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INTRODUCTIOXN

"
Yy

)

Tne first use of z porous

friction surfacing (PFS) on a military
runway ian North Azmerica was at

the U.S. Naval Air Station (NAS), Dalias,
Texas, where PFS was laid down over a portion of Runway 17-35 in Septecber
1971. This installation provided a unique opportunity to monitor the
perforcance of PFS under high-tire-pressure, high-load, jet aircraft
traffic. The Civil Engineering Laboratory (CEL) was tasked by the Naval
Facilities Engineering Cor—=and to begin a 2-yvear monitoring prograz in
July 1974,

The performance of the porous friction surface at NAS Dallas was
conitored through these techniques:

(1) Measuring runway friction with a Mu-Meter friction-zeasuring
device
(2) Making field permeability tests with 2 CEL-developed falling
head permeaceter
(3) ¥isually surveying the condition of the PFS using the statistic-
£ ally based procecdure developed by CEL
%% (4) Coring the pavement and deternining asphalt binder properties
and PFS density
= (5) Investigating any aircraft accidents attributed to skidding or
= hydroplaning
24 The initial plans called for four visits to the station at 6-month inter-
%% vals beginning in August 1974. The first and third visits were to consist
§§ of skid testing, pemmeability testing, coring of the pavement, and visual
=3 conditien survey. The second and fourth visits were to conduct visual
§§ ¢ >ndition surveys only. -
2
gg
-z STATION BACKGROUND
=
= Almwe

AV

al Aalr Station, Dallas i{s located midway between Fort Worth and
Dallas near the town of Grand Prairie, Texas. The primary mission of the
station is to support Naval and Marine Air Reserve training and to pro-
.‘de a base for a unit of the Texas Air National Guard. The station also
provides airfield facilities for the Ling-Temco-Vought Corporation plant

located on the west side of the statfon. An aerial photograph of the
station is shown in Figure 1.
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The primary aircraft using the station since coastruction of the PFS
ren<ay have been F8, F4, A7, and KC-97. Most other aircraft in the
aiiitary inventory have used NAS Dallas on a transient basis. Load and
tire pressure data for the pricary aircraft are given ln Table 1.

Fiight operations at XAS Dallas have averaged approxizately 9.C00
per month during the period 1971 to 1976. Alcost all aircraft operations
were on Runway 17-35, with occasional light zircraft and helicopters
using Runway 13-31.

A su=mary of climatological data over a 2l-year period is given in
Appendiz A.
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XAS Dallas was first visited by the CEL tean on 26 to 26 August
1675, During this visit, rumcay friction measurements were ma2de with a
Yue-Meter friction~-mceasuring device loaned ro CEL by the Federzl Aviation
sd=inistration {FA\), Southwest Region. Permeability tests, a visual
condition survey, and arrangecents for pavement coring also were com-
pleted during this visit.
Juring the seconé visit
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6 to 8 January :975, runwayr friction meas-

»
vrements with the FAt Mu-Meter and a visual coadition survey were accom-
plished. Pavement cores, which had been cut after the first visit, were
taken H

te CEi. for laboratory testing.
Buriag the third visit, 18 te 19 Xovezber 1975, runway friction
zeasurezents, percmeability tests. a visual condition survey, and arrange-
ments for paverent cering were wmade.
The fourth and final visit was nade on 29 June 1976, when a visual
cendition survey and permeability tests were =ade. Runway friction
ceasurezents were not made as the FAA Mu-Meter was not available.

FIEL. :%ST PROCEDURES

Reaway Friction Measurezents

¢ resistancef/hydroplaning characteristics of the PFS were

th a Mu-Meter friction-measuring device (Figure 2). The

a small trailer, designed and manufactured by M. L. Aviation
~¢ Maidenhead, Fngland. It measures the side-force friction ccefficient
gcnerated between the pavement surface and the pneumatic tires on the
‘w0 wheels that are set at a fixed toe-out (vaw angle) to the line of
travel. The Mu-Meter is a coantinuvous recordinp device that graphically

re~oris the coefficient of friction, mu*, versus tne distance traveled
alon,y the pavement.

*Tﬂzm;ymhol-hu or u designates the coefficient of {riction, which is a

constant used to represent the ratio of frictional force to force normal
ta the pavenent surfzce.
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Water was applied te each test section with a water truck provided
by the station. The water truck was calibrated to apply 0.1 inch of
water on the skid test strip with each pass.

Test sections were selected to deterczine the effect of aircraft
traffic on the performance of che PFS. Two sections, designated traffic
and nontraffic areas, are shown in Figure 3. The previously calibrated
water truck made two passes over each test strip. Mu-Meter rums at 40
=iles per hour, which is 1.2 tizes the theoretical hydroplaning speed for
this venicle, were initiated ic=ediately after cocpletion of the second
water truck pass. The runs were made in alternate directions at coaven-
ient tize intervals until a dry paveczent condition was reached or 30

iy
¥

iR P

W%
Y

H

X

LAY

=

= cinutes had elapsed. All water truck aad Mu-Meter operations were ceas-
ST

28 ured to the nearest second with a stopwatch.

2]

= Perzeability Tests

]
i

e v -<f!*

Tne device and technique used for the permeazbility tests were de-
signed by Tonita and are described in Keference 2 as follows:

"The drainage ceter for the falling-head permeability ceasureczents
was devised to be sicple field test equipzent. A piece of hard rubber
1/% inch by 1/4 inck was cecented to the bottom fz.e of a &-inch-diaczeter
Lucite tube. A bead of polyechyiene fil= sealer was placed on the botrto=
face of the rubber. During field use, an arrangecent of clamps and a
wooden platforn on the outside of the tube supported weights that forced
the lower edge of the tube into watertight contact with the pavezent.
Four 10-pound weights were placed on the piatform, 2nd the tube was fili-
ed with water. A stopwatch was started when the water level was at 42
inches above the pavecent surface, and tize durations for the water level
to drop to 30-inch, 18-inch, a2né 6-inch levels were recorded. The four
water levels above the pavezent surface were marked on the Lucite tube.

The coefficient of permeability, k, under falling head may be deter-
mined by:

a L ho
k = 2.3—1{lo — 1
t 810 n M
1
where
a = area of the Lucite tube
A = zrea of the frictisn course throsugh which water passes
L = length of the path water goes through
t = tice
h = initial head or level of water
(¢] .
hl = final head of water

All terms in Equation l are easily measured or can be calculated for per-
reability test of laboratory-size specimens. However, for the drainage
reter .esting on a surface having infinite area, such as the friction
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course layer, the tern L is difficult to deternine. The water must travel
some unknown path dowxn into the {riction course peneath the tube and then
out of the friction course bevond the poriphery of the rubber footing .and
sezler. Fro= observations oi the experizents it appeared that zost of
the water flowed vpwaré fron the friction course in a spriang-like manner
after passing through the friction course beneath the rubber footing.
Tne spring-like flow in plan view was in the shape of a ring 1 to 1 1/2
inches wide surrounding the tube.

Using 2 = 12.069 square inches, A = 9.823 square inches, average
values of tice, and an approximated value of L = 1.516 inches, the k
values were deternined by Equation 1 for variovs co-binations of ho

and n,.
i

V¥isual Condizion Survey

£

The procedure used to m=nke the viseval survey of the PFS was the =i
statistically based technique developed by CEL in 19656. Paverent defects §§
are ceasured that permit the establishcent of condition numbers (weighted %g
defery densities). These nuchers, which are direct indicators of the g%
pavezment condition, can be compared after each survey to determine quan- §§

titative changes in pavement defects.

TEST RESULTS
Friction Measurezents

e pavezment skid resistance results are reported in teros of coef-
i { friction, 1 (mu), as measured by the Mu-Meter. Tne actual

N o coefficient veisus distance traces recorded during the first
test run are shown in Figures 4 through 6. The traces show the variation
§ friction coefficient within each test section. aAppeadix B contains
*I rest results for each Mu-Meter run made by CEL at NAS, Dallas.
Fi,ures 7 turough 10 show changes in surface friction versus tice
. ter wetting for each pavement section testeé. Figure 7 is plotted froo
dat: in Reference !. These graphs demonstrate the natural drainage char-
acterisiics of the runway surface. The slopes cf these curves show that
the friction coefficient of the poreus friction surface is not affected
. time aiter application of water. This indicates the PFS is functien-
ing .s designed and is rapidly draining water from the pavesment surface.
¥ar -omparison, a2 typical plot of friction coefficient versus time after
“#t~'ne for a conventional asphaltic concrete pavement is shown in Fig-
ure 1.

iriction coefficients at 3 minutes after water application obtained

in 11} tests conducted* since 1971 were above 0.50. This coefficient is

*The Air Force Weapons Laboratory (AFWL) and CEL have conducted tests.

4
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considered satisfactory, and no hydroplaning problems are expected. In
addition, little variation of friction coefficient is noted within each
test section. Tnis desirable characteristic Insures even braking by
aircraft using the surface. Friction coefficients obtained in the traf-
fic area were consistently lower than the nontraffic ares. This differ-
ence is attributed to differences in pavement drainage due to construction

variables. The difference in drainage is also evident in the perceability
fests.

Paverent Cores

The results of laboratory tests on cores obtained in Ncovecber 1974
ané Novecher 1975 are shown in Table 2. Table 2 alse includes the results
of tests on cores obtained in 1973 and reported on in Reference 2.

Tiie penetrzation of the residual asphalt has been consistently low
since the 1973 series of tests with the exception of the nontraffic zrea
sanple in 1973. It is assu—ed that this sample was contaninated in the
extraction and distillation process, and the results are erroneous. The
penetrations reached are typical of aging asphalts and have probably
stabilized at their present levels.

Variations in bulk specific gravity are erratic, and no conclusive
trend is discernible. Tne traffic 2rea averages appear to show a densi-
fication. However, a2n anzlysis of variance between the sacples indicates
that the observed differences in sample specific gravities are due to
sazpling fluctuations and are not significant.

Perceability Tests

The results of the perceability tests using the previously described
procedure are given in Table 3. Considerable variation was notad in tests
performed within each area, and no definite trend developed. A marked
differenze in permeability between traffic and nontraffic areas has existed
fron the first tests in 1272. This difference is attributed to construc-
tien variations betweea individual paving lanes and possibly to soze
testing variables. Lower friction coefficients in the traffic area are
helieved to result from lower perceability in this area.

Visual Conditioen Survey

The results of the visuai condition surveys by CEL and Southern
Division, NAVFAC {3] are given in Tables & through 6. The total weighted
defect density has increased from 0.10A (0.00A being no visible defects)
in March 1972 to 0.22A in August 1974. No appreciable change was noted

in January 1975 or June 1976. Based upon subjective visual examination,
the condition of the PFS is excellent.

E vl

s SR

SRR

b «M
ph ookl
LY

R

1

'«

i

i

ekl

Hs

¥

‘Ba

RIS

i

rF
Wk

4.
b

i

7

i

it

o

S

)

o

ik

S

i

4
i)

i

T
il

GRS




T e i e e Lo ot > SN ol R T S, ¥ L
B T R e e A TP e S

s = x
SRRy e o P et

02 S D T T A L F s a L LT £ ek 5T P T % T e — -
TN A I R ok i 2 > — S e i ) 2 T
AT T ARG 3 e O 3 N e e Nt e o A e N R O B R L A S I e AT P

B3 RS sy
e e ey =Lk

Accidents Attributed to Skidding

One aircraft accident has been attributed to skidding or hydroplaning
since the porous friction surface was placed. An F8-H Crusader landed on
23 April 1973 and attempted to brake on a wet runway. The pilot reported
no braking effect and, after blowing both tires, overran the runway. No
injuries or aircraft damage resulted from the incident. NXNAS Dallas opera-
tions personnel reviewed their records and determined that the duty run-
way on 23 April 1973 was Runway 35. This means that the aircreSz towuched
down on the porous friction surface heading north and probably <id .-
begin braking until it was on the old slurry-sealed surface. This = -.%ion
of runway had an average friction coefficient of 0.16 (wet) in 1971 {.].
Friction coefficients of less than 0.40 establish a high potential for
most aircraft to hydroplane; therefore, the low coefficient on the slurry
seal probably started the F8-H hydroplaring.

Additional Observations

During rmost of the skid testing operations, water placed for skid
testing purposes was observed running along the pavement surface rather
than entering the PFS pores (Figure 12). This apparent lack of drainage

id not reduce the friction coefficients to an unacceptable level. It is
feit that tires rolling over chis water develop sufficient pressure to
force the water inte the PFS pores and remove it from the surface.

Raveling of the PFS, which has been reported by others [3, 4], was
observed by the CEL investigators. Most of the raveling apparently
ceonrred during the first yvear after construction. Since that time only
sl.ant raveling along reflecticn cracks (Figure 13) and jet blast areas
has becn noted.

A fuel spill required patching of an area approximately 10 feet by
3u feet (Figure 14). Although the same mix used in paving the PFS was
used for the patch, a very poor patching job resulted. The patch has
raveled down to the underlying asphaltic concrete in several areas.

lperations personnel at NAS Dallas have reported occasional incidents
o viuvwn aircraft tires vher pilots have braked too hard on the PFS. This
problem generally occurred only with pilots who were not familiar with
the °F5 and the runway configuration at NAS Dallas. It is theorized that
the s:lots may have overreacted when approaching the lake at the south
e-d of Runwav 17-35 and locked their brakes on the PFS. Even in a wet
condition the PFS has a high coefficient of friction, and the unsuspect-
ing pilots’ reactions may have been too slow to prevent a blowout.

CONCTUSTONS AND RECOMMENDATIONS

Based on the results of this study it can be concluded that the por-
ous friction surface at NAS Dallas is providing:
1) a highly skid-resistant surface for high-tire-pressure jet
aircraf{t operations

6
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{(2) an excellent surface with few visible defects
{3) a minimun service life of 5 vears with a potentially nuch
longer life
It is recommended that pilots be informed of the very high frictional
resistance of PFS and therefore, to expect excellent braking response.
Additional investigation is needed to find better ways of patching PFS.
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Aircraft
Type

Maximum Gross Weight
of Aircraft
(1b)

e

Tire Pressure of
Main Landing Gear

(psi)

A-7

F-4
F-8
KC-97
H-53

42,000
54,600
29,500
150,000
30,000

265
250 to 400

300

165

90

it

5
i
=

B

18

S,

WG

e
RS

2y

e
g
)

o~
=2

Vi

X

A
p

L A
AR

u
%

JEEAD

L
o

X
¥

5l

&

R
43 ﬁ{f‘h-

el Ké"‘a

s

R

3
R

o,

2

PRt

Hrln
S

K
SRR

.

B

:{‘3?

s

&}‘
&
LK

.
3

1
P

*
¥

o

S d gl i
AT
LA

7
AT

g
§

E T
AL
R

X

25
=
a5




R SRR R B S R T R R aﬁm
)
o
W A
o "10112 TeauduTiadx¥e 3TqEqOd,
5§
i
3 9°6 8°¢T 8°8 0'6 mo.mw 8T 09 01 6% uorzealauad 37eydsy ‘.
& .
ww 9T°§ 16°S 62°9 02'S $0°9 29 0°L 03 0°S (%) aua3uod afeydsy '
e .
%M 91°'¢ ?0'¢ (8°T £€6°1 66°'T 68°'1 - £31aea3 OT3TORds jIng .
M 21°'¢C n0°¢ 6°'0 6°0 8°'0 8'0 g 03¢0 00C "oN N )
i T'¢ 6T 71 91 T €1 - 00T oK ,
i 8"y s 6'2 L'z v'e L'z A SCENG 0% ‘o :
WW 6°¢€1 ¢'tl €T L'0T 6°¢ rANA ¢¢ 91 0 0T °"ON U
i Ty T ey 6°9Y 2°6€ 5*6¢ v'zy 5§ 03 0g y oN .
” 001 00T 001 00T 00T 00T 00T ©23 06 ‘ut g/¢
1
b W_ 001 00T 00T 00T 00T 00T 001 ‘ut z/1
) -~ Surssed juadaad
% ‘uotraepeal saefeadsy
8
sy
i woay pOaY voay voay voay vaay
ﬁmw 91jjeaauoN | 9fjjeal | orgjeaauoy | o13jeal | oryjeaauon| oryzess WoT20T To0ds 1930ue Ry
i
: SL6T 29quanoN L6T 19quanoy €L6T aunp
w SUTTEAQ SVN 1@ 2d2Jang UOTIDTAJ SN010g jo SITnsay 1so] Aioaeioqe] ‘g IIqel
w
;

A3 i fr

g.tvwﬁpl



A F NG o ol g LT A S TR TTICE LN A DADMRS~ = Steliol: TS R AT A et e S . Py vy
28 ot Tl R P b vy = 2 o e T o el A S g SRk AN
T O R T T o T R s A B R A A R s M S s N R ?A‘g%;x‘%:ﬁ;i%&:gfé}ﬁf;&%‘

Table 3. Permeability Tests of Porous Friction ﬁ%
Surface at NAS Dallas e

Coefficient of Permeability 5

bDate of Test (in./hr) for - ‘é

Traffic Area Nontraffic Area %@

e e - —— e - _———— -

June 1972 268.0 482.0 =
August 1974 222.0 597.0 o
November 1975 122.9 511.4 &
June 1976 213.5 434.7
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Table 4. 7
g?;
ASPHALTIC CONCRETE DISCRETE AREA DEFECT SUMMARY Fo
";'g';i
Airfield _NAS Dallas Facility _Runway 17-35 =
Discrete Area _Porous Friction Surface  Areaof Discrete Area {a) 308,400 f12 ;-%
a5
No of Sample Areas (b) 14 Ratio: (a/25006) —8.81 7
. patd
Length or Ared T::.;‘:‘m::h Detect Density Detect w[;"f::.d i“{j-_
Detect Type of Sampled °2 ) {per 10sq fr) Severity sfect ;51;
Defects All Defects 10 dfa Weight D¢ naity: ﬂ’]
. {c} x Ratio (o) x () %
{c} {d) {e) ) (g} 25"
TC.LL. o 267 ft 0.0009 3.5 (.03
Reflection Crack
Faulting
Patching 2
323 ft 0.910 5,0 0.04
Settlement or
Oepression
Pattern Cracking
Rutting °
Raveling 2
42 ft 0.001 7.0 0.01
Erosion—Jet Biast 51 ftz 0.062 7.5 0.02
. 2
Ot Spillage 11 fc 0.0004 1.5
Broken-up Area
Total C.10A
Remarks on Pavement Condition
Data Source: Reference 3.

8

° Transverse crack, longitudinal crack or longitudinal construction joint crack.
** Letter suffix A’ indicates asphaltic pavement.
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Table S. =
ASPHALTIC CONCRETE DISCRETE AREA DEFECT SUMMARY %
Airfield _NAS Dallas

¥

Facility _ Runway 17-39

2

o
!

Discrete Area _orous Friction Surface ace;of Discrete Area (a) 308,400 f?

A
)

et

;

3

No_of Sample Areas (b) 1% Ratio (ar25000) _8-81
Date Surveyed - 28 August 1974

N

Totat th ght
Length or Area :“_ 'Lm:‘ Defect Density Detect w‘;::c:d
Defect Type ot Sampied ~rea *

¢ H it}
All Detacts per 103 fo Seventy Density -
Defects

" .
{c} » Raztio 10afa Weight (e} x {f)

R

Kt

.
5

RN,

{a ()] (e} ) tg)

4‘0‘%}

s

%

TC.LC o LCI”

,
i

o
]

19 fc 167 fr 0.005 3.5 0.018

Retinction Crack 206 fc 1814 ft 0.059 2.0 0.118
Feulting

A

2
7

Ll
‘t‘fi’:‘ﬁ %‘-

Patching

RO

2
428 ft C.014 4.0 0.056

Seztier~ent oc
Deoremsion

Patrarn Cracring

Rutting

et
ZE
=

“
RNaveling 8 ¢t 70 f[~ 2.002

Erosion et Blan 51 f:2 0.002

Uit Saillage

- $
: Broxen-ud Ares !

0.014
0.015

AR

~I
w |©

~)
.

X
ATtk

4

¥

ot

2
i

Total 0.22A
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Remarks an Pevement ¢ andition

"he reflection cracks run transversely across the runway
; arcooximately 178 to 1/4 in wide.
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Table 6.
ASPHALTIC CONCRETE DISCRETE AREA DEFECT SUMMARY
Airfield __NAS Dallas Facility _Runway 17-39
Discrete Area __Forous Friction Surface aresof Discrete Area (a) 308,400 #?
No. of Sample Areas (b} 14 Ratio. (a/2500p) -8:81
Date Surveved ~ 29 June 1976
Length or Area T:{ta‘l’l;ing‘xh Defect Density Deief:t W[;:::d
Defect Type of Sampled {per 10sq ft) Severity
Alf Defects- ) Density:
Defects . 10d/a Weight
. {c} x Ratio (o) x (f)
{c) (d) (e) (f) (g
TC.LCorLey” 24 ft 211 ft 0.007 3.5 0.024
Retlection Crack 210 ft 1850 ft 0.060 2.0 0.120
Faulting
Patching 428 £e2 | 0.014 4.0 | 0.056
Settiement or
Depression
Pattern Cracking
Rutting
Raveling 2 2
25 ft 220 ft 0.007 .0 0.050
Erosion-Jet Blast 51 £t 0.002 7.5 0.012
Qil Spillage
Broken-up Area
Total 0.26A
Remarks on Pavemant Condition
The pavement condition is virtually unchanged since the visual
survey performed in August 1974.

* Transvere crack, longitathnal crack or longitudinal construction jomnt crack,
** Letter suffix A’ indicates asphaltic pavement
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Precipitation Wind
Temperature Means (°F) Meanz (in.)
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iy Month Ed
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Appendix B. Continued

Average Time Coefficient of

11 November 1975

Test
l.ocation

Traffic area

Run
No.

After

(min)
1.47
2.87
4.39

Friction, pn

Wetting

Average

Max imum

0.66
0.67
0.67

0.75
0.69
0.69

Minimum

1L.44 0.67 0.69
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13.22 0.67 | 0.68 £
19.04 0.64 0.69 . %
Nontraffic 1.02 0.81 | 0.82 .74 {s;j
area 3.37 0.77 0.79 . =
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4.76 0.78 0.79
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DISTRIBUTION LIST

AFB AFCEC/DE Tyndall, FL
AFWL CE Div., Kirtland AFB NM
ARMY CONSTR ENGR RSCH LAB Labrary, Champaugn 11,
ARMY ENG WATERWAYS EXP SEA Library. Vichksburg MS
ASST SECRETARY OF THE NAVY Dir. of Instal/Fucil. (CAPT Faylor) Wishington IX
CINCLANT Base Dev. Ofr, Norfolk VA
- CINCPACFLTI'SCE, Pearl Harbor Hi
COMEAIRWESTPAC DF T MISAWA PWO. Japan
COMFLEACH. OKINAWA SCE, Yohosuha Japan

COMFEL TAIR West Pac Staff Cavil Engineer Atsugi Japan 5
: COMNAVMARIANAS FCF. Guam =
COMSERVPAC SCLE. Pearl Harbor HI &
DNL Washington DC %
MARINE CORPS AIR STA Faul. Engr. Div. Cherry Point NC. PWO, Beaufort SC; PWO Beaufort SC s

i

2

MARINE CORPS BASY Code 43-260, Camp Lejeune NC. PWO Camp Lejeune NC. PWO, Camp Pendleton CA: =
PWO, Camp S. 1D Butler. Kawasak Japan: PWO. Twentynine Palms CA [

MCAS Code 1Jd () Teale), El Toro, Santa Ana CA; PWO. Futema Japan. PWO, Inakun Japan: PWO. Yuma AZ

MCSC PWO, Barstow CA

NAD Code 092, McAlester OK. PWO Hawthorne, NV

NAFPWO Sigonella Sicily . PWO, Atsugi Japan: PWO, Mount Clemens M!

NAS CO. Guantanamo Bay Cuba, Code 110, Pensacola FL.. Code 14, Alameda CAL Cade 1821 H, Miramar, San Diego
CA. Code 183, Dir Fngr Div | San Diego, CA, Code 18300, Lemoore CA 93235, Code 183P (J. Howald), Corpus
Chrisu 1X: Code 18700, Brunswich ME, Code 18A, Miramar, Sai Diego CAL Code 220(W. [ yan), Pensacola FL.;
Code 640, Pensacola L, Code 70, Atlanta, Marietta GA. Code OOLOO. Pensacola FL, Dir Maint. Control v,
Kev West FE, Engr Div Dir, Mendian MS, PW (3 Maguire), Corpus Chnsti I'X: PW Mantenance Control Div. 72,
Dallas TX. PWC CO Peasacola, FL.. PWD (M.B. Trewitt), Dallas X, PWD Maint. Div | New Orleans, Belle
Chasse 1 A, PWD. Willow Grove PA, PWO Point Mugu, CA. PWO, Lemoore. CA, PWO (Code 18 2). Bermuda:
PWO M Flhott, [ os Alamitos CA. PWO Belle Chasse, LA, PWO Chase Freld Beeviile, X, PWO Jacksonville,
P, PWO Key West FU PWO Mendian, MS: PWO NI San Diego Ca. PWO Patuxent River MD, PWO Whidbey
Is. Oak Harbor WA, PWO Wisting FId. Milton FL.. PWO, Aux Fallon, NV, PWO, Ceul Field FL: PWO, Corpus
Chisti [X, PWO, Dallas TX, PWO, Glenview 11, PWO, Kingsville FX. PWO, | akchurst NJ, PWO. Los Alamitos
CA. PWO, Millington TN, PWO, Miramar, San Diego CA. PWO, Occana, Viuginia Beh VA, PWO, So. Weymouth
MA. PWO, Moffetr Field CA, R Khine Lakehurst, NJ. ROICC RKey West FL, ROICC Off (J. Sheppard). Point
Mugu CA, SCE Ar Rework Fac Norfolk, VA, SCE Lant Fleet Norfolh, VA, SCE Norfolk, VA; SCE Pensacolz,
FL.SCE Agana Guam, SCH, Alameda CA. SCE, Barbers Point HI, SCE, Cubs Point, P.P.. SCE. Guantanamo
Bay Cuba, SCE, I emoore CA: Shore Facil, Ofr Norfolk, VA

NATPARACHU L ETESTRAN PW Engr, El Centro CA

NAVAIRDEVCEN PWO Warsunster, PA

NAVAIRPAC CE, NI San Diego CA

NAVAIRTESTCEN PATUXFNT RIVER PWD(t McGrath), Patuxent Riv . MD

NAVCONSIRACEN CO. Port Hueneme CA, Co, Gulfport MS

NAVEACENGCOM Code 0451 Alexandria, VA, Code 10133 4. Lemmamie) Alenandnia, VA

NAVEACENGCOM - CHE S DIV Code <08 Wash, DC

NAVIEACENGCOM - LANT DIV RDIKELO P2, Norfolk VA

NAVFACENGCOM - NORITH DIV (Boretshy): Code 1028, RDT&ELQO, Pluladelphia PA

NAVEACENGCOM < PAC DIV, Code 402, RDI&E, Pearl Harbor HI

NAVEFACENGCOM - SOUTH DIV, Code 90, RDT&1:1.0, Charleston SC

NAVFACFNGCOM WEST DIV Codes 9PA

NAVPGSCOL. Code 2124 (1 ibrary). Monterey CA

NAVSCOLCFCOFF C35 Port Hueneme, CA

NAVSTA PWO, Guantanamo Bay Cuba: PWO, Keflavik Iecland

NAS PWO Key West FILL

NAVEFACENGCOM Code 03 Alevandna VA, Code 031 Alexandna VA, Code 032A Alexandnia VA, Code 0328
Alexandria VA, Code 04 Alexandria VA, Code 0451 (P.W, Brewer) Alexandria, VA 22332; Code (MS1C (M.P.
Jones) Alevandria. VA, Code 04B1 (P.P. Brown) Alexandria VA; Code 10 Alexandria VA
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NAVEACENGCOM - LANT DIV, Code 405 Cavil Engr BR Norfolk VA, Code 311 Soil Mech & Paving BR Norfolk
VA

NAVFACENGCOM - NORTH DIV. Code 408 Cisil Engr BR Philadeiphia, PA

NAVFACENGCOM - PAC DIV Cande 308 ol Bnge BR Mahalapa HI. Code 411 Soil Mech & Paving BR Makalapa
HI

NAVFACENGCOM  SOU LH DIV, Conde 308 Crual fngr BR Charleston SC: Code 311 Soil Mech & Paving BR
Charleston, SC

NAVEACENGCOM WEST DIV Code 305 Cral Engr BR San Bruno CA, Code 411 Sl Mech & Paving BR San
Bruno €A

NCBC CELWCAPT NOW Petersens, Port Hueneme, CA, CLL AUIC Pot Hueneme CA: Code 400, Gulfport MS. PW O
Gulfport. MS. PWO, Davisuille Rt

PWC COLabrary s Guantanamo Bay Cuba CO Norfolk, M A, CO Yohosuha, Japan, CO, Great Lakes IL, CO, Guam.
CO. Oabland CA. CO. Pearl Harbor HI; CO. San Dicgo CA, CO. Subic Bay. R.P.. Code 120, Oakland CA. Code
120C (Labrary) San Diego, CA; Code 200, Peast Harbor HI: Library, Subic Bay. R.P.

AUSTRALIA Dept. PW (AL Hicks), Melbourne
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