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NATIONAL OCEAN SURVEY/CALIFORNIA ltlARINf BOUNDARY .PROGRAM 

I. INTRODUCTION Prepared by A. !<. Landsbergis and 0. M. Martin 

The ma1n objective of the National Ocean Survey (HOS)/CalHor11ia Marine 
Boundary Program (OIBP} fa to utilize tidal -data obuined fro.m the estabiishe.d 
tide stations~ detein\il\e t1c;lal datum~ of suffi c i ent accuracy to delineate 
marin'e boundaries and support tl\e NOS Nautical Chal"ting Program. In ad.di-tion 
to provilf,ing the surveyors With tida1 bel)ch marKs fl"om which boundaries can be. 
delineated, it also prc;>vides info.rmati<?n that enhances mapping of the coastal 
areas. 

The NOS and its predecessor agencie.s llave been f11C!king ti.c;ie observations 
since 1834. The early tid_e observation· programs focused on th~ needs of 
nautical cHl!rtillg . In later y.ears, tile need for de.temination of marine bound­
~ries placed more err.pliasis on tidal ·p~gr~ms for that specific purpose. lo 
acquire the necessary ti·de data for es tab li shi ng baselines for demarcating 
martne bounclartes, th~ NOS operates three types of tide stations; primary, 
secondary, and tertiary. Briefly these can be des.cr1berl as follows: 

The primary t.i-de s~ations comprise a pol'tfon of the National Tide 
Observatton Network (NTOtl). They are permanen~ ·installations where contiflUDus 
tide observation-s <1re .. collected for a mininitim of 19 years. Their pu·rpose is· 
~o provide 19~year acceptell va 1 ~es for If a tum computation, cpntro 1 of datum 
determination from short-term observations, and ~d monitor long-term sea level 
varfation~ which -affe;ct da~m computations. The data 'from th11se station? is 
also used to revfew and update the National Tida4 Oatum Epoch. 

. Secondary tide stations are required to obtain tidal data at intermediate 
locations within the NTON, ani.I information about seasonal variations and 
general t1da1 characteristics wfthin a particu1a·r bay or estuarine system. 

Tertiary tide -stations are stiort- t'enn stat1ons at whicb continuous obser­
vations are made for a minimum of ·30 days . They provide a loca.1 ·datum and 
infonnation conc;erning general tidal characteristtcs. at. intennediat.e poini:s 
within the secondary network of stations. 

In response to requests from state governments, marine boundary or tida'l 
datum· survey programs were developed for individual coa.stal stat~s. The first 
cooperative cost-shared program was with· i:he State of . F1ortda in 196S., 
followed by New Jersey, California, South -Carolina, Mississippi, and 
loui s tana. 

11 . BACKGROUND Prepared by A. K. land.sbergis and 0. M. Martin 

In March 1974, NOS entered into a cooperative ·agreement with the San 
Francisco District, U.S. Army Corps of Engineers (COE) to establish 15 secon­
dary· tide stations in Sou-th San Francisco to determine tidal datums. to assist 
in regulatfog develo.pment activities. Prior to the termination of the COE 
agr eemeQt in March 1976, California State· officiaJs became intereste11 in the 
cost-sharing marine boundary program because of pending litigations t h.roughout. 
the state. Subsequently, NOS and the State lands Divis1on signed an agreement 
in January 1976 for a 4-year program to collect tide data fr~m as many tide 
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stations as co1rld be reasonably funded under the terms of an agreement which 
was to be terminated December 1979. 

NOS provided the state with a detailed plan for tidal requirements for 
a 11 the coasta 1 and estuarine areas of Ca 1 ifornia . At the beginning of the 
third year of tile program, it was apparent that at the existing level of 
Federal/State funding, all the requirements could not be met by December 1979. 
NOS requested a list of priority areas from the state and in conjunction with 
NOS requirements to support hydrographic operations in Cal ifomia, a number of 
options were presented in June 1978. It was lllltually agreed that the 
secondary network of stations would be completed in San Pablo Ba,y, Suisun Bay, 
and the Sacramento and San Joaquin Deltas. Secondary and tertiary station 
networks had already been completeo for San Francisco Bay, Humboldt Boy , 
TlaJuana Estuary , and Moss Landing. By December 1979, all of the optional 
requirements of June 1978 were completed and approximately 50 percent of the 
original program plan were accomplishe!i. The following is a sunrnary of t he 
proposed s•ations and those established during the program: 

Prfmary 
Secondarv 
Terdary 

Total 

Total llumber 
of Proposeo 
iioe Stations 

4 
114 
186 

304 

Number of Stations Number of Stations Percentage 
Established at to be Established Accomplished 
the End of Project 

2 Sot 
80 34 1® 
71 115 38~ 

153 151 50% 

III. FIELD ACQUISITION OF DATA Prepared by R. F. Ldwing 

A. Intrcouct1on 

The tioe party was the ir.edium through which the Cr-'.BP Boundary was 
transformed from project instructions co an operational t idal observation 
network. The tioe party, tasked with performing the field operations, was a 
mobile unit r~ceiving technical direction and funding from lleadquarters in 

Rockville, Maryland and logistical and operat ional support from t he Pacific 
Marine Center (PMC) in Seattle, Washington. The tide party, by necessity, was 
responsible for rruch of its own administration, coordination, logfstics, 
equipment maintenance, and transportat ion . Meshing those functions with the 
varied contingencies of running a field operation presented a challenge whl<h 
required dedication, determination, and a team effort from all involved. Tile 
result was an efficient cidal observation network collening valuable , 
high-quality tidal data. 

8. California Tide Party (CTP} 

At its inception in July 1975, the CTP ~as esseotially a one-person field 
effort. At this time the program was a cooperative agreement between NO$ and 
COE with input from ihe State of California. lt required only a limited '1mount 
of tide stations. With the entrance of the state of California into tlie 
program tn January 1976, the scope eJtpanded and the CTP assumed the structure 
it would keep throughout the program. This consisted of: 
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~hief of Party (one ) - NOAA Corps Officer 
Oceanogra.pller (one) - NOS civilian employee 
Survey Technician (one ) - NOS civili~n employee 
Studen1' Engineering Aide {four) - Stai;e of California employees 

The Chi-ef of Party primai'ily managed the admfoistrati ve duti·es and ' workeo 
mostly at the f'.ield office. !le was the main lirrlc in communications between 
the CTP, PMC, and ffeadquarters. H-is major responsibilities were: 

I. supervision of employees, 
2. maintenanqe of lines Of c~mmunications, 
3.. i!'PProval and fal"'larding of P,roject data, 
4. periodic reports, 
5. finances., 
6. logist·ics coordination, and 
t . securing installatiO!l permission from property owners. 

The Oh1ef of Party position was a NOAA Corps Offker assisnment throu_gil­
o~t the program with the e~ception 9f the' final 4 111Gnths ~hen it ·was f1lled by 
an oceanographer. 

July 1975 through November 1975 - Lt. Gary Adair, NOAA 
November 1975 through April 1979 - Lt. Roger A. Morris, NOAA 
April 1979 through November 1919 - Lt. (jg) fain McGough, NOAA 
December 1979 through ~arch 1980 - Richard F. Edwing 

The Oceanographer priinarily managed th!!- field operations. He functioned 
as technical advisor and lfiiison between Heaqquarters and , the field office. 
He also provided co~tinuity to the program during changes in Party Chief. His 
major responsibilities 111ere: 

l. schedufing and field supervision of: 

a . tide station installations, 
p. tide. station i nspections., 
c. tide station removals', and 
d. eme~·gency ma j ntenance; 

2. completion of all operational documentation; 
3. Analog-to-Oigitai (AOR) a:nd analog. roll scan for data defects; 
4. maf11tenance and repair of sp,are ti'lle gages; 
6. training of new employees; and 
6. monitoring loqirtic· and equfpment' ma·intenance requirements. 

The Oceanographer position was a permanent dut:t a.ssignment for .an NOS 
civilian employee detailed from Headquarters in Rockville, Maryland. 

January l97o through May 1978 - Mark W. Allen 
May 1978 through March 1980 - Rlcha~d F. Edwing 

The Survey Te1;hnician functioned primarily as an aide to the 
Oceanographer by actin~ as a crew leader and assisting with most of the .dut1es 
listed above. The Su~vey Technician required good knowledge and experience 
with tide gages, d.ifferentiaJ leveling, support equipment, and general 
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construction. Often the Survey Technician functioned as a _Jack-of-all-trades, 
performing mi nor maintenance and rroub l eshooti ng on the boats, vehi c 1 es; 
support equl pment, et:c. The Survey Techrii"cfan pos ttion was a temporary slot 
and, for the most pa·rt, was renewable. This enabled tbe same employee to be 
kept on continuously for a 9ood part of the program . . At times there were two 
Survey Technicians attached to the CTP to compensate for a heavy schedule or 
temporary difficulties in hiring Student Engineering Aides. 

The Student Engineer1 ng Aides provided assistance in establishing, main­
ta i ni ng, and re.moving tide stations. Local ·individuals wi-th an engineering or 
science bad<ground were generally hfred to facilitate theii- ~rafning. They 
were hired on· 9-month tempora ry appointments. The 11JOre expei-ience and skills 
Student Engineering Aides accrued, the more duties and responsibili ties were 
entrusted to them. 

All of the positions required dedic~tion, ~etermtnation, and teamwork to 
accomplish the program's objectives. The travel Wi!S extensive, often 
requiring lip to 3-weel long ro.ad trfps to establisn, ro.a1ntain, or remove 
distant tide stations. Over.time was mandatory due to the dist.a11ces involved 
and quantii:y of work to be acCOIJlPl ished. Hardships such as ·adverse weather, 
e.qutpinent failure, strenuous physical ll'lbi>r. and dfs-agreeable surroJJndings 
were 11ot uncomir.on. However, the satisfaction ga1ned from the suc·ce-ssful 
completion of project goa)s and the enjoyment der~ved from worlcing outdoors 
througho1,1t c:oasta 1 and . estu·aT'ine Ca 1 fforni a, more- than made up for the r-igors. 

c. $tation Components/tnstrumentatiPn 

All secondary and tertiary tide stations established by the CTP consisted 
of the following cqmponentS: · 

l. analog- to-digital {ADR') tide gage, float, and floatwire; 
2. stilling \olell; 
3. support structure(s); 
4. tide .st.aff; and 

· ~. tidal bench mark network. 

The ADR r:i de gages used in the program were procured from tl-10 maiiufac­
turers, Fischer & Porter and Leupold & Stevens. Both types of gages, in 
general, employ iderrrical principles of operation ~d w.ere thus used inter­
changeably throughout the pro·gram. Eac~ h~s a maximum ~nge of 50 feet and 
records water 1eve1 heights· to tiundredths ·of a foot, rr.echanica) ly tonvert~ng 
angular positions of a rotating snaft with a float , wire. aild float reel 
assembly into binary coded {8, 4, ·2 .• 1) !fecimal output. This i'llformatiop i5 
recorded on a 16 channel foil -backed oata tape belng punc-hed every 6 minutes. 
The data sampling interval of 6 minutes ts controlled by a sol id-state •imer. 
Ille gages are powered by a 7 .5 volt battery and are protected from the 
elements by weatherpro6f secudty covers. 

The Fisc-her Ii Porter models 1550 and 1551 are identic:al except for their 
exterior housing. A mare detailed- description of the f1scher & 'Porter ADR may 
be found in "F}scher ~ Porter - Instruction Bulle-tiri (Number S5-!S50C) for 
Type 1550 and 1551 Punched Tape Level Recorder (Spring Counterbalance T.Ype) 
Desi gr'J Level 'C'." 
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A more detailed descrlption of the Leupold & Stevens A.OR may. be found tn 
leupol d & Stevens "Instructions : Stevens Oigi ta 1 Recor1:1er Med.el 7031, 7032." 

The· s;;'iHing wen is a Vertical tube _With a r,elat i vely small opening -
(orifice) in the bottom. It is U?ed in a tid~ gage installation to dampe~ high 
frequency waves wh11e freely admitting t.he tide to actuate a float which, in 
turn, opera'tes the ti de gage . lt extends to a water deptlt we11 tie 1 ow, 'if 
possible. that of the. lowest tide. A schedule 40. 4-inch diameter PVC pipe 
was used by the CTP in most cases. Occasionally, howev.er , sti.llfng we]1s 
a.1 ready es tab i ished by other a,genci es, such as U.S. Geol ogie:al Survey, Bureau 
of Land MaTiagement, COE. and California Department of Water Resources 1>1ere 
available and were u~ilized by the CTP. fnese stilling wells varied in size 
and fype. 

The tide staff 1-s a nonrecording tide gage consisting of a ver.tical gra­
duated staff from which the height of the tide c;an be read directly. It i s 
graduated in feet and tenths of a ·foot whh the length varyin,g, dependent upon 
type and manufacturer. Because of marine fouling, the tide staff is usually 
made of or coa:ted with an easily cieaned surface such as fiberglass or 
vitrified enamel. lt is used ·as a reference-sta.ndard for compa.rative ol>serva ­
tions and i s related to l ocal bench marks by differential levels. 

At each station, a network of at least five tidal bench marks was estab-
l is/led through recovery of tnstorical bench marks 'and/or the setting of new 
bench marks. The s:tandard t1dal bench mark of the NOS, to which :the tide st aff 
a.nd. tidal datums are referred, is a bl"ass dis·k 3-5/ 8 inches in diameter. 

The gas purged pressure ga_ge, colllOOnly knoliD as a "bubbler", is ao a.nalog 
type. gage which •.ias occasionally used as a backup gage or for reconnaissance. 
le is a portable pressure-recording ihstrume11t that produces a continuous 
strip chart re.cord of water level changes . The underwater part of the gage 
consists of a small oriftce chambe·r attached to. a ga.s supply tube. The shore 
end ·of the 'tubing is connected to the gas ·System (pressure regulation 
mechanl sm and nitrogen ga-s storage t.ank )' and to the transducer- ( temperature­
C.OlllPensated pressure bellowsJ and a strfp chart' recorder. The Metercraft 
Model 7601 was used by the CTP. Additional inforfl)ation on ttiis tide gage is 
contained 'in Metercraft's ''Instruction: Dry Purged Pressure Recording Tlde 
Gauge by Metercraft. "· 

0. Station rnsta 1 lation 

The CTP established tide stations at sites selected by Headquarters in 
Rockvflle, Maryland, and issued in annual Project Instructions. Prospective 
station sites were either hi stori.ca 1, deffoed as having had previous ti da 1 
measu'remen\;s and tidal bench marks establish!!d, or nonhistoric.al . The foca ­
tio_ns selected by Headguarter.s were as geograph-i~:all.y 'spedf~c.. a? po,ssible. 
but were dependent upon features detailed on the best available NOS nautica1 
charts, U. S, Geo lqg·ica 1 Survey Quadrangles, and/or NOS aerial photography used 
to plan the .statio11 sites. In some cases where no support structures were 
apparent from the office information, a general area was provided for the CT? 
to locate a Site. At certain locations a Metercraft Bubbler was required to 
be. instaj1eo for a miniµfu111 of 3 days to determjne whether -ridal characteris­
tics changed enough in that area to warrari~ an ADR tide stafibn installation . 

-



6 

The first step in establishing a tide station was a thorough reconnais­
sance of the prospective site. A reconnaissance involved traveling to the 
sf te and: 

1. Recovering all historical tidal bench marks (if any) and any other 
bench marks which were set in the area by other agencies. Any Nationa 1 
Geodetic Vertical Control Network (NGVCN) bench marks within a 1-mile radius 
of the site also were recovered. If additional ben·ch marks were needed, 
prospective sites were designated. 

2. locating a suitable support structure with wfficient l•ater depth and 
accessibiiity. If no support structure was available then the selection of a 
suitable site for the construction of a support structure was necessary. !n 
both cases a detailed 11st of materials and equipment needed to install the 
tide sta.tion was compiled. 

3. Obtaining permission from the property owner for installation of the 
tide station. 

4. Locating a potential tlde observer. 

The next step was the acwal establishment of the tide station. A 
typical installation consisted of the stilling well being attached by various 
types of brackets and/or stainless steel bands to a pile. Piles were utilized 
from pier.s (figure 1), fenders, channel markers, bridges, railroad trestles, 
or were sometimes freestanding . [fa pile or a previously established stilling 
well (from another agency) or some other suitable structure was not available 
ttlen a support structure had to be constructed. Tile support structures 
constl'IJct~d were either freestanding piles (figure 2) jetted into the bottom 
with bracing batters or a three- to four-corner platf-0rm {figures 3 and 4). 

The tide staff was fastened to a support backing, usually a 2- by 6-foot 
treated plank., and was preferably attached to a different pile than the 
stilling well in order to isolate any settlement problems. The tide staff was 
placed so that it covered the. full range of tide, was easily vlstble to the 
tide observer , and accessible for cleaning and surveying. 

Most of the tide stations were installed at lower low waters to allow the 
stilling wells and staffs to be secured to the support structures as far down 
as possible . In some cases, tMs was not feasible and scuba diving was 
required to properly make the installation. 

At some of the San Diego County Lagoon tide stations a foletercra~ Rubbler 
was installed in addition to the AOR tide gage as a backup gage. In addition 
the analog records were used to examine short-tenn ~ater level fluctuations, 
wave groups , freshwater rvnoff variations , and possible wind and rain fa 11 
events that are unique to these small systems. Tne Metercrafts were installed 
and operated in accordance with the '1User' s Guide for the Gas-Purged Pressure 
Recording (Bubbler) Tide Gage." 

Bench marks at each tide station were established in accordance with the 
"User's Guide for the Establishment of Tidal Bench ~~rks and Leveling Require­
ments for Tide Stations (User's Guide)." A network of at least five tidal 
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bench marks were established at each tide .sta·tion by recovery and/or the 
setting of new bench marks. The types of bench mark"s set, at least ZOCI feet 
ap,art, were bedrock, de.ep rod, and monument (large man-made structures ). They 
'"ere standard ltOS brass survey disks stamped with the las·t four digits of the 
respective tide station number, a designating le'tter., and ohe year . 

All differential leveling between the tioe staff, r idai berii:;h marks, and 
the NGVCN bench marks -was performe<f to the data qual1 ty. standards (frequency, 
accuracy • . col 1 imation tests, observfog roux.ine, ciosirig error ) in accordance 
with~ 

"User's G4ide for the Estab lishment of Tidal Bench Marks and Leveling 
RequJrements for Tide Stations.,'' b.Y Lt . Cdr. A. Nkholas Bodnar, Jr.~ NOAA 
Ti d~ T Req\J 1 rement·s and Acq4 is i ti on Branch, NO.S, December 8, 1977. 

"Classffication Standards of Accuracy r and Geflet:al Specifica:ti'on of 
Geodetic Contrtil Surve.Ys.,• prepared by federal <;_eodetic .ContrqT Co!l11littee , 
NOS, Febnrary 1974, reprint May 1978. 

"Spec1 fjcations to Suf>pO'rt Classification, Standards of AccuracY,, and 
General Speci fl cations of Geodetic Control Surveys,~ by Federal Geodetic 
Contr<rl Co!l11littee, Jolin O. Phil 1 ips, .Chainnan. tfOS... July 1975, repr1nt May 
1~78. . 

Oifferential levels to all five bench ma11ks were run at eacil tide station 
upo.n installacion . The instrUmentatioh available were two Zeiss tli2 automatic 
1e•1els. At secondary stations, s.econd order, Class r different·ial levels were 
run using the 3-meter Zeiss precise ro,d L12 w}th an fnvar scale and half­
ce~timeter graduations. At tertiary stations, t hird order differential levels 
were run using the Meta grad Phil adeph)a rods gradlla ~ed in centjrneters. Two. 
Zeiss 11arallel-p1ate mfc,rometers and sighting targets wer~ avaijab1e for water 
crossings. 

The hiring and tr.ajning of the tide observer was one of the most 
important aspects of the tide station installation . A competent, well-trained 
tide' observer makes a significant difference in the quality of the tidal data 
produced by a· tide station . 

To d~cument tide station installation and record data , a number of NOAA 
forms were used. They were: 

!. Tide Stat ion /!epart (NOAA Form 77-12), 
2. Precise Leveling-Three Wire (tlOAA Form 77-29). 
3. Abstract of Precise l.eveling (NOAA Form 76-183), 
4. Leveling Record, Tide Station (NOAA Form 76-77), 
5. Oescri ptt<m of Bench Mark (NOAA Form 76- 75), 
6. Recovery Note, Bench Mark (tlOAA Form 76-S.9L. 
7. Weekly Tide Station Report (NOAA Form 77-24), and 
8. FAfLog (NOAA Form 44- 6}. 

rn addition to these form.s , photographs, a l arge-sca 1 e IJlilj) sectton 
fndicat ing the station location, a sketch of the bench marks , tide gage, and 
staff locations, and a description of how to reacli the tide station fl"om a 
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major landmark, were forwarded to Rock.ville, />!aryland·, as a tide station 
package. 

E. Tide Station Operation .and Maintenance 

One~ a tide ~tatton was installed it was incorporated i nto a regular 
cycle of monitoring and maintenance. Monitoring was· ·accomplished in two 
st.eps. First was a monthly roll scan by the CTP oceanographer. Tlii-s was 
performed during the first part of eac!J month when all tlie t 1de rol l s had lieeri 
forwarded to the CTP by the tide observers via mail. All tide ro11S- were 
mailed in special cannisters by the observer and were sent cer tifie·d or 
registered inail to help preverit their befog lost. Upon receipt by the CTP th·e 
rol l s were scanned for data defects such as mechanical, time, and/or observer 
problems. The problems were noted for corre<>tive '!ttion by the CTP and as a 
processing aid for the Tidal Analysis Branch in Rockville, Maryland . All but 
the most subtle problems were identified and reme~ied ln a t imely fashi on by 
this first step. 

The second step was performed by the Tidal Analysis Branco i n Rockvi l le. 
If additional problems were identifieq by the Tidal Analysis Branch i n tire 
course of processing a roll; the CTP was notified by telephone and a follow-up 
preliminary evaluatian form. 

EmergenCY. repairs were perfonned on a t i de station if either .of the pre­
vious steps turned up a probl em. tn addi'tton, the CTP was notifieo of 
problems by telephone aml/or Weekly Report by the ti<le observer respons1ble 
for the tide ~tation. 

At tide stations of sufficient duration, semiannual inspections wer-e 
performed. This would involve leve1ing to three bench marks, a visual inspec­
t ion of the ti-de gage and the · past week of punched data., contact wii:h the tide 
·observer, and if the ADR gage was a Leupold &. Stevens, a torque i:est to 
measure the bearing friction. Torque· test.s were performed more frequently at 
'tide stations susceptible to bearing deterioration, such as tide stati'ons in 
areas of low tida 1 ran.ge and /or ldgh salinity. 

Annual inspections \'lere performed at tide stations of sufficient dura­
tion. The annual inspection was identical to the semiannual inspectibn except 
that ~11 five bench marks we~ leveled and their -descriptions verified. 

'The removal of a tide st.ation involved leveliog -t;o all five bench marx~ 1 
removal of a 11 equipment except t.he bench mark, and restoration of the site .to 
i ~s origi na 1 condition, unless otherwise re.qlle~t,ed by the property owner. A 
tide station was remove.d only llPOll instructions ftom fleadquarters in 
Rockville, f'l~ryland. 

f. Logisttcal Support 

T~e CTP operated out of several locatio·n.S in the San Francisco Bay region 
t~roughout the course of t~e program. At each loc~tion the CTP set up logis­
tics along the same basic line. 
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At each location, an .office area was set Up to provide working space for 
adm.in1s·tra.tive purposes. and to. s~rve a~ the communications center. A telephone 
recorder was used to record elllj!rgency ca 11 s and other mess.ag~s. A shop al'ea 
was set up to provide space for the stor~ge ·of equipment and materials, equip­
tnent repairs, and fabricati.on of station components. 

Vehicles assigned ~o the CTP consisted of a carryall .and two utility 
trucks. The· carryall was primarily used for level fog inspections and the 
trucks for station ins.ta1 lat1.on and removal. 

Boc>ts provi d.ed vlta 1 support. to the CTP. Two 10-foot fiberglass 
Livingstol'I Whalers with 10 hp outboara motors were easily transported on t.op 
of e i ther truck.. A 21-foot Gl<i-sspar runabout and a 24-fodt flat-hulled Monark 
work boat were transp,orted by trailer. Al1 boctt~ were employed. in reconnais­
sance, maintenance, coristr.u.ction, and in the support o-f scuba diving opera­
tions. 

The Monark \'las equipped with special gear to enabl~ the tide party to set 
4- by 6-inch treated redwood piles for freestanding suppo'ri:c platforms (figure 
2) . An alt1minuni ''A" frame fit into ch9cks on the 110nark. and was used in 
conjunction with a .block and tackle, and a power winoh. lhis equipment was 
used to lloist the p11e and securely set it into position. Prior to placement, 
a 4-inch PVC floatwell wi-th orifice an.d a tide staff ~a-s secured to the pile. 
These were correctly positioned from depth measurements taken during recon­
naissance. A I-inch· PVC pipe was also at.tached to die· pil.e by b1mdj11g. This 
pipe ran the l ength of the p~ l e and was connected ·to ~ gasoline-poWered jet 
pump to a j ee tn the p;le. After the ma·in pile was set, 2- by 4-inGh or 2- by 
6-incll redwood batter piles were set by sledge hammer and/or jetting tC? provide 
support . Then a small platform and the tide gage were added. 

Specialized equipment was also needed to install bench marks (fjgure Sa). 
For bedrock and moriument marks (figure Sb), a gasoline-powered rock dri~l/ 
hanrner was used to drtl1 the holes needed to rnQrtar-in ·&he bench piarks (figure 
Sc) . To install deep rod bench marks the followfng equipment and procedures 
were employed. 

After a slte was se1€cted , and pennission obtained, the local iJtilitY 
companies were contacted (i f deemed necessary) to detenni ne if any cab 1 es or 
pipes w.ere located in the area. This was accomplished dudng r,econnaf ssance. 
Installation was besun by digging .a hole approximately 1-1/2 feet deep by l 
foot in diameter. A section of 5/8-inch d.iarneter, 8-foot long galvanized 
steel rod (NOS is now using 9/15-incn diameter type 3Q4 stainless -steel rods 
fn 4-foot sections )c was he 1 d vertica 1 ly in the center of the ho le. and pushed 
in as far as possible by hand. A gasoline-poi.-ered rock drill with a pipe 
tamper attachment elev9ted by a p~rtable aluminum "A" frame (or by standing up 
oo the side of a truck's ~tility body) was used to drive the rod down (figure 
5d) , Rods were connecteo to eacJi other by couplers sealed wHh pipe joint 
compound~ When the rod had been driveo to refusa 1 qr 50 feet, the excess was 
cut off and the bench mark disk cri!l!Ped on below grade, using a hydraulic hand 
pUll)p. A, short section of 4-inch PVC pipe was placed ar.ound the bench mark .and 
a cement kickblock was poured around the pipe. A witne.ss post was also 
installed if circumstances warranted i t. 
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Scti~a diving was performed by quaHfied members C)f the CTP. 1t greatly 
facilitated the 1nsta1lat1on, maintenance, and removal of most tide stations 
and was essential at many. 

G. Operational D.lfficulties 

Operational problems aris.e in any program atid the CMBP experjenced some 
tllrougnout its course . The objective of pointing these prob!lems out is to 
prevent them from recurring, if pos~ible, C)r to tiave provisions Jm!C!e fop them 
fn future programs. None .of- the prob1ems were· fnsurmounta.ble and were worked 
out, but they did impact the CTP irr tenns of time and 1110ney; and tlle C$P- in 
terms of lost data. 

California is a lar;ge state and the CMBP had tide stations along the 
soast and in estuarine systems from the Mexfcan border up to ~IJlllboldt llay .. a 
distance of about 700 miles. Tide station locattons were established as far 
inland as Sacramen;to and .Stockton, about 75 m'iles from the Golden Gate. This 
was a very lar.ge al'ea for a fie1d party to cover. Most (approx.imately 75 
percent) of the tide stattons were in the San Fr.ancisco Bay/Delta area , and 
thus. were withjn 2. to 3 hours drive of the base, but the farthest locations in 
the Tiajuana Estuary were a ltrng day 1s drive . This made it dlfficult to 
res-pond to emergency Pepairs in a.s timely a fashion as was cresired. It also 
tied up personnel and equipment for lengthy amount:-s Gf time to install, 
maintain, and remove the farther statiens. 

In covering such a large area a wide variety of environmental conditions 
were encountered. Tide station locations ranged from high enel"gy open coast 
sites to low e.nerqy backwater areas. Stations were established in bays, 
harbors, l agoo·ns, cana 1 s, marshes, rivers 1 s 1 ough1>, ana a !most every type of 
waterway possible. Ead1 wai:erwa,y ty-pe anel its particular requirements tiad to 
be ta.ken into consideration when designing an· i nsuill.ation . The seasonal 
weather patterns al so had to be taken j nto consideration at some of_ the 
locations'. California has a rainy sea.son, a pel'io.d running approximately from 
November through April, when. over 90 percent of the annual ·rainfall occurs. 

Tide statiops establ ished tn areas a.ffecteel by heavy freshwater runoff 
were subject to damage by excessi ve currents, floating debris, or by actual 
flooding of the tide gage. In a few casE!S a slough's path would be. altered 
and the tide station would be left dry or cut off from ti~l influence . The 
"masking'' of the tides by the frasliwater runoff also made it diffi-cult to 
identify certain problems, such as floatwe 11 clogging. when performing the 
monthly roll scan. 

' . 

These conditions were COll'lllonly encountere.d in areas subject to heavy 
runoff such as. all the San OJego County Lagoon stations and many of the delta 
stations, particularly near the ·sacrament<i area. 

Equipment and instrumentation malfunc.tioris impacted the CTP in terms of 
time, schedtilirig, and money . Certain vehicles, boats, and equipment were 
essential to particular operations .. and if that ~upport was unavailable, the 
operation had to be· delayed . Tide gage breal(downs were tQp priority and 
required il!lllediate response from the OTP. Ma 1 functions were unpreilictab le and 
depending upon the number and time of occurrence, impacted the CTP to . varying 
degree$. · 

-
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.Analog-to-d1gital recorder tide gage malfunctiof\S resulted from a variety 
of reasons .. . Defective parts, worn out p~rt~. bad batteries , tide observer 
error, and external abuse (such as vandalism, being ·hit by boat~. etc.) all 
contributed to. ADR malfunct1ons . Both types of AOR gages had certain malfunc­
tions Which tended to occur more often than other~. The Fischer & Porter had 
rri0st . of fts rrralfunctiohs center areund the punclt block and tape advance 
mechanisms. The Leupold & Stevens malfunctions centered around the encoding 
input sys·tem wfiich is discussed iri more detail later.. Both gages experienced 
Pmer malfunctions and at one. point, a Shipment of defective data tapes (the 
advance sprocket noles were irnpr-0perly spaced) resulted in a plel:hora of 
ma 1 functions. 

A l!'.ajor impact' on the CTP occurred when the ~eupold & Stevens "stepping" 
problem came to l i ght and preventive maintenance measures were instituted in 
the early su]111ller of 1978. Stepping in an ADR g~ge is defined as a conti nuous 
series of fl at spots fol lowed by a sudden rise or fa I 1. In a Leupold & 
Stevens it was COITITlOnly caused by the i:ncoding drum, bulkhea<I, and negator 
spring bearings corroding and developing exc!\ssfve frict1onal r-esistance. The 
Fischer & Porter does not .use most of these· bearing,s in its design, so ft did 
not develop a stepping problem due to that cause. 

The pr.evem:ive measures consis'ted of ,performing a. series of "torque tests·" 
on each Leu po 1 d & Stevens gage to de'term1 ne whether the gage eJCceeded the 
allowed bearing resistance limits. If the gage failed the tor9ue tests, it was 
pulled from operation and repaired io tb.e shop by repiacing all the bearings, 
shims, and ~rip gears. Since the majority of the AOR's used in the CMBP were 
Leupold &: 'Stevens, the torque tests and refu~b1shments required 1 ar.ge amounts 
of time, particularly .at the beginning, when all Leupold & Stevens gages· had to 
be tested. and refurbished if necessary. After a Leupold & Stevens gage was 
refurbished and placed back into operation, it was torque tested every 6 months 
untess it. was operating in· an environment identified as particularly rough on 
the bearings. Stations exposed ·to high salinity and/or. operating io a · small 
tidal range fell into this category. These stations were torque tested ouarterly 
and the data monitored closely to pick up stepping problems in their early 
stages. 

tt. ReoolTlllendations 

To aid in preventing or preparing f.o.r the operational difficulties dis­
cussed ab~ve, the following recocmiendations are made. 

large area roverag~ may or may not be a factor in fu1:ure programs. lf it 
is, it need not be a problem if adequ<1tely nandled by ·good p.lannfng. The 
first step is to realize ttiat the distant tide station/l will re~uire · more 
staff hours than others and all9w for that In planning the various pha;ses of 
those tide station's operation and piaintenance. The second step ts ' to take 
added precautions in operating and maintaining tHo.se stations. Th~ .tide 
obser ver takes on added impo~nce . Every effort should be made to find the 
most competent , reliable indfvidua1 available . who wHl faithfully pe:rfonn 
!lis/'tier duttes as a tide. observer. Ii1 addition to thorough training, th~ tide 
.observer should ~e· taught to make simple repairs . This .is ·nonpa11Y not a good 
idea, but it can result in keep1Jig .a data break at these stations within the 
allowable limits. A t_emporary repalr could enable the tid.e party to get there 
before the a 11owab1 e da t.a break; was exceeded. The ti de observer shou 1 d be 
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instructed to attempt these repairs only after discussing the si1;uation by 
ce·lephone with the tide party, lf a gage is nonoperational there is nothing 
to be lost i'f tile observer cannot effect the repairs . 

Special a-ctention should be given to monitoring the data rolls received 
from these stations to ensure catching mechanical problems at early stages and 
that the tide observer i:s perifortning outies correctly. Additional inspection 
trH>s to check the tide gages may al'so be ·a prudent measure. The installation 
of a bubbler baci<u17 gage . is another precautionary op,tion. 

Coping- with the environmental problems encouni:et~d can be accqmplished by 
good, thorough planning ~ndforesight . When recon~o1terfng and designing the 
instaliatio!l, it shoU1d b.e kept in mind that t~e site may c~ange drastically 
under differen-t circ.Umstances such as the freshwater nmoff pre•1iously 
disc.ussetl. · Not every eve.ritual ity c.an be .anti c_i pa'ted! but by careful 
insJ>ec:ti-on of the area , talking With local residents , <ind resea:rch1ng any 
historical infonnatjon available, a fafrly complete picture can be drawn. 

Equipment breakdowns are bes t avoided by rout_ine maintenance, servicing, 
and by treating the equipment with care. However, breakdowns still occurred 
d~e to the extensive use of the equipment. fn order to minimize the amount of 
down. ti111e of equipment and its ·impact on- field operations, It would tie useful 
to designate a11 tnstrument repairman as a tide party positiori, stmilar to the 
present position at the NpS Marin!!. Centers. In additio~ to keeping the 
equipment iTI good running order, the instrument repainnan wou ld perform al1 
shop instrumentatfon re·pail"s, preventive maintenance, and a·ss1st in the 
fabrication <>f station coniponents . This would free oth!!r personnel to perfonn1 
their regular duties and cu.t down on le>st time. · When possible, the CTP would 
hire an individual with these qualifications ·and the improVe{llent in the · 
efffc.iency of field. opere1tions was apparent. 

I. Sunmary 

During the 5-year program, 153 t ·ide stations were establ islied with as: many 
as 6'0 stations oper.ati [lg s iri111 lta"eous ly; T~ey were fosta I led , operated, and 
remi:>ved in accordance with NOS standards. Field operations were conducted by 
the CTP •. a comb.ina~ion of Federal and state empioyees.. The tidal datums 
established, and their preservation through the network of tidal bench mar,ks 
installed :or updated through th"is pro.gram , w111 benefit the engineer, 
h_ydrographer , surveyoT, etc., of this and future generations. 

IV. DATA PROCESSING AND ANALYSIS Prepared by J. V. Mullin and r. Sheehan 

A.. Introduction 

f rom L974- through 1980 , the Analysis Branch received 1,512 station months 
of data from control tide star.ions and 2 ,568 station months of d?ta from 
secondary and tertiary tide stations for processing from the CMBP. When 
6-minute records were received for processing and ana iysi s, they were assigned 
to the west coast team, which only processed tidal data collected on the west 
coa.st of the U.S ., Alaska, and HawajL A descr~ption of the processfog 
procedures and the output 1·s d.esc.ribed in thfs sectiori. 
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B. Processing 

The f irst step in processing Is the Comparative Reading at Which time ·one 
determines a. setting and checks the general condition of the data on the 
record. The staff-to-gage differences are determined by the processor by 
taking the s't-af·f readings as recorded by the observer at the gage and sub­
tracting the actual values. recorded on the record at the indicated time. 
These differences are arfthmetical ly meaned and. the ave'r'age staff-to-gage 
4iff~rence5 are added to a leve 1 constant to provide corrections and 
continuity with 11i'evious recoY'(j's at that station. This wi 11 reflect any 
changes in the staff for the datum of tabulation or station datum to, maintain 
conhnuity for tidal datums. :A setting for the reco.rd is then computed . If 
there are problems with the gage or it has been readjusted, or the staff has 
been_ .,di s~urb_ed, a change in the staff-ta-gage differences may require ii record 
to be processed on different settings for differe~t time periods. If the ·gage 
time differs from the observer's watct) time, it is noted .so that the time 
adjustments can be llli\de. Any obviously erroneous s'taff read'fngs by t~e 
observer which do not hav·e any discernible rel ationship with the other 
observations ~re rejected and not inclu~ed in the computation of t.he flll!an. 

Prob lams .of erroneous times, he»ights~ or ma 1 f.unctions in the record are 
noted -nn the Comparative Reading to ai:d in Gorrect ing the record while it is 
being processed. An error code is derived from ~hese trouble-shooting notes 
to highlight the major problems for future failure analysis. This· code is 
entered into the computer system (Fi rst Data) whiGh keeps a Tecor<I "Of the 
status of the gages. To supp·lement trouble-shoo.ting and to provi.de "feedback." 
to the field parties for the repair of malfunctioning gages , an evaluation 
sheet (Preliminary Evaluatfon) i s prepal"ed for each· recor.d. The evaluation 
sheet summarizes the condition of the gage and is used to tell the tide 
observer and/or field .Party the problems which need to be cor:rected. .The maf·n 
oqjective is to 1dentify problems quickly so they can be corrected to keep 
inefficient data to a minimum. After the Comparattve Reading is comp1eted, 
the setting computed, and Preliminary Evaluation filled out, the team leaoer 
checks them ana sees that the l:ompa rat i ve. Reading data wi'1:'1 its ·error code is 
entered i n't.o the co111puter. The record is then r.eady for the tr.anslation stage 
which .1nvolves ohe transfer of the 6-minute data from punched paper tapes into 
computer compatible form. The present procedure is to transfer the data onto 
a magnetic tape by a digitai-to-111agnetic tape translator which optically reads 
the punched paper tape.- The magnetic tape containing the 6-minute values ls 
read into the lntertlat<t 7/32: minicomputer. The system is •nen interrogated 
through an interacti ve t erminal which has a visual display (cathode ray tube·) 
capallili:ty. The n~cqrd identification number is entered onto the terminal arrd 
through the appropriate coJmli!nd, diagnostics are pr'inteci out on a printe.r which 
is connected to t he computer as perfpi\eral equipment. If there are no· pl"Oblems 
with · the data, the tabul ated data t:an be prfnted out,, having the setting 
applied to the raw value from the record. The tabulation and reduction to 
means is done automattcally O:y the computer. Lt is then veriffed by comparing 
the results with previous months of tabulations under the directfon of a senior 
ocean09rapher and the data 1s ready for datum computations. This repre~ents an 
i'deal situation where there are no defects ii\ the req>rd. When problems are 
enc-0unt~red on a less than ,perfect record, they have to be corrected. Data may 
con~ain time problems or invalid punc~·es because of observer problems or g_age 
malfunct ions. TroubTesho!)ting records w'ith poor d~ta occurs either at the 
trans lat ion or the edit stage. 
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The ttine may be corrected by t~ansla~ing it ~ few punches . ah~ad (fast) or 
a few P.UncHes beMnd (slow). Each punch accounts fo-rr 6 mtnutes and times are 
corrected tn 6-mimite jncrements (tenths of hours). Whete th·ere are sk'lps or 
missing p,unches that do not i11clude a hi.gh ·or low water, 1i11ea-rly interpolated 
va rues are entered tn to the key!ioaril on the trans 1 a tor. Wnen the resu 1 ts of 
the proce~sing are checked,' ·one exa?lineJ the ending time of a unit (string.) of 
da~ to see if the prtnted time 111a.tc'hes the correct t 'ime at the end. The 
printout of_· 6-minute v~lu!!-S is us~d as a diagnostic tool to find when and 
where the ti me prob.1 em occurred. 

To check for hetgnt dfsconti1:iuities, . the third difference test on th!! 
edit routine f1ag.s punches whi·t:h may be erroneous or where especially splashy 
(high wave action) data occur. A plot may ~e made on the CRT scree~ or on a 
printer to examine suspect dat-a,. Where outl i.er (extreme) PQints ap'Pear to be 
part of the real tidal phenomenal}, they are not· altered. If the gage appears 
to be malfunctioning by a fau]ty punch, • ·fie ~efgf)ts may oe corrected by 
including a "fix'' parameter wlTen submiiting a j'ob to the computer at the 
diagnostfc scan stage. \.lhere individual va.lues c11ppear to be ·off, they are 
corrected on a .case by case basis during -edltihg by the operator on a c.omputer 
terminal connected to the Interdata 7/32. 11Tinicompute·r. The systent allows for 
preaks in the data to be automati·ca lly fi 1 led by ,.C0111Puter under the ql!lt_ro 1 Qf 
the analyst. These steps a.re automatically perfol'llled by calling a routine on 
the computer. However, the tabu'latio11s from a .compaTison station !llUSt already 
be inc,luded in the system, with valid data during the break period for 
comparison purposes. A11 inter.po lated ana extrapolated values are bracketed 
to distinguish them from the original da'ta. After records are proces-sed, they 
are submitted to a team leader to be verified. 

The mean values for each month of record are checked agains't these done 
previously. Tf they appear to be in line wHh past results, the data then 
enters the datum computation phase of the program. 

C. Analysis 

There were 2,568 st.ation mQnths of records collected from tide stat1ons 
established during tlie CMBP . Incorporated intb this number are rg3 months of 
tide records Which only have a partial month Qf high and tow waters and hourly 
heights. Partial months of data result fr9m installing and removing tide gages 
after the first day of a calend11r month. Since ft is not always feasible for 
the' fie.Id party to 1nsta 11 ano remove a l1 t~de gages on the first da,y of each 
month, partial months of reco-rds cannot be avoided. The tabulated data: from a 
partfa1 m<?·ntti is considered valid, but no monthly means are determined. 
Subtracting the 193 partial months of data from the 2,568 months .of data 
received, l eaves a total of 2,37& full · months of tide da-t-a recehed for 
processing. Below is a breaRdown of the ·quality; and problems encountered in 
processing the tide records. 

There- were 1,675 months .of .tide record, when after being processed were 
reduced to a full ·set of monthly means . The majority of the data was of high 
qual lty and required little editing by t,tie an·alyst. However, a size~b1e 
quantity !l!!Eded .extensive editing and breaks filled to obtain a full tabulated 
month of data . Problems ranged from minor time adjustments .to .major mechnical 
tid!! gage malfunctions resulting in a complete loss of data .. 
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~ff-Orts were made in the Analysis Branch to provide continuous. data from 
a tide statiOJ'I whenever possible, even 1f extra edi-ting and/or bria~ filling 
was required. 

There were 69 months of records for whid1 only mean sea level or mean 
river levl!l were comp,uied, Tide stations located on 'the Sacr<iii-iento River~ 
such as CTar~sburg (941-5846' ) or Sa<irarnento (941-'6174), had the tidal influ­
ence 111.i-sked by freshwater runoff durfng portion-s. of the. year. In some areas 
of the Sacramento River, the water levels rose by 10 feet or rr10re during 
periods of he<l'ly rains . When this occurred , high and low tides could not be 
tabulated. However , hourly heigtits could be tabulated and 111eans obtained: 
When the river levels dropped sufficiently the t ·ida 1 1 nf1 uence appeareq in the 
records ancj ti.des could aga1n be tabulated. 

I11 s1,udies ·Of the ]Qgoons and coastal mi!rshes located near the Mexican 
border an_d Sqn Diego, tide· gages we·re installed. at the transition zone betwe~n 
the oceanic and estuarine environments. During most of the year , .a natural 
sandbar ac!'QSS the entrance of the estuary prevented the free mO~ement of water 
into the estuarine system. During these months , tides could 11ot ~e picl<ea. 
However, ~ourly heights were recorded and mean water levels were obta1ned. 

In the Coyot:e Creek tributary and the Tiaji.lana estuartne system, 135 
months of ye<:Ords na~ only pig~ waters tabulated. In general, the l0$S OT low 
waters occurred pecause the area ln whicil tne tide gage was installed ~nt dry 
at low tide . 

There were 212 months of i.recor:d 1<1hi ch had unfi l lell breaks greater th.an 
3 days a·nd not more than 29 days in length . During thes.e tjmes the tide gage 
either was inoperative or was recordi{lg invalid <iata, due to observer and/or 
mecnanical problems. The down time can t>e minimized. by navirlg trained tjde 
observers and an adequate number. of fie l.d ~ersonnel who can recogni' ZJ! and 
correct gage malfunctions. 

Substandard da·ta. resulted in. 65 months of data havi-09 to be processed by 
hand, rather than wi di the photoelectric scanner. When data wa.s hand 
~rocessed, only high and low tides were recorded and redoced to 1110nthly means. 
The hqur1y heights:. were not. tabulated. The substandard condition can resul,t 
from either .time problems or mechanical problems. 

F\na11y, 219 lllOnths of data were classified invalid because of level tn9 
proli1ems or tide gage malfunct1ans. rn some areas of the Sacramento Delta, 
near the Gtant Une Canal, the tide ~tat1onS_ .worked properly, however:, 
irrigation pumps f\ad been fnstalled In the canals to pump wai:er to the fields . 
These pumps, wnen operating, removed vast quantities of water from t .he canais, 
which dr-0pped the water level and altered the flow in the l'•mal.s. Therefore, 
accurate tidal me.asurements and oatums could not be determined due to the 
pumping activities tn these areas. 

The fol lowing is a summary of the proc:essi11g result,s .af the data 
collected during the CMBP. 



----~·-

21 

T.YPe of Data Months of Data Percentage 

Partial months of record 
Complete valid months of data 
Months of data with Mean Sea level or 

Nean River level 
Months of data with High Waters only 
Months of data wtth High and Low Tioes only 
Monthr. of data \'t'ith breaks greater than 3 

·days and 1 ess than 29 days 
~~hs of record with no valid data 
Tota 1 number of months of record received 

V. TIDAL PARAMETERS Prepared by R. A. Smith 

A. fntroduction 

193 7~ 
1,675 651 

69 31 
135 SS 

65 3% 

212 as 
219 9% 

2,568 100% 

Tidal surveys of the 1970's in California were concentrated ln particular 
regions of the coastal and inland waterways. A majority of the tide gage 
installations were in the San Francisco Bay Estuarine System. Special regions 
of tioal studies were Tiajuana Estuary and North Sall Diego county lagoons 1n 
southern California, Elkhorn Slough in central California, and Hllmboldt Bay 
along the nonhern California coast. As never done before on such a large 
scale, tidal surveys were simultaneously <:onducted in embayments, sloughs, 
marsh areas. cha11ne 1 s, and rivers. Standard llOS proce.dures for the computa­
tion of the V11rious tidal datums and tjdal parameters for the ~est Coast were 
followed as outllned 111 "Tidal Datum Planes (Special Pllblication 135)" by 
H. A. '4armer and "Manual of Tide Observations (.Publication ·30-1)''· Regions of 
high density tidal surveys are listed in Table L 

Table 1. Tidal Survey Locations 

Area Region 

Tiajuana Estuary Southern California 

Southern Lagoons 
near San Diego 

Southern Cal ffornia 

Elkhorn Slough Centra 1 California 

San Francisco Bay 
Estuarine System 

Central California 

Golden Gate Centra 1 California 

Northern South San Central California 
Franc! sco Bay 

Southern South San Centra 1 Cal I fornfa 
Franci s<:o Bay 

Control Tide Station 

Impe ri a 1 Beach 

San Otego 

Monterey 

San Francisco 

Alameda 

Alameda 
San Mateo (West)• 
Dumbarton Bridge• 
Coyote Creek* 
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Area Region 

San Pablo Bay Central Ca 1 i fornia 
Carqui nez Strait 

Sui sun Bay <ind 
v icinity 

Central Ca 1 i fornia 

San Joaquin R1ver Central Californta 

Sacramento River Central Ca 1 i forn i a 

Humboidt Bay Northern California 

* Secondary Contra i 

B. Tiajuana Estuary 

Control Tide Station 

San Francisco 

Port Chicago 

Port Cllkago 
Stockt<m 

Port Chicago 
Stockton 

Crescent City 
North Spii: 

Loca'ted due south of fmperial Beach, the most sotttherri town in California 
and north of the United States-Mexican border, i s i:IJe T1\1juana Estuary wi·ch 
lts fnlet exposed to. the influence of the Pac:ific Ocean waters and tides. 
Oneonta Slough is the major body of water in the estuary with many tributaries 
contributing to the. overall tida,l flow in the estuary. The slougtt bed leading 
from the ocean through the region is composed of a loose sand base wf)ich 
causes frequent Ctianges in bottom topography. Due to. numerous sand spits at 
the entrance and throughout the slough, the water becomes severely restricted 
at low water If not completely cut off in parts of the estuary. As a result, 
•flat low w'at.ers" may dppear on the tide marigranrs. In tile compu-tation of 
tidal parameters in the Tiajuana Estuary, the following results (Table 2) were 
obta 1ned. · 

Table 2. Tidal Parair.eters for Ttajuana Estuary 

Station Number Station Nair.e Mn OHg DLg Sert es 

941-0120 lmperia 1 Beach Ocean 3. 74 o. 74 0.91 36. Months 
941-0013 S9uth ~orderfield L.91 0.69 0.09 3 Months 
941-0016 Ti ajuaJ1a Estuary tntrance 2. 20 0. 68 0. 15 5 Months 
941-0020 Oneont_a Slough (first. Street.) O.lla· 0.48 0.13 4 Mon'ths 
941-0023. Sewage Oi sposa 1 Pond O. 91 0. 50 0.11 3 Months 
941-0025 Oneonta Slough 0.95 0.41 0.10 3 to\onths 

lt was observed that the water level did not fa ll below a certain level 
in the va-ri ous locations occupied i n the estuary. Impounding is eas·ny 
noticed frrom the tide turve by flat low waters and is ·termed an "apparent 
stand at low water ." The raTige of tide 1s depressed and O.LQ fs .reduced as 
seen in Table 2. In the upper reaches of the estuary OHO is redµced due to ttle 
restric'tions .of water flow into this region or trapped water that is unabl e to 
return to the ocean because of :shifting saod spits in the estuary. A final 
decision has not been made as to whether a l 1 tidal datums wfll be prO\lided or 
j ust high water datums. 
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C. tlorth San Diego County lagoons by R. F. Edwing and R. A. Smitti 

A ~otal of eight tide stations were established fll the North San Diego 
County Lagoori area. Based on t:he availability or relfable tide records for 
the region , the following resuli:s were obtained (Table 3). 

Tab le 3. Tidal Parameters for North San Diego County lagoons 

Station lfumber Station Nane Mn OHO DLO Series 

941-0396 Oceanside Harbor 3. 69 0.71 0.86 8 Months 
941-0392* San Luis Rey River 0.32 0. 16 0.07 2 Months 
941 -0384 Agua Hedionda 3.46 0.80 0. 78 7 Months 
941-0342 Batiquitos Lagoon East 0.79 0.41 0.06 2 Months 
941-0339 Batiquitos 1.94 0. 50 0.36 2 Months 
941-0302 San El i jo Lagoon 1.38 0.51 0. 14 l Jllonth 
941-(}299 San Elijo Eas t l.14 o. 44 0. 18 l Month 
941-0281 San Deig1.d to Ob ta; ned water level only 

*'Channel shifted leaving gage measuring water level. 

Ocean?c tidal Influence on the lagoons Is conveyed through a channel con­
necting each lagoon to the ocean. The channel, typically comprising only a 
small percentage of the total l agoon area, is generally the only direct access 
to the ocean. Thus , large, fast-P10ving, volumes .Of water Interact through 
these channels and can quickly erode/ deposit l arge quantities of sediment. As 
a consequence, the channel is a very transient topographic feature. The tidal 
heights and times experienced by each )agoon at any one point 111 t1me i s a 
direct result of the respective channel's topography at that poi11t in time. 

A cyclic nature to the channel's topographY became apparent after 
I year's observation of the tides and surrounding environment . The chanoels 
alternate between being in enJsional and depositional phases. The contnJlling 
parameter to these phases is the_ local seasaoal rai11fall and weather pattern. 
In winter, when most of the rainfall occurs, heavy freshwater runoff scours 
out the channels, widening and deepening them . After the runoff subsides, a 
deep unab~ucted channel allows good tidal interaction between the -0cean and 
the ]agoons. However, as the runoff subsides the channels transfonn from the 
enJsional phase to t/ie depositional phase. The channels slowly silt in , 
gradually restricting tidal action, unt11 in soir.e cases, the channel is 
blocked off completely. This situation remains wrtll the onset of th!! next 
winter's ra ins. A nJugh chronology of the cycle is as follows: 

Eros iona 1 Phase 

l. ·October - December: The channels are verY restricted and may became 
total ly obstructed such that no tidal interaction takes place. The ]clgqon's 
water level is very low but rises rapidly as early rains and runoff occur . 
Some 1 agoons are drainage basins for creeks, sma 11 rivers, and reservoir 
overflow. The water level can reach an abnormally higrr elevation. 

.. 
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2. December - Apr.il: fleavy ra.ins and runoff scour away the deposhional 
sediment. The · cbannel becomes unobstructed but most t1da1 influence is masked 
by <he outflow of fr,eshwater . ~unoff from the lagoon. Water level in the lagoon 
ls reduced substantially with rnt1 ch sediment washed down from the drainage 
basin. 

Deposit fona 1 Phase. 

l. April - June: The channel is unobstructed and freshwater runoff 
decreases rapidly. Good ttdaT interaction .Occurs with llttle silting of the 
channel. 

2. June - September: As water levels in the lagoon drop and the outflow 
velocity of the water decreases, silting fncreases gradually, restricting the 
tidal i nteraction. The chann:el may begin to close up for short periods and 
build Up t0wards a perm.anent obstruction. 

All tidal datums are available at Oceanside !;arbor and at Agua Hedionda 
lagoon (v1ith a qualifying statemen~). Oceanside Harbor and Agua Hediondil 
channels were dr~dged and not subject to ihe silting obstructions e~perienced 
by the other lagoons . Further examination of the tiaa 1 observations are 
_needed before anY fi na 1 deci sfon can be made on the other six loc·ations in t.he 
area. 

D. Elkhorn Slough 

After .data analys.is_, one pJ the four planned secondary stations was rede­
signated as a tertiary station. Therefore., of the eight stations es"tabl i_shed, 
there were three secondary and five tertiary stations . ihe tidal para111eters 
for Elkhorn Slough, reduced to mean value, for the 1941 thro~gh 1959 ·tidal 
epoch, ar~ as follows (Table 4) : 

l'able 4. Tidal Parametei:s for El !thorn Slough 

Station Nlll11ber Station 1Name f.fn OHO DLO Series 

g4I- 3450 Monterey 3 •. 59. 0. 71 l.·06 19 Months 
941-.3616 Moss Landing 3,50 {). 72. 1.03 LS Months 
941-3617 Ocean Pier, Genera 1 Fish 

Company 3·53 0.70 1 .03 4 Months . ~ 
941-3623 E.1 khorn Slough 3 .53 0.71 LO~ 4 Months 
g41-3624 Enti:ance . ~ridge, Pacific 

Ma 1"i cu l tu re 3,51 0.68 L0.5 2 Months 
g41-3626 Elkhorn Yacht Club 3:49 ·0. 70 L02 4 Months 
941- 3631 Elkhorn Slough at Elkhorn 3.51 o. 71 1.04 15 Months 
941-,3651 Kirby Park, El khQn1 3. 7(r 0 . 69 1.03 4 Months 
941-3663 El.khciru Railroad Bri'dge 3. 71 O.Z2 1.03 15 Months 

There lS no ·aJ?parent restriction of Ule tfdal infTuence between 1:he ocean 
water -and the slouglls as seen from the resuHs. presented abov·e. There · wer~ 
few diflicul ties in the computation of tidal datums in this region. 
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E. San Francis<:o Bay Es.tuarine System 

Most of the tide stations established for the CMBP were in the -Say System. 
Tidal observa,tions wifre made af .~11 but a few of the 1930 sites and some new 
locations were added during the bgundary program. The Bay system has ·.been 
broken down into tfie following areas for the convenience of d1.scu.Ssion: 

1. Golden Gate 
2. San Francisco Bay 
3. San Pablo Bay and Tributaries 
4. Carquine~ Strait 
s. Suisun Bay and Vicinity 
6. San Joaqutn R1ver 
7. Sacrameiito River and Oe 1 ta Area 

L Go 1 den Gate 

All ocean waters that enter the San Frandsc9 Bay Estuarine System do so 
through the ·Go1·den Gate. The tidal cliaracteristic.s at the· Gate are changed 
o~ly Slightly from those on tne ocean as the ocean waters enter the Bay. The 
follOl<fing tidal paramerers were cqmptitec! at the Golde11 Gate (Table 5) u.sing the 
tidal observations collected during the boundary program. 

Table 5. Tidal Parameters for Golden Gate 

Station Number Station Name Mn OHO OLQ Series 

941-4'106 Bonita Cove 4.20 0.55 l.17 2 months 
941-4290 San Francisco 3.99 0.60 1. 12 19 years 
941-4806 Sausalfto 3.84 0.59 l. !'2 24 months 
941-4818 Angel Island 4.08 o.s8 1.15 9 months 

2. San Francisc;o Bay 

Over the duration of the program a high concentration of tide stations 
we~· Jn operation o.n the west side of south San Francisco Bay, both within the 
sloughs a.nd ~ithin the Bay proper. Only. a few locations were occupied south of 
Oa.kla.nd on th.e east side of t.he Bay. Th's was primarily because of the 
e.>rtensiye mud flats and it 1oJas difficult to e-sta.bHsh stations that could be 
properly attended, The 111ean i"ange of tide increases from north to south in the 
Bay, with the range accounting for a large percentage of the Bay volume, 
because the tidal range is large ~lative to tne· average water depth. The 
value of DHQ is virtua 1 ly the same (0. 6 foot) throughout the Bay while OLQ 
Iner.eases 0.1 foot from 1.1 to 1.2 feet nortll. to. south along the perimeter. of 
the Bay (table 6) . -

Table 6. Tidi!I Parame.ters for SaTI Francisco Bay (Proper) 

Station Number Station Name Mn 

941-4305 
941-4317 

North Point 4. 23 
Pier a2-l/2 San Fran'i?tO 4.44 

OHQ DLQ 

0.60 1.09 
0.61 l.08 

Series 

17 Months 
17 l"onths 

-
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Statioa Humber Station Hame Mn DHO OLO Series 

941-4358 Hunters Po1nt 4.90 0.60 l.11 13 Months 
941-4391 South San Francisco 5.22 0.61 1.12 9 Months 
941-4413 Seaplane Harbor 5.36 0. 63 l.15 5 Months 
941-4449 Coyote Point Marina 5.53 0.61 1.15 12 Months 
941-4458 San Mateo Brid1e (West) 5.75 0.62 1.16 24 Months 
941-4501 Redwood Creek CMS) 6.07 0.61 1.20 21 Months 
941-4509 Dumbarton Bridge 6.48 0.60 1.20 21 Months 
941-4575 Coyote Creek Entrance 7 .04 0.60 1.26 13 Months 
941-4609 South Bay Wreck 6.16 0.61 1.19 11 Months 
941-4637 San Mateo Bridge (East ) 5.83 0.62 1.15 3 !lonths 
941-4688 San Leandro Channel 5.47 0.62 l.15 19 Months 
941-4i50 Alameda 4.70 0.61 l.12 19 Years 
941-4779 Matson Wharf (Oakland) 4.38 0.60 l.09 15 Months 
941 -4816 Berkeley 4.29 0. 59 1.12 6 Months 
941-4849 Richmond (Inner Harbor) 4.15 0.59 1.10 12 Months 
941-4881 Point Orient 4.14 0.59 1.09 24 Months 
941-4873 Point San Quentin 4.01 0.59 1.06 20 Mo01:hs 
941-4837 Point Chauncey 3.94 0.59 !.07 9 Months 

In South San Francisco Bay there are many creeks and sloughs off the 
mainstream of the Bay. The tidal influence is restricted ln some of the 
sloughs (Table 7). Such occurrences are due to restrictions within the region 
such as the topography or depth of channel at low water stages. ln a few 
instances, only the high watei.-. datums were computed.' Jn other cases, th~ DLQ 
was reduced and the mean range of tide depressed as shown in Table 7. 

Table 7. Tidal Parameters for San Francisco Say (Slough Regions ) 

Station Number Station Hame Mn DHQ DLQ Series 

941-4483 Bay Slough iwes•l 5.85 0.62 1.12 8 Months 
941-4486* Bay Slough Easi: 5.72 0.62 0.85 6 Months 
941-4505 Corkscrew Slough 6.24 0.63 1.15 7 Months 
941-4506 tlewa rk Slough 6.65 0.59 1.18 4 Months 
941-45-07 Westpoint Slough 6.25 0.63 1.16 8 Months 
941-4513 Granite Rock 6.19 0.61 1.17 8 Months 
941-4519 Mowry Slough 6.70 0.56 1.12 6 11onths 
941-4521" :-kid Slough 6.43 0.59 0.46 4 Months 
941-4537* Palo Alto (04~8) high wal;er only 24 Months 
941-4548* Guadalupe Slough high water only 16 Months 
941-4549 Upper Guadalupe Slough 7.32 0.61 1.27 2 Montns 
941-4551 Gold StN!et Bridge 7.38 0. 61 i.21 5 Months 
941-4561" Coyote Creek Tributary l 7.04 0.58 o. 79 5 Months 
941-4589" Coyote Creek Tribu~&ry 2 high water only 4 Months 
9~1-4585 .. Coyote Creek Tributary 3 high wa1:er 011ly 5 Monttis 
941-4621 .. Coyote Hills Slough 5.57 0.60 0.51 4 Months 
941-4632* Alameda Creek 5.17 0.59 0.30 3 Months 
941-4711 Oakland Airport 4.87 0.62 1.09 5 Months 
94!-4746 Park Street Bridge (Oakland) 4.66 0.62 1.11 5 Months 
941-4764 Oakland Inner Harbor 4.59 0.61 1.12 5 Moni:hs 

" Restr1ctea Tides 
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3. San Pablo Say and Tributaries 

Tne rrean ranqe of tide in San Pablo Say fs greater than the Golden Gate 
regfon and increases in the upper reaches of the tributaries branching ·out from 
the Bay. The values of DHQ and DLQ are 0.1 to 0.2 foot less than at the Golden 
Gate (Table 8). The San Pablo Bay tidal regime is influenced by the l'laters 
from the ocean and river discharge from the San Joaquin, and the Sacramento 
River through carquinez Strait. 

Table 8. Tidal Parameters for San Pablo Bay and Tribu•aries 

Station /lumber Station Name Mn OHO OLQ Series 

941-5056 Pinole Point 4.27 0. 58 l.03 17 ~:cmths 
941-5074 Hercules 4.16 0.57 0.91 12 Months 
941-5338 Sonoma Creek Entrance 4.19 0.5S o.as 12 Mcmths 
941-5447 Sonoma Creek (·W1 ngo) 4.38 0.54 0.82 3 Months 
941-5252 Petaluma River Entrance 4.37 0.57 0.99 22 1".onths 
941-5423 Lakeville, Petaluma River 4.76 0.50 0.91 12 funths 
941-SE84 Upper Drawbridge (Petaluma 

Creek) 5.00 0.49 0.91 12 Months 

4. Carqulne.z Strait 

Carquinez Strait fs the connecting waterway between San Pablo and Suisun 
Bay. The Strait is a deep channel that ,maintains its depth by the s~rong 
tidal currents that flow through the channel . The mean range of tide 
decreases from west to east in the Strait with no appreciable change in DHQ 
and 0.1 foot decrease fn OLQ from west to east. Table 9 is a SUlllllary of the 
data collected for carquinez Strait. 

Table 9. Tidal Parameters for Carquinez Strait 

Station Number Station Name Mn OHO OLg Series 

941-5218 Mare Island Navy Yard 4.01 0.56 0.92 16 Months 
941-5143 Crockett 4.04 0.54 0. 93 14 Months 
941-SW Benicia 3.62 0.51 0.81 36 Months 
941-5103 Suisun Point 3. 70 0.50 0.80 3 Months 

5. Suisun Bay and Tributaries 

Suisun Bay fs a broad, s.hal low body of water with many marshes and 
numerous islands. Considerable quantities of fresh \tater are continually 
discharged Into Suisun Bay by the Sacrame11to and San Joaquin Rivers. This 
fresh water has a considerable influence on the tidal characteristics in tnis 
locality. ln the Suisun sloughs DHQ and OLQ are consistently between O.& and 
0. 7 foot, respectively. In Suisun Bay the OHQ and OLQ is 0.5 and 0.6 foot, 
respectively. The mean range of tide is less in the bay than in the adjoining 
sloughs with the range of tide increasing in the upper reaches of the sloughs, 
which is similar to the situation that occurs in San Pablo Bay. The tidal 
parameters computed for this area are listed fn Table 10. 

... 
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Tab le 10. Tida~ Parameters for Suisun Bay and Tributaries 

Sta:t ion Number Station fiame Mn DHQ OLQ Series 

941-5266 Pi,erca ·Harbor, Goodyear 
Slough 3.43 0.47 0. 66 12 Months 

941-5498 Suisun Slough Entrance 3.40 0.49 0. 58 15 Months 
941--5379 Joice Island, Suisun Sl ough 3. 65 0.48 0.69 15 Months 
94-1- 5265 Suisun City, Stiis1Jn ·Sfough 3.84 0.47 0.6S 12 Months 
941-5402 Montezuma Slough Bridge 3.58 0.49 tJ.69 12 Months 
941-5307 Heins Landing, Montezuma 

. Slough 3.56 0.49 0.68 lZ t-\onths 
941-5144 Port Chicago, Suisun B<iY 3.37 0.49 0.69 24- t'lonths 
941- 5112 Mallard Ferry Wharf, Suisun 

Bay 2,89 0.48 0.59 15 M0nths 
941- 5096 Pittsbur~. New York Slough 2..90 0.49 0.60 6 Mc>nths 

6. San Joaqu ill River 

Tile San Joaquin 'River is a meandering narrow body of water wi-rh rnany 
tributaries .off the main stream, and also connecting wfth the Sacr.amento ll,iver, 
In tnis l"egion OHQ and DLQ are consistently about 0.45 foot with the mean 
rarige of tide be~w~ 2.3· and ·2.7 feet in the various segments of the r.iver 
system. Table 11 is the result' of data collected during the 'boundary program. 

Table 11. Tidal Parameters for- the San Joaquin River 

Station Number Station Name 1'111 DHQ DLQ Series 

94!-5oti3 Antioch 2.58 0.46 0.57 24 Months 
941-5145 False River 2.31 0.43 0.47 16 Months 
941-5193 Three Mile Slough 2.26 0.44 0.46 12 Mooths 
941.-.5198 Potato Slough 2.47 0.42 0.48 5 MOnths 
941-4868 Orwood 2. 37 0.41 0.44 12 Miloths 
941-5l49 Pri sorier '-s Point 2.40 0.42 0.44 19 Months 
941-5105 Wards cut 2.50 o . ~2 0.45 is Months 
941- 4.866 Holt, Whiskey Stough 2.66 0.44 0 . 45 1s Months 
941- 5021 Blaak Slough Landing 2. 71 0.44 0.45 12 1".onths 
g4l-5004 El dor,ado Pump 2. 78 0 . 4-3 0.44 4 ·Months 
.941-.4883 Stoc.kton 2.85 0.43 0.44 12 Months 
941-4867 Borden Hi ghwa.y Bridge 2.26 0. 44 0.46 12 Month$ 

7. Sacramerito River and Delta Area 

Iri th!'! lower reaches of the Sacramento Riv.er, the Jl!eaJJ range .of -tide 
increases from 2.8 to J, 1 feet from the entrance up the rfver, aod ttie OHQ and 
OLQ a.re generally Cf.5 to 0.6 toot , respectiyely. In the mid-reaches of the 
river., the range of tide is depressed at hi~h water sta.ges in the winter and 



spring and the tidal action is rest:ricted. In ttie upper reacnes of the river, 
tidal influence generally diminishes in the vic1nity of Knight-s la.nding 
(941-6043) where the tide is apparently complecely masked b.)' river discharge. 
Table 12 list:s the results of tide observations collected in the river during 
the boundary program. 

Table 12. Tidal Parameters for Sacramento Ri v.er 

Stat~ on !lumber Stat.ion Name Mn OHO DLO Series 

941- 5176 Collinsvil le 2.79 0. 47 0 .• 58. 15 Months 
941-5236 Three-.Mi 1 e · S l c;>ugh 3. 01 0.46 Q. 58 16 Months 
941- 5316 Rio Vi~ta 3. 12 0. 47 0.57 14 Months 
941-5257 Termioous 2. 52 0.43 0.43 12 Months 
941-5478 New Hope Bridge 2. 22 0.42 0. 34 12 Months 
941-5489* \fa l nut- Grove 2.16 0.40 0. 29 13 Months 
941-5522* Benson Ferry ~ridge 2.07 0.40 0. 32 12 Months 
941-5565 Snodgrass Slough 1.83 0.36 0.29 12 Months 
941- 58'46* Chrl<~burg 1.37 0. 39 0. 18 8 Months 
941-6174* Sacramertto' 0.83 0. 30 .O. i3 9 Months 
941-6643*"' Kn i 91\ts Landing 9 Months 

~ tidal Influence Significant:ly MaSked Perfod.lcai 1y by Rfver Dfscilar.ge 
**' Beyond Tidal Influence 

The Delta a_rea is sout he.ast of the Sao Joaquin Riller and south of the 
Sacramento River. It is characterized by the many interconnecting channels or 
tributaries, such as Old River , Middle River, and extensions o.f the San 
Joa~quin River . !he tidal conditions in some reg]ons of the. De I ta were 
affected by freshwater runoff or by w~ter being pumpeq out o·f the tributaries 
for irrigation purpose5. Tat>le 13 shows the locations where data was 
collected in the Del ta Ar ea •during 'the boundary program. 

Table 13. Tidal Parameters for Lower Ml ta· Region 

Station Number Station Name Mn DHQ· .D"Q Seri e:s 

941- 4794* Clifton Court , Old River 17 Months 
94 1-4785• Grant line Bridge, Old River~ s Months 
941- 4778* Nag lee Bri.dge , .Old River 5 Months 
941-4759 .. Kol ly Sµgar Refinery, Old 

River S. t-lonths 
941- 4768** MOssdale Bridge l.19 0.35 0. 18 .S Months 

•Tide affected by dai ly pumping Of water from Old River · for i rri gation of 
the _Delta regton. 

*" Subject to freshwater runoff that masks the tide. 

F. Humboldt Bay 

Ttiere were orily two stations iostalled between San Francisco and Humboldt 
Bay durfng the tMBP. They were at Piiint Reyes and Arena Cove-, which have 
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become part of tne NTON . There are few areas along tl)is portion of the 
Cal ifornfa, coast where tfde gage installations are possible beca,use or the 
rugged coastal terrain, 

!n lower Humboldt Bay the tidal parameters are re latively constant with 
the mean range of t.ide between 4.8 .and 4. 9 feet and DHQ .a t O. 7 foot and DLQ at 
1.2 feet. In the upper Bay, north .of the inl.et, th.e situation is differerl'L 
from th·e inlet up through to the entrance to Mad River and over to Eureka, the 
range of ~·ide increases with DHQ and OLQ rema i11in1t unchanged at 0. 7 an!f !. 2., 
respectively; except in the Elk River and ~1ough regioris, east of Eureka. The 
tidal parameters based on the 1970's surveys are gtven in Table 14. 

TabJe 14. Tidal Parameters for Humboldt Bay 

Sta ti on Number Station Ha me Ml't OHQ DLQ Series 

941-8686 Hookton Slough 4.92 0.71 1.19 12 Months 
941-8723 flelds Landing 4.82 0.71 1 . 20 9 Months 
941-8739 Red Bluff Bridge 4.81 0. 71 1.18 9 Mo.nths 
941-6757" El I: River 3.94. o. i2 0.38 11 Months 
941-8767 North Spjt 4.82 o. 71 1.20 12 Months 
941-8778 Bucksport 4.93 0. 71 !.25 6 Mon.ths 
941-8801 Eureka 5.23 0. 72 1.24 25 Months 
941-8817 Samoa s. 2.4 0.72 1.24 9 Months 
941-8799 Fres~water S1ough 5.30 0. 72 1.06 7 Months 
94i-BB02 fureka Slough 5.36 0.73 1.24 7 Months 
941-8855 Mad f!iver s .. 60 o. 72 1.29 22 Months 
941-8983 Upp.er Mad f!i ver 4.17 0.68 l.li 5 Months 

• Reduced" Range and OLQ dae to Topography of R1 ver 

G. Comparison of Tidal Cha:racteristics 

Several stations along the Californta coast have sufficient data to 
compare meari range over ·a ~7-year period or three .tidal epochs. 1n general, 
tne data indicates iitt1e change in range at most stations, except at Benecia. 
and Eureka. The tollowtng is a su1)1111ary of the mean range (in feet} compared 
at selected locations over three tidal epochs. 

1924-1942 
Tiaal Epoch 

1!:141-1959 1960-1978 

San Dfego 4.1 4.1 4.1 
Los Angeles 3.6 3.8 3.8 
San Francisco 4.0 tlc. 0 4.1 
Sausa 11 to 3.9 3.9 4.0 
Benicia 4.1 4.3 3.7 
Eureka 5.0 5.2 5.3 
Crescent City 5. ! 5. 1 5.1 

Data collected from this program and prior surveys provi.de .an :Opportunity 
to eompare tidal datums (1941 to 1959 tide epoch) at specific locations · 
relative to the NatiOnal Geodetic: Verttcal Datum (NGVD). · Figure 6 .shows the 
r~lative changes between thiS program and prior surveys. · 
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figure· 7 shows plots of monthly 111ea11 sea 1-evel data during 1978 for 
several statioos wit/l1n the San Francfsco Bay area. Thi? curves shol'I the 
relatively uniform response of sea l e"'.el within the Bay and the general trend 
of a ntgh sea level during the winter months and a low sea l evel during the 
summer months. 

H. NGVO 

The NGVD is a fixed reference adopted as a standard geodetic datum fQr 
elevation. The NGV'cN i s a system of bench ma rks connected by fir1>t- or 
second-order 1 evel ing es tab 1 ishing NGVD throughout the con'tinental United 
States. 

When the NGVCN was within 1 mi le of a tide station it was connected to the 
tidal bench marks by second-order levels . This a l lowed datums es:r:ab1ished at 
one station to be compared to datums established at another stati on through the 
NGVD r.e lationship. Many of the stations have a NGVCN conn.ect,on. Several 
chal')ges were made in the format of the new published bench mark sheet a.s 
follows; 

1. California is listed witb the designated NOS number 941 and California 
Part t, Part 11, and Part III wfll be deleted. 

z. Each stati on location 1 isted fs aacompanied by a four-digl t number 
rather ~han the former index map numbering system. 

3. It is sta1:ed on the bench mark sheet th.at .MLLW is reduced to mean 
value~ referenced t o the 1960 throug~ !978 tidal epoch. 

4. The NOS leveling and adjustment ~ate for NGVD is stated. 

Mos.t .regions in California, particularly in the Suisun Bay, San Joaquin, 
and Sacramento River regions, have NGVD based on different adjustments. Ic is 
commo~ to find the 1956 and/ or 1957 through 1.968 adjustment used to compute 
NGVD in 'the varjou.s regions of t~e San Francisc~ Bay Estuarine System. This 
leads to. inequaliti'es ·;n the system particularly lfl regl ons with dfffere_nt 
rates of subsidence. The National Geodetic Survey, (t!GS ) of NOS is working on a 
system to eliminate these inequal i rles. 

Figure 8 shows the. relationships be·tweeri MLLW, "1Sl, and MHW referenced ~ 
flGVD alo_n§ the Cal Hornia CQ.l!St for: ti<le stations 1n the NTON. ~etween San 
Diego and Point Reyes NGVD-MLLW vary between 2.5 and 2.9 f eet. l.n· inland 
bodies of water along the coast, such diffei;ences could be higher or l ower 
depending upon the tidal conditions within the body of water. The diff~rentes 
between NG-VD and MLLW are greater along the Northern Ca llfornia cciasta l r·egio~ 
compared to Centr.i l and Southern regions·. 

l f the· sea level relative to l and were the same over the entire coastal 
region. the MSL-NGVO relationships wou1d be virtually the -same, but i:hi1> con­
dition does not exist. The difference between MSL and NGVD varies from 
approximately -0.1 to +0.3 foot over the coast of California. 
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The difference between NHW and NGVD varfes from 1.8 to 2. 2 feet bet~een 
San Diego and Point Reyes . Such differences are higher in Northern 
Ca llforniil. Again with MHW-llGVD as with NGVD-MLLW such differences can be 
greater or less along the coastal regjon than inland bodies of water, 
depending upon the range of.tide, other tidal conditions, and topography. 

!'he liOS presently has p,ublfshed NGVD-MLLW infonnatton for California llfith 
station locations originally occupied 1n the 193D's. Most of ;.hese sites were 
reocc.upi ed dUri11g the · CMBP. Stnce ttiere is evidence of subsideric;e in pa.rts of 
Ca liforoia, for example , the Sc.Hsun Bay, San Joaqu i ri and Sat:r.amen:to Rivers 
regtons, NGVD4'!LLW Will not be published for all re9ccupied sites where NGVD-l'ILLW 
were fonnerl.Y published . HoweveY, NGVD-Mllll can- be pYovjded on a continual 
basis for thos~ sites where subsidence is occurring wtth the understandiog that 
there Is a reduce·d accuracy fn the NG-VD-MLLW values and caution shotJld be taken 
in the use of data from such locations. 

V L P.ROGRAM ACCOHPUSHMENTS 

A. lntroduction 

The program accomplishments 1 lste.d here represent targeted goals directly 
~tt<!ined by the NOS/CMSP within a ·specifi.c t_i~ perioc!. What c~not be fully 
listed are the many benefits and long-range uses that the tidal network estab­
lished by the program can pYovide. Federal, state. and private sectors Will 
~til ize the n·etwork and tidal data for decades to come, for delineating 
boundaries, mapping coastal areas, construct1on, scientific research, ·and man• 
aging coastal resouN:es . 

Ttie 304 tide stations. or1gjnally prop~sed were toe optimum nuir~er planned 
to fulfill all po_ssible NOS/State of California requirements. Approximate.ly 
50 percent (153 stations-) of the proposed network was estab lfshed, )'lith 
budgetary and operational restrain.ts preventing ful1 completfon. These 
stations were establ'ished in high priorlty ayeas as jointly dete1111ined by NOS 
and the State of Caltfornia. 

B. Tide Stations 

Tile program .originally required four new primary t{de stations in 
additfon to the existing liTON S'tatio.ns. f>rimaries were established at P.ort 
·Ch1cago, Sui~un .Bay, apd San Mateo, South San Fr.ancisco Bay. Two future 
primary stations will be selected rrom three, currently operating, lon_g--ierm 
~econdary stations. North Spit , Huml>oldt Bay, is one and the other is to be 
detenmned by data evaluation -and other requirements from stations operating 
at Sacramento and Stockton. 

Eighty (70 per~nt) of the planned 114 se_condar.y stations, and 71 
(38 percent) of the planned. 186 tertiary stations weYe established duri ng the 
program. The t ert1aries were operated in conjunction with their controlling 
secondaries as required. 

-
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The fo 1l owing , ta'.b 1 e provides a sunvnary of the number of stations 
established 1n various geographic locations: 

Geographic location P'dmarv Secondary terti~ry Total 

Tiajuana Estuary 3 2. 5. 
San Otego County lagoons 9 0 9 
Moss Landing '1 4 8 
South San Francisco Bay 1 11 20 32 
~orth San Francisco Bay 7 12 19 
Toma les Bay 0 3 3 
San Pablo Bay 9 5 14 
Suisun Bay l 6 8 15 
Delta Region 27 9 36 
Humboldt Say -1 8 12 

Total 2 80 71 153 

In addition to th·e planned activities a spec..ial project was undertaken 
which re.quired a 6-fllOnth extension of the progr.am from December 1979 to 
June 1980. This proj.ect involved a study of the Sacramento River and some 
coastal mars~es and lagoons in Southern Ca l ifornia. 

c. ·r; da l Bench Marks 

An essential part of· the establi.shment of a tide stat'lon i~ the installa­
tion and l eveling of a system Of tidal bench marks to whicti tJdal datums are 
ultil!lately referenced. These bench marks provide a permanent record and 
met~od of rec:ci.vering tida1 datums lorig after the actua-1 tide station has been 
removed. Tile datUlJ!S computed for each be'nch mark are per1oi:lically Updated 
using data from the 20 control tide stations currently in operation . As a 
r esult of the program, approximately 950 permanent tidal bencJi marks were 
estab n shed or updated. 

As a rule, if a tide station is within l mile of the NGVCN, a level 
connection is made to establish the re lationship between the loca l tidal 
datums and NGVD. This all~ws datums esnblished at one tide -statton to be 
compared to datums established at .other tide stations through the NGVD 
relationship. Most stations e>tabl ished during the program were co1Tne<;ted to 
NGVD. Those stations not connected were genera 1 ly too far from the NGVCN. 

D. liaal Datums 

l'he ddal datums established at each tide sr.a.tion are the principal 
product pub 1.i shed and provid.ed by NOS to the user. Datums can be transferred 
through surveying and ut1Hzed in engineering, charting, scientific, and iegal 
applications. 

Of the 2,375 stat tons lllOnths of data collected. 2,156 stati .ons months, or 
90 percent, were processed and found acceptable for computing tidal datums. 
Presently, datums have been published" for 105. of 153 station locations estab­
lished (69 percent c9ti;pleted). The remaining station locations w11l be 
published b.Y the end of fisca l Year· 1983, except for sev·eral of the San Diego 
.County Lagoon and a few Sacramento RivE!r stations. These stations .do nc;it 
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exhibit periodic tidal fluctuations (due to freshwa ter 1nflux, excessive 
pumping activities, etc. ) , therefore, conventional tidal datums cannot be 
computed. 

E. Bench Mark Publications 

The tide stations at Imperial Beach (941-0lZO). Cabrillo Beach 
(941-0650) , and Santa Barbara (941-1340) have been removea, but plans are to 
update the bench mark publications to the revised fonnat. and elevations of 
bench marks referred •o the lg60-7B tidal epoch. Historical stations at Holly 
Sugar Refinery (941-4759), Naglee Bridge (g41-4778), Clifton Court (941-4794), 
and Grant line Br-idge (941-4785) were reoccupied, but no bench mark sheets 
will be published because of tne daily extra"ion of water by Irrigation 
pumps. Other historical tide statlOJlS, Selby (941-5142). Frank 's Tract 
(941-5ogs) , Union Island Highway Bridge (941-4827), Jacobs Road (941-4882) . 
Webb Ferry (941-5147), Junction Old and San Joaquin River (941-4781 ), 
Carquinez Strait lighthouse and V!cf nl ty (941-5166) , Tubbs Island Wharf 
(941-5356), South Pacific Railroad, Dumbarton Point (941-4510) , and Alameda 
Electric Light Plant (941-4756 ) , were not reoccupied and have been dropped 
from the published lfst. The historical stations not reoccupied but retafned 
are Point Isabel (9~1-4843 ) and Angel Island, llest Garrison (941-4817). The 
tide station at South Bay Wreck (941-4609) has tidal datums but no bench marks 
established. Tidal datums cannot be computed for Kni ghts landing, Sacramento 
River, because of the high rfver staging masking the tide; therefore, no 
published sheet will be available for thfs location. Many of the benc~ mark 
sheets for locations ljsted in California Part I and Part II we~e oropped from 
the published list. This was because of either insufficient length of series, 
lack of adequate 19 year control, or evidence of• bench mark inst.ability. lf a 
tide station has less than three recoverable bench ni.arks and the differential 
elevations change s1gnifi cantly, the tidal bench mark sheet also wou ld be 
dropped from publication. However, the information would be kept on file and 
provided to the public upon request. 

F. Index Maps 

Users of the products provided by the program, will be informed of the 
data available by two sets of index maps, now avai-lable. One set of charts 
shows the locations for all tide stations in the state for which bench mark 
sheets are published. The second set of charts shows all station locations 
where tfdal observations were made. To supplement the index maps , a station 
lis t will be provided giving the station number, name, geographic position, 
ins tallation and removal dates, bench mark publication date, and length of 
series used for computing the Published datum. 

The index maps will be maintained and updated at NOS Headquarters In 
Rockv111e, Maryland. Distribution of the index maps to the user will be 
handled jointly by the NOS and the State Lands Division. Details for 
requesting maps ~ill be published in appropriate professional journals . 

... 
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Vt!. ~ECOMMENOATIONS 

A. lntrodu:ctlon 

This section is based upon experiences and information derived oot only 
from the CMBP, but also from NOS involvement in other state cooperative programs. 
Recorm;endations are made on preservin·g past program's accomp 1 i shmeots, on 
updating them, and on' conducting future tidal surveys. 

6. Bench Marl< Maintenance 

Each tfqe station established during the program had a mini"mum of fiVe 
bench marks installeil <1rid/or re.covered. · Per iodic maintenance of the bench 
marks is e:ssential to the preservation of the tidal datums estalilisheil. 1he 
bencti marks are the only 1Til!ans of recovertng the datums at the station once 
the ilistnimen'tation has been• removed, 6ther than through the complete 
reinstaflation of the station . ff the nu·mber- of bench marks ·at a station 
drops to t~o or· less, then· the datums are potentf~lly lost, unless the 
diff-erence in elevation between the two bench mar~s has remained constant. 
Even wfth t\llo marks, the cred1b'11ity of the datums fs questionable. since 
l oC.a1 mov.ement ,c;ould affect the elevatfon of both marks equally. · 

A bencn ~rk ma1ntenance program would consis~ of periodic inspecti-0ns of 
each station lbcatiori involving recovery of the bench marks, ·~tability levels, 
updating descriptioris, and pos_sib.1y the collection of addi tiona 1 ti de data. 
ff. any bench marks rave been destroyed or show excess movement, they should be 
rep}aced. A pfogram of this n~tore is currently being Implemented in Florida 
and New Jersey , 

C~ Future Tidal Surveys 

Some ~reas- of the state were surveyed much ~~re intens1vely than otners 
due to pending li~igation and other Federal / State requirements. B~dgetary and 
operational restraints prevented planned lower priority sta.tions in ocher areas 
from being established. Thus. only limited data is available frofll certa-in 
coastal regions , particuJarly between Port San Luis and San Francisco (except· 
Monterey Bay), and between Arena Cove and Humboldt Bay. These areas should be 
included fn · any f.uture tidal sur~ey. 

F11ctu.re tidal programs also shouJ.d resurvey the re_<jion oetweerr the 
carqoi ne:t Stra·it and fhe 'San Joaquin-Sacramento River sys1:ems. Ttle tl da 1 
clta-r.acteri sti cs in this region, coup 1 ed with subsidence. have changed 
drastkal ly. T)lis transition is an ongofog process and needs to be monitorell 
closely. -

0. NGVCN 

At stations where the CMBP did not determine rates of subsidence, only 
conditional NGVO-MUJ{ values are proyfded. These values w.ill not be published, 
but · can be provided .to the State of Cal ifo>"nia, Stat.e Lands , ColJ'lllfss.ion upon· 
request. Releveliilg of the NGVO network in some areas wi11 be required to 
detect and measure sucti movements . It is >"econmended that a joint progri!ll1 
between NOS and· the State be established ~o re.level the. NGVD network io tflese 
areas . 

• 
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E. Int.egrated Logist'ics Support (lLS) 

NOS has developed and adopted a systematic stamiardized approach for the 
tidal support of its water levels measurement system, called ILS. In eddition. 
to documenttng operatlonal and matntenance procedures, it involves modification 
of AOR tide gages to reduce gage down time and ·thus data loss . lt i.s recon-rnended 
that any future tidal survey be .perfoY"111E!d in accordance with ILS standards to 
increase the efffcieni;Y. of the operation and produce high qua 1 i ty data . 

• 


