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INTRODUCTION

While the demand for air conditioning (AC) at Naval facilities has
stabilized, the cost of power has grown tremendously in recent years,
and the availability of power plant fuel from the traditional domestic
sources has declined sharply. Therefore, alternatives to the high power
consuming AC systems are being sought. The Civil Engineering Laboratory
(CEL) under the sponsorship of the Naval Material Command and the Naval
Facilities Engineering Command has investigated the use of naturally
cold sea or lake water as an alternative cooling and dehumidification
medium for Naval facilities.

This report provides: (1) a summary of the work accomplished by
CEL on sea/lake water AC for Naval facilities; (2) a description of the
computer models developed to estimate the capital cost and energy use of
such AC; (3) the results obtained by applying these models to two Naval
facilities (Pacific Missile Test Center (PMTC) Point Mugu, Calif., and
Naval Shipyard (NSY) Pearl Harbor, Hawaii); (4) the results of an analysis
to determine the sensitivity of capital cost and energy use of seawater
AC at these facilities to the seawater intake location and water temper-
ature; and (5) the life cycle cost (LCC) of such AC systems compared to
the LCC of conventional AC.

SEA/LAKE WATER AC INVESTIGATIONS

At CEL the development effort on sea/lake water AC for Naval facil-
ities included an assessment of the feasibility of sea/lake water cooling,
the design of an operational test at Naval Security Group Activity
(NSGA) Winter Harbor, Me., and the economics of Navywide application.

In FY76 an assessment of the feasibility of seawater cooling for
Naval facilities was made. It was found that there is potential for
cost and energy savings with this type of AC (Ref 1). The design of an
operational test system for NSGA followed. Surveys there found that a
small (84 tons refrigeration (TR)) seawater cooling system could be
installed and operated at this facility at a lower LLC than a conventional
AC system, but the control of biofouling in such a seawater cooling
system at this site posed a problem that needed solving before implemen-
tation could be made (Ref 2 through 8). Assessments of the economics of
Navywide application of sea/lake water AC indicated that cost and energy
savings at the sites of some Naval facilities are possible, depending on
the temperature in the adjoining water bodies, but that biofouling
control and required maintenance remain risk issues (Ref 9 through 12).

CEL has not been alone in examining the use of natural waters for
AC. In related work, AC with seawater off Florida, California, or
Hawaii, or lake water from Lake Michigan, or well water in New Jersey
has been found technically and economically feasible and can save energy
(Ref 13 through 18).

1



ECONOMICS AT TWO FACILITIES

Facilities

In FY78, several sites of Naval facilities were identified as
having high potential for the cost-effective application of sea/lake
water AC (Ref 9). These findings were based on estimates of the energy
demand at Naval facilities at these sites and the temperature of the sea
or lake water in the adjoining water bodies. In FY79, water temperature
measurements were made at two of these sites, Pearl Harbor and Point
Mugu, which were determined to have the highest potential among the
sites (Ref 12). The choice of specific Naval facilities at these two
sites - the Naval Shipyard (NSY) Pearl Harbor and the Pacific Missile
Test Center (PMTC) Point Mugu - was based on proximity to the cold water
source and requirement for AC.

Comfort cooling is the primary reason for AC at NSY, where three
buildings were selected for evaluation (Bldg 1, Bldg 3A, and Bldg 214).
The required AC of these buildings is 192 TR, 138 TR, and 205 TR,
respectively. Cooling for computers is the primary reason for AC at
PHTC where three buildings (Bldg 761, Bldg 50, and Bldg 53) require AC
of 465 TR, 255 TR, and 374 TR, respectively. The locations of these
buildings are shown in Figures 1 and 2.

Estimates were made of the capital costs and energy use of seawater
AC at these two facilities using computer models. These estimates
compared well with the preliminary estimates given in Reference 9.

Computer Models

Mathematical models were developed for estimating the capital costs
and energy usage in sea or lake water AC systems. The following models
were developed to make these estimates:

1. Cold Water Supply Model - two computer programs were required,
one for the offshore portion of the system (program IA) and one for the
onshore portion (program IB) (Ref 10).

2. AC Equipment Model - only one computer program (program II) was
required (Ref 11).

These programs were written such that the amount of site data and pre-
liminary design assumptions required for input to the programs could be
varied, depending on the level of detail in the available data and the
level of expertise of the program operators in AC system and pipeline
design. As a minimum, the data required for input to these programs
are: (1) the temperature/distance from shore profile data for program
IA, (2) estimates of land pipe inside diameter and length of sections
for program IB, and (3) location and building parameters for program II.
Of the three types of data required, item (2) can be easily estimated by
anyone with a basic knowledge of pipeline design, and item (3) can be
obtained from several commonly available handbooks. However, item (1)
is not as readily available because it is based on water temperature
data at the site for the time of the year when the water is warmest.
Consequently, a special water temperature survey would probably be
required at any specific site.
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The site data and design assumptions made in these programs are
given in References 10 and 11. It is notable that these design assump-
tions allow for only one intake pipeline for the cold water supply.
Therefore, the computer-generated capital cost estimates for cold water
supply must be modified in order to use a two-intake pipeline system.
Such a system, which was referred to as three-pipe (inlet-outlet-standby),
was recommended by Reference 8. Other biofouling control recommenda-
tions given in Reference 8 are fully covered in the computer models.
The capital cost estimates made for PMTC and NSY were modified to account
for two intake pipelines at these facilities.

Sensitivity

The capital cost and energy use sensitivity of seawater AC to the
distance of the seawater intake location from shore and to the intake
water temperature is shown in Table l.* Cost and use data were taken
from the output of runs of the computer programs for the two trial
facilities.

It is seen from the estimates given in Table 1 that (1) the capital
cost is sensitive to the pipeline length which is dependent on the
seawater temperature near the seafloor and the distance of the intake
from shore, (2) the energy use is also dependent on this distance and
temperature, and (3) the ability of any site to support seawater AC
depends on the temperature of the seawater at the intake.**

Capital Costs and Energy Use

Table 2 presents the capital costs and energy use of seawater AC at
the two trial facilities based on two intake pipelines at a single
location at each - PMTC II and NSY III (see Table 1). Similar capital
costs and energy use figures are also given in this table for conventional
AC. Averages of the estimates of capital costs and energy use for these
two facilities are also given and taken to represent values for a hypo-
thetically typical Naval facility. The figures in Table 2 are based on
three buildings at each trial facility with a total of 1094 TR at PMTC
and 535 TR at NSY. 815 TR for three buildings at a "typical" Naval
facility is an average of those of the trial facilities.

By way of a check on how typical the cooling load average is, the
AC requirements given in Reference 9 for four sites (Apra Harbor, Guam;
Pearl Harbor, Hawaii; Chicago, Ill.; and Point Mugu, Calif.) of Naval
facilities (19 facilities) were averaged and found to be 849 TR, which
compares favorably with 815 TR.

Life Cycle Costs

The LCC of seawater and conventional AC at the typical Naval facility
based on the computer output are given in Table 3 along with the differ-
ential LCC (i.e., conventional AC LCC minus seawater AC LCC). The

*Intake locations are designated by I, I, or III.

**With the intake seawater temperature values given in Table 1, it
appears that 50°F is an upper limit for sea/lake water AC.
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estimates of the capital cost of biofouling control equipment and annual
maintenance costs included in this LCC are based on the estimates given
in Reference 2 for NSGA Winter Harbor and corrected for the much larger
AC tonnage at the typical Naval facility.

The sensitivity of the total LCC to a 100% increase in the estimated
cost of biofouling control equipment and a 100% increase in the estimated
annual cost of operation and maintenance (not including electricity) is
only 15%. Consequently, there appears to be little need to improve
these estimates.

FINDINGS

1. The computer models described in this report provided reasonable
estimates of the capital cost and energy use of seawater AC systems at
Point Mugu and Pearl Harbor.

2. The capital cost and energy use of seawater AC systems for the trial
facilities are sensitive to the pipeline length, which is dependent on
the seawater temperature near the seafloor versus the distance from
shore at the sites.

3. At Point Mugu, seawater AC would use 80% less energy than conventional
AC; at NSY Pearl Harbor, 70% less. The capital cost of seawater AC at
PNTC is about equal to that of conventional AC, but at NSY the capital
cost of seawater AC is three times greater than conventional AC. There-
fore, though substantial energy savings are possible at both trial
facilities, the capital cost of seawater AC is at least as much as
conventional AC.

4. At a hypothetical typical Navy facility, seawater AC will uie 80%
less energy than conventional AC, but the capital cost of sea/lake water
AC is 60% greater. The LCC of seawater AC at a typical Naval facility
is 25% lower than the LCC of conventional AC.

RECOMMENDATIONS

1. Sea/lake water AC should be considered as an energy and LCC saving
alternative to conventional AC at Naval facilities which adjoin bodies
of water.

2. The computer models introduced in this report should be used to make
estimates of the capital cost and energy use of sea or lake water AC
systems.

3. No further research and development on sea/lake water AC is recommended.
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This paper presents data from measurements of the amount and rate
of biofouling in test sections of heat exchanger tubes like those of the
planned Ocean Thermal Energy Conversion (OTEC) system, a system with
many of the same biofouling problems as seawater cooling systems.
Mechanical cleaning with a spinning brush was found to reduce biofouling
in these tube sections. This work will continue in OTEC experiments and
may lead to a biofouling control system which can be applied to sea/lake
water AC systems.
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Table 1. Sensitivity Analysis

Intake Total

Pipeline Capital Energy Use
Location Seawater Distance Costa MBtu/yr

Temperature From Shore oTR

(OF) (ft x 103 ) ($ illion)

PIITC I 49.1 8 1.8 1.7

PMTC II 47.3 11 2.1 1.6

PMTC III 45.1 16 2.6 1.7

NSY I 58.6 17 b b

NSY 1I 54.1 20 b b

NSY III 50.4 24 3.2 2.5

aFiscal Year 1979.

bThe temperature of the seawater reaching the buildings that require

AC is not low enough to maintain design room conditions.

Table 2. Capital Costs and Energy Use

Capital Costs in FY79 Energy Use
($ Million) (MBtu/yr x 103)

Item Point Pearl Typicala Point Pearl Typicala
Naval PitPal Naval

Mugu Harbor Fal Mugu Harbor Fal
Facility Facility

Seawater AC 2.1 3.2 2.7 1.7 1.3 1.5

Conventional AC 2.2 1.1 1.7 9.3 4.6 7.0

Savingsb 0.1 -2.1 1.0 7.2 3.3 5.5

a"Typical" in this context is intended to mean typical for Naval

facilities where sea/lake water AC has high potential.
bsavings = conventional AC - seawater AC.
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Table 3. Life Cycle Costs

Cost Basis at Typical Life Cycle Cost ($ x 10
3/MBtu)

Naval Facility Seawater AC Conventional AC

AC Equipment 21 167

Cold Water Supply System 224 0

Biofouling Control Equipmenta  .24 0

Total Capital Contribution 269 167

O&M Costsb 39 2

Electricity Costsc 75 343

Total O&M Contribution 114 345

Total LCC (Capital and O&) 383 512

Differential Life Cycle Cost 129

aAssumed to be 10% of the total system (AC plus cold water supply).
bNot including electricity.

CPer year cost - rather than life cycle cost.

'1

,__



o Ao

4.L

-E-

000

P-4

/10

Ir I"

A., t 12



* 

a-

rAP,*id 1 N, 

4

K0

LU

TIS

JU N'



DISTRIBUTION LIST

AAP NAVORDSTA IND HD DET PW ENGRNG DIV. McAlester. OK
AFB IAFITILD), Wright-Patterson OH: ABGDEE iF. Nethers). Goodfellow AFB TX: AF Tcch Office (Mgt

& Ops). Tyndall. FL: AFCEC'XR.Tndall FL: AUL/LSE 63-465. Maxwell AL: CESCH. Wright-Patterson:
HQ Tactical Air Cmd (R. E. Fisher). Langley AFB VA: MAC/DET (Col. P. Thompson) Scott. IL: SAMSO
MNND, Norton AFB CA: Samso, Vandenburg. AFB, CA: Stinfo Library. Offutt NE

ARMY BMDSC-RE (H. McClellan) Huntsville AL: DAEN-CWE-M (LT C D Binning), Washington DC:
DAEN-MPE-D Washington DC: DAEN-MPU. Washington DC: ERADCOM Tech Supp Dir. (DELSD-L)
Ft. Monmouth. NJ; Engr District (Memphis) Library, Memphis TN: Natick Cen (Kwoh Hu) Natick MA;
Tech. Ref. Div., Fort Huachuca. AZ

ARMY - CERL Library. Champaign IL
ARMY AMMUNITION PLANT Sarhw - FEM Hawthorne. NY
ARMY CORPS OF ENGINEERS MRD-Eng. Div.. Omaha NE: Seattle Dist. Library, Seattle WA
ARMY CRREL G. Phetteplace Hanover. NH
ARMY DARCOM AMCPM-CS (J. Carr). Alexandria VA
ARMY ENG DIV HNDED-CS, Huntsville AL: HNDED-SR, Huntsville. AL
ARMY ENGR DIST. Library. Portland OR
ARMY ENVIRON. HYGIENE AGCY Water Oual Div (Doner). Aberdeen Prov Ground. MD
ARMY MATERIALS & MECHANICS RESEARCH CENTER Dr. Lenoe. Watertown MA
ARMY MISSILE R&D CMD Redstone Arsenal AL Sci. Info. Cen (Documents)
ASO PWD (ENS J.A. Jenkins). Philadelphia. PA
ASST SECRETARY OF THE NAVY Spec. Assist Energy (Leonard). Washington. DC
BUREAU OF RECLAMATION Code 1512 (C. Selander) Denver CO
CINCLANT Civil Engr. Supp. Plans. Ofr Norfolk. VA
CNAVRES Code 13 (Dir. Facilities) New Orleans. LA
CNM Code MAT-08T3, Washington. DC
CNO Code NOP-964, Washington DC; Code OP 987 Washington DC: Code OP-413 Wash, DC: Code OPNAV

09B24 (H); OP987J (J. Boosman), Pentagon
COMFLEACT. OKINAWA PWO. Kadena. Okinawa
COMNAVMARIANAS Code N4. Guam
COMOCEANSYSPAC SCE. Pearl Harbor HI
COMSUBDEVGRUONE Operations Offr. San Diego, CA
DEFENSE CIVIL PREPAREDNESS AGENCY J.O. Buchanan, Washington DC
DEFENSE DOCUMENTATION CTR Alexandria, VA
DOD Staff Spec. Chem. Tech. Washington DC
DOE F.F. Parry. Washington DC; INEL Tech. Lib. (Reports Section), Idaho Falls. ID: Liffick. Richmond.

WA. P. Jordan Washington. DC
DTNSRDC Code 4111 (R. Gierich), Bethesda MD; Code 42. Bethesda MD
DTNSRDC Code 522 (Library). Annapolis MD
ENVIRONMENTAL PROTECTION AGENCY Reg. VIII, 8M-ASL, Denver CO
FLTCOMBATTRACENLANT PWO, Virginia Bch VA
GSA Fed. Sup. Serv. (FMBP), Washington DC; Office of Const. Mgmt (M. Whitley), Washington DC
KWAJALEIN MISRAN BMDSC-RKL-C
MARINE CORPS BASE Camp Pendleton CA 92055; Code 43-260, Camp Lejeune NC; M & R Division. Camp

Lejeune NC; PWO Camp Lejeune NC; PWO, Camp S. D. Butler. Kawasaki Japan
MARINE CORPS HOS Code LFF-2, Washington DC
MCAS Facil. Engr. Div. Cherry Point NC; CO. Kaneohe Bay HI; Code PWE. Kaneohe Bay HI; Code S4.

Ouantico VA; PWD, Dir. Maint. Control Div., Iwakuni Japan: PWO Kaneohe Bay HI: PWO. Yuma AZ;
SCE. Futema Japan

MCDEC NSAP REP. Ouantico VA
MCLSBPAC B520, Barstow CA; PWO, Barstow CA
MCRD PWO. San Diego Ca
NAF PWD - Engr Div. Atsugi. Japan; PWO Sigonella Sicily; PWO. Alsugi Japan
NALF OINC. San Diego, CA
NARF Code 100. Cherry Point. NC; Code 612. Jax. FL
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NAS CO. Guantanamo Bay Cuba: Code 114. Alameda CA: Code 183 (Fac. Plan BR MGR): Code 187.
Jacksonville FL: Code 187WK. Brunswick ME: Code 18L! (ENS P.J. Hlickey). Corpus Christi TX Code 6234
(0. Trask). Point Mugu CA: Code 70. Atlanta. Marietta GA: C'ode 8E. Patuxent Ri% MD; Dir. Util. IDiv..
Bermuda: ENS Buchholz, Pensacola, FL: Lakehurst. NJ; Lead. Chief. Pcev Offr. PW'Self Help Div.
Beeville TX: PW (J. Maguire). Corpus Christi TX: PWD Maint Cont. D)ir.. Fallon NV: PWD Maint. Div..
New Orleans. Belle Chasse LA: PWD. Maintenance Control Dir.. Bermuda: PWI). Willow Grove PA: PWO
Belle Chasse. LA: PWO Chase Field Beeville, TX: PW() Key West Fl.: IPW() Whiting Fid. Milton FL: PWO.
Dallas TX: PWO. Glenview IL:_ PWO. Kingsville TX: PWO. Millington TN: PWO. Miramar. San Diego CA:
PWO.. Moffett Field CA: ROICC Key West FL: SCE Lant Fleet Norfolk. VA: SCE Norfolk. VA. SCE,
Barbers Point HI: Security Offr. Alameda CA

NATL RESEARCH COUNCIL Naval Studies Board. Washington DC
NATNAVMEDCEN PWO Bethesda. MD
NAVACT PWO. London UK
NAVACTDET PWO. Holy Lock UK
NAVAEROSPREGMED3CEN SCE, Pensacola FL
NAVCOASTSYSTCTR CO. Panama City FL: Code 423 (D. Good). Panama City FL: Code 713 (J. Quirk)

Panama City, FL: Library Panama City. FL
NAVCOMMAREAMSTRSTA PWO. Norfolk VA- PWO. Wahiawa HI: SCE Unit I Naples Italy
NAVCOMMSTA CO (61E) Puerto Rico: Code 40)1 Nea Makri. Greece: PWO. Exmouth. Australia: PWO. Fort

Amador Canal Zone
NAVEDTRAPRODEVCEN Tech. Library
NAVEDUTRACEN Engr Dept (Code 42) Newport. RI
NAVENVIRHILTH('EN CO. Alexandria. VA
NAVFAC PWO. Brawdv Wales UK: PWO. Cape Hatteras. Buxton NC: PWO. Centerville Bch. Ferndale CA:

PWO. Guam
NAVFAC PWO. Lewes DE
NAVFACENGCOM Code (143 Alexandria. VA:. Code 044 Alexandria. VA: Code 0)45) Alexandria. VA: Code

t0454B Alexandria. Va: (ode (1)46: Code 01401D (V M Spaulding) Alexandria. V'A: Code 04133 Alexandria.
VA: Code 081IB Alexandria. VA: Code I(X) Alexandria, VA: Code 10)23 jI. D. Stevens). Alexandria VA:
(ode 1113 (M. Carr) Alexandria, VA: Code 1113 IT Stevens) Alexandria. VA: Morrison Yap. Caroline Is.

NAVFACENGiCOM - CIIL ,S DIV. Code 101) Wash. DC: Code 10)2. (Wildman). Wash. DC: Code 4013 (H.
DeVoc) Wash. t)C: (,ode FPO-) Wash. DC

NAVFACENGCOM - I-AN] DIV. (DR E. Peltier; Code 10A. Norfolk VA: Code 111. Norfolk. VA: Eur. BIR
Deputy Dir. Naples Ialv: European Branch. New York: RDTr&EL() 1112. Norfolk VA

NAVFA( :ENGCOM - NORTHI DIV. AROICC. Brooklyn NY: CO; C'ode (NP (LCDR ATJ Stewart): C'ode
10)28. RDT&ELO. Philadelphia PA: Code III (Castranovo) Philadelphia. PA: Design Div. (R. Masino).
Philadelphia PA: ROICC. Ciontracts. Crane IN

NAVFA(CENOCOM - PAC' DIV )Kyi) Code 101. Pearl Harbor. I: C'ode 4(02. RDT&E. Pearl Harbor HI:
Commander. Pearl Harbor. IIl

NAVFACENGCOM .SOUTH DIV. Code 94). RDT&ELO. Charlestosn SC
NAVFACENGiCOM -WESTI DIV. 11)2: 112: AROICC. Contracts. Twentynine Palms CA: Code t04B San

Brunii. (CA: 09P'20 San Bruno, CA: RDT&ELO Code 2011 San Bruno. C~A
NAVFA(CENGCOM CONTrRACT AROIC(. Quantico. VA: Code 015. TRID)ENT. Bremerton WA: Code 09E.

TRIDENT. Bremerton WA: Dir. Eng. Div.. Exmouth. Australia: Eng lDiv dir. Southwest Pac. Manila. K1
Engr. Div. (F. Hem). Madrid. Spain OlC(C (Knowlton). Kaneohe. HI: 01CC, Southwest Pac. Manila. PL:
OICC/ROICC. Balboa Canal Zo~ne: ROICC AF Guam; ROICC. Keflavik. Iceland; ROICC. Pacific. San
Bruno CA

NAVHOSP LT R. F.lsbernid. Puerto Rico
NAVMAO SCE, Guam
NAVNUPWRU MUSE DET (Code NPU-.V Port Hueneme. CA
NAVOCEANSYSCEN Code 31 San Diego. CA:. Code 41. San Diego. CA:. Code 523 (Hurley), San Diego. CA:.

Code 6700. San Diego. CA: ('ode 811 San Diego. CA: Research Lib.. San Diego CA: Tech. Library, Code
447

NAVORDSTA PWO. Louisville KY
NAVPETOFF Code .30, Alexandria VA
NAVPETRES Director. Washington DC
NAVPHIBHASE CO. ACB 2 Norfolk. VA: Code S3T. Norfolk VA
NAVRADRECFAC PWO. Kami Seya Japan
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NAVREGMFDCEN Code 3041. Memphis, Millington TN- PWO Newport RIE SCE San Diego. CA: SCE, Camp
Pendleton CA: SCE. Guam: SCE. Oakland CA

NAVSCOLCECOFF C35 Port Hueneme. CA: CO. Code C44A Port Hueneme. CA
NAVSEASYSCOM Code 0325. Program Mgr. Washington. DC: Code OOC (LT R. MacDougal). Washington

DC; Code SEA OOC Washington. DC
NAVSEC Code 6034 (Library). Washington DC
NAVSECGRUACT PWO, Adak AK: PWO. Edzell Scotland: PWO. Puerto Rico: PWO. Torri Sta, Okinawa
NAVSHIPREPFAC Library, Guam
NAVSHIPYD Code 202.4. Long Beach CA: Code 202 .5 (Library) Puget Sound, Bremerton WA: Code 380.

(Woodroff) Norfolk. Portsmouth. VA; Code 40. Puget Sound: Code 400.03 Long Beach. CA; Code 404
(LT J. Ricciol. Norfolk. Portsmouth VA: Code 410. Mare Is.. Vallejo CA: Code 440 Portsmouth NH: Code
440, Norfolk: Code 440. Puget Sound. Bremerton WA: Code 450. Charleston SC: Code 453 (Util. Supr).
Vallejo CA: L.D. Vivian; Library, Portsmouth NH: PWD (Code 4W0). Philadelphia PA; PWO. Mare Is.:
PWO. Puget Sound: SCE. Pearl Harbor HI

NAVSTA CO Naval Station. Mayport FL: CO Roosevelt Roads P.R. Puerto Rico: Dir Mech Engr, Gtmo;
Engr. Dir.. Rota Spain: Long Beach, CA: Maint. Cont. Div.. Guantanamo Bay Cuba: Maint. Div. Dir/Code
531. Rodman Canal Zone: PWD (LTJG.P.M. Motolenich). Puerto Rico: PWO Midway Island: PWO,
Guantanamo Bay Cuba: PWO. Keflavik Iceland: PWO. Mayport FL: ROICC Rota Spain: ROICC. Rota
Spain: SCE, Guam: SCE. San Diego CA: SCE. Subic Bay. R.P.: Utilities Engr Off. (A.S. Ritchie). Rota
Spain

NAVSUBASE ENS S. Dove. Groton. CT; SCE. Pearl Harbor HI
NAVSUPPACT CO, Seattle WA: Code 4, 12 Marine Corps Dist. Treasure Is., San Francisco CA: Code 413.

Seattle WA: LTJG McGarrah, SEC, Vallejo, CA: Plan/Engr Div.. Naples Italy
NAVSURFWPNCEN PWO. White Oak, Silver Spring, MD
NAVTECHTRACEN SCE. Pensacola FL
NAVUSEAWARENGSTA Keyport, WA
NAVWPNCEN Code 2636 (W. Bonner), China Lake CA: PWO (Code 26), China Lake CA: ROICC (Code

702). China Lake CA
NAVWPNEVALFAC Technical Library. Albuquerque NM
NAVWPNSTA (Clebak) Colts Neck, NJ: Code 092. Colts Neck NJ; Code 092A (C. Fredericks) Seal Beach CA:

Maint. Control Dir.. Yorktown VA
NAVWPNSTA PW Office (Code 09CI) Yorktown. VA
NAVWPNSTA PWO. Seal Beach CA
NAVWPNSUPPCEN Code 09 Crane IN
NCBU 405 OIC. San Diego. CA
NCBC Code 10 Davisville, RI; Code 155. Port Hueneme CA: Code 156, Port Huenemc. CA: Code 25111 Port

Hueneme. CA: Code 40,) Gulfport MS: NESO Code 251 P.R. Winter Port Hueneme. CA: PW Engrg,
Gulfport MS; PWO (Code 80) Port Hueneme. CA: PWO. Davisville RI

NCBU 411 OIC. Norfolk VA
NCR 20. Commander
NCSO BAHRAIN Security Offr, Bahrain
NMCB 5. Operations Dept.: Forty. CO; THREE. Operations Off.
NOAA Library Rockville. MD
NRL Code 8400 Washington. DC
NSC Code 54.1 (Wynne). Norfolk VA
NSD SCE. Subic Bay, R.P.
NTC Commander Orlando. FL; OICC. CBU-401. Great Lakes IL
NUSC Code 131 New London. CT1; Code EA123 (R.S. Munn), New London CT: Code S332. B-80 (J. Wilcox):

Code SB 331 (Brown). Newport RI
OCEANSYSLANT LT AR. Giancola. Norfolk VA
OFFICE SECRETARY OF DEFENSE OASD (MRA&L) Pentagon (T. Casbcrg), Washington, DC
ONR Code 221. Arlington VA: Code 7(XIF Arlington VA; Dr. A. Laufer, Pasadena CA
PHIBCB I P&E. Coronado. CA
PMTC Code 3331 (S Opalowsky) Point Mugu. CA: Pat. Counsel. Point Mugu CA
PWC (Lt E.S. Agonoy) Pensacola. FL: ACE Office (LTJG St. Germain) Norfolk VA: CO Norfolk. VA; CO,

(Code 10). Oakland. CA; CO. Great Lakes IL: Code 1(, Great Lakes. IL. Code 110, Oakland, CA; Code
120), Oakland CA; Code 12(_. (Library) San Diego. CA; Code 128, Guam: Code 154, Great Lakes, IL:
Code 2(). Great Lakes IL; Code 200. Guam: Code 22(0 Oakland. CA; Code 220.1. Norfolk VA; Code 30C,
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San Diego. CA: Code 4(11. Great Lakes. IL: Code 411). Oakland. CA: Code 41). Pearl Harbor. HI: Code
4( ). San Diego. (A: (ode 42)). Great Lakes. IL: Code 420. Oakland. CA: Code 42B (R. Pascua), Pearl
Harbor HI: ('ode 5(5A (H. Wheeler): Code fNI. Great lakes. IL: Code NIL Oakland. CA; Code 610, San
Diego Ca; Code 7M. Great Lakes. IL: I.TJG JL. McClaine. Yokosuka. Japan; Utilities Officer, Guam: XO
(Code 20) Oakland. CA

SPCC PWO (Code 120)) Mechanicsburg PA
TVA Smelser. Knoxville, Tenn.
NAF PWO (Code 3))) El Centro. CA
U.S. MERCHANT MARINE ACADEMY Kings Point. NY (Reprint Custodian)
US DEPT OF COMMERCE NOAA. Pacific Marine Center. Seattle WA
US GEOLOGICAL SURVEY Off. Marine Geology, Piteleki, Reston VA
USAF Jack S. Spencer. Washington. DC
USAF REGIONAL HOSPITAL Fairchild AFB. WA
USCG (G-ECV) Washington Dc; (Smith). Washington. DC
US(CG R&D CENTER D. Motherway. Groton CT: Tech. Dir. Groton. CT
USDA Forest Products Lah. Madison WI: Forest Service. Bowers. Atlanta, GA: Forest Service. San Dimas, CA
USNA Ch. Mech. Engr. Dept Annapolis MD: Energy-Environ Study Grp. Annapolis, MD: Engr. Div. (C. Wu)

Annaplolis MD: Environ. Prot. R&D Prog. (J. Williams), Annapolis MD: Ocean Sys. Eng Dept (Dr.
Monney) Annapolis. MD: PWD Engr. Div. (C. Bradford) Annapolis MD: PWO Annapolis MD

ARIZONA State Energy Programs Off., Phoenix AZ
AVALON MUNICIPAL HOSPITAL Avalon. CA
BONNEVILLE POWER ADMIN Portland OR (Energy Consrv. Off.. D. Davey)
BROOKHAVEN NATL LAB M. Steinberg. Upton NY
CALIFORNIA STATE UNIVERSITY LONG BEACH. CA (CHELAPATI)
COLUMBIA-PRESBYTERIAN MED. CENTER New York, NY
CORNELL UNIVERSITY Ithaca NY (Serials Dept. Engr Lib.)
DAMES & MOORE LIBRARY LOS ANGELES. CA
FLORIDA ATLANTIC UNIVERSITY Boca Raton. FL (McAllister)
FLORIDA TECHNOLOGICAL UNIVERSITY ORLANDO. FL (HARTMAN)
FOREST INST. FOR OCEAN & MOUNTAIN Carson City NV (Studies - Library)
FUEL & ENERGY OFFICE CHARLESTON, WV
lAWAII STATE DEPT OF PLAN. & ECON DEV. Honolulu HI (Tech Info Ctr)

INDIANA ENERGY OFFICE Energy Group. Indianapolis, IN
WOODS HOLE OCEANOGRAPHIC INST. Woods Hole MA (Winget)
KEENE STATE COLLEGE Keene NH (Cunningham)
LEIlI(ilf UNIVERSITY BETHLEHEM. PA (MARINE GEOTECHNICAL LAB., RICHARDS); Bethlehem

PA (Linderman Lib. No.30. Flecksteiner)
LIBRARY OF CONGRESS WASHINGTON, DC (SCIENCES & TECH DIV)
LOUISIANA DIV NATURAL RESOURCES & ENERGY Dept. of Conservation, Baton Rouge LA
MAINE OFFICE OF ENERGY RESOURCES Augusta. ME
MICHIGAN TECHNOLOGICAL UNIVERSITY Houghton, MI (Haas)
MISSOU RI ENERGY AGENCY Jefferson City MO
MIT Cambridge MA (Rm 10-51XI. Tech. Reports. Engr. Lib.); Cambridge, MA (Harleman)
MONTANA ENERGY OFFICE Anderson, Helena, MT
NATL ACADEMY OF ENG. ALEXANDRIA. VA (SEARLE. JR.)
NEW HAMPSHIRE Concord. NH. (Governor's Council On Energy)
NEW MEXICO SOLAR ENERGY INST. Dr. Zwibcl Las Cruces NM
NY CITY COMMUNITY COLLEGE BROOKLYN, NY (LIBRARY)
NYS ENERGY OFFICE Library, Albany NY
POLLUTION ABATEMENT ASSOC. Graham
PURDUE UNIVERSITY Lafayette. IN (AItschoeffl);"-fayette. IN (CE Engr. Lib)
CONNECTICUT Irt:foid CI (Dept of Plan. & Energy Policy)
S'RIPPS INSTITUTE OF OCEANOGRAPHY LA JOLLA, CA (ADAMS)
SEATTLE U Prof Shwaegler Seattle WA
STANFORD UNIVERSITY Engr Lib. Stanford CA
STATE UNIV. OF NEW YORK Fort Schuyler, NY (Longobardi)
TEXAS A&M UNIVERSITY W.B. Ledbetter College Station, TX
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UNIVERSITY OF CALIFORNIA DAVIS. CA (CE DEPT. TAYLOR): Energy Engineer. Davis CA:
LIVERMORE. CA (LAWRENCE LIVERMORE LAB. TOKARZ): La Jolla CA (Acq. Dept. Lib. C.(RSA(:
Vice President. Berkeley, CA

U;NIVERSITY OF DELAWARE Newark. DE (Dept of Civil Engineering. Chesson)
UNIVERSITY OF HAWAII HONOLULU. HI (SCIENCE AND TECH. INI'.)
UNIVERSITY OF ILLINOIS URBANA. IL (LIBRARY): URBANA. 11. iNEWMARK)
UNIVERSITY OF MASSACHUSE'ris (Heronemus). Amherst MA CE Dept
UNIVERSITY OF NEBRASKA-LINCOLN Lincoln. NE (Ross Ice Shelf Proj.)
UNIVERSITY OF IEXAS Inst. Marine Sci (Librarv). Port Arkansas TX
UNIVERSITY OF TEXAS AT AUSTIN AUSTIN. TX (THOMPSON)
UNIVERSITY OF WASHINGTON (FI-1-IO. D. Carlson) Seattle. WA: Dept oit Civil Engr (Dr Mattock).

Seattle WA; Seattle WA (E. Linger): Seattle. WA Transportation. Construction & Geom. Div
UNIVERSITY OF WISCONSIN Milwaukee WI (Otr of Great Lakes Studies)
URS RESEARCH CO. LIBRARY SAN MATEO. CA
VIRGINIA INST. OF MIARINE SCI. Gloucester Point VA (Library)
ARVID GRANT OLYMPIA. WA
ATLANTIC RICHFIELD CO. DALLAS. TX (SMITH)
BAGGS ASSOC. Beaufort. SC
BECHTEL CORP. SAN FRANCISCO. CA (PHELPS)
BELGIUM HAECON. N.V.. Gent
BRITISH EMIBASSY Sci. & Tech. Dept. (J. McAuley). Washington DC
BROWN & CALDWELL E M Saunders Walnut Creek. CA
BROWN & ROOT Houston TX (D. Ward)
CANADA Nova Scotia Rsch Found. Corp. Dartmouth. Nova Scotia. Survor. Nenninger & Chenevert Inc..

Montreal: Trans-Mnt Oil Pipe Lone Corp. Vancouver. BC Canada
CHIEMED) CORP Lake Zurich IL (Dearborn Chem. Div.1-ih.l
COLUMBIA GULF TRANSMISSION CO HOUS-TON. IX (ENGi. 11B.)
DESIGN SERVICES Beck. Ventura. CA
DIL.ING HAM PRECAST F. McHale. Honolulu HI
DIXIE DIVING ('ENTER Decatur. GA
DURLACII. O'NEAL. JENKINS & ASSOC. Columbia SC
FORD. BACON & DAVIS. INC. New York (Library)
GRUMMIAN AEROSPACE CORP. Bethpage NY (Tech. Info. Ctrl
HONEYWELL. INC. Minneapolis MN (Residential Engr Lih.)
MATRECON Oakland. CA (Haxo)
MCDONNEL AIRCRAFT CC). Dept 5011 (R.H. Favman). St Louis MO
MEDERMOI-I & CO. D~iving Division. Harvey.. LA
MIDL.ANI)-ROSS CORP. TOLEDO. OH (RINKER)
NEWPORT NEWS SHIPBLDG & DRYDOCK CO. Newport News VA (Tech. Lib.)
PA(CIFIC MARINE TECHNOLOGY Long Beach. C'A (Wagner)
PORTLAND CEMENT ASSOC. SKOKIE. IL (CORLEY: SKOKIE. IL (KI.IEGER): Skokie IL (Rsch & Dev

ILab. Lib.)
RAYMOND INTERNATIONAL INC. E Colie Soil Tech Dept. Pennsauken. NJ
SAFETY SERVICES. INC. A. Patton. Providence RI
SANDIA L.ABORATORIES Albuquerque. NM (Vortman); Library Div.. Livermore CA
SCHUPACK ASSOC SO. NORWALK. CT (SCHUPACK)
SEAFOOD LABORATORY MOREHEAD CITY, NC(LIBRARY)
SEATECH CORP. MIAMI. FL (PERONI)
SHELL DEVELOPMENT ('0. Houston TX (C. Sellars Jr.)
SWEDEN Cement & C'oncrete Research Inst.. Stockholm-, VBB (Libraryl. Stockholm
TEXTRON INC BUFFALO. NY (RESEARCH CENTER LIB.)
TRW SYSTEMS REDONDO BEACH. ('A (DAI)
UNITED KINGDOM Cement & Concrete Asmoe Wexham Springs. Slough Bucks: Library. Bristol: R. Browne.

Southall, Middlesex; Taylor, Woodrow Constr (014P), Southall. Middlesex: Taylor. Woodrow Constr
(Stubbs), Southall, Middlesex; Univ. of Bristol (R. Morgan). Bristol

UNITED TECHNOLOGIES Windsor Locks CT (Hamilton Std Div.. Library)
WARD. WOLSTENHOLD ARCHITECTS Sacramento. CA
WESTINGHOUSE ELECTRIC CORP. Annalmlis MD lOceanic Div Lib. Bryan); Library. Pittsburgh PA
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WM CLAPP LABS - BATTELLE DUXBURY. MA (LIBRARY)
BRAHTZ La Jolla. CA
BRYANT ROSE Johnson Div. UOP. Glendora CA
ERVIN. DOUG Belmont. CA
KETRON. BOB Ft Worth. TX
KRUZIC. T.P. Silver Spring. MD
CAPT MURPHY Sunnyvale. CA
T. W MERMEL Washington DC
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