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PREFACE

Authority for conducting research described in this report is contained in The
Catalog of Approved Requirement Documents (CARDS) under Proj ect No.

J.G162708 D50q06 and by request of the US N avy under MIPR N00024-75-MP-51 17M
- 

. (Basic) dated 30 October 1974.

Tests were conducted dunng January—March 1975 in the POL Test Facility ,
MERADCOM, Fort Belvoir , Virginia.

The work was conducted under the overall supervision of T. H. Jefferson , Chief ,
Research and Development Group, Fuels Handling Equi pment Division , MERADCOM ,
Fort Belvoir , Va.

The following MERADCOM personnel participated in the evaluation program:

William R. Williams, Senior Proj ect Engineer
Conrad Korzendorfer , Technician
Richard Crosariol , Test Mechanic
Lloyd Johnson , Test Mechanic
William Stoney , Test Mechanic
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TEST AND EVALUATION OF COMMERCiA L AND MILITARY STANDARD

FILTER/COALESCER ELEMENTS AT LOWERED TEMPERATURES

I. INTRODUCTION

1. Subject. This report covers water-removal tests conducted on two types of
commercial filter-coalescer elements, Fram and Velcon , conforming to API Bulletin

— 1581 and on the DOD filter coalescer element conforming to Mil-F-890I. All tests
were conducted at below-norm al temperatures (approximately 50 to 600 F) with
diesel fuel and with turbine fuel .

2. Background . Military Standard filter-coalescer elements (DOD) perform
- 

~- 
satisfactorily for almost all military fuels in temperature levels above 65° F. Mil-F.8901
calls for element qu alification in the temperature range of 70 to 90 ± 5° F. Below this
level, filter-coalescer element performance is degraded . The US Army is interested in

- - - improving the performance of the coalescer elements, especially with diesel fuel , at
low temperatures for arctic and marine app lications. The US Navy and the West

- - 

- 

German Navy are interested in removing water from diesel fuel for on-board , turbine-
powered hydrofoil watercraft. This is a critical app lication because of the presence
of large amounts of saltwater contaminant. At least two manufacturers have developed
coalescer elements to the new API Bulletin 1581 that specifies performance down to
40° F. The two commercial elements, Fram Series 7 and Velcon , and the DOD ele-
ments meet the dimensional requirements of Mil-F-52308 and arc capable of being
fitted to the Military Standard Filter Separators.

II. INVESTIGATION

3. Description of Test Facilities. All tests were performed at the MERADCOM
POL Test Area. Two closed pumping loops were utilized; a 100-gallon-per-minute
(gpm) and a 50.gpm system. The 50-gpm system was used in two different configura-

— : - tions: a single test vessel (Figure 1) and two test vessels in series (Figure 2). In most
respects, the test facilities follow those outlined in Mil-F-8901. The basic items in each
pumping loop include: a feed tank , a centrifugal pump of suitable capacity, a water-
inj ection system upstream of the pump , a water-flow meter , a test vessel (filte r sepa-
rator), a fuel-flow meter, a turbidimeter for measuring the amount of water in the
effluent fuel , gages for measuring temperature and pressure , and suitable piping and —

valving to operate on a continuing, recirculating basis. A 1000-gallon feed tank located
outside is cooled by cold water running over the tank periphery ; there are no controls
on the cooling system. The centrifugal pump is a Worthington, two-stage pump with
two 7¼-inch impellers (50 gpm) or 7½-inch impellers (100 gpm) driven by a 15-hp

~~~~~~~ ...~&. . . ,  i.s ~~~ - -— -- s.s ~~~~ ~~~ -- ~~~~~~ . .~~. a~ 
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(50-gpm) or a 25-hp (100-gpm) electric motor. The test vessel used in the 5O-gpm sys-
tern is a four-element separator nominally rated at 50 gpm but containing only two test
filter elements with the other two inlets blocked off. The second separator used in
series tests is a three-element Military Standard filter separator nominally rated at 50
gpm; usually, two elements were installed in this vessel with the third inlet blocked
off. The rated flow rate of the separator is a function of the number of elements in the
separator with each element rated at 20 gpm. The 100-gpm system uses a single,
Military Standard filter separator equipped with five coalescer elements and nominally
rated at 100 gpm. The turbidimeter is a Keene model 861F (range 0-30 ppm) or Keene
model 861B (range 0-10,000 ppm). A Monitek model LT-210/130 (range 0.1-1000
ppm) was installed in series with the Keene model 861B for the last series of tests to
compare performance of the two instruments.

4. Coalescer Elements. Three types of coalescer elements were compared:
The Fram Series 7 (lot CCS1 10), the Velcon (log 142083), both conforming to the
requirements of API Bulletin 1581, and the DOD Military Stan dard coalescer element

• (Banner lot C12037-7 or Keene lot Cl 3520-02-0) conforming to the requirements of
Mil-F-8901. All three elements conform to the dimensional requirements of Mil-F-
52308. A cutaway view of the Frarn element is shown in Figure 3. A cutaway view of
the Velcon element is shown in Figure 4. An end view of the Velcon element shown in
Figure 5 indicates an apparent eccen tricity which was found in all such elements
examined. All of the elements are fabricated from quantities of pleated paper and
coarse and fine fiberglass. The Frasn element includes an outer wrap of fibrous poly-
propy lene . Both the API elements and the DOD element are covered by a cotton sock .

5. Test Fuel and Contaminant. The fuels were fu el oil , diesel , No. 2, conform-
ing to VV-F-800 ; and turbine fuel , aviation , grade JP-5 , conforming to Mil-T-5624. A
single lot was used for each fuel. Characteristics of the two fuels are given in Table 1.

Table 1. Fuel Characteristics

Test Fuel Specification WSIM as Interfacial Tension ,
per ASTM IFT (dynes/cm) as

02550 per ASTM D 133 1 ,
Method 13

Fuel Oil , Diesel No. 2 VV-F-800 13 23

Turbine Fuel , Aviation , Mil-T-5624 96 45
Grade JP.5

-- A 
~~~~~ - • ---“--— --
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The water inj ected into the test fuel during tests was supp lied by the Fort
Helvoir water uti lity system. Prinr to use , the water was filtered to a residual solids
level of 1 milligram per liter. The pH factor varied from 6.5 to 7.0.

6. Test Procedures and Results. Tests were based upon the water-removal
tests detailed in Mil-F-8901. A varie ty of tests was performed to determine optimum
flow rate (i.e ., the highest possible flow rate while obtaining a reasonably clean efflu- 

- 

-

ent) and to compare the performance of the two API filter elements with that of the
1)00 element. Several conditions were varied: number of filter elements in test vessel ,
fuel-flow rate , water-add rate, single vessel or two vessels in series operation; the
temperature varied according to conditions at the time — only very limited control was
possible — but it was usually kept below 60° F.

Tests with diesel fuel were performed first. Fresh batches of diesel fuel were
used whenever feasible . Except for the life test , no 1000-gallon , diesel-fuel batch was
used for more than 16 hours of testing at any one time.

Results of all testing are summarized in the Appendix , Tables Al through
A6. For reasons of simp licity , the detailed test sheets are not included but each test is
summarized as follows: pressure and water in effluent are shown only at test compk-
tion or at time indicated; temperatures shown represent the range with the first figure
that of test initiation and the last figure that of test comp letion. Original test sheets
are stored in Bldg 362, MERAD COM , and are available for inspection.

Table Al represents near ly identical diesel fuel tests performed on the Fram ,
Velcon , and DOD elements with a single vessel with two 2O-gpm elements and run at
50% and 25% of rated flow with 0.5% and 2.0% water-inj ection rates. At similar
temperature ranges, the Velcon elements demonstrate superior performance in water-
removal efficiency.

Table A2 represen ts diesel fuel tests performed on the Fram and V elcon
elements with two vessels in series and run , for the most part , at 50% and 66.7% of
rated flow with 5.0% and 10% water-inj ection rates. Performances of the Fram and
Velcon elements were approximatel y the same.

Table -~3 represents identi cal diesel fuel tests performed on the Fram ,
Velcon , and DOD elements with two vessels in series and run at 50% and 25% of rated
flow with 0.5% a~td 2% water-inj ection rates. The Fram elements demonstrated the
lowest pressure drop, but the Velcon element was superior in water-removal tests with
the DOD element slightl y lower.

11
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Table A4 represents flow op timization and life tests with diesel fuel per.
• formed on the Fram , Velcon , and DOD elements with two vessels in series and with

0.5~ water-inj ection rate. \fter a flow rate is determined that will allow no more than
5 rii~~ water in the second vessel effluent , a sustained life test is performed to deter-
mine the rate of element degradation. Both API elements performed considerably
better than the DOD elements; the DOD elements were tested only at 10 gpm while
the API elements were run at 30 gpm. The Fram element demonstrated the hi ghest
overall water-removal efficiency as well as the lowest pressure drop.

Table A5 represents turbine fuel tests performed on the Fram , Velcon , and
DOD elements with a single vessel and run at 100% and I l  5% of rated flow with 0.5%,
7.0%, 5.0% , and 10.0% water-inje~tion rates. The Fram elem ent demonstrated the
lowest pressure drop, but differences in water-removal rfficie,icies between the three
elements are not sign ificant.

Table A6 represents a turbine fuel life test perf~ -med on 1.01) elements with
• a single , lOO.gpm vessel and run at rated-flow rate with rn ~st of the test at 0.5% water-

inj ection rate. On the eighth day of testing, tests were rum: at 5.0% , 7.0%, and 10.0%
water-inj ection rates. Concurrent with the life tests, comparisons were made between
the Keene 86111 turhidimeter (currentl y used) and the Monitek LT-2 10/ 1 30 turbidim-
eter .

III. DISCUSSION

7. Effect of Temperature. Graphs of temperature (° F) vs water in the effluent
fuel (ppm) for both separators in series (based upon the values of Table A4) are shown
in Figures 6, 7, and 8. In each case, water-input rate is held at 0.5%. The fuel-flow
rate for the Fram and Velcon elements was set at 30 gpm (50% of rated flow) while the
fuel-flow rate for the DOD element was 10 gpm (16.7% of rated flow). Data analyses
are shown in Table 2.

Correlation was best with the Fram element , but scattering in all three cases
was so marked as to preclude the possibility of establishing a working formula.

— 8. Effect of Accumulated Flow. Diesel fuel tests could not always be repro-
duced exactly because the diesel fuel was recirculated continuously and thus was being
cleaned continuously. It was not economically feasible to use a fresh batch (1000
gallons) for each test. The problem was twofold: while the batch of fuel was being
continuously cleaned , the filte r elements were continuously accumulating material
(including surfactatits and gums) from the fuel. To determine if accumulated flow
had any appreciable effect , a plot was made of hours running time vs ppm water in the
effluent (Fi gure 9). To eliminate differences due to temperature variations , only those

12 
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three, 20-GPM Velcon API elements. (Water input rate = 0.5%) (Data from Table A4)
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values obtained over a certain temperature interval were included (62 ± 2° F). l)ata
was obtained from the life test of the Velcon API element (listed in Table A4). As can
be seen , the curve remains relatively flat. There appears to be some anomalous values
after about 17 hours at 30 gpm or after about 30 passes through the separ.~~ r.

The effect of accumulated flow should not be significant for the life tests
performed with turbine fuel. The turbine fuel contains no appreciable amount of gum
or surfactants . But a plot of hours running time vs PPM water in the effluent (Figure - 

-

10) for 62 ± 2° F indicates a sharp break at about 24 hours at 100 GPM or abou t 144
passes through the separator. This is most likely due to degradation of the fil ter!
coalescer eleri -ien ts and not the fuel. Degradation may be due to surface chemistry
ef fects, mechanical breakdown , or a combination of both.

9. Comparison of Two Turbid imeters. A comparison of the readings of the
Keene 86113 turbidirneter (range 0-10,000 ppm) and the Monitek LT-210/130 (range
0.1-1000 ppm) was nude. A linear relationshi p was expected , and a linear plot of the
two readings is shown in Figure 11. Data analysis indicate s a correlation coefficient j f

- - 0.873 which is lower than an ticipated. A solution to the equation for the best straight
line through tIme points is:

M = 1.695K - 3.416

Where ~sl = Monitek LT-210/130 reading

K = Keene 8618 reading.
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IV . CONCLUSIONS

tO. Conclusions. Based upon an examination and analysis of the test data , it is
concluded that:

a. The two commercial filter coalescer elements designed to meet API
Bulletin 1581 show improved performance over the performance of the Militar y Stand- - 

-

ard DOD element in removing water contaminant from diesel fuel at temperatu res be-
tween 40 and 60° F. The Fram element demonstrates a lower overall pressure drop
than the Velcon or the DOD elements.

b. Optimum configuration for a fiRe r separator system for diesel fuel
would make use of two filter separators in series using API lilter/coalescer elements
and with a flow rate no greater than 50% of rate d flow.

c. The API elements and the DOD element demonstrate no significant
differences in removing water from turbine fuel.

d. A continuously recirculated pump ing loop is adequate for filter element
testing with diesel fuel if the total number of passes through the test vessel does not
exceed 30.

e. Efficiency of water removal is inversely proportional to temperature
but no definite formula can , as yet, be established.

f . The Keene 86113 and the Monitek LT-210/130 turbidimeters exhibit a
moderate amount of linear correlation .

21

- -

~ 

~~-‘-~~~.-— ‘~~- —--p ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~-- 
- - - --



,-~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
‘I. ,. 

~~~~~
,
~~~~

-
~
.-“i--- ..— 

~
-‘-

~~
--- -

~~~~~~~~~~~
‘ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

I

= = = — = = ~~~~~__~~_ — — — — — — —

— 
_ _ _ _  

C

_ _ _ _  I
—04 - — — — — - - — — - — —~~—--~ — — — — — — —~~ .~.. — Li) C LI) C Is C C ‘0 D I C C ~~U.. 

~~_ 01 r -

~ ~~~~~~~~~ C~ ~ ~ ~ NJ • . N ‘4) C C’ C) - NJ ~~ NJ N.

~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ 
: _ _ :. _~~~~~_  -

-~~ ~~ ,~~ .
~~~
,.-. 0 N 0 ‘.0 0~ C) C C’ Q ~~ r C’ 14) (‘.4

~~~~~~~ 

~~~ N J N

.
~ ~a _ _

~~~~• - - 
—

. -
~~ W Ii) Lt LI) 0 IL,I 0 U) C Li) C) U 0 Ii) 0- . .

~~~~~~~~~~~~~~ 0 C O  C’J~~~~~~~c’.j C) C’ C) C’.J C N J C ) C ’ J
~~tz 

~~~~~~~~~~~~~~~~~~~~~~ — -. - - — - — — — 
0

C5~~~
C’) ~~~ ~~, U) LI) C) N-. C’ .— ~~ 0 (‘.4 0) 0
14) LI) LI) Ii) - U) 10 U) U) 14) IL) U LI) IL) 4.4

~~~~~ I I I I I I I I I I I I IGJ 0 ~~ N. Li) 0) ~~ C’) N. 
~0 ~~ U (‘4 0 14)C LI. I.- —.- ~~~ Ii) IL) ~~~ IS) 14) ~~~ LI) U) U 

~~ 50 15)
cn 1 -

~~ ~ 0 0 0 0 U) IL) 0 0 15) LI) C) C) U) Li)
~~ 44 ~ C) C) - Ii) IS) NJ NJ U) 15) (‘4 C\I IL) LI) NJ (‘.4- 15 •__ , —

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~--—-~~~~~~~~~~~~ -~~~~~~~~~~~~~~~ - - - - -- -- -- -- 

.1 — C) 0 0 0 C) 0 0 0 C) C) C) 0 C) C)ø~ ~~ ~~ ~~‘ (‘4 NJ — .— NJ NJ — NJ NJ
.— l~~~(_~ CLI.~~~ -.-

NJ 4II — I (‘4 C’.U. 
- ,

~~ 0 I 0 0 = 

—

~~~ ~~~~~~~ 

22 

I



— - .-- ‘——.~~•-. --“--
~~,- - ‘

--
-
~~~~~~~~~~~ 

~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

_ w
~0E ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~(‘)C’) -~~~ - C ’ ) 1 5 U )~~~~~~~

U) C’) N- ~~~~~~~~~‘0 N . C ’ )~~~~~~~~~~~~ NJ
1.. NJ ~ 0) N. N. LI)
I~~ ~~~0-.- C’) 

- - —  -

C ,—. 
~~ 0 0 50 0 0 0 C C) C) C) 0 CD C) C Q

~~ 
-

~~ Q.0- d o s ~~~r~~~~~ s C ’ sUS 
~ ~~~~ .— —

~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~::~~~~~~~~~~~~~~~~~~
- -—

~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~c_I 
I—. .._ C) NJ C) NJ N. CD 0) 0 0 0) CD NJ 0

+ 15) I .

~~~~

~~

I I I .— .~ S — NJ~ .— N. NJ .—

~ 

NJ.-

~ 0 V 4-’~~’ CD 0 0 0  C)~~0 0 C) CD C) C) C) 0 - 0 - -Fi~ ~~~~~<~~~~~~
— U ) L I ) U ) O C ) I OU) 11) 11) 11) L 1 )O 0~~~~~~~~~ U) 1 5) 0  0— — -C— ~~~~~— 

5-)I . C”) N. ~~ 0~ N. N. ~~ C’) ~~ 50 0) 0) ~~ C’) 54 4.1
.•0..’ U) U ) U ) U )  U) U) U) U) LI) LI) 1, 1

~
t )

~~~~ ? - I I I I

~~~~~~~~~~~ ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~U- . -  -H-— _ _ _ _ _ __
0 • 

~ 
p... ~~ N. C) N- C’) C) N. CD C) 0

,— C’) 54) 0 1 C ) C )

;

•

—-
~~~

-
~~~~ 

I_ •_ _~__ ___~~~_ 
- - - - - - -

~~

a’.. 1 ~.J 0 4 = 4 = 0

I~~’~~~ L~ LI.

(~~~~~~~~~~ - 4  ~~~~~~~~~~~~~~~ -~~~~~~

- — - , 1~



‘
_
~~ ‘ _ ~ “

Ifl
44

CI

— 44 C — — = = r — — — = = = = — — — — — — —
NJ - — 50 NJ (‘4 - C) C’ C’

L~ C) C.. NJ C C) C) C) C) 0 0 0 C C C)
0
44

~ — — — 
IV D —
0.1 C) — C) a)~ NJ — — .- C) ~~) - N.
a) C)~~ 

. . . . . -• U) 0 C . .  NJ — 00  0 00 0  00 00
NJ 0_.

~~
, 

~~~C . — 
o C

C U  -~~~~~~~ C C ) Q C ’ J  U ) 0 0 0  0 00 0

-2. U) C’ I’) C C’) C’) NJ (‘4 5,0 N. C’) ~~
c ~-C )C..a) l <.0 —’
E ~~~~- — —— - — = = —C
— ‘ . -  0 C) 0 C) tD C) N. LI) 50 0- - . 

U.. 0. 0 (‘4 C’) I’) LI) Q~ .— 5,0 0) 0 50
o 0 0. 0 4,1) 0) 14) C’) U) .— 0 NJ Li)

~~~~~~ 

~~~~~~~~~~~~~~~~ 
.~~~~~~~~~ 

~~~~~~
- 
NJ cv E 0 0 0 C) so CD 0) N. U) sO 0

• 
IV CD c’ ~ 

. 
~~ ~~~ C’) a) (54 0) 50 C) C’) C)

C.. Nf .-_- C’ 50 NJ (‘4 N.
___ - —  

• C C
+4-— C’, 14 C) NJ NJ — 0 sO C) N - D — ——~~~ ~~~G. 15) 

. . . . LI.
a ~~~ 0.00.. U 0) C’) ~~ CD C LI) 5,0 — — 50 50

~~ 
~~~~~~~~ 

— = = = = = = = —
- -

a)
a) U) 0 LI) C) IL) — U) C) It) C) U)

.C C ) 0 4 4~~ - . . . . - . . . . Q  C)
~~ 

(‘J~0 C (‘.4 C) NJ C) C’ C) (5.4 D NJ C) NJ

_ _ _  — —  
0

.4)14
10 . C) ~~

. 54) C)) 0 50 0) 0 ‘0 50 — U
0. 0. 10 U) 50 U) ~~ It IL) SI) IL) U) U) ‘0a) W E L I .  I I I I I I S I I I I I IV
C’) ~ 0) 0 LI) 50 C’) C’) C) — sO C’) NJ ,— U) 0)
-
~~ U~~I— ’-- U) .~ 50 U) U) U) U) .

~ In U) U)
a) —
4- 14)

LI.
~~~+40 0 0 11) U) C) C DU )  U) C) C) IS) U) LI..

I0— U) U) NJ (‘.1 51) LI) NJ (‘.4 IL) IL) (‘4 (5.4
~~~~LI. IflI- _ _ _— 

IV
— U

Z a) X C) C) C) C) C) C)~ c~ C) C) 0 0 0 •1~0 4-0.  (‘4 CsJ .‘ — CI.J _. NJ NJ — — — 
4

4 4 4
NJ NJ (‘4

a) .— I . S I
C.. I$~ ~j  

LI., 0 = LI. = 0 II. 0 =
>, O D  0 0 0

I.— U. 

~~~ ~~~~

— -

~~~ 

‘

~~~~ ~~~~~~~~~~~~~ ~~~~~~~~~

U..



- - - - -.~ _ ‘ - ~~~ --~-—--- ~
~UII i~~~.-.,..._ , ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- --.— 
~~~~~~~~~~~~~~~~~~~ 

- —-‘-
~~

--—‘- -
~~

--‘—-
~~~

-— -—-— —

IJ
Is-
0 . . . 0 ) 00 0
44 ~~ NJ (‘4 p... . . C) C) IV IV N- 0) N. N- 50 U) IS) IV~ 0) 0) U)
IV 04 4 0 .  IV Os IV~ NJ C’) 0) 0) NJ
Is.. N J D 0 . 0) SO~~~ -
IV ~~~C)’— NJ —- NJ —

~0 U) U) IV I) I NJ O r )  50 NJ NJ C’J C’.J NJ C’J N J N J  NJC’) C’) NJ
—

_ .C -~~~~~~~~~~~~~~ —

Is- —
LI.C 0 C) C) 0 0  C) 0 0  0 0 00  0 ~~
— 4.4 (5,1 NJ (1,1 NJ 5,4 N. C’) 0) 0

La) C) 4-’O. C’) 0) N-.0) ~ NJ 54 0) sO U) 0 U) U) C) LI) U) InU)  C) U)
Is. NJ D 0. CD ‘0 0) NJ D 0) ‘0 C’) IV C) 01 CD 0) 0) 0) N. 50 —

• __ — - ( 5 4  — — —  —

.~~~~ ~~ --. -

— 0 0 0 00  U) SO D  0 0  I V C )  0 ) 0 ) 0)  0 ) 0 )  0 )U)  — IV’
44 15) . 

~n 0.0. N. 51) (‘) C)) I 51’) 0)’.. sO IV L I ) U )  IV I V I V  IV~ IV I V 1 0  IV C’)

.E?~ :- .: ~~~~
‘-- - -

- 4) —.. — — — — a = = a

I~ 
1 

L _ ~~~ LLL1L ~~L1~~~L ~
•g~~ .! ~~ S I I I — I I I — (54 (‘) ~~ U) 50 N. 0)0) U-

I— ‘.-

o& - — -- — —- — — — — -  

Ifl IL) LI) U) IL) IS) LI) LI) LI) U) U) U) 

C O C C O C O  C D C ) C 0  
-

~r a  ~~~~~~~~~~~~~~~ — — — — — — — — — — —  

0

0) 0) C ) 0 C’ J  IV~ IV~ NJ N. C ) N J~~~~ ~O 0 )  0 ) 0 ) 0 ) 0  1’) U) U

— LI) II) ‘0 5 0  ‘0 50 50 50 50 IV sO 50 50 50 50 50 ‘0 50 50 50 50 50

~~~~ a)~~~ U- so I SO

10 4- a) 0 N. I 50 U) 0)
U. ~~~

. U) ~ so U)
u_ _______ 10

C’) N .C ) C ’ ) N - N .  N - C )  C ’ ) N .  
0 0 = 0 0

0) ~ ~~ C’) .o C) C”) 50 50 50 CD C’) so so U.

~ Q4 J  0 .— CO ‘0 LI) C’) — .— 50 U) C’) —
I0 _. VS

— IV
—.. U

~~ a) ~~~ C) ~~~ Q ~~~ C) C) C) C) C) C) C) C) 0 = - = 0 0 0 0 0 —
4.40. *0 51) IV C’) NJ .- .— IV C’) (54 — —

.— IV C0 C
—

H 
— —  

I; C— 4

I 0 0 = = 
Cl? = r 0 0 0 0 = 0 0 = 

LI ~
i — — — —

~ i~ V.

25 



~~~~~~~~~~~~~~~~~~~~~~ 
- 

~~~~~~~~~~~~~~~~~~~~~~ 
.‘ - - -

_ 
- 

1:”!
-

= 0 = 0 0 ,~ 
a = = 0 0 0 0 = 0 =

(S I~~

— —-  = = fl a a — — — ~~ — — — = = = = = =Is-
Z C ’ ) C ’ ) U )C ’ ) C’) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~

~~ ~~ 0. U) U) IV LI) U) . 0) LI) C’) .— (54 C) C) NJ C~~
cv ~~~~~~~  C- C-

— C. — — — 
— 

- - - —  

— C) C) C) ~~ C) C) C) C) C) C) C) C) C) U) C) C) C) C) C) C)

8 c 0- 0. ~‘ u ~~) N . N .N . N . N . N . 5 0 5 O50 5 0 5 0 5 0 50
— NJ -.D --

• 
01 — = = = — a z~. a a a a — a •-- a a — a_ -
U. — C) C) C) C) C) C) C) C) C) 0 CD C) C) 0 0 0 0 0 0 0
.
~~ 

-
~~

• I 
Is. ~~~~~~~~~~~~~~ 0)0

• ~~~ — —  

1,~ -• ~~ 0) U) U) (.14 C) 0) 0) N. C’) .- 0 C) C) 0 ~~ 0 0)

I— u 0.0- C l . 4 N J C ’ . 4 N .  ~~~~~O N J C C C C C) C )O C ) 0 1~~~~~~~C”

.~ I— <~~-~

.:~ 
= —;

~
-- — — — — a — a = — = 5=

I I I S I I 0 5 5 5 5 5 I I I I I I

~~~ ~~~~~~~

- — — - —

~~~~~~ 

E 
~ Z LI) 50 N. I S I — (‘4 C’) ~~~ U) 50 N. 0) — — 

- - —  a)
0 U) C) C) LI) - 

C C)

~~~~~~~~~~~~~~~~ = = = = = = = - 

— ‘4-
N. C- C’S 0

~~ ~~~~~~~

~1:! 1~ I _~ ~~~~~ ~
•~~ 

•
~~ 

~~ = S = = 0 = = 0 2 0 = = = = = =
U-~~~~~ 

4 4
a) — NJ

= a
>5 0

C)

—

~i ~~~~ ~~~~~~~~ I~I.
_

~
_
I
_

I
•’___

l
_•_•

l
_

I
_ 

~~~~~~~~~~ II

_ 
~~~~~-- -~~~~~~~-- ~~~~~—- - - - - -  .-~~~~~



- - - • -_ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -~~~~~~~~~~~ ----— - 

f TT:T IT:: TT I ::TT T
— = = — — — — — — t I~~~ a — = = =

0 — CO IV ~~ ~~ C’ 0) 0) C’S 0) 0) 0) 0) csj N. (5 NJ (5.4
4.4 - . . . . 
IV C)43 0.. LI) C ’ ) I V~ NJ ( N. N. ..- 0 5N .  N - s O  5 0 5 0 5 0 C ’ ).— ~ c b ’ —
Is. NJ ~ 0. C’) —
IV 0— (‘4

—
I_I) C) 0 C) C) 0 C) C) C) C) C CD 0 C) C) C) C) C) C) 0 0 C CD 0

-• 0 C 0. 0..
U NJ <‘— N. N. N. N. 0) 01 05 05 01 C 0, 0’ 0) 0) 0) Os 0) — .— — ~ —

— — — — — a —— = — — -

• Is. C) 0 0  C) 0 C) C) 0 0 C O C )  C) 0 C) C) 0 0 0
- 44 0+J 0. 50 50 50 50 50 sQ ~O 50 C 0 0 C) C) C C C) 0) 0) 0) 0) 0)

IV NJDO.  0 ) 0 ) 0 5  0 ) N .  0) C’) OS 0% 0 ) 0 ) 0) 0 ) 0 )  N 0 ( 5 4
0) Is. X O  C) U) IV IV- IV’ ~~ IV~ C’) C’) IV~ IV~ IV C’) C’) C’) C’) C’) C”) (‘1 (‘4 (54 C’S C’)

~ a— = — 

~ — 0 U ) N . C - 0 ) C O C O 0 0* 0 I n O C ON . I S )C ’ ) C- D O O  0-00
0) 4.4 Sf)  0) ~~

. r’) C’) NJ (54 ~ j  C’S C’) C’ C’) C’) NJ ~.j NJ c..j csj C’) C’) C’S C’ C’S C’S
5/5 0. 0.- C - C -C - r C -  C- —

a) —
it — a — a a —

4.4 — 
— — — — — a — — ~~~ a a a = =

I/I
0 0  I I I I I I I 5 5 I I S I S I I 5 5 I S I

C 0
O #1 

—

~~~ 
.
~~ 

-. — - - - - — — - —  — -— C-

Is. 
-

E .~~ a a NJ C ’) I V  U) 5 0 N .  C O O s  C)~~~~ (‘4 C’) IV~ U) 50N. 0) Os C C -N J  U-
-I- — (5, (54 (54

0. 1 C-o — - — - - — — — -— - 
a)

0 ~ U) 
- — C)~~~~~4J . 

U. ~~ ~Q C)

— -~~~~~~~~~
_ _ 0 

as .0. IV II) U
— E I I U) N. 0) 0 CD CD CD LI) CO C) .— C’) (5) C’) C’) sO 0 C) C) — — 4.)

~~~~~~~~~~~



— —.-• —I-- ~~~~~~~ ~~~~ ~~~~~~~~ •—•• -~~•~~. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘~~~~~ ‘~

I - -_  - - - - - - -

(54 (‘4 NJ N. 0) N- NJ (5 0)

so

- ~ ;;; :: ;-;,
-;;-; 

04 C — p.

— — a — — a = — — — - — a —
• Is. 0 0 CD 0 0 0 0 C C 0
I~ 0 ~~ D ~~~~~I II) 05 1  C

~ Is. ~~O —  C’) C’) C- (5

; — — — _ — — — _  Ca) —
VS 0 C) 0 0) IL) LI) C) (‘ C C)

~ ~~~~~~~.

— — — — a — — — — — — — — — a a a a a a
+1 —

X I I I I I I I I 5 I
04.p _ _ __ _ __ _  

g .~~ --

~~ C”) IV~ II) 50 N. 0) 0% — C-

~ NJ NJ (54 NJ (54 (‘4 (‘4,g 
_____  C

-
4- 

a)
VS0

~ C)0’L— - -  - - C C C )

~~~ 
~~~~~~~~~~~~~~~~ : : : :: : :~~~~ 

U II I I I  I I  I l l



-

~~~~~~

U 

I ~~~ 

-

a = = = a a = a = = a- = -= = = = = = = = = = =

Is.
0
4.4
‘5 

cv
0.

‘I s—  
U

~~~~~~ -
g — 

~~~~~
_ = = = = = = = = = -= — = = = = = = =C D’ _ I V C -  C-

~ 
C ) E~~~-.—- - —— —

u~ I N. S I I I I I I I I S 5,0 5 I I I

U. ~~ A so so CO
WA. — — — —  
.oà ~~~~~E N J~~~~~~~~~

C) N - N -
~~~~~~~~

N-
~~~~~~ 

C) ~~~~~~C ) 0 4  C) ~~~~~~ 0)

r~- 
C)~~~~~~~CSI 5O N J  C)~~~~ fl~ C ’ ) s O  — 0

-
~~~ 0~~~~Ga~ 

D — 0) 0) C) C) 0) C) C’)

~~~~~~~~~~ ‘~~ 
p. 

~~~ U) SO C) ~~~ 
~~~ 0

C~~~ OI C.J’ C 0 5 0 C) 0 ~~~~~~NJ~~~~~~~~~NJ C ) C ’ ) NJ CSJ
— (1) C ~~~~~ _,~,— 

44 C

2~ E 0) 0) CO a u, 0) 0 CO IL) U)

~~~~
‘1!! 

~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ z ~~
I 

a a — — = = = = = = = = = =

01 U)0 Lt) ~~~~~~~~~~~~~~~~ U) 00 001 1 )0 ~~
CS(U SO~~~~0 LI) C NJ (‘-4 U)  U) 0 0 (‘4 U) C C )  C) IS) LI) C) ~~‘) 2

~~~~~~~

.

~~
) .

_
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~2 ~

F
~~

— 
— - 

~~~~~~~~~~~~~~~~~~ 
• • .~~~~~ 

- —-



—,---.
~
,••- ‘---- ‘—5-0

~
. - — --- • -

~~

‘--;-•‘ -----——-.-•-•.-‘-

~~~~

-l——- -- -

4)
US

= = = = a = = = = = = = = = = = = = =

= = = = = = = = = = = = = = = =—

C 0 00. 0) S I CO
8
a)
~ 09  (‘)~~~~ N. N-

0 00
a) (5.40 . 0 — C) N. N. CO

-~~ ~~~~~~ 1 

N - N .

.~
~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - —  I.-
C

~
~ ~.C)0. p - r n so N . C ’ )o

= 
—2;. ~~ 

c~. , = = = — - ~~~~~~~~~~~~~~ •

8 UI 11) 5flU) C C C) 

04~~ ~~ 0 o so IS) 0

< ~~~
.
~~~~~

— — —  
- Os 0 IV 04 - •

— 0 . -  U, U, sQ U, U, 54)10 U I E U .  I I I 5 I
~ - d j 0  .~— O s  (I) IV
U. I~ U, 54) 54) U) SI) IL)

• dI~~~ U) 0 0  0 0 0
~4 .5) ~ C- 0 0 C) CD 0

IV 
Is.

— IV
U.

• 0 = 2 =

H I

- -  -~~~~~~~~~~~~~~~~~~~~~~ --~~~~~~~~~~~~ ~~~



~~~~~
—

~~
-C-

~~~~
—’,•—

~
—- 

~~~-~ss~ -T ~~~~~~~~~~~ 
• - 

- 
- - - - 

‘ -

I I I
- — •••.—1—..•.—

•

~~ 

-

~~~~ 0 0 = 0 = = 2 2 2 = = 0 = 2 0 0 2 =

• I 
_ _ _

~~ 0 C) C) C)j - 9 C) C C)
~ C Ci C)

t ’ r Ig ,~ , _~ ~~ C- 04 NJ NJ NJ NJ ~~ 0) I’ 50 ‘.0 50 I

0 t~~~~~ 
~~~ ~~~ ~~ C) ~~ 0 0 0 0 C~ C C C C~~ C~ 0

-
~~

NJ~~~~ 0.

h
‘ ~~~ 2 ~~ 5 I I S I I S I I I I I I I I I I I I S

C 
— 

— - 

~~ C) I I C- NJ C’) IV~ U, 50 N. CO 0) C) .— NJ C’) IV U, 50 N. 0 0) C)
o —  NJ
.4- _a) t.

a — a a — a a a =- - =~ 
-= -= = La5_ -_ — _‘ — — — -=- S.

.
~~~ ~~

U)

S Q .  NJ IV~ 0) .— C’) 5 0 5 0  0) IV~ CO C) C) — NJ NJ (5.4 ‘~ — C’) C’) IV~ U) LI) ~~~~ ~ - E ~~~ LI) U) LI) 5O s Q 5 0 5.O ‘0 11) 1 0 5 0 5 0* 0 5 0 5 0 5 0  SC ‘ 0 5 0 5 0 5 0 5 0* 0

8 - -

— W~~~ 0
~ Q -s-~~~0 0 2 2 = = 0 = = 0 0 = 4).1 — C

a)

lB - 

— 0’
~~~~~ C
0 4.1 0 2 = = = 2 = t = = 0 0 = 2 =
—~~~~~ C- VS

C 
4

~~~~~~ •II 
= = = = = = = = = 0 0 = = = 0

s- >5Q~~ 0.
U.. ~~

I~ .4 J  ~~

C) 

31 



- -

_ L~.•ll ~

‘ I~iiiIiiiiiIiIIIi~:zIiii
• — C- C C) C) C C) CD C) C C) C) C C 0 0 C) C 0 C) C) C) C)4 C’ 54 50 50 CD 0 50 C 0) CO C’ 0 0) 0) 0) 54 NJ U) C) sO NJ C-

— 04) 0 .  . - . . -
NJ

~~~ 
0. C C C) 0) 0) 05 0) 0) C 0 2 0) 0 0) 0) NI 0 0) 50 N. CO N. 2

NJ
8

0440. .  C C 0 . —  C - C- p  - C ) a s 0s 05 0% C C O C O  5.0 5 O N . U ,• I I—I C’ ‘ IV IV- C’) C’) C’) C’) C’ IV- IV’ IV- C’) IV- IV IV ~ U) U) U, U) U) U,VS C’ C’ NJ NJ NJ NJ NJ NJ C (54 NJ NJ NJ NJ NJ NJ C’ NI (5.1 (‘1 (54 NI (‘4O 0-0.

__________ Co = = = = = = = = = = = = = = -• 4-4 (#1US — .
4) C5... .

~~ I I I I I S I I I S I I I I I I I I I S I I I 4
4

C ~.4 — _ 
C

C- C’ C’) IV U) 50 N. CO C C) . NJ C’) IV~ U) sQ N. CO Q~ C) . (‘.1 C’)I .  Is. NJ C’ NJ NJ (54 NJ (5,1 (54 Cl C’) C’) C’) C’) C’) C’) C’) C’) C’) C’S IV IV IV’ IV’

~~~ ~~~~~~~~~~~~~~ - a Ia — — a = — = = -a- — — — Is.I- -

~~

= = S = = = = = = = = = = = = = = = = = =

~~ ~~~~~~~— —  -
a ~

_ 
~~. U, C NJ IV’ C’) IV~ IV’ IV’ C’) LI 50 0) 0% 05 0% 50 C) C) C) CD C) I~~4) 50 U 50 50 *0 50 50 50 14 50 50 50 50 *0 50 10 50 U) 50 50 so so ~~I- 

‘0 
a)

= S S = = = 2 = = = = = = = = = = — = = = =
—~~~~~~~~~

as— C
•1~U)= = = = = = = = = = ~. . = = = t =~~~~ _ = = = = =U_ ~~ — — — — — —  — — —  — — — — — — 4

= 2 = = S = = = = = = = = = = = = =I- Is.

55- 4.’
O C

- - - - -  

~, 
~~~~~ 

I S S • S

• 32 

~•- • - - •- --~~~ - - ~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
• ~•, ~~~~~~~~~



- - ~~~~ - ___ ___ _T
-•-- 

~~~~~~~~~~~~~ ‘ w  ~~~~~~~~~~~ ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

a _

I
I

‘IS ~~
‘

.1 
0

01 4 .~~0 = = = = 2 = = 4) = = = 1 2 = = 0 = * ‘0
I .C ‘.

~o as
Is.) I — 

C)
• — CD 0 C 0 0 0 0 C) 0 0 C C 0 0 0 0 0 0 0 0 0 0 0 ~~~

0 
~~~ NJ (‘4 N IV IV’ NJ IV’ NJ 50 0) 0 0 0) 0) 0) 0) 0) 0) 0) 0) 0) 0) 0) C-

04 4 0.
• 5 0) C O U  IV’ IV’ IV- IV’ IV~~IV~~ Lfl IS IS S O N - C O  C O N .  N - U,  N - U , I V U ,  0 

4 NJ (5-4 IC 0 0 0) ItS 0 U) N. ~‘ 
p. C-.. N. N. NJ N. NJ P... (‘.4 N- N- N- ..J

~ 04 4 0.5 4- NJ~~~~0. 50 50 5 0 U )  IL)IL) IS)11S 0 0 0% C ) N .N .  IO I V  IV~~50 0 ) N . 0 ) C’sJ .~~
~ _~~~o—

-5
— 55) ~~~~~~~~~~~~~~~~~~~~ 1010 0 0 0 0 00 0 C C’) m c ’ ) m U ,  ~~

— • 0 0.0. NJ CSJ C’IJ C’J N4 N J N J  N J N JC’) C C’) C’) C’) C’) (‘) C’) C’) C’) C”) C’) C’) C~)

0 —,~~~~~
.. ~~ a a = = = = a a a — = a =

• C

I 
_ _ _

IV’ IV IV~ IV U, U) U)
I.- 1.

0 a ~~~ — — a — — — — a a a = a a = a

= 5 5 = U = = = = = ~~ = = = ~~ 
.!

0 -~~ — U) N. • ‘00

~~ 
- - — -—  

a —
~ 4)~~~’

._” NJ (54 IV~~U, 5 0 N - C O  0 )0 1 0  54 LS’) U)SI) IC) 10 1(5 L O U )  IV’ U S I V~~ S0
50 50 51) 10 1(5 L O U )  1 0 5 0 15) 5 4 1 0 1 0 5 0  It) It) 40 10 15) 54) 10 50 10 0)

~~ 
U- i- -- 

-

‘0 a)
453 0 0 C

10 4) 0 = = S = 0 = 1 S = 0 = S = 0 = = = = 4)
C- —

- - - — _ _ 0 5
C

0 0 5/5
5 - ~~~~~~ C0 = = = 2 2 1 5 1 0 = 2 = 2 U = CD = = S &

- ‘ — — — — 
C- — as

- 

~ I 1 = = = 5 1 5 1 5 5 = = 1 2 1

“- 4,u il rrr i n r  r m-ri rn - - - i-
~ 
- - -

- 

1



___

~~‘“ “~~~~“7’~~_””
_ ‘‘

~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ 
— - - - —— •—-. -•—•~,--:•‘ ~~~~~~~~~~~~~~~~~~~~~

I

1

Is.
a)
4.4• (4)

44
C

•0
0 0 

-e
C., 3

5-

_ _ _  C) 

—
5 

_ _ _ _  
I C

4- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — I—C 1~ I — —  —
8 

~ — I’- N- I.-. N. —

~~~~~~~~~~~~~~~
C C ’ C - c O  -~~

-
, 

~~~C D- :~~~~~~~~~~~~~~~~~C- 

3
0 

~~~
- I I

0 , = = a a = ~
- L 

_ 
_ — _ 

- = = = 0 
-

•.-~ US — -It0 4) C
3 I— 0 0 00 ’
U. Z NJ C’) IV 4) I

I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~
U. 5- 54) U) U, U, U)

‘0

U.
- — as — 

C
— 14)

Q40. 2 = =

U. ~~

0 0 = =
I- U.

15~~~44
D C  —

- • - -  • I



- ~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~~~~~~~~~~~ “!‘ ~~~~~~- -~~ •
-
~~~~~~~~~~~~~~~

‘
~~~~~~~~~ 

~~~~~~~ ~~~~~~~~~~~~~~~~~~~ 
-
~~

. . . - .  ~~~~~~~~ ~~‘0—~~

DiSTRIBUTION FOR MERADCOM REPORT 2176

No. Copies Addressee No. Copies Addressee

Department of Defense 1 Director
Army Materials and Mechanics

Director, Technical Infonnation 
- 

Research Center
Defense Advanced Research ATTN: DRXMR-STL

Projects Agency Technical Library - -

1400 Wilson Blvd Watertown , MA 02172
Arlington , VA 22209

US Army Ballistic Research
E)irector Laboratories
Defense Nuclear Agency Technical Library
ATTN: STTL DRXBR.LB (Bldg 305)
Washington , DC 20305 Aberdeen Proving Ground , \lL )

21005
12 Defense Documentatio n Center

Cameron Station I Commander• Alexandria , VA 223 14 ~dgewood Arsenal
ATTN: SAREA.TS-L

Department of the Army Aberdeen Prosing Ground , MI)
21010

6 Commander
US Army Materiel Development 1 Commander

and Read iness Coniniand US Army Aberdee n Proving
ATTN: DRCRD-WB E)RCRI)-T (;round

DRCRD-J DRCRD-() •VI1N : STE ’sP .\ll ’.U
DRcRD.(; DRC RD-FP (GE Bran ch)

3001 Eisenhower Ave Aberdeen I’rovt II~ ( ;r ound , \ I l )
Alexandria , VA 22333 21005

Commander , HQ TRADOC 1 Director
ATTN: ATEN-ME US Army Materiel Systems
Fort Monroe, VA 23651 ~nalysis Agency

ATTN: l) RXSY -U M
IIQDA (DAMA-AOA-M) Aberdeen Proving Groun d, \ l l )
Washingto n , DC 20310 21005

FIQDA (DAEN.RDL) I Director
Washington , 1)C 20314 US Army Engineer Wat erw~s~ sExper iment Statio n

1 - HQDA (DAEN-MCE .D) ATTN: Chief , Lib rary Branch
Washington , DC 20314 Technical Infor mation

Center
Commander \/ icksburg , \IS 39180
US Army Missile Research and
Development Command I Commander

ATTN: DRSMI-RR Picatinnv Arsenal
Redstone Arsenal , AL 35809 ATTN: SARPA-TS-S N ’  59

Dover , ~J 07801
Chief , Engineer Div ision
DCSLOC
ATTN: AFK C.LC-E

lit) Sixth US Army
Presidio of San Francisco , CA
94129

35

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _~~4a- ~~~~~~~~~~~~~~~~~~~~ _ ____



- -
~~~~~~

-:-—- - I~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~=-,... — -

No. Copies Addressee No. Copies Addressee

Commander I Plastics Technical Evaluatio n
US Army Troop Support and Center

Aviation Materiel Readiness Picatinny Arsenal , Bldg 176
Command ATTN : A. M. Anzalone

ATTN : DRSTS-KTE SARPA-FR-M.D
4300 Goodfellow Blvd Dover , NJ 07801
St Louis, MO 63120

1 Commander
2 Director Frankford Arsenal

Petrol & FId Svs Dept 
- 

ATTN: Library , K2400, BI 51-2
U S  Army Quartermaster School Philadelphia, PA 19137
Fort Lee, VA 23801

Learning Resources Center
Commander US Army Engineer School
US Army Electronics Research & Bldg 270

Development Lo,nmarj Fort Belvoir, VA 22060
ATTN: DRSI-:IA ;G-TD
Fort %lonmouth . NJ 9771)3 1 President

US Army Airborne
President Communications and
US Army Aviation Test Board Electronics
ATTN : sTEBG.PO ATTN : STEBF-ABTD
Fort Rucker , AL 36360 Fort Braà, NC 28307

US Army Aviation School Library 1 Commander
PX) . Drawer 0 Headquarters, 39th Engineer
Fort Rucker , AL 36360 Battal ion (Cbt)

- 
Fort Devens , MA 01433

HQ, 193D Infantry Brigade (CZ)
Directorate of Facilities 1 President

Engineering US Army Armor and Engineer
Fort Amador , Canal Zone Board

ATTN: ATZK-AF-TD -E
Commander Fort Knox , K’~ 4012 1
Special Forces Detachment
(Airborne), Europe 1 Commandant

-tP() New York 09050 US Army Command and
General Staff College

llQ , LJSARE ITR & Seventh Army ATTN : ATSW -RJ-L
[)L SENGR , ATTN: AEAEN .M() Fort i~eaven wc~rth , KS 66027
A I’TN: Mu Ops Div
APO New York 09403 1 Commander

2nd Engineer Group
2 Engineer Representative ATTN : 54

US Army Standardization Group, UK AP() San Francisco 96301
Box 65, FPO New York 09510

I Commander and Director
Commander USAFESA
Rock Island Arsenal AT’f N: }‘ESA.RTD
ATTN: SARRI-LPL Fort Belvoir , VA 22060
Rock Island , IL 61201

MERA DCOM

Comm ander
Technical Director
A ssoc Tech Dir/R&D
Assoc Tech Dir/ Engrg & Aeq

36

-.- - -



- -

No. Copies Addressee No. Copies Addressee

Assoc Tech Dir/Mat i Asmt I Commander
Assoc Tech 1)ir/Tech Asmt Naval Sec Systems Command
CIRCULATE ATTN: NAVSEA Code PMS 303.5

Washington, DC 20360
1 Chief , Lab 1000

Chief , Lab 3000 Department of the Air Force
Chief Lab 4000
Chief , Lab 5000 1 Ut) USAFJ RDPS
Chief Lab 6000 (Mr. Allan Eaff y)
Chief: Lab 7000 Washington , DC 20330
Chief , Lab 8000 

-Chief Lab 9000 1 Mr. V~ illiam J. Engle
Chief TARSO Chief , Utilities Bra nch
CIRCU LATE 10) USAFIPREEU

Washington , DC 20032
1 Lab 2000
1 Fuels IldIg Eqpt l) iv 1 AFSC/l’\J

Research & Dev Group An dr ews AFB , \ID 20334
3 Tech Reports Ofc
3 Security Ofe 1 AFCEC/X 1112 12 Tech Library Tyndall .~I ’B , FL 32401
1 Requirements & Programs Ofc
1 In formation () fc 1 HQ IT SAF/PR EES
1 Legal Ofc ATTN: Mr. Edwin B. Mixon

Boiling AFB-BId g 626
Department of the Navy Washington , DC 20332

1 Director , Ph ysics Program (421) 1 AF -\PLISFLOffice of Naval Research Wr ight-Patter~~rt AFB , OH 45433
\rlingto n , VA 22217

1 Director l)epartment of Transportation
Nava l Research Laboratory Library . FOB b A , TAD494 6
ATTN : t- ,de 2627 800 Independence Ave., SW
Washington , DC 20375 Washington , DC 20591

1 (:ommaiider , Naval Facilities Others
Eng ineering Command

Department of the Navy 1 Profe ssor Raymond R. Fox
ATTN: (:ode 032-A School of Engineering and
200 Stovail St A pplied Science
Alexandria , VA 22332 The George Washington

University
1 US Naval Oceanographic Office Washington , DC 20052

Library (Code 1600)
Washingto n , DC 20373 1 Commandant

(iS Coast G uard
Officer-imCharge (Code L31) ATTN: ENF;
Civil Eng ineering Laboratory 400 Seventh St., SW
Naval Construction Battalio n Washington , DC 20590

Center
Port Ilu eneme , CA 93043

I Ilireetor
Earth Ph ysics Progra m
Code 4ó3
Offiee of Naval Research
Arlington , VA 222 17

37

Li - ~~~~~~~~~~~
-

~~~~~~~~
-

~~~~~
- - - - —~~~


