.2 10 0 S ± 3 ° ION 3.8 11 0° 2 
6.0 4°N ± 2° cl°N 2.1 

-f> 

SAS-1-27 Feb. 74- 02 12.3 5 0 S ± 2° ION 3.4 
6.9 6°N ± 2° SON 2.9 8.5 0° 3 

SAS-1-07 Mar. 74 -03 9.8 4°S ± 2° ION 1.9 8 0° 2 
6.4 78°N ± 4 ° l.7 
4.8 l.4 

SAS-1-22 Mar. 74-03 12.3 11 Os ± 2° 0° 3.0 12.5 5 0 S 2 
5.0 13°N ± 4 ° SON 0.9 

SAS-1-26 Mar. 74-02 16 . 8 12°S ± 4 ° 2°N 6.3 
8.8 9 0 S ± 3° 0° 3.2 12.3 50 S 4 
6.0 1.6 

SAS-1-27 Mar. 74 -03 14.2 11 Os ± 4 ° 0° 7.3 15.5 0° 7 

SAS-1-28 Mar. 74 -03 12.3 80 S ± 4 ° ION 5.8 15 0° 7 



Measurements From Pressure Sensors Visua l Observations 

Period II I'Ill llb Hb llb Hb 0 0 

SAS Run and Date Sec. Degrees Degrees Degrees Feet Sec. Degrees Feet 

SAS-l-'29 ~1ar. 74-03 .)6.6 2 .7 
14.2 70 S ± 4 ° IO N 7.8 14 0° 6 

SAS-I-0l Apr. 74- 03 12.3 4°S ± 3° 2°N 5.8 12.1 0° 6 
8.1 4°S ± 4° 2°N 3.8 

SAS-I-03 Apr. 74-03 9.8 60 S ± 2° 2°N 6.5 7 0° 6 

SAS-I-04 Apr. 74 -02 16.8 21 Os ± 1 ° lOS 3.9 11.5 0° 5 
8.8 70 S ± 2° IO N 4.2 

SAS-I-05 Apr. 74 -02 14.2 14°S 
.lIo 

± 3° 0° ,1. 1 10.7 0° 3 
N 

SAS-1-15 . pro 7 -03 14.2 18°S ± 3° lOS 3.4 11.1 SON 2 

SAS-1-16 Apr. 74-03 12.3 3°S ± 3° 2°N 4.4 8.4 SON 4 
6.0 SON ± 4° 4°N 2.1 
4.3 

SAS - 1-17 ApT. 74-03 10.9 70 S ± 2° ION 3.0 12 0° 4 
4.3 76°S ± 5° 11 Os 0.8 

SI\S-I-18 ,L\pr. 74-03 14.2 60 S ± 1 ° 1° 2 .8 14.1 0° 4 
10.9 10 0 S ± 3° 0° 1.7 
5.3 1.7 

SAS-l-22 Apr. 74 -03 20.5 90 S ± 3° 0° 1.6 
14.2 90 S ± 3° 0° 2.8 14.5 SON 2 
4.8 1.3 



Measureme nt s From Pr ssure Sensors Visual Observat i ons 

/:"0. I-j 
I ndiv. 

H Period 0. o.b Period 
a

b b 0 0 b 
SAS Run and Date Sec. Degrees Degrees Degrees Feet Sec . Degrees Feel 

SAS-1-23 Apr. 74-02 16.8 2°S ± 1 ° ION 3.2 IS SON 2 
10.9 6 0 S ± 3° ION 2.5 
4.8 0.9 

SAS-1-24 Apr. 74-02 14.2 7 0 S ± 3° ION 4.2 14 0° 2 

SAS-1 - 2S Apr. 74 - 03 10.9 4°S ± 3° 2°N 4.2 8 0° 4 
6.4 2°N ± 4 ° 4°N 2.S 

SAS-1-26 Apr. 74-02 16.8 26°S ± 2° lOS 2. 4 
10.9 3°S ± 4 0 ION 2.4 8.S SON 4 

7 . 4 ~ c: 
.:. .).~ 

VI 

SAS-1-29 Apr. 74-03 10.9 lOS ± 3° 2°N 3.0 8.S SON 4 
6.9 7°N ± 4 ° 4°N 1.7 

SAS-1 - 30 Apr. 74-03 12.3 7 0 S ± 3 ° ION 2.6 8.S SON 3 
S.3 3°N ± SO SON 2.4 

SAS-I-01 May 74-03 12.3 SOS ± 3° ION 3.2 8 SON 3 

SAS-1-02 May 74-03 14.2 2SoS ± 2° lOS 2.3 9 SON 4 
10.9 4°S ± 3° ION 2.8 

SAS-I-06 May 74-02 16.8 22°S ± 2° lOS 3.3 12 SON 4 
S.3 6°N ± 3° 4°N 1.6 

SAS-I-08 May 74-03 12.3 6 0 S ± 3° ION 2.9 12 SON 2 
6.4 7°N ± 2° 4°N 1.4 



;\~ca sur cmrcn t s From f'res5ure Sensors Visual Ohservations 

lib 
Indiv. 

II Period Ci 60. Cin Pc:rlod Ci
b h 0 0 

SAC; Run and Date Sec. [) q>;rcl:S Uegrces [lcgreL's Feet. Sec. [)cgrces Fcet 

S,\S-I- L5 i,ray 74-03 16.8 2SoS 1 ° 1°C; 2.9 
12 .3 :s Os - ° 1°0: 3.3 11 . 5 SO\j 4 ,) 

8,8 3,4 

SAS-I-16 ~Iay 7:j·- 02 L 4 ,2 11°S ~o 0° 4.4 11 SON 4 .) 

8,8 2°\! 2° 3°"l - ') 
.) . (.. 

C),O 1.9 

S,\S-1-17 ~Ia ;: 74 - 03 12.3 .. 1 Os -0 
,) JON - -, 

.),L 

7,~ .) Os 2° .~ 0,\l 3.8 f) So\! (1 

~ SAS-I-2L ~I(l Y 74-0::: 1--1 • ::2 23°5 2° 1°C; O.S 
~ 

8. 1 0° 2° 3°\! 3.3 8.5 SON 3 



APPENDIX F 

PLOTTED BEACH PROFILES 

Each beach profile measured during this study was plotted using the 
computer program described in Appendix G. The plotted beach profiles are 
reproduced for the first l~OO f eet (427 meters) of the profile in this 
Appendix. Those profi les indicated by an asterisk are plotted to the 
survey limit because an offshore survey was not carried out. 

145 



TORREY PINES BEACH - NORTH RANGE 

6 JUN 72 
------MSL---------- ---------------~~--------~IO 

3 JUL 72 

31 JUL 72 

28 AUG 72 

25 SEPT 72 

23 OCT 72 

21 NOV 72 

18 DEC 72 

~J~ 
30 O~ 

~1O~ 
100 0 

METERS FEET 
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TORREY PINES BEACH - NORTH RANGE 

- - MSL- ---- - - ---,..---=--- --- ----< 0 

16 FEB 73 

16MAR73 

11APR73 

11 MAY 73 

6 JUN 73 

5 JUL 73 

~'~ 
30 0 ~ 
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METERS FEET 

147 



TORREY PINES BEACH - NORTH RANGE 

- MSL 

~3~ 

28 SEPT 73 
-10 

25 OCT 73 

28 NOV 73 

4 DEC 73 * 

17 DEC 73 

22 JAN 74 

~'O~ 
30 0 :::;;: 100 0 
METERS FEET 
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TORREY PIN ES BEACH - NORTH RANGE 

-- -- - MSL -

~3~ 

II MAR 74 * 
o 

21 MAR 74 

4 APR 74 

30 APR 74 

l lO 8 
I~ lL-

30 0 :::0; 100 0 
METERS FEET 
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tORRE Y PINES BEACH -INDIAN CANYON 

6 JUN 72 
- ---- - MSL---- --- ,- -----=--------- ------i 0 

3 JUL 72 

31 JUL 72 

28 AU G 72 

25 SE PT 72 

J3~ 
LL- UJ 

30 0 ::::E 

~10~ 
100 0 

METE RS FEET 
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TORREY PI NES BEACH -I NDIAI'J CANYON 

17 JAN 73 
---------------------=~~~----------~IO 

11APR73 

6 JUN 73 

5JUL73 

27 AUG 73 

~J~ 
30 0 ~ 

~IO~ 
100 0 

METERS FEET 
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TORREY PINES BEACH-INDIAN CANYON 

-----------MSL--------------------~~O 
25 OCT 73 

4 DEC 73* 

17 DEC 73 

~3~ llO~ 
~~ ~ 

30 0 100 0 
METERS FEET 
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APPENDIX G 

DESCRIPTION OF THE COMPUTER PROGRAM FOR 

PLOTTING BEACH PROF I LES 

This computer program is a simple plotting routine developed to 
specifically handle beach profile data. The program is written in ALGOL 
and can handle from 1 to ]0 profiles per plot. Csing an ll-inch 
Calcomp pen and ink plotter, the finished plot is 8 inches by 35 inches 
in dimensions. Scales for the plot are labeled in both metric and English 
units and have a 10 times vertical exaggeration. 

In use the program is stored in a file on the disk storage of the 
UCSD Burroughs 6700 tomputer during the time the plots are to be made. 
Disk storage saves time by having to compile the program only once. 
Data cards consisting of one x and y coordinate per profile data point 
and control cards for each survey are then run to make any number or 
combination of plots. Included below is a description of the program 
control cards and a complete listing of the program. 

DESCRI PTION OF PROGRAI>l CONTROL CARDS 

There must be one set of the cards described bel ow for each profile 
to be plotted. 

Card #1 

Card #2 

Card #3 

(free format, i.e., each number followed by ,) 

(1) N, number of profile data cards 

(2) S, symbol code number to indicate what symbol will 
be used to mark each set of data 

*(3) F, flag for whether or not to complete plot with 
this profile (see code below) 

(format 2A6) 

(1) key to be printed with symbol in right margin (maximum 
of 12 characters) Example: 12SEPT72NR 

DATE RANGE 

3 + 3 + N (format 2F 10.3) 

(1) X, for profile in fee t (1 st 10 COlUmnS) } 
must have 

(2) Y, for profile 111 f eet (columns 11-20) decimal point 

Note: These cards must be ar ranged 1n ascending order of X. 
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* Code for Program Completion Instruction 

o Plot this X array and complete plot 

I = This is the first of several X arrays to be plotted. Do not 
complete plot yet. 

2 This is another X array to be plotted on the existing plot. 
Do not complete plot yet. 

3 This is the final X array to be plotted. Complete plot. 
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(ALGOL) "PROFILE" 
BURROUGIIS/UCSD 86700 

BEGIN 

FILE CRD (KIND=9 ,HAXRECSIZE=14); 

FILE PRINTER(KI ND=6,MAXRECSIZ E=22); 

$ INCLUDE "PLOTTER/ ALCOL" 
$ BIND = FROM PLOTTER/= : 
PROC EDURE LINE(XA,YA,N,L,W,H,XM,XP,YM,YP); 
VALUE N,L,W,H,Xivl,XP,YH,YP; REAL N,L,W,H,Xivl,XP,nl,YP; 
Ar'RAY XA YA[*" EXTERNAL' r\ , I , , 

PROCEDURE SYMBOL (X,Y,H,S,R,N); 
VALUE X,Y,~I,R,N; REAL X,Y,H,R,N; ALPHA ARRAY S[*l; EXTERNAL; 

PROCEDURE PLOT(X,Y,P); VALUE X,Y,P; REAL X,Y; ALPllA P; EXTERNAL; 

PROCEDURE NUMBER(X,Y,H,Z,R,D); 
VALUE X,Y,II,Z,R,D; REAL X,Y,H,Z,R,D; EXTERNAL; 

PROCEDURE AXIS(S,Y,TITLE, N,I,R,M,V,T); 
VALUE X,Y, N,I,R,M,V,T; REAL X,Y,N,I,R,M,V,T; 
ALPHA ARRAY TITLEl*]; EXTERNAL; 

PROCEDURE ENDPLT; EXTERNAL; 

PROC ED URE LIMITS(M,N); VALUE M,N; REAL H,N; EXTLRNAL; 

PROCEDURE PENPOS(X,Y); REAL X,Y; EXTE AL; 

INTEGER ERROR; 
REAL ARRAY Xrl: 200],Y [1:200); 
ALPIIA ARRAY XCllAR [0: 21, YCI!AR [8: 21, TIlLI 0: 2J, KEY [0: 1]; 
INTEGER F,I,N,S; 
LABEL RD,EPF,EXIT; 

PROCEDURE PLOTDAT!\ ex, Y , N ,XMI N , X~tI\X, Yi-ll N , nL\X, XS, YS, XL, YL, XCIIi\I~, 
YCHAR,TITL,KEY,S.F . ); 

X=ARI<AY or X COORDJN!\Tf:S 
Y=ARR;\Y OF Y COOIWJNATES 
0! =NUMBER OF DATA POINTS TO BE PLOTTED 
XMIN=MINIMUM VALue FOR X-AXI S SCALE 
XivIAX=HAxn'IU~1 VALUE FOI< X-AXIS SCALE 
YMIN=~1JNHIU~'l VAlliE ron Y-AXl S SCALE 
YMAX=MAXIMUM VALU E FOR Y-AXI S SCALL 
XS=SP/\Cl'JG 01: X, -AXI S SCALI-: i>IARKS 
YS=SPACING OF Y -AXI S SCALI:: MAI<KS 
XL=LENGlll OF X AXIS IN INCIIES (I~SUALI,Y 10 01< 14 INCIIIS) 
YLo=LF~r,TH OF Y /\XIS IN INClIES(YL MUST BE 9 I"JCIIrS OR LL SS) 
XCJ-!J\R=ARRAY CONTAINING X- i\XI S lITn UvII\X1:'. IU ivl OF l ~ CIIAJ{ACTEI~S) 
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YCHAR~ARRAY CONTt\I 'UG ¥ -AXIS TITLE (~IAXI fill.t OF 18 CHARACTERS ) 
TITL"'ARRAY C ,,'TA INI( G PLOT 1 ITLE r IAXHIUM OF 18 CIIARI\CTERS) 
KEY=ARRAY COITAl"ING KE't tTO BE rRI~TED WITIt SY~tBOL IN t-lARGIN) 
~ = INTL=GER RU'RESENTDIG SY"IBOL TO BC US 0 FOR PLOTTING DATA POINTS 
F==FLAG FOR NUMBER F ARRAYS 0 BE PL01TED 

O=PLUl 1 HIS X AARA ' ,\ ' [) CO, fPLET[ PLOT 
l=THlS IS T!IE FIRST OF "EVH'AI. X ARRAYS TO BE PLOTTED. DO 

:-JOT cOMrl.ETE PLOT YE"l 
2=TiH: IS I 1\ TUET ,: ARk Y ro BL PLOTTED ON THE EXISTING 

PLOI'. DO 'OT COMPLrT[ T II PIOT YET 
3=1 HI. J STilE FDIAL ) I RHi\'r TO BE PLOTTED. COMPLETE PLOT 

NOTL: ll) POINT. TliA , EXTE Ii BEYO~[l THE lil\EN LIMITS FOR THE ,I\XES 
AkI PLOTTED 0,1 filE A:ES 

(2 1 THlRE I S ROOM POl O:-Jl. ' S [IIGITS PER NUMBER FOR TilE Y- A.XIS 
LI\RGER NUMBER - ~ [OULD BE SCALED ACCORD INGLY. 

(3) rrR LII E Y- AXES 'is MUST BE CEQ. I()Ot 
(4) A M,\XI.lUd OF 1U PROfILES PER PLOT IS ALLOWED 
l5J O!tLY OI 'E COMPLETt PLOT PER RUN IS ALLOWED 

'vA LUE YmN, Y MAX.X~fI.t.X~l X,XS,YS . : L.YL ; 
REAL ARR .. \y x P l. Y[ll,XCiAK[Ol,YCllAR rll j .lITL[O), KEy[Ol; 
ilEAL XMIN,XMAX,HlI .• YMA, , ;'S,YS,'C, YL; 
INTEGER N,S , F; 
BEGIN 
REAL XMN, XtoIX, Y il' ,Y. 1X , XSS, Y55. XVV , YVV ,XtofNl , YMNl; 

ALPHA \RRA'r 'CHARI [O:2j,YCrLI\Rl [l): ::;j; 
O~ REAL XV} ~ V, X~l, Yt-!, 
O\\f REAL AH.RA t rYCllIl.R [{I: Ill, 0: 11; 
ONN It-;TEGEP. i':A; 
01 . INTEGER ARK,\Y SY~l (0: in J ; 

NTEGER ARR·\ Y SI' [(I: 11 ; 
REAL AJ,TlC,ABA.'"X; 

EAL E,XC,YC,YY; 
T:-JTEGER ND. 'J' 
DJTEGF.I I. ' , K' 
LABEL DIG. [ IGY,rrSE?; 
ERRor -=:1. ; 
\'iRITCIPPIN'! L <"N-=:tt.lS," S=' 1S" !;: = L >. t ,s.n· 
IF P> l THE, GO TO PTS: 
WRITE PRIN"'ER.<' XMI =",EL.5," XMA ='·,U"._" YMIN=" 
E12 . 5 'I Y !A}, = ' ,r-I '.5," XS=",f:L._" YS",II El~.S>. X:MlrJ,XMA : . 
, II ) Yr.1M, XS )' S J ; 
IF,' 4 l )f YL>( THE ~ BEG! 

WRITE ( IU :-LP <"FLOT LE GTH OR HdGilT TOO LARGE - PROGKAt-l ABOPTEn"> 1 
ERROR'=l 
GO T J EP: E, t . 
IF X =0 OR YS = o THE~ LEGJ 
I'RITE PRJ 'TE ~ ,<". 01' Y f. IS TIL. ~fAR" SPACING SET EQUAL TO ZE[{O-

PI OGRAM ABORTED"> J • 

ERROR:"'l; 
GO TO EP; END; 
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HOT (46,0, "Xr.1AX") ; 
LIMITS (16, 1); 
PLOT(L,.5,"OR IG IN" ); 
PLOT(O,O,"UP" ) ; 
PLOT(XL,) ,"DPWN" ); 
PLOT (XL, YL, "DOWN " ) ; 
PLOT(O, YL, "OOWW ') ; 
PLOT (0,0, "001 " ); 

~o Y AXIS LABEL 
SYMBOL (-.88,. S*YL-l. 5, .2. YCHAR [* L 9 , 113 ); 
IF Y >0 THEN BEG IN 

% INEAR Y-AXIS 
YV::::: (n1AX- YMIN) / YL; 
FOR 1:=0 STEP 1 UNT IL 4 DO IF S GE 10**(-1 ) THE GO TO OI GY; 

OIGY: ND:=I; 
TIC: = .04 ; 
IF f-,IA X 999. THEN XX:=-. 5S-.1 * 0 EL E XX:= - . 3 5-.1 *: D; 
YMN :=YMNl := MIN; YMX :=YMAX; YSS :=Y 
FOR K: +0 STEP 1 UNT IL 1 DO BEGI N 
YVV"=( 'MX-Y MN )/YL; 
JJ:=E TIER(YVV/YSS+. 9 ); 
.J; =0; 
FOR YC:=YMNI TE YSS UNTIL 1.001* 'MX 00 BE I' 
YY:=(YC- YMN )/YVV; 
PLOT (0, YY, "UP") ; 
I F J MO JJ=O TH N BEG N 
PLOT (2*TIC, YY , "DOW "); 
NlJMBER(XX, YY -. 06 ,.12, YC, ,-1)' 
END 'LSE PLOT (TIC , YY , "001 ''' ) ; 
.J : =J + 1 ; 
E. D; 
TIC :=-. 04: 
XX : = .1 ; 
n1N :=3 .281*YMIN ; /IlX :=3. 28 1*nlA YSS :=Y *2.; 
YMN := (YMN DIV 1 )*10.; 
PLOT (XL+l,.S, "0R I I ") ; 
E ID; 
PLOT el , .5,"0 GI "); 
E 0 ; 
FIL -' YC Rl (*) WITH " E E ATI N eFT) "; 
SYMB L eXL+ l. S, . 5* L- . . S,.2 ,YCHARl(* ) , 9 , 14) ; 
I F HEN BE IN 

%PLOT X AX! LABEL AND TIT E 
S \~BOL(. S* XL-l. 5 , - .8 . 2, XCrlA f*1,0.18)· 
SY BOL L- 2. 5, -1 . , . L , TITL[ *] O. 18) ; 

"LI NEAR X- I I 
X := lXM I ) /XL; 
FO 1:=0 ST EP 1 UNTIL 4 DO IF . S GEQ 10**(1 ) 'WEN GO TO Ole; 

DIG : NO ::::: I ; 
XMN : = X~1N 1 : =XMIN ; 
T C:= . 4; 

XMX: =Xr- X; XSS:::::XS; 
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YY:=-. 2 ; 
FOR K:=O ST EP 1 UNTIL 1 DO BE GIN 
J: =0; 
XVV: = (XMX- X~!N ) / XL; 
].J:=ENTI ER( XVV/ S ~+. 9 9); 

FOR XC:= XMNI STEP XSS UNTIL XMX DO BEGIN 
XX: =( XC- XMN ) /XVV: 
PLOT (XX,O,Tl UpTI ) ; 
IF J MO D .]J=O THE! BEG IN 
PLOT (XX,2*T IC , " DOWN TI); 
NUMBER (XX,YY, - .1 2 ,- XC,O, -ND) ; 
END ELSE PLOT ( X , TIC,"DOI ") ; 
.] : =J + 1 ; 
END; 
TIC:=-.04; 
YY:= . I; 
XMN: = Xt-1I N* 3 . 281 ; XMX : =XMA *3 .281; XSS: =4 *XS; 
XMN I :'= ( XJ'vtN DIV 100) * 100 . ; 
PLOT (l , YL+ . 5, " ORIG I ") ; 
END ; 
PLOT(I,.S,"OR IGIN") ; 
END ; 
FILL XC HARl( .... · ] \ ITH "DIST CE (FT) II; 
SYMBOL(.S* XL -l.S,YL+.4, . 2 , XCHARI [*] ,0,13); 
XM"= XJVIIN; YM: ::YMIN; 

%PLOT DATA POI NT S 
PTS : 

FOR 1:=1 STEP 1 UNT IL N DO BEGIN 
X[I] :=-X [ I ] ; 
IF YS=O THEN BEGIN 

IF Y [I] > 0 TH EN Y [I] : =M 1N (YMAX, ~!AX ( YMI N ,LOG CY [I]) )) ELSE Y LI] : =YfvlIN; 
END ELSE 
Y [I ] : =M1N (yr.-lAX , MA X (YMIN , Y [I )) ; 
IF XS=O THEN BEGIN 

IF X[ I]>O THEN X[I) := ~lI N (Xr.!AX,MAX(XM I , LOG(X[I)))) ELSE X[I) :=XJ-..lIN ; 
END ELSE 

X[I) :=MIN( XMAX , ~tAX ( XMI N .• X[I ])) ; 
END ; 
LINE(X,Y,N,10,S, .12,XM, XV, YM , YV) ; 
REPLACE POI TER (KEYCHAR [J A,O]) BY POINTER(KEY) FOR 2 WORDS; 
SYM [ A] :=S; 
NA: =NA+l; 
IF F=O OR r=3 THEN BEG I N 
YY:=YL-.l; 
FOR I :=0 STEP 1 U TI L NA-l DO BEGI I 
S P [0] : =SYM [ I ] ; 
SYMBOL (XL+2.,YY+.06, .12,SP,G,-3 } ; 
SYMBOL (XL+2. S ,YY, .12,KEYCHAR [I, * ],O,1 2); 
YY :=YY-.3 .: 
END ; 
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F\fJPI.l , 
1:. 1[1, 

Er: ENTl I'r{lTD~TA~ 

FILL Xl.!J:I.!{l*1 WITH "DlST\~Cl: (~ lr.Tfr.·)· ' ; 

FILL YClu\R[ ' I WI fII "ELHATI O 'UlnrpS)": 
FiLl fI It r *] IV HI I "lORRL' r r [:-."; 

Rn: RE\[ ![ C){D,J,;~.S,f-l ; 

I F S .):; TilE;'; BI Cl\ 
WIUTH F'rnNl ER, <" Ir\('1 RR£CT snmUL - rROGR\~t t'.OI TED'!>-) :. 
Gn'l'O EX IT: r:~u; 

I f- F<O OR f ::; TI1CN Bl',(;l ~ 

\vll lTL (r (1. TEf!., <"F om e,1" '(,1.- [r OCR-V·! \ BO T1 0":> 1, 
CO TO X IT: E. n; 
I r j .> 21)() 1 Jlt.~~ P.!:(~ j \, 

\~r\1T (r'RI:-'lEI',< " :~ I :; TOO 1 R(;I (>L()OI 
cn TO E [[; E,\ll; 
RL\I I (rrn,<2A --,I\[.'l[* 1; 
FOR T ; =1 STEP 1 Ll.TIL \ flO B[Gl:-; 
Rnll(CRI),<2I'lO. -:;> , X[11,y{I ])[ Of'] 
x [ 1 1 : = . ; 04 8 * X r I 1 : 
Y[I] := . .:.(148*'1'[11; 
E:~r I ; 
PI.OTUATI\ " , ",~, - 11UII, (!. -20.;). :; 1).', ,.3(" OB9, R. _0':: 1 XCl! \! ,YrlL·\r 1 [I , 

fa·y , S. F 1 ; 
I\' IlI: (PPI\!T [I' , <"IJ.\l'A rLOTllll FOR' .2\(1) . l'E [*J); 
[F f.>Jl \'.D 1 ..... 1 TII E~: COlO RII 
co TO 1:\ IT; 

EQJ: WR t T[ (rR r ~:TER , <" , U.\lBER OF PRn (Lf - Rf S l1\ f S T EQlI \L - rROGR \i 
,\BORTErI"» : 

EX IT: r.:-.zll. 



APPE DTX :- i 

Sediment analysis data for sampl : s collected from Torrey Pines Beach, 
C:lliforn~a. 

Samples Collected b-9 Ju ly 1973: 

Sample 

South Ran~e 

Beach Face 2 .2 

16 ft. 2.7 

'4 ft. 3 1 

33 ft. 3.1 

Indl.ln Canyon R:ln~e 

Beach race 7 -_.::J 

16 ft '.:!.6 

"4 f't. 2 . 9 

33 ft. 
, , 
,) . .:. 

<1; f t . 3 . .J. 

-s ft. 

,ITth Rang8 

Be \.:h F ce 

t. 

• f . 

Md 
herons 

::?18 

154 

117 

11 7 

177 

165 

1.34 

109 

95 

_ ::J 

17-

1)9 

~5 

(I 2 

65 

Sorting 
0<1> 

c.s 

o c 

0 .45 

0.4 

0 .3 

0.5 

0 .45 

0.35 

0 .3 

0.3 

I. ~5 

O. 5 

0.45 

0.3 

Skewness 
n4> 

0.0 

0 . 0 

-0.11 

-0.25 

O.I! 

0.0 

-0 .11 

+0.14 

0.0 

. 0 

-t-U.14 

- 0.08 

-0.11 

0.0 



Appendix H (Cont'd) 

Samples Collected 25-26 February 1974 

Ml Sorting Skewn ess 
Samp~ Md¢ ~1i c ron s o¢ cx ¢ 

---

South Range 

Beach Face 2.2 218 0.45 -;-0.11 

16 ft. 2.4 189 0.60 -0 . 17 

24 ft. 3.2 109 0. 4 0 0.0 

33 ft. 3.3 102 0.30 0.0 

Indian Canyon Range 

Beach Face 2.3 203 0.40 0.0 

16 ft. 2.4 18 9 0.40 0.0 

24 ft. 3.2 109 0.35 --0.14 

33 ft. 3.4 95 D.30 0.0 

45 ft. 3.5 88 0.30 -- o. =~ 3 

65 ft. 3.5 88 0.25 --0.20 

North Range 

Bea ch Face 2.1 2:33 0.50 O.C 

16 ft. 2.2 218 0.60 - 0.17 

24 ft. 3.2 109 0.45 - O. 11 

33 ft. 3.4 95 0.30 o.n 

~ote: All samples were analyzed by sieving with 8-inch di ameter sieve s 
separated at 1/2¢ interva l s . Statistical paramet ers u s ed to 
characterize the grain si z distr i bution curves arc those of 
Inman (1952). Samples are fr om r ef er ence rod stations .::nd 
sample depths are rel at ive to MSL . 
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