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DNCIÄSSIFIED 

15-GFtí LIGHT DUTMITE WATER PURIFICATION EQUIPMENT 

I. SUBJECT 

II. AUTHORITY 

2. Basic. The development of lightweight water purification 
equipment was initiated by a letter from the Chief of Engineers to 
the President, the Engineer Board, dated 23 February 1943, file No. 
SPESD.-671-112, subject: Development of Water Purification Equipment. 
The following extract gives the requirements: 

”5. It is, therefore, directed that the Engineer Board 
develop a water purification set which can be pack transported 
by man. Storage facilities for the purified water «hall be 
furnished as a part of the set.” 

3. Approval of Project. Development project WS 443, "Pack 
Water Purification Equipment," was approved by a letter from the 
Chief of Engineers to the President, the Engineer Board, dated 20 
September 1943, file CE SPENQ, subject: Pack water Purification 
Equipment, DQP 3004. 

Copies of this correspondence are included in Appendix A. 

III. INVESTIGATION 

A* Preliminary Phase 

4. Selection of Filter Media. Since sand, the current filter 
medium, was too heavy for use in pack filters, lighter media were 
investigated. Lighter media also promised more complete removal of 
suspended matter than was possible with sand. Later tests indicate 
that all the following media completely remove cysts of E. histolytica 
when properly employed: 
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1, Scope. This report covers chronologically the investi¬ 
gation, design, and testing of lightweight water purification equip¬ 
ment, leading to the development of a unit capable of producing an 
average of 15 gpm of potable water. The equipment described is de¬ 
sired to serve a dual purpose in that it can bepaok-trknsported .ää well 
as being in the capacity range of the present standard 15-gpm portable 
sand filter. Components of the set are separable to permit transport 
as full pack loads by three pack animals or nine men. 
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a. Cartridgas. Brief teats of Everpure and Sparkler 
filteFs, employing replaoeftble cartridges of paper, asbestos, 
carbon, etc., indicated that excellent clarification and odor 
removal could be accomplished with cartridges) however, high 
pumping pressures were required to obtain reasonably long filter 
runs on all except clear waters. Once operated to completion, 
the cartridge could not be reclaimed. Another disadvantage of 
cartridges was their relatively high cost. 

b. Porous Candles. Porous cylinders of clay or diato- 
maoeous silica, similar to the Berkfield Laboratory filter, 
also effected excellait clarification but produced even shorter 
filter runs than cartridges. Unlike the cartridges, porous 
candles could be reused after thoroughly scraping their sur¬ 
faces. Although used extensively by the Japanese, porous can¬ 
dles were not equal to other filter media available. * 

* 

I 

i.". 

c. Paper Sheet. Sheets of paper pulp and asbestos, the 
type employed in Republic plate and frame filters, were similar 
to cartridges, effecting excellent clarification but providing 
relatively short filter runs. Sheets, used with a plate and 
frame filter, provided a large but compact filter area. Sheet 
filters have been used by the German Army, a number of such 
filters having been captured and tested. 

£. Diatomaceous Silica. Diatomaoeous silica (refined 
diatomite) was found to give higher outputs and better clari¬ 
fication than sand in a pilot model portable water purification 
unit. Unlike other filter media investigated, powdered diatomite 
could be added continuously to the water being filtered, main¬ 
taining the porosity of the filter cake* The initial filter cake 
was formed by pumping a diatomite suspension through a permeable 
tube. When properly used, diatomite produced considerably more 
clear water than any other median investigated. Diatomite fil¬ 
tration has been used for approximately 20 years in the chemical 
industry, and is being used for water filtration by the British 
Army. The following tabulation in addition to other factors 
indicates that diatomaceous silica was the logical choice] 

Bulk and Weight of Filter teedia Per 
Foot of Filter Area 

n 
1 

j Type of Filter Media -ÏÏÜIE- 
(ou ft/sq ft) 

Weight 
(lb/sq ft) 

¡ Slag 
j Sand 
! Cartridges 
jPorous Candles 
(Paper Sheet 
[Diatomaceous Silica 

2.000 
2.000 
0.080 
0.045 
0.035 
0.006 

66.00 
190.00 

0.50 
0.80 
0.25 
0.16 
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S. D»t«»aln>tlop ef MlUtry Char»«t<rtatU»» 4*« 
T« lopin g paok water pur iHoat ion «qui pm ni, it wni n«««ssary to 
eonsidor the roqulr«n«iti for sueh «qui pm «nt. 

a. Portability. Tha maximum sisa and waight of a qui point 
wara ãatablishad by tha raquiremant of the original directire 
that a water purification aat ba developed that could "be pack 

tranaportad by man". Although animale wara axpactad to ba tha 
normal means of transportation for tha largar paok equipment, 

dividing tha aat into paok loads which could bè transportad by 

man (whan other means wara imavailable) appeared quite logical• 

It was baliavad that a need also existed for smaller water puri¬ 

fication equipment that could ba carried by an individual, in 

addition to his combat equipment, for supplying water to small 

detaclxaents. Vnhen development was initiated, two sises of paok 
water purification equipment were considered. 

(1) Filter Carried with Combat Paok. Tha smaller 

filter complete with filter media and sterilising facilities 
was to weigh less than 5 pounds and produce 0.15 to 0.25 gpm. 

(2) Filter Carried as Full Load. The larger filter 

complete with feeder and hand punp was to weigh less than 

55 pounds and produce not less than 5 gpm. Yiith hose, 

chlorination set, and pack, the weight df this load was not 
to exceed 60 pounds. Canvas tanks and supplies were to be 

carried in similar loads. After brief tests with hand punps, 

it was apparent that a gasoline-engine-driven punp should be 
added to the set* 

(3) Complete Utait as Single Load. All equipment and 
supplies neoassary for a day's emergency operation were to 

be included with the filter in a single pack. This distri¬ 

bution was desirable to insure a water supply of approxi¬ 

mately 3000 gallons when one or more of the other packs 

were lost. The weight of components made a couplets unit 

possible as a man paok with the 5 gpm set and as an animal 
pack with the 15 gpm set. 

(4) Output Required. The desired output was limited 

only by the weight and arrangement of equipment consistent 

with occasional packing by man. A minimum oapaoity of 300 

gph was established for the larger equipment designed for 
Combat Engineers attached te Light Divisions. 

(5) Quality of Filtrate. Complete removal of all 

organisms not readily destroyed by chlorination, and con¬ 

sistent removal of turbidity in excess of 1 ppm concentra¬ 

tion were believed essential to the produotion of satis¬ 

factory water even with the normal addition of chlorine. 

Experiments indicated that diatemaoeous silica filtration 

was the best method of obtaining the high outputs of the 
superior water required. 



(6) Storage and Distribution Facilities. Filling 5- 

gallon metal cans directly from the filter discharge required 

the least manpower. A reserve supply of water could be 

stored in cans as easily as in a small tankj however, repre¬ 

sentatives of using organizations stated that filtered water 
storage tanks were desirable to increase the reserve supply. 

(7) Larger Equipment. The average filter output de¬ 

sired with a gasoline-engine-driven pump was originally 5 

gpm, or 300 gph. This capacity was expected to be adequate 

by using organizations} however, service testing 5-gpm 

equipment indicated the desirability of increasing the capa¬ 

city of the pack filter to 15 gpm with an improved pump, due 

to an acute shortage of trained Engineer personnel for water 

supply work in Light Combat Battalions. The increased capa¬ 

city made possible the substitution of a diatomite filter of 

equal capacity for the 430-pound sand filter on present por- 

taole units. 

3. Development of Filters 

6. Filters Carried with Combat pack. Two experimental filters 

weighing less than íive pounds were constructed by commercial organi¬ 

zations and tested. A small Japanese filter was also tested. 

a. Stoneheart Wodel SF-1. (See Fig. 1.) Following the 

choices of filter media, a small gravity filter employing diato- 

maceous silica was desired by the Qigineer Board Technical Staff 

and constructed by the Stoneheart Engineering Company, Newark, 

New Jersey. The filter was carried in a metal can, 3-inch inside 

diameter by 10 inches long, with screw cap and an attachment for 
a l/4-inch pipe-fitting in the center of its bottom. Three feet 

of coated-fabric tubing connected the 10-inch carrying can to a 
5-inch can containing the filter septum. The septum element was 
a porous tube of aluminum oxide grit with ceramic bond (Aloxite 

brand), approximately 1 3/4-inch outside diameter, -|-inch inside 

diameter, and 3.0 inches long with 0.125 square foot of filter 

area. Approximately six ounces of diatomaceous silica (filteraid) 
were provided in a fiber can. All equipment was packed inside the 
10-inch can. The packed can with cloth case weighed 2.7 pounds. 

The filter v;as operated by hanging the 10-inch can on a tree limb 
with the filter oau connected by tubing. A uniform coating of 

filteraid was formed on the porous element in the lower can by 

pouring a suspension of I/4 ounce of filteraid in a quart of 
water into the top can. Th:.- operation with a diatomite filter 

is known as precoating. Water emerging from the filter oar. was 

caught and recirculated once. Raw water with approximately I/4 
ounce of filteraid per gallon (addition of filteraid to water 

being filtered is known as body feeding) was then poured into 

the top can and collected as filtrate from the lower can. Vïhen 

the flow of filtrate decreased from a continuous stream to drops, 

the spent cake was dislodged by reversing the direction of flow. 
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SYLLABUS 

1. Scope. This is a report on the development of diatomite 

water purification equipment suitable for transportation by men and 

pack animals as well as by vehicles. Reasons for selecting diatoma- 

ceous silica as the filter medium are given. Brief descriptions and 

results of tests are given for small filters to be carried with nor¬ 

mal combat equipment and larger filters to be carried as complete man 

loads, culminating in the 15-gpm set. Hand pumps, power pumps, and 

small gasoline engines are considered, and the results of comparative 

tests are presented. Reports on service tests of the 5-gpm set are 

reproduced in the appendices. Reasons for increasing the capacity of 

the set to 15-gpm are given. A description of, specifications for, 

and results of tests on the 15-gpm diatomite water purification set 

are given. Lists of equipment recommended for standardisation are 

given in Appendix C (Water Purification Equipment^ Diatomite Pack, 

(man or Animal Type), 15-gpm. 

2. Conclusions. As a result of tests on pack water purifica¬ 

tion equipment, it is concluded that* 

a. The 15-gpm diatomite water purification set is suitable 

for sTandardization and overseas use. 

b. The recommended diatomite water purification set may be 

conseTvatively rated at 15 gpm as a gasoline-engine-driven unit 

and 5-gpm with hand pump, emergency operation. 

c. Increased capacity, over and above the original mili¬ 

tary characteristics, will satisfy requests for equipment capable 
of producing more water without sacrificing required portability* 

which requests were received from field organisations following 

service tests of the 5-gpm diatomite filter set. 

d. The 9 pack loads of the 15-gpm diatomite water purifi¬ 

cation set may be transported either by 9 men, 3 pack animals, 

or a §-ton vehicle, the heaviest pack weighing approximately 70 

pounds and the set, 580 pounds. 

e. The equipment will effect complete removal of cysts 

of Endamoeba histolytica, which cause amoebic dysentery, and 

Gercariae of the Schistosome, the causative agent of Schisto¬ 

somiasis. 

f. Operation of the 15-gpm jet is simple, requiring only 

one man, but the technique differs sufficiently from that of sand 

- V- 
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filtration to require some provision for instruction in use of 
diatomite filters* 

3. Recommendations* In accordance with the preceding con¬ 
clusions, it is recommended thati 

a. The Water Purification Equipment, Diatomite Pack 
(lian 'õr Animal Type) 15-gpm, Set No. _, (as listed in 
Appendix C) be standardised as class II and class IV equipment. 

b. One Water Purification Equipment, Diatomite Pack 
(Man "or Animal Type) 15-gpm, Set No. ______ be issued per 
2500 troops to be supplied. 

c. Training in operation of diatcmite filters be 
established at the Engineer School! a training film on dia¬ 
tomite filters be produced! and trained personnel sent over¬ 
seas to instruct new operators whenever possible. 
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This method for removing spent cake by air or water is known as 
backwashing. 

Figs. 14 and 15, ; pendix D, present result* of typical 
tests. The filter was ratee at 10 gph (0.167 gpm) on rew water 
with turbidity of 100 ppm. Operation of the Stoneheart SF-1 
filter was satisfactory with the exception of two deficiencies. 
One was the requirement for something from which to suspend the 
filter in order to obtain maximum output. The other was the 
possibility of contaminating the filtered water through spillage. 

b. Wallace and Tieman Model WT-l. A second gravity fil¬ 
ter o7 different construction, but similar in design, was sub¬ 
mitted for tests by Wallace sind Tieman Company, Inc., Newark, 
New Jersey. The filter consisted of a canvas bucket connected 
by five feet of rubber tubing to a disc filter section. The 
filter section was a disc of Dutch-weave monel wire mesh held in 
place by gaskets and two dished covers with an external screw 
clamp. The assembly was neatly packed in a circular canvas bag. 
The operating method and characteristics of the ViT-1 filter were 
similar to those of the SF-1 filter. Although both filters con¬ 
tained the same filter area of 0.125 square foot, the viiT-1 filter 
produced approximately 80 percent as much filtrate as the SF-1, 
being rated at 8 gph (0.134 gpm) on water with turbidity of 100 
ppm. Complete removal of cysts and a reduction in bacteria plate 
count ef 80 t© 95 percent were obtained with both filters. The 
same deficiencies of support requirements and possible contamina¬ 
tion through spillage were present in the WT-l filter. 

£. Japanese Filter. A small Japanese filter operated with 
a hand pump was tested. The apparatus was captured on Guadalcanal 
on 6 January 1943; symbols on the nameplate translated "Medical 
Filter Machine". The device consisted of a wire-wound suction 
hose 52 inches long with a wire screen strainer, a hand-operated 
piston pmp 7 inches long, and an attached water chamber 5^ inches 
long aiiO 2 l/4-inoh - inâïôa. diameter, containing a porous clay 
tube 5^ inches long and 1^-inch outside diameter with a top out¬ 
let pipe. An 8-inch rod with foot ring was screwed into the 
bottom of the pump cylinder. The total weight of the equipment 
was approximately 4 l/4 po-unds* Vrfater was clarified by pumping 
through the fine pores of the clay cylinder, rthen filtering 
water having a turbidity of 200 ppm, the cleaned filter element 
produced one quart during the first minute, two quarts in 3 
minutes and 15 seconds, and three quarts in 9 minutes and 24 
seconds. After washing the filter element, one quart was ob¬ 
tained in 6 minutes. The element was returned to approximately 
its original capacity by thorough scraping and cleaning with 
steel wool. Filtrate turbidity was 0.1 ppm. Approximately 
twice the output could be obtained on water of 100-ppm turbidity. 
The filter was rated at 6 gph (0.10 gpm) on raw water having a 
turbidity of 100 ppm. 
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d. Work Postponed« After testing the Japanese filter', 
work oh filiers whieh could be carried by individuals in addi-^ 
tion te combat equipment was postponed until development of the 
full load equipment was completed. Conferences with represen¬ 
tatives of Army Ground Forces and Engineer Light Battalions in¬ 
dicated that the work must be concentrated solely en the develop¬ 
ment of equipment with maximun capacity oensistent with man packing. 
Due te the pressure of work on development and procurement of 5 and 
15-gpm pack sets for service tests, work on the smaller filter set 
has not been resumed. 

7. Filters Carried as Full Load. A number of filters, weighing 
15 to 30 pounds without feeaers and auxiliary equipment, were tested. 
None of these filters was entirely satisfactory, hence it was necessary 
to design a filter with approximately 1.8 square feet of filter area 
for the 5-gpm se-. service tested, and later to design a 3.6-square foot 
filter to meet the need for higher outputs due te a shortage of operators. 

Stoneheart No. 2. __A demonstration filter was submitted 
by the Stoneheart Eiig. r.^oring Company, prior to receipt of a di¬ 
rective to develop pack filters. This experimental filter was 
operated by air pressure above the water to be filtered. Water 

s'. 

was poured into the lower part of a chamber equipped with a hand- 
operated air pump. The septum element was contained in a small 
chamber attached by pipe fittings to the pressure chamber. Air 
pressure was used instead of direct punping in order to minimise 
disturbance of the filter cake. The experimental filter produced 
moderate quantities of very clear filtrate. A suitable pack fil¬ 
ter, employing the same method cf filtration, was procured for 
testing. The filter element was a porous tube of bonded aluminun 
oxide grit, 3-ixioh outside diameter by 4 inches long, providing a 
filter area of 0.26 square foot. Weighing approximately 20 pounds, 
this filter produced an average output of 35 gph (0.58 gpm) of 
water from raw water having an average turbidity of 140 ppmj how¬ 
ever, it was evident that a filter with suffioient output would 
require an excessively large air chamber owing to the neoessity 
of recharging the chamber eaoh time the raw water wee exhausted. 
About 5 gallons oould be filtered befere recharging. 

—* Stellar Jr. A laboratory demonstration filter, em¬ 
ploying the Stellar filter element used by the British Army, was 
tested shortly after the Stoneheart No. 2 filter. The Stellar Jr. 
filter consisted of a small centrifugal pimp driven by an electri¬ 
cal motor, and a filter with plastio shell and Stellar element. 
The element consisted of a continuous wire helix on a fluted brass 
core. Openings between adjacent wires were small enough to retain 
a filter cake but sufficient for passing filtrate without an appre¬ 
ciable friction lossj however, openings from the flutes to the 
inside filtrate channel were insufficient. The element was l-^-inoh 
outside diameter and inches long, providing an effective filter 
area of approximately 0.13 square foot. Filtrate produced by the 
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Stellar Jr. filter was of suffioient quality to merit develo:- 
ment of a filter with suitable capacity for pack usage; however, 
it was necessary to develop a suitable plastic core, instead of 
the brass one employed, before the weight of the Stellar element 
could be brought within desirable limits. Elements with plastic 
cores proved satisfactory. 

c. Wallace and Tieman do. 2. (See Fig. 2.) A larger 
graviTy-head filter, similar to the WT-1 filter, was submitted 
for tests by Wallace and Tiarúan Company, Incorporated. The 
filter consisted of a conical bag 18 inches long with a bottom 
tubing connection, two suspending chains, a 24-inoh rubber tube, 
a flat circular filter, and a 24-inoh discharge tube. The filter 
septum was a Dutch weave monel wire screen, corrugated with 45° 
angles, and supported by a circular frame 8 inches in diameter, 
providing a filter area of approximately 0.60 square foot. The 
filter assembly weighed 11.0 pounds. Packed with supplies and 
accessories the filter weighed 30 pounds. The filter was opera¬ 
ted by pouring a bucket of raw water containing filteraid into 
the conical bag suspended from a tree. The filter produced an 
average output of 36 gph (0.58 gpm) when filtering raw water 
having an average turbidity of 150 ppm. A vertical support was 
required for operation, and the low head available required an 
excessive amount of filteraid for relatively short runs, defi¬ 
ciencies common to all gravity-head pack filters. 

<1. Hoffman No. 1. A flat screen filter with a hand pump 
was submitte¿ by the U. S. Hoffman Machinery Corporation for 
tests. The screen of Dutch weave monel wire was stretched as a 
circular diaphram, 14 inches in diameter, with heavier reinforcing 
wire, giving a filter area of approximately 1.07 square feet. The 
screen was retained by two dished steel shells, A Doming Fig. 
1570 No. 0 hand pump was mounted on top of the screen. The filter 
and pump weighed 35 pounds. The filteraid preooat was applied by 
pumping a suspension of diatomite from a canvas bucket. The fil¬ 
ter produced water of satisfactory clarity (below 0.3 ppm) at 
lower pumping pressures, but with pressures above 10 Ib/sq in., 
the filtrate was often turbid, being in excess of 10 ppm. The 
filter produced an average of 65 gph (1.1 gpm) when filtering 
water with an average turbidity ef 170 ppm. 

e. Hoffman No. 2. A second filter submitted for test by 
the UT S. Hoffman Machinery Corporation employed an epen hori- 
rontal screen 15 inches in diameter at the bottom of a 15-inch 
canvas cylinder held by supporting rods and ring. The assembly 
weighed 13.5 pounds. This filter ceuld be operated by suction 
with the hand pump or as a low head gravity filter. The filter 
produced an average output of 40 gph (0.66 gpm) by suction and 20 
gph by gravity, when filtering water with an average turbidity of 
200 ppm. Since the differential pressure across the filter cake 
was relatively low in either case, the output was low and the 
filteraid oensunption high. 

-11- 



f. Stoneheart No. 3. A «eoond gravity-head filter was 

submitted ior ieete by ihe Stoneheart Engineering Company. A 

44-inoh oonioal bag of oanvas supported a cylindrical filter 

shell. 14 inches long and &&-lnoh outside diameter, containing 

a porous septum tube, 14 inches long, 4 l/4-inch outside dia¬ 

meter, which provided a filter area of approximately 1.30 square 

feet. The assembled filter weighed approximately 16 pounds. It 

was operated by recirculating a suspension of filteraid until 

the effluent was clear, after which raw water, with an amount of 

filteraid two to three times the raw water turbidity, :was poured 

into the bag. This filter was also tested with a "Thresher" hand 

punp, but the pulsating flow and the lack of baffles in the filter 

resulted in turbid effluaits. It was later discovered that a 

portion of the cake was being eroded by the direct stream, bith 

gravity-head, the Stoneheart No. 3 filter produced an average of 

70 gph (1.12 gpm) when filtering raw water having an average 

turbidity of 120 ppm. Utilising only a low head, its filteraid 

consumption was high. 

£• Bowser Screen and Carbon. A complete pack water fil¬ 

tration unit was submitted for tests by S. F. Bowser and Company, 

Incorporated, of Fort Wayne, Indiana. The diatomite filter and 

feeders were mounted in a tubular frame. The unit weighed 50 

pounds complete with baok pack. A rotary hand pump with spring- 

loaded vanes was mounted on top of the filter. The septum ele¬ 

ment was a double wall cylinder of Dutch weave monel wire, 8 
inches long, 5.75-inoh outside diameter, and 5.50-inoh inside 

diameter, giving an effective filter area of 1.96 square feet. 

Hypochlorite solution and diatomite slurry oould be introduced 

through pressure pots feeding to the throat of a venturi. 

When filtering clay suspensions, good clarification 
was obtained when the pumping pressure was below 10 lb/sq in.; 

but as the pressure increased a definite break in the filter 

oake was indicated by a sudden inorease in the turbidity of the 

effluent which aooelerated as the pressure increased. Fig. 17, 

Appendix D, is typical of results obtained in several tests on 

100 to 200-ppm olay suspensions. An average output of 100 gph 

(1.67 gpm) was obtained when filtering water with an average 

turbidity of 150 ppm. Approximately half of this water was too 

turbid for use. Cysts were found to pass the filter when the 
break through occurred. 

Porous carbon was suggested by the Technical Staff of 

the Engineer Board to replace screen as the filter septum. With 

a Carbooell 60 grade septum the Bowser filter effected excellent 

olarifioation and at a slightly higher rate throughout the run. 

Fig. 18, Appendix D, is typical of the results obtained. Cysts 

were removed completely with the oarbon septum in normal operation. 



Feeds of hypochlorite solution varied from 0*1 to 3.0 

ppm during a run, but were generally more consistent* The amount 

of diatomite slurry introduced could not be predetermined or ade¬ 

quately controlled. Also* the capacity of the hand pump was not 

sufficient for the filter area provided* 

h. Engineer Board Experimental Model L-2. (See Fig, 3») 

None "of the experimental pack filters submitted would produce the 

desired average output of 5 gpm. Since it was apparent that an 

equally light filter could be constructed thtt would produce over 

5 gpm, a filter was designed and constructed at the Engineer Board* 

This filter was designed for four porous elements, each 12 inches 

long and 1 3/4-inch outside diameter, giving a filter area of 

1.83 square feet. Actually only three of the Aloxite grade 36 

elements could be obtained, and a filter with 1.37 square feet 

of septum was used in tests. The filter consisted of a cylin¬ 

drical shell, 6 inches inside diameter and 13 inches long, v/ith 

a conical bottom, three legs, and a collector head<f welded 

sheet steel. The cylindrical elements were gasketed at each 

end, being held by a central pipe with cap end look nut on its 

lower end. The filter weighed 17 pounds. Water entered at the 

conical bottom, was deflected by a baffle against the walls of 

the cone, flawed upward, passed through the filter oake and the 

porous walls of the elements into the central collector pipe 

through numerous holes; then it rose to the manifold in the 

filter head and finally to the discharge port. 

The Engineer Board experimental filter produced an 

average output of 5 gpm when filtering water with an average 

turbidity of 100 ppm by using a gasoline-engine-driven Rex 3 11 
pump, and 3.4 gpm on 50-ppm water with a Deming Fig* 1570 No* 0 
hand pump* Figs. 19, 20, and 21, Appendix D, are typical of re¬ 

sults obtained with the power pump. Removal of cysts was complete 

during normal operation. 

Considering that only three elements were used instead 

of the four specified, it was evident that a pack filter could 

be obtained that would weigh approximately 20 pounds and produce 

approximately 5 to 10 gpm. Accordingly, drawings for a similar 

four element filter were prepared at the completion of tests* 

It was believed that such a filter would bo satisfactory for 

field service, but no adequate means for introducing the con¬ 

tinuous feed of diatomite required to maintain oake porosity 

was developed at that time* 

jl. German Portable Haversack Filter. A pack filter cap¬ 

tured from the German Army in North Africa was tested in compari¬ 

son with the diatomite filters being considered. More complete 

information on the German filter is contained in Engineer Board 

Report 831, German Portable Haversack Filter, dated 17 June 1944. 

This filter was similar to commercial filter presses except that 

13 
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. the filter medie were sheets of paper pulp and asbestos fibers. 
Constructed compactly of light metals, the complete filter in 
carrying pack weighed approximately 46 pounds. The filter was 
operated with an integral hand pump. It effected complete re¬ 
moval of the cysts of E. histolytica and a high removal of 
bacteria. An average output of approximately 36 gph (0.58 gpm) 
was obtained when filtering water with an average turbidity of 
100 ppm. Fig. Í6, Appendix, reports a typical run. 

Republic Filter. A laboratory danonstration filter 
was submitted for test by Republic Filters, Ino., Patterson, 
New Jersey. The filter medium employed in the Republic filter 
differed from that previously tested in that an initial preooat 
by asbestos fiber was formed on the septum before filteraid was 
applied, permitting removal of filter cake by stripping from 
screens. The septum in the demonstration model was a cylindri¬ 
cal screen of Dutch weave wire 4 inches long and 3 inches outside 
diameter with a glass shall to permit observation, providing an 
effective filter area of 0.26 square foot. The use of asoestos 
fiber for preooat or mixed with diatomaceous silica effected 
better clarification than with diatomaceous silica alone) however, 
the flow was somewhat reduced and definite break throughs of the 
cake still resulted whenever the pumping pressure was increased 
above 15 lb/sq in. 

Asbestos fiber apparently did not improve the perfor¬ 
mance of filters sufficiently to justify its use, asbestos fiber 
being considerably more expensive than diatomaceous silioa. Also, 
the Republic filter was the third successive filter equipped with 
conventional metal screens to fail due to break throughs at higher 
pumping pressures. These results were in agreement with the ex¬ 
perience of filteraid manufacturers who believed that the septum 
should be rigid or .stretched taut. Accordingly, the use of con¬ 
ventional metal screens was discouraged in preference to rigid, 
porous, and wire-wound elements. 

k. Infilco No. 1. A pilot model 5-gpm diatomite filter 
was procured ¿rom Infilco, Inc., primarily to test improved Stellar 
elements and plastic shells for use with the pack filter. The 
filter was similar to the experimental filter constructed at the 
Ihgineer Board. Seven Stellar elements, each 9.5 inches long and 
1.5-inoh outside diameter were mounted with rubber gaskets and 
tie rods to a oast aluminum head, providing 1,10 square feet of 
actual filter area. A conical base of cast aluminum with plastic 
baffle nozzle and three curved legs was connected to the collector 
head by outside tie rods and a 6-inch outside diameter shell of 
seamless Luoite plastic. 

Vvhen operated with larger 13/4-inoh) hose, the filter 
produced an average output of approximately 240 gph with the Rex 
3 U power pump, when filtering water with an average turbidity 



FIG. 3. ENGINEER BOARD MODEL L-2 FILTER. Experimental 5-GPM 
Dlatomite Filter. Engineer Board, Fort Belvoir, Virginia.
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of 100 ppm. Serious head losses were found in the baffle nottle 

and in the elements. An imprsTed set of Stellar elemaits were 

tested satisfactorily, but since the output of the experimental 

model constructed at the Engineer Board exceeded that of the 

Infiloo filter, it was evident that a filter with less head loss 

should be constructed. 

1, Stoneheart No» 4. The Stoneheart Engineering Company 

was asked to submit drawings for a four element, 1.5-square foot 

filter, since this company was the only manufacturer using Aloxite 

porous tubes, the most desirable type at that time. The drawings 

were revised by the Technical Staff, and a pilot model was pro¬ 

cured according to the revised drawings. The filter consisted 

of a cast aluminum collector head mounting four septum elements 

tAloxite 36), each 1 3/4 inches outside diameter by 10 inches 

long, and a filter shell of stainless steel with a conical bottom 

and three curved tubular legs. 

The filter produced an average output of 6.0 gpm with 

the Hex 3 k power pump when filtering raw water having an average 

turbidity of 100 ppm. V«hen filtering coagulated and settled water, 

its average output was 7.0 gpm. Tests indicated that with minor 

improvements the filter would be satisfactory for field usagej 

however, a satisfactory diatomite slurry feeder had not been 

perfected, although several types would function. 

8. Service Test Models. A letter dated 20 September 1944 from 

the Office, Chief of Ehgineers to Engineer Board, subject: Pack Water 

Purification Equipment, DQP - 3400, directed the procurement of 17 

sets of pack equipment as developed at that time for service testing 

by the 71st Light Division. Since a satisfactory diatmote slurry 

feeder had not been perfected and a higher capacity filter would be 

preferable, all interested manufacturers of water purification equip¬ 

ment were asked to consider constructing a pilot model pack filter 

and slurry feeder. Faults of previous equipment and the requirements 

for equipment to be service tested were thoroughly discussed in a 
joint meeting at the Engineer Board of representatives from all in¬ 

terested companies» The majority submitted filters and feeders for 

test on or about the established deadline of 1 November 1943. Testa 

of the pilot models received were thoroughly reported in Engineer 

Board Report on Test of Pilot Model Diatomaoeous Silica Pack Filters, 

dated 17 March 1Ô44. ' 

a. Bowser No. 2 (Unit A). The filter submitted for ser¬ 

vice Testing'by tüe S. F* Bowser Company was similar to the hand 

operated unit previously described. A filter with three cylin¬ 

drical elements of porous carbon, giving a filter area of 1.57 

square feet, and a closed slurry feeder were mounted in a tubular 

frame. The assembly weighed 22.5 pounds. 

The Bowser filter (Unit A) produced an average output 
of 4.1 gpm when operated with its own slurry feeder in comparison 
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with other filters on a olsy suspension of lOO-ppm turbidity, 
rating fourth in output per square foot of filter area, lnihen 
operated with a common slurry feeder on Potomao river water of 
57-ppin turbidity, this filter produced an average output of 4.24 
gpm, again rating fourth in output. Advantages recorded for this 
filter were its excellent portability and the quality of its 
effluent. Disadvantages were its low capacity, difficulty of 
Backwashing and preooating, laok of provision for operating with 
a damaged element removed, unevenness of slurry feed, septum ele¬ 
ments too close for brush cleaning, and cake space restricted by 
central inlet pipe and shell. 

b. Stellar No. 2 (Unit B). The filter submitted for ser¬ 
vice Testing by ïnfilco, Ino'. was similar to the smaller filter 
previously tested. Seven Stellar elements were mounted with a 
oast aluminum head, Lucite shell, and conical bottom with a 
plastic baffle nozzle. A closed slurry feeder with a water-motor- 
driven agitator and an orifice inlet of plastio and brass was 
provided. 

During tests the slurry feeder could not be made to 
function due to clogging of bearings with diatomite. The Infilco 
filter (Unit B) produced an average output of only 4.18 gpm when 
operated with its own slurry feeder in comparison with other 
filters on a olay suspension of 100-ppm turbidity, rating last 
in output per square foot of filter area. lAihen operated with a 
common slurry feeder on Potomac river water of 37-ppm turbidity, 
this filter produced an average output of 5.50 gpm, rating third 
in output. Advantages reoorded for this filter were the quality, 
and quantity of effluent produced. Disadvantages were its meohani 
cally unsatisfactory slurry feeder, inadequate leg looking device, 
outside tie rod construction.which did not permit easy removal of 
the filter head, and the incomplete backwashing obtained with the 
Stellar elements. 

£• rroportioneers (Unit C). The filter submitted By Pro- 
portioneers, Ino., Providence, Rhode Island, for service testing, 
was similar in construction and slurry feed desigi to the experi¬ 
mental model previously constructed at the Engineer Board and 
devions tratad at the meeting with manufacturers' representatives. 
The filter consisted of a sheet metal collector head in two sec¬ 
tions mounting four porous elements, providing a filter area of 
2.0 square feet, and a sheet metal shell with three legs. The 
filter weighed 22.5 pounds. The feeder was a bucket with a 
simple flew indicator on a rubber tube leading to the pump's 
suction. The slurry was stirred by hand. 

In comparison with other filters on a olay suspension 
of 100-ppm turbidity, the Proportioneer filter, when operated 
with its own slurry feeder, produced an average output of 7.4 
gpm, rating third in output per square foot of filter area. 
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Whan operated with a common slurry feeder on Potomac River 

water of 37-ppm turbidity, the filter produced an average 

of 6.3 gpm, rating first in output per square foot of filter area. 

Advantages recorded for this filter were its high output, de¬ 

sirable backwash and preooat features, and excellent slurry feeder. 

(Further testing has shown that the type of feeder employed on the 

Proportioneer unit will not function satisfactorily whenever the 

source of water is above the pump's suction.) Its disadvantages 

were: Itsthree-flange, double-gasket head construction, inadequate 
legs, numerous tie bolts on head, and lack of air spaoe above 

filter elements for cushioning a pulsating flow. 

d. Tjteflex (Unit D). (Fig. 4.) The filter submitted by 

TitefTex, lt:c., Newark, ïtew Jersey, for service testing, was 
similar in construction to the Stoneheart No. 4 filter, the 

Stoneheart Engineering Company having been absorbed by Titeflex, 

Inc. The filter consisted of a cast aluminum head mounting four 

Aloxite grade 36 porous elements, eaoh 1 3/4-inch outside diame¬ 

ter by 12 inches long, providing a filter area of 1.83 square 

feet, and a stainless steel shell 6.75 inches inside diameter by 

14 inches long with a conical bottom having a baffle and three 

legs. The filter weighed 22.9 pounds, the feeder 4.8 pounds. 

The feeder was a closed pot with a screen whichzetained filter- 

aid. The bottom of the pot was connected to the pump's discharge, 

and the top to the pump's suction. 

In comparison with other filters on a clay suspension 

of 100-ppm turbidity, the Titeflex filter, when operated with 

its own slurry feeder, produced an average of 5.8 gpm, rating 

second in output per square foot of filter area. When operated 
with a common slurry feeder on Potomac River of 37-ppm turbidity, 

the filter produced an average of 5.6 gpm, rating second in out¬ 

put. Advantages recorded for this filter were its excellent 

quality and quantity of effluent, excellent backwash and precoat 

charaoteristies, provision for operating with an element removed, 
ruggedness, and simplicity. Its disadvantages were an unsatis¬ 

factory baffle notzle* inadequate leg locking device, and a 

slurry feeder of a type not preferred. Further testing has 
shown the feeder employed on this unit to be preferable to the 
type chosen for service testing. 

£. Wallace and Tie man (Unjt E). The unit submitted by 

Wallace and i'ieman Company, Inc., ¿or service testing was 

unique in that a hand-operated diaphragm pump was mounted with 

the filter in a tubular frame, and a gasoline engine with speed 

reducer was provided with a linkage to operate the diaphragm 

pump. The filter was equipped with several types of elements, 

each set providing a septumsrea of approximately 1.75 square feet. 

Also, an air chamber and a device for air baokwashing were in¬ 

cluded in the filter shell. The slurry feeder was a small dia¬ 

phragm pump with a variable stroke. The filter and feeder section 

weighed 54.2 pounds, and the motor with reducer and linkage weighed 
60.2 pounds. 
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In comparison with other filters on a clay suspension 
of 100-ppo turbidity, the Wallace and Tiemen filter, ?jhen opera¬ 
ted with its own slurry feeder, produced ah average output of 5.3 
gpm, rating first in output per square foot of filter area, imhen 
operated with a common slurry feeder on Potomac Elver water of 
37-ppn’. turbidity, the filter produced an average of 4.9 gpm, 
rating fourth in output per square foot of filter area. Advan¬ 
tages -recorded for this filter were its easily operated hand pump, 
effective slurry feeder, completeness as a unit, and excellent 
quality of effluent. Its disadvantages were complexity, heavy 
weight, unsatisfactory valve arrangement, poor backwashing 
characteristics, and unsuitable mechanical features. 

f_. Design of Servier Tost Model. The Titeflex filter 
(Unit D) hC-.r*¿TarT'feeder (Unite) were improved 
for s'.-rvict fe.-tirg with ths S gpm set. Deaigis of other com¬ 
ponents for the 5 gpm set are given in the following sections. 

C. Selection of Pumping Equipment 

9. Hand Pump. Although the 5-gpm pack filter would normally 
be operated with a portable gaooline-engine-ariven pump, a hand pump 
was also considered to be an essential component of the set for emer¬ 
gency operation with filter, and as a utility pump for filling con¬ 
tainers and starting siphons. For these uses the pump should have a 
capacity of approximately 5 gpm and weight of less than 10 pounds. 
A survey of pump manufacturers data and contacts with their repre¬ 
sentatives eliminated all except five hand pumps. The pumps tested 
werei Daning Fig. 1570 No. 0, Daning Fig. 1570 - USGO No. 2, Blackmer 
Fig. 404C, GouldsH.g. 965 No. 2, and Wilcox Crittenden 18-inch Bilge* 

a. Darning No. 0. The first applicable hand pump tested 
was Darning quadruple-acting force pump. Fig. 1570 No. 0. Con¬ 
structed of brass, with a stainless steel shaft, the pump weighed 
14 pounds. It was operated by pushing and pulling a side handle 
approximately a quarter turn. After being operated intermitt aitly 
with a filter for approximately 10 hours, the pump produced the 
average outputs recorded in paragraph 9f below. The valves 
occasionally became clogged with small sticks or gravel. In 
considering the freight of the pump it was necessary to add the 
weight of a supporting base. A collapsible base constructed of 
bicycle tubing by Infilco, Inc., Chicago, Illinois, approached 
minimum weight at 7.5 pounds. 

b_. Daning Fig. 1570 - USCG No. 2. The Deming Fig. 1570 - 
USCG No. 2 pump was similar to the Fig. 1570 No. 0 model, but 
with a wider vane. The pump was very stiff when operated against 
a 20 Ib/sq in. discharge pressure and required a support frame. 

o.* Blackmer Fig. 404C. The Blackmer Fig, 404C was a 
rotary pump with removable spring-loaded buckets. Being flat, 
the punp could be operated without additional support. Although 
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capable of being produced within the weight limit, this rotary 
pump was abandoned because it would not produce a discharge 

pressure of greater than 10 Ib/sq in# 

d. Goulds Fig, 965 No. 2, The Goulds Fig. 965 No. 2 
pump was another oscillating pump similar to the Doming ?ig. 
1570 pumps, but having its valves in the oscillating wing and 
braided flax packing on its wing tips. The pump was also stiff 
to operate at higher pressures and required a supporting base. 
The packing was ineffective after two hours of pumping water 
from a flowing stream containing some grit, 

e. Wilcox Crittenden 18»inch Bilge. An 18-inch bilge 
pump constructed by ir'ilcox, Crittendsn and Company, Inc., 
Middletown, Connecticut, proved to be the most suitable type 
of hand pump. This double acting pump was constructed of two 
brass tubes with ball check valves and cup leather. Its opera¬ 
tion was similar to that of an automotive air pump. Although 
an operator pumped for an hour at 25 to 50 Ib/sq in. without 
stopping, the punp was considered to be more tiring than the 
oscillating type. The bilge pump was modified for emergency use 
with the pack filter by increasing its overall length to 24 inches 

and adding a double handle and foot support plate. 

£. Comparison of Hand Ptpfcs. After being operated with 
filteFs for short periods, the hand pumps were subjected to 
comparative tests by the same operators working in shifts. The 
pumps were equipped with 6-foot lengths of 3/4-inoh garden hose 
and operated with a 4-foot suction lift and a 2-foot disohsurge 
head. The following tabulation indicates the superiority of 
the Ydlcox Crittenden bilge pumpi 

Comparison of Hand pumps 

Pump 
Weight 

of 
pump 

5 Ib/sq in. ! 20 Ib/sq in. 
Output 

(gpn) 

Strokes 
(per min) 

Output 

(gpm) 

Strokes 
(per min) 

Shift 
(min) 

Deming Fig. 
1570 No. 0 

peming Fig. 
1570 USCG 

Blackmer 
Fig. 404C 

Goulds Fig. 
965 No. 2 

Wilcox 
Crittenden 
Bilge 

*14,0 

*16.0 

*19.5 

*19.0 

5.0 

3.7 

4.6 

4.0 

4.5 

5.0 

54 

25 

60 

30 

32 

2.0 

1.4 

0 

2.6 

3.4 

60 

38 

50 

50 

20 

7 

5 

5 

5 

5 

* Note* Additional 7.5-pound base required with these pumps. 
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10* Pupp» Whan n gaaollna-angine-driyan pvxap was oon- 
sldered« the pump was expected to be used for the direct filtration 
of raw water, making a pump with good delivery at high head essential* 
With the later adoption of pretreatnent for most water to be filtered, 
another requirement was introduced, that of higher output at the low 
head required for filling pretreatment tanks* 

a. Rotary* Several types of rotary pumpe were considered* 
Among"”them were Blackmer, Viking, and Jabsoo pumps* Rotary pumps 
were unsatisfactory due to wear and relatively low output for 
filling pretreatment tanks* 

(1) Blaokmer* À Model MDC 5, motor'driven pump, con¬ 
structed by the Blaokmer Pump Company, Grand Rapids, Michigan, 

60 hours ef normal 
îughout.,, 
ito sandy 
i the 

capacity of the pump was severely reduced, the casing and 
buckets being scored by grit. During the testing of Model 
MDC 5, a larger Model PA 20L «as ordered. This pump would 
produce 20 gpm at 900 rpm, but was not recommended for 
operation at 3000 rpm, efficient light engine speed* The 
Model PA 20L pump fitted with removal liner weighed 27 
pounds* The pump rotor contained bronce rectangles (known 
as buckets) which were thrown outward against the pump 
casing by centrifugal force« 

(2) Viking. A Model DH • SPEC pump, oonstruot&d by 
the Viking Pump Company of Cedar Falls, Iowa, was tested 
with a Briggs and Stratton Model NP engine* Initially the 
pump produced an output of 50 gpm at tero Ib/sq in* dis¬ 
charge pressure, and 14.5 gpm at 20 Ib/sq in* After pumping 
a diatomite suspension of 1000 ppm for 163*5 hours, its capa¬ 
city had dropped to 12*8 gpm at 20 Ib/sq in* The Viking 
Pump operated by eccentric action between a sliding rotor and 
a removable plate* 

(3) Jabsoo* A Model F 1 l/i pump constructed by the 
Jabsoo Pump Company, Beverly Hills, California, was tested 
briefly* The rotor of the pump was of Neoprene with flexible 
vanes which folded backward at the intake and discharge ports* 
The pimp was found to require considerable power in starting 
and was not reooamended for operation above 1150 rpm. It 
weighed 16*5 pounds* 

b* Screw 
probaEly most 

w (Moyno). 
suitable f 

The pump, whose characteristics were 
for direct filtration, was the RAM Moyno 

’I*- .\>.v 

Pump constructed by Robbins A Meyers, Inc., Springfield, Ohio. 
The Model 1B2H Moyno Pump was considered for use with pack equip¬ 
ment. The manufacturer reported an output of 7.5 gpm against 60 
Ib/sq in. pressure and a 10-inoh mercury vacuum on the suction* 
The pump was too long for mounting with the engine on a pack board. 
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The pump consisted of a single-threaded helical rotor within a 

stationary, double-threaded helical stator, producing a con¬ 

tinuous flow. With the exception of lower output for filling 

pretreatment tanks, the characteristics of the Moyno Pump were 

superior to other types considered. 

o. Turbine (Aurora). The biodel D4 turbine pump, con¬ 

structed by the Aurora"Pump Company, Aurora, Illinois, possessed 

desirable characteristics for the dual purpose of filling pre¬ 

treatment tanks and operating the filter. The pump was rated at 

6.5 gpm at 60-foot total head and 1750 rpm. The turbine pump was 

inferior to self-priming centrifugal pumps in wear resistance and 

priming requirements. 

d. Self-priming Centrifugal. The type of pump found to be 

most "satisfactory íor the dual purpose of filling tanks and 

operating the filter was a high head, self-priming centrifugal. 

(1) Red Jacket. A Model MM-G pump, constructed by 

the Red Jacket Manufacturing Company, Davenport, Iowa, 

powered by Jacobsen-J10Û horitontal single cylinder 2-oyole 

air-cooled engine was tested for use with pack equipment 

primarily due to the light weight of 29.1 pounds for the 

pump and engine assembly. The pump submitted for test by 

the manufacturer performed satisfactorily, duplicating manu¬ 

facturer’s results, but its low cut-off head of 37 feet at 

3750 rpm was inadequate to meet requirements of the filter 

during the latter part of normal filter runs where a 

pressure of 40 Ib/sq in. was often desirable. 

(2) Carver. A Model No. 1010 relf-priming centri¬ 

fugal pump, constructed by the Carver Pump Company, Musca¬ 

tine, Iowa, was considered. The pump was rated at approxi¬ 

mately 17 gpm with 60-foot total dynamic head at 3000 rpm. 

A higher head pump is now being constructed by the manu¬ 

facturer for tests. 

(3) Goraan-Rupp. A Model LIIX self-priming centri¬ 
fugal pump constructed by the Gorman-Rupp Company, Mansfield, 

Ohio, was considered for use with paok equipment. The manu¬ 

facturer’s pump curve showed an output of approximately 27 

gpm against 60-foot total head at 3200 rpm. The pump con¬ 

sidered was a modification of a standard "Midget" pump 

powered with a Lauson RSC engine. 

(4) Rex 3 M. The "Rex Jr." 3 M Pump, constructed by 
the Chair. Belt Company, Milwaukee, Wisconsin, with a net 

weight of 54 pounds and with a rating of 3000 gph with 

15-foot total head was the most promising commercial pump 

for use with the paok equipment. A standard Rex 3 M pump 
was procured for testing. This pump was suitable for 

filling pretreatment tanks, but a higher head pump was 
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desirable for filtration. Accordingly, the company de¬ 

signed a self-priming centrifugal pump with a closed 

impeller and submitted it for testing. This pump, mounted 

on the extended shaft of a Lauson RSC 609 gasoline engine, 

produced 30 gpm against a total dynamic head of 60 feet 

(23.5 pounds discharge pressure) when tested with 10 feet 

of suction pipe, 5-foot lift, 1 l/4-inoh suction and 1 l/4- 

inch discharge, at 3600 rpm. Under the same conditions 
the cut-off pressure was 48 Ib/sq in. and the output at 

35 Ib/sq in. was 12 gpm. Rex 3 M pumps with aluminum 

volutes were procured for service testing with the 5 gpm 

set, and the special Rex pumps with closed impellers were 
procured for service testing with the 15 gpm set. 

e. Power Pump Selected. The special Rex, self-priming, 

centrifugal pump with closed impeller was found to be most 

suitable for use with the 15 gpm diatomite water purification 
equipment. 

11. Gasoline Engine. 

Basis for Selection. The selection of a gasoline 

engine was governed primarily’ by the requirements of the pump 

chosent weight suitable for man packing, low gasoline and oil 

consumption, long life under adverse conditions, and availa¬ 

bility of spare parts. 

(1) Pump Requirements. Operations of the 15-gpm 

filter unit with various pumps indicate that the pump 

delivery should be not less than 15 gpm at 34 to 35 lb/ 

sq in. in the filter, or a water horsepower of 0.37. 

The engine bhp required to pump 15 gpm at 34 Ib/sq in. 

is therefore 0.37 horsepower divided by 0.35, or 1.06 

bhp, considering that the pump efficiency is approximately 
35 percent under the conditions. Also, light centrifugal 
pumps require 3000 rpm or better for effective operation. 

(2) Weights Suitable for Man Packing. Since the 

pump and engine set constitute the heaviest loads in the 

set, an engine with the minimum weight consistent with 

requirements must be chosen. The combined weights of 
pump (19 pounds), frame (9.75 pounds), packboard (4.50 

pounds) is 33.25 pounds. Desirable maximum weight of a 

pack is 65 pounds, hence the engine should weigh only 
32 pounds. 

(3) Gas and Oil Consumption. Since gasoline may 

always be scarce, the engine should consume the minimum 

gasoline required to produce the desired horsepower. 

Also operators probably will not pay close attention to 

oil leveli hence, an engine which does not require 
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frequent addition of oil would be more desirable, without 

considering the maintenance difficulties which parallel 

high oil consumption. 

(4) Lonj Life. The engine must demonstrate its 

ability to perform satisfactorily for long periods under 

unfavorable oonditions with little or no preventive main¬ 

tenance. An engine with relatively low compression ratio, 

with a sufficient oil capacity for operation at an angle 

to horieontal, and with tbe ability to utilise Arny fuels 

and lubricants must be obtained. A standard Corps of Engi¬ 

neer engine would be highly desirable to insure availability 

of spare parts. 

(5) Availability of,Spare Parts. Standardisation of 
engines for Engineer Equipment dictated the choioe of a 

standard engine after tests to determine the most suitable 

engine had been completed. The final choice is the stan* 

dardised Briggs and Stratton NLP engine. 

b^. Engines Eliminated. A survey was made of commercial 

engines which most nearly approximated the requirements. The 

engines available are listed in Appendix D. Preliminary exami¬ 

nation of available engines resulted in the elimination of the 

following* 

(1) Johnson Iron Horse. The availability of this 

engine was doubtful, owing to full time production of out¬ 

board motors by the manufacturer. Weight for power de¬ 

veloped was higher than other makes. 

(2) Delco. The horsepower of this engine was not 
adequate for severe operating conditions. This «agine is 
normally furnished only in conjunction with electric 
generating outfits, for which there is also a critical 

demand. 

(3) Homelite. The horsepower of this engine was in 

excess of needs¿ resulting in excessive gasoline consumption 

Information regarding weight of the engine separately was 
not available, as it is usually part of an electric genera¬ 
ting plant. This introduced the same production diffi¬ 

culties encountered in (2) above. In addition this engine 
has the highest compression ratio of those considered, a 
feature considered undesirable for assurance of durability 

and long life. 

£. Ehgines Tested. Tentative selection was therefore made 

of Lauson, Briggs Stratton, and Jacobsen engines, for testing. 

(1) Jacobsen J100 Engines. A Jacobsen J100 Engine 

was procured from the Ksd Jacket Manufacturing Company, 
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Davenport, lova, direct ooupled to a centrifugal pump. 

The engine was rated by the manufacturer conservatively 

at 0.75 hp at 1700 rpm and at 1.0 hp at 2200 rpm, the 

peak of the power curve. It weighs 28^ pounds in stan¬ 

dard construction, but was lightened for test purposes 

so that combined weight of pump and engine was 28.1 

pounds. The J100 is a two»cyole, air-cooled, single¬ 

cylinder model. The pump manufacturer adjusted the 

speed to 3800 rpm with 1.1 hp to meet pump requirements. 

Tests of the unit disclosed that excessive carbon for¬ 

mation in the valve ports limited operation to about 
100 hours before extensive overhaul was required. Piston 

and rin^s showed severe burning, which indicated inade¬ 

quate lubrication, presumably due to excessive speed 

beyond rated capacity. Two-cycle engines normally require 

non-leaded fuel and clear burning lubricants, which are 
not ordinarily available as regular issue. A larger 

engine, the kodel J150, manufactured by the same company 

has adequate power of 1,0 hp at 1550 rpm, but like the 

smaller model is not designed for operation at 3000 rpm, 

the required pump speed. 

(2) Briggs and Stratton Model KP.. One engine of 

this type was procured and tested. Operation was satis¬ 

factory, end tests indicate adequate operating life. 

However, certain modifications of the basic model were 

considered desirable for field use. The engine as issued 

weighs 3Ö.5 pounds stripped, or approximately 41.2 pounds 

with accessories. Its oil capacity is one pint, requiring 

oil change, as recommended by the manufacturer, every 5 

hours. Since field use may require operating the engine 

on a slope, an oil sump of at least one quart capacity is- 

desirable to assure lubrication when part of the oil has 

been consumed. Weight should be reduced by substitution 

of light metal for cast iron where possible, shielded 
spark plug should be used, allreoessories should be 

chained to prevent loss, and a crankcase float switch 

should be provided to protect the engine against damage 

when the oil level drops. These changes were discussed 

with the manufacturer* Weight reduction to 37.2 pounds 

in a Model NLP engine was accomplished, but other desired 

features could not be incorporated. The horsepower de¬ 

veloped was in excess of needs, resulting in excessive 

gasoline consumption. Oil consumption started at approxi¬ 

mately 1/4 pint in six hours continuous operation. Exces¬ 

sive carbon formation necessitated overhaul after 150 hours 

of operation, and oil consumption increased to 1 quart in 

8 hours, showing excessive piston ring wear. The principal 

advantage of the Briggs and Stratton NLP engine is that the 

Model N engine has been standardised as Corps of Engineers 

Equipment. The wearing parts of the Model NLP are inter¬ 

changeable with those of the Model N. 
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(3) Lfcuson kodal RSC. Thl« «ngin* wa» furniihed 

originally with all tha deaired apeoial faatvuraa previously 

listed. A similar model, of standard oomstruotion, has bean 

in use for four years by the pump manufacturer, the Chain 

Belt Company, as standard for the pump seleeted. A number 

of these engines were procured and service tested with 

uniformly satisfactory results* to* engine has been 

operated for approximately 500 hours on issue fuels and 

lubricants without major repair or overhaul, and continues 

to operate efficiently. The weight of the engine with all 

accessories is 34.6 pounds. The power is almost exactly 

proportioned to pump requirements, being rated by test as 

i.3 hp at 3800 rpm and 1.6 hp at 3600 rpm. Operation is 
practically vibrationless. The Lauson engine has a con» 

siderably lower compression ratio than the Briggs or Jacobsen 

engines. The feature is particularly desirable, as a lower 

compression engine is ordinarily more durable, and capable 

of operation with a wider range of fuels. All Lauson RSC 
609 engines tested were equipped with Stellite faced valves 

and valve, seats for operation on 100 octane gasoline. 

D. Service Testing of 6»GPL Set 

12. Assembly of 6-gr»n Set. Seventeen 5-gpm sets were procured 

for service testing. ![hia sei was divided into 6 pack loads, each 

mounted on a standard plywood paokboard and weighing less than 65 

pounds to permit man carrying. Pack Ho. 1 was a complete hand opera¬ 

ted unit with a supply of filteraid sufficient for 24 hours of emer¬ 

gency operation. Pack No. 2 was a gasoline-engine-driven, self¬ 

priming centrifugal pump. Pack No. 3 contained a 26-pound bag of 

filteraid, spare filter elements, extra hose, suction strainer, spare 
parts, and tools. Packs No. 4, 5, and 6 each contained a 350-gallon 

canvas tank. The complete 5-gpm pack water purification set weighed 

approximately 300 pounds. An itemized list of the contents of each 

pack will be found in Appendix C. 

13. Description of Major Components (5-gpm). The following 

description of tne major components in the 5-gpm sets is given to 

assist in interpreting the results of service testing and to under¬ 

stand equipment later used In the 15-gpm set. 

a. Filter. The 6-gpra filter consisted of a cylindrical 

stainYess steel shell with conical bottom and a detachable oast 

aluminum head with filter elements attached, "he shell was 
erected on three pivoted aluminum legs. The bottom of the shell 

contained a baffle plate to check direct flow. The shell was 

fastened to the head by four bolts with wing nuts and recessed 
gasket. The head was hollow and equipped with four tie rods and 

gasketed cups for mounting filter elements. The elements were 

hollow cylinders, 1 3/4 inches outside diameter and 12 inches 

long, giving a total area of 1.83 square feet. Three sets of 

interchangeable elements were provided} one of bonded aluminum 



oxide grit known *a "Aloxitenf another of porous oarbon known 

aa "Carbooell*, and another of wire wound on a fluted oore known 

aa "Stellar". 

b. Feeder. The body feeder was an open aluminun can with 

an atFaohed agitator and sight flow indicator. The agitator pro¬ 

peller was driven by a multi-vane fan actuated by the engine 
exhaust. The flow indicator consisted of a plastic tube clamped 
between two aluminum discs, with an orifice inlet near the top 
of the tube on one side and an outlet near the bottom of the 

tube on its other end. Flow was adjusted by regulating the 

striking point of the visible jet within the plastic tube. The 

orifice was oonneoted by rubber tubes to the slurry in the 

aluminun can. The outlet was conneoted by rubber tubes to a 

tee fitted with tubing. One leg of the tee was oonneoted with 
the suction of the pump, the other leg to the discharge through 

a control valve. Slurry flow in the sight chamber was adjusted 

by opening or olosing the valve on the discharge line which in¬ 

creased or decreased suction through the indicator. Control by 

bleeding discharge into the suction line was neoessary because 

any control valve on the suction line would be plugged with 
filteraid. 

£. Chlorination Set. The chlorination set consisted of 

a color comparator, orthotolidine tablets, a one ppm chlorine 

test kit, two measuring cups, calcium hypochlorite can, and a 

measuring scoop. The chlorine comparator was a junior model 

Heilige Simple Tester with glasses for 0.5, 1.0, 1.5, and 2.0 

ppm chlorine. Orthotolidine tablets were provided in two plastic 

tubes with screwed caps, each tube containing approximately 200 

tablets.. Instructions for making a chlorine determination were 
printed on the plastic tube. A less exact comparison could be 

made with the orthotolidine testing kit, which consisted of t 
plastic tube with yellow band and an inner glass tube of ortho¬ 

tolidine tablets, instructions for using this kit were printed 

on the glass tube. The comparators and tablets were protected 

by a fiber case which also included a plastic stirring rod for 
crushing the orthotolidine tablets. ▲ reolosable metal can 
similar to a half-pint paint can was provided for calcium hypo¬ 

chlorite. The measuring scoop was of plastic with a wire handle. 

The full scoop contained approximately 5.6 oo, providing enough 

granular calcium hypochlorite for producing a two ppm chlorine 

dosage. Chlorination of five-gallon cans could be accomplished 

by placing one scoop of hypochlorite solution in each can. 

<i. Hand Pump. The hand pump was a modified bilge pump 

of brass construction. It was equipped with double wood handles 

and foot support. As the pump plunger was lifted, witer was 

sucked through a ball check valve at the base into the barrel of 

the pump. In the same upward stroke water was discharged from 

the annular space between barrel and plunger. (Jh the1 dorr ward 



stroke water was forced through a check valve at the lower end 

of the plunger then through openings in the plunger to the 

annular space where part of the water was discharged from the 

top outlet( and the other part remained in the annular space to 

be discharged in the next upward stroke* 

e. basoline-Engine-Driven Pump Set. The pump set con¬ 

sisted^ of a single oylincler Lauson RSC-éÕd 4-oyole, gasoline 

engine direot-oonneoted to an open impeller* self-priming. 

Chain Belt centrifugal pump. The 1-inoh suction hose conneotion 

was furnished with a l/B-inoh petoook. The 1-inoh discharge 

connection was furnished with a 1-inch gate valve, a 1/8-inoh 

valve and nipple for body feed hose, and a 1-inoh male nipple. 

The pump delivered 15 gpm against a 30-foot discharge head with 

10-foot suotion lift. 

f. Accessories. Thirty feet of 1-inoh inside diameter 

wire-wound suotion hose were provided in one 10-foot and four 
5-foot lengths. Six standard plywood paokboards, a tool roll 
for field repair, a float strainer, and a sanitary noszle were 

also provided. 

£. Filteraid. idatomaceous silica was supplied in 16- 

pound multi-wall paper bags and 25-pound lined osnaburg bags. 

Two types of filteraid were issued} alum treated filteraids 

known as Dicalite 228V or 234V and Johns-j¿anville Sorbo-Cel, 

and untreated filteraid known as Hyflo. 

h. Tanks. Four 350-gallon canvas tanks were provided. 

The tanks were constructed of No. 8 cotton duck, mildewproofed 

with ouprammonium and waterproofed with bitumen, according to 

the Willesden C.A.B. process. The tanks were 24 inches high and 

65 inches in disuneter, being similar in construction to the 

standard 3000-gallon tanks. The first tanks so constructed were 

found to leak badly at the seams. A satisfactory method for 

sealing the seams was devised for the remaining tanks. 

14. Operation of 5-gpm Set. The 5-gpm set was connected to 

filter raw water directly from its source or coagulated and settled 

water from intermediate tanks. Oireot filtration was employed on 
relatively clear water (less than 30-ppm turbidity), and pretreatment 

on more turbid water. 

a. Direct Filtration. The 10-foot suction hose with 

attached float strainer was placed in the stream and connected 

to the pump. The pump discharge was connected to the bottom of 

the filter by a 5-foot hose. Another 6-foot hose was connected 

to the filter outlet for filling one of three 350-gallon tanks 

erected beyond the filter. The pump was primed} l/4 pound of 

filteraio in ¿ gallon of water was poured into the filter shell, 

and 4 pound of filteraid was poured into the slurry can; then 

the engine was started. After five gallons were discharged to 



waste, the filteraid was collected until the output dropped 

below S to 5 gpnu During filtration, body feed was added to 

raw water by adjusting the feeder valve to maintain a constant 

stream in the sight flow indicator. Backwashing was aooom* 

plished by interchanging suction and discharge hoses at the 

pump, iasnersing the discharge hose in the filtrate tankj 

thereby sucking approximately 10 gallons of filtered water 
through the tank in reverse. With direct filtration, ohlori* 

nation was accomplished by placing a dissolved sooop of calcium 

hypochlorite into the filtrate tank after the bottom was covered 

with water. 

b. Pretreatment. Operation with pretreatment was the 

same Xs for direct filtration except that a tank of coagulated 

and settled water was used as the source to be filtered, and 

calcium hypochlorite solution was added at the pretreatment 

tank. Alum was added by placing l/ft pound in the pump's priming 
chamber. Soda ash was added by placing briquettes in the dis¬ 
charge stream until the observed floe was satisfactory. 

15. Packing of 6-gpm Set. Packboards were found to be suitable 

for man carrying, but additional brackets were required to insure 
proper animal packing. 

Man. Components of the 5-gpm set were divided into 

six loads, each carried on a standard plywood paokboard for 

man carrying. The heaviest load was the pump and engine set, 

weighing 65 pounds with paokboard. Tests conducted by the 126 

and 271st Engineer Combat Battalions at Camp hale, Colorado, 

and Camp Young, California, respectively, indicated that a man 

normally oould carry the 65-pound load for only 5 miles over 

rough terrain without excessive fatigue. 

b. Animals- One 5-gpm set of pack water purification 

equipment was sent to the Camp Hale Test Branch, Engineer Board, 

at Pando, Colorado, for animal packing. Good packing with ropes 

requires considerable experience and training) whereas packing 

with brackets is almost "fool proof," and is the method used for 
standard equipment. 

16. Service Tests. In accordance with directives from the Chief 

of Engineers, 5-gpm sets of pack water purification equipment were 

sent to the following organisations for service testing* 

Sets Organisation 

2 126th Engineer Combat Battalion, Camp Hale, Colorado 

9 271st Engineer Light Combat Battalion, . , 
Camp Roberts, California 

1 Army Air Forces, 1 Troop Carrier Command, 
Stout Field, Indianapolis, Indiana 

1 Department of Military Sanitation, Medical Field 

Service School, Carlisle Barracks, Pennsylvania 



i^r

-33-

•E
§

CD

o:s
S’
H

gP
•H

O

&
n

I

sI
§s
o
M

I
^ -H 
O M 
< l-> 
PL. t4 >
2 .-9 ^

If? £
• -pa u

M O

. V- . . . ,- .. . ... .• •.•/ •. .vV V > • - .-V '-. . • V V. . . .V/.- v.-.V. -

• r..•* /- .> ,->• *-• *-•. .*W ,

• • • 0 •
.* ’.*'*.•

‘-v-'.-'•

.• •

oCcvS:x:::

V. •'

■V Vviv'v

- >-V-' •. •• -..* •



mmsa 7 ^
. kl''

k :-\

- V">-

I •^- •_• • _

c' -'/iii^ 

£ .--/v .:• ••■•

. ••. -*. .*, v

^ •. . .•..'

*S
§ ^1 •: •
wos
CO

^.2S c
o »- 
*-* r*>

ii
p ® 
:< PQ

SC
o O

g-E 9 g
ITS CQ 

• 03
vO

C

ei

•- **'-*•.**.'**.'

P ^ P

w:: v :y. .* .*

K^ryr^-

i •

•

i ••••••“ w • •
—r^r^~- r-

.*, V. ■•. •• •*. •' ■.- .• V V V V •. .• V VV V V V V V ;• . 'V'V'V'V'.-'.
•-V

.•■■.• •.• ■ •■- •■• •■• <•



a. Teats By 126th &içln«T». Testing was begun two days 
after”receipt of the 4>-gpn seis by the 126th Engineer Canbat 
Battalion, and was continued for ten days» In accordance with a 
directive the organisation fubnitted a report to Amy Ground 
Forces shortly after completing tests» The Camp Bale Test Branch 
reported unfavorable results, so a representative of the Water 
Supply Equipment Branch was sent to Csmp Hale» The filters had 
been operated without precoating and with inadequate body feeding, 
resulting in low outputs of filtrate due to plugged elements. It 
was believed that this incorrect operation resulted from insuffi¬ 
cient time for all operators to read or understand the instruc¬ 
tions, and from a lack of illustrations in the instructions to 
supplement verbal descriptions» The pumping capacity was also 
decreased by a bushing with 3/4-inch instead of 1-inch opening 
at the pump's suction as specified» The equipment was recondi¬ 
tioned and arrangements were made for a second test» 

During the second test series an average of 324 gph 
was obtained with the gasoline-engine-driven pump and 251 gph 
with the hand pump, exceeding the rated capacity of 300 and 150 
gph» Tests were made at an elevation of approximately 10,000 
feet, which reduced the pumping capacity to approximately 64 
percent of its sea level value, and on turbid cold water at 32* F, 
which can be filtered twice as rapidly at 70° F» Results of the 
tests at Camp Hale are given in Appendix B» During tests the 
body feeder required frequent adjustments* otherwise the equip¬ 
ment perfonned well» A second report was submitted to Army 
Ground Forces recommending that one of the 10 gpm sets be sup¬ 
plied per Infantry Battalion, or similar organisation» A copy 
of this report is reproduced in Appendix B» 

b. Tests By 271st Engineers. Nine sets of 5-gpm pack 
water”purification equipment were operated by the 271st Qigineer 
Light Combat Battalion during April 1944 on maneuvers *t 3unter- 
Liggett Reservation, California. Operated on clear mountain 
streams, the sets produced an average of 960 gph or 16 gpm by 
direct filtration» Pretreatment was not employed on the rela¬ 
tively clear raw water» The organisation suggested the addition 
of a trigger-operated valve for filling cans, and favored water 
bags instead of metal cans, additional hose, and maintenance 
tools» An engine failure due to moisture in the magaeto was 
reported. Although an output of over 16 gpm was obtained, the 
organisation favored increasing the filter area and pump capa¬ 
city due to a shortage of available operators» A copy of the 
questionnaire report submitted by the 271st Engineer Light Com¬ 
bat Battalion is included in Appendix B. 

o. Tests By Army Air Forces. Army Air Forces, Headquarters, 
1 Troop Carrier Command, Stout Field, Indianapolis, Indiana, re¬ 
ported thq!t the S-gpm pack water purification unit was not suit¬ 
able for ^.ir Force use in a report dated 25 April 1944, entitled* 
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’'Equipment Testing Report." Paragraph 2 of the report's 

conclusions is as follows! 

"2. It is believed that this equipment may be so 

modified as to be vehicular bornei end that the output 

may be increased to reaoh a constant 10 to 15 gallons 
per minute and so make its issuance as a replacement 
for the present portable water purification unit feasi* 

ble in Air Forces and Airborne Troops." 

In considering the output per unit weight of equipment, the 

complete set of pack water purification equipment, weighing 

300 pounds, was compared with a 40-pound pumping and filter 

unit producing 3 to 5 gpm. Actually the filter and hand pump 

of the 5-gpm set weigh 30 pounds. An average output of 15 gpm 

on low turbidity water was reported, but no outputs on higher 
turbidity water were given in the Air Corps report. A copy of 
this report is reproduced in Appendix B. 

d. Tests By the Engineer Board. One of the 5-gpm pack 

water”purification sets procured for service testing was opera¬ 

ted on the Potomac River by enlisted men for approximately two 

weeks under the supervision of technical personnel. Tests were 
made to determine the rate of plugging for porous carbon elements, 

the outputs with direct filtration and pretreatment, the advisa¬ 

bility of altering the body feeder, and to check operating in¬ 

structions. After approximately 14 hours filtration time the 

Carbocell 50 grade elements were found to be slightly plugged 

when compared with new elements. Cleaning carbon elements would 

normally be accomplished by scraping with a knife, but a 1/16- 

inch out was made in a lathe to insure uniformity for test pur¬ 

poses. The turned elements were returned to service. Performance 

approximated that of the clean elements. The average rates during 

actual filtration for the test period were 12.7 gpm with direct 

filtration and 11.3 gpm for pretreatment, with raw water having a 

turbidity of 35 to 95 ppm. The average total filtrate delivered 

per run was 263 gallons for direct filtration and 271 gallons for 

pretreatment. During approximately one-third of the tests an 

experimental Rex pump with closed impeller was used. The in¬ 

creased output obtained with this higher head pump is illustrated 

by data in Appendix D, Fig. 24. The output with the higher head 

pump was approximately 25 percent greater. Results of these 

tests are shown in Appendix D. 

Operating instructions proved satisfactory. The open 
body feeder supplied with the 5-gpm set required frequent valve 

adjustments and would not function when the pump's suction dropped 
considerably as the discharge head increased, or with an elevated 
treatment tank. Modifying parts were assembled to convert the 

open feeders to a floatation type (which proved satisfactory in 

tests), but service tests were completed beifore the improvement 

could be effected by organisations except ihe Medical Field 

Service School. 



.'J 
■j 

a. Teste By Arny Service Forces Department of Military 
of 6-gpm p&ok wèter purification equipment Sanitation» One set 

was tested at Carlisle Barracks, Pennsylvania, by the Department 
of Military Sanitation, Medical Field Service School, and the 
Medical Department Equipment Laboratory, primarily to determine 
bacterial removal efficiency. Reports, containing excellent 
data, from each organisation are reproduced in Appendix B. 
Direct filtration removed 90.6 percent of initial bacteria) and 
pretreatment followed by filtration, 94.3 percent, based on an 
average of runs. It was reoonnended that the filter be chlori¬ 
nated frequently to avoid contamination of elements. This pro¬ 
vision was included in TB 6-295-2. Mechanical improvements 
reoomnended were also effected. 

E. Revision to Provide 15-gpm Capacity 

17. Revision. After service testing the 5-gpm pack water puri* 
ficution sets, both the 126th and 271st Engineer Combat Battalions 
stated that greater capacity was desirable for their use. Ihe 126th 
aigineer i-ight Combat Battalion recommended equipment with an average 
capacity of 10 gpm or better in the report contained in Appendix B* 
Although the 271st Engineer Light Combat Battalion obtained an 
average of 16 gpm when operating the 5-gpm pack water purification 
set on relatively clear mountain streams, this organization recom¬ 
mended a larger filter ana pump in a "Pack Water Purification Equip¬ 
ment Preliminary Service Test ^uestiannaire" transmitted by letter, 
dated 2 May 1944, from Headquarters 271st Light Combat Battalion, 
Hunter ^iggett Military Reservation, APO 360, Camp Roberts, Cali¬ 
fornia. (See Appendix B.) During the service test a 15-gpm pack 
water purification set was being designed at the Engineer Boardi 
The increased capacity was obtained by doubling the filter area, 
employing a higher head pump, an automatic feeder, a valve backwash, 
larger hose, and larger water tanks. 

a. Increased Filter Area. The filter area was: increased 
from approximately 1.3 to ¿.é square feet by using seven 2-inCh 
outside diameter elements which provided the most economical 
space utilization in the filter shell. An increase of one inch 
in the inside diameter of the filter shell was required. 

b. Higher Head Pump. 
- . . rik 
__ The pump issued with the 5-gpm set 

was a”self-priming centrifugal pump with open impeller, develop¬ 
ing a maximum discharge pressure of approximately 25 lb/sq in. 
Previous tests have shown that an almost proportional Increase 
in output would be obtained by increasing the pumping pressure 
to at least 50 lb/sq in. Several companies were asked to pro¬ 
duce a high head centrifugal pump. The Chain Belt Company 
submitted a self-priming centrifugal pump with closed impeller, 
capaole of developing a discharge pressure of 45 lb/sq in. 

£. Automatic Feeder. The suction feeder tested on the 
5-gpm set was unsatisfactory because it required adjustment too 
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fr«qu«..‘¿y. Th« feeder we» redesigned for the 16-gpn set to 
employ e water motor for agitation, an orifice to control slurry 
flow, and a float Tales to maintain pump suction. The feeder 
used on the 5-gpm set during servioe test was revised in order 
to obtain maximum utilisation of the 6-gpm set* however, the 
modified feeder was developed too late to be of value in service 
tests with the exception of those conducted by the Medical Corps 
at Carlisle Barracks. 

Backwashing. Backwashing the 6-gpm filter by inter¬ 
changing the suction and discharge hoses at the pump required 
approximately two to three minutes and introduced considerable 
wear on hose threads. A four-way valve was added on the 15-gpm 
set to permit interchanging suction and discharge without dis¬ 
connecting the hose. Use of the four-way valve decreased back¬ 
washing time to less than a minute. 

e. Larger Hose. Heinforoed suction hose with an inside 
diameTer of approximately 1 inch was used on the 5-gpm set. 
Tests indicated that considerable head loss resulted from 
friction in this relatively small hose, A sufficient increase 
in capacity was obtained with 1 l/4-inoh inside diameter hose 
to justify its increased weight, when used on the 16-gpm set. 

£. 600-Gallon Tanka. The 350-gallon tanks used with the 
5-gpm set were of adequate sise for 6 to 10-gpm oapaoity, but 
500-gallon tanks were desirable for the 15-gpm set in order to 
provide more pretreated water for an uninterrupted run and to 
store the increased output when necessary. 

F. Recommended 15-gpm Set 

18. Assembly of 15-gpm Set. The reoomnended 15-gpm set con¬ 
sists of a filter and feeoer seotion, two gasoline-engine-driven 
pumps, four 500-gallon tanks, 1 l/4-inch hose, supplies for 40,000- 
gallon production, and accessory equipment. The set may be carried 
as three animal or nine man loads. Its total weight is approximately 
580 pounds. The heaviest pack weighs 65 pounds when arranged for man 
packing. Constituents of each pack are listed in Appendix C. 

19. Description of Major Components (16-gpm). A brief des¬ 
cription oi1 15-gpm diatom.'.to water purification equipment follows. 
Detailed descriptions are contained in engineer Board Drawings D5104-1 
through D5104-15 inclusive. 

a. Filter and Body Feeder, 
are moulted in a tubular frame. 

The filter and body feeder 

(1) Filter. The filter consists of a stainless steel 
cylindrical shell, an inlet baffle chamber with a 1-inoh 
male pipe nipple, a oast aluminum head (supporting seven 
plastic-core, wire-wound filter elements, 2-inoh outside 
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diameter by 12 inohee long, suspended inside the shell) 
with six lug bolts and wing nuts for clamping the head to 
the shell on a rubber gasket. The filter head has an air- 
vent valve and a 1-inoh female pipe connection for filtered 
water disoharge. The filter shell ia 20-gage stainless 
steel, welded construction, 8-inoh outside diameter by l&g 
inches high exclusive of the head, with two rolled rings 
for stiffening. The bottom nipple of the shell is furnished 
with a 4-way, two-directional, brass plug valve, the open¬ 
ings other than filter connection being furnished with 
1 1/4-inch male hose adapters. 

(2) Float Valve. Adjacent to the filter shell is a 
rectangular, aluminum float box, 4 l/4 inches square by 
13 5/8 inches deep, with open reinforced top and truncated 
pyramidal bottom, containing a cylindrical aluminum float 
valve with hemispherical ends* Each end of the float is 
equipped with a rubber faced valve stem, to seat on a tube 
in the bottom of the float chamber. 

(3) Weir and Slurry Can. Attached to the float 
chamber are a rectangular weir box and a slurry can of 
aluminum. The weir chamber maintains a uniform head of 
2 inches of water, feeding into the slurry can through an 
orifice so calibrated that the net volume of the can 
(approximately one gallon) is replaced in thirty minutes. 

(4) Accessory Pail. Attached to the bottom of the 
slurry can is a square aluminum pail with quick release 
olamps. During transportation, this pail contains spare 
parts, a wire chemical basket and hypochlorite, and pH 
test kits. 

(5) Tool Box. Adjacent to the slurry can and weir 
box is mounted an al unin urn tool box, with a snap fastened 
hinged cover, containing a canvas roll of hand tools. 

(6) Agitator. A water motor is mounted over the 
slurry ou (actuated by disoharge flow of filtered water) 
for agitating the slurry by a shaft and propeller sus¬ 
pended in the can. The water motor discharge is furnished 
with a 1 1/4-inch male hose connection. 

(7) Flow. In the filtering operation, raw water from 
the pump passes through the 4-way valve into the bottom of 
the filter, rises, passes through the filter cake, filter 
tubes and head, and on through the water motor to discharge 
to storage. A needle valve between the filter head and the 
water motor controls the feed of filtered water into the 
weir box, which passes a calibrated flow into the slurry 
can and by-passes the remainder over a weir into the float 
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ohamber. Agitated filteraid ■lurry diiohargea into the 
float ohanbar, ia dram fron the ohanbar through a petoook 
into the pump auction line, and olroulatea to the filter, 
where it dapoaita its filtaraid on the elemente* 

b. Gaaolina Engine and Pump. 

(1) fiigine* The angina furniehed ia a aingle* 
cylinder, 4-cycle, air-cooled, Brigga and Stratton Model 
NLP, developing 1*6 hp at 2800 rpm and 2.0 hp at 3600 rpm. 
It waa adapted from the atandard commercial Model NP by 
the subatitution of aluninum caatinga for oaat iron. The 
revised engine weighs 36.5 pounds* The La us on RSC 608 
engine in Fig. 7 was superseded by the Brigga and Stratton 
Model NLP. 

(2) Pump. The pump, a Rex closed-impeller, single- 
stage, self-priming centrifugal, is bolted directly to the 
engine base, with the impeller mounted on the extended 
engine crankshaft. The pump has a total weight of 19 
pounds* It ia furnished with a 1^-inch auction and 1 1/4- 
inch discharge. 

(3) Set. The pump and engine are mounted in a 
welded tubular steel frame fabricated from 20 gauge 1-ineh 
outside diameter eeamleee tubing* The frame weighs 9 
pounds, and is in turn covered with a waterproof fabric 
cover weighing approximately one pound. The entire assem¬ 
bly is provided with a steel clip and lashings for mount¬ 
ing on a standard paokboard. When it ia desirable to re¬ 
duce its weight for man packing, the pump and engine may 
be removed from the frame and bolted directly to the 
paokboard. 

Aooeaaoriea. A hand pump for emergency operation, 
hose,*"adapiere, chlorination set, pH teat kit, sanitary nossle, 
auction strainer, and ohemioal basket are also included in the 
15-gpm set. 

(1) Hand Pump. The modified bilge pump originally 
developed for inoluaion in the 5-gpm set has been included 
in the 15-gpm unit also. Description of the pump is in¬ 
cluded in the description of the 5-gpm set in paragraph 
13d, above. Since the hand pump will be operated only in 
emergenoiea, owing to the failure of both gasoline-driven 
pumps or to the temporary unavailability of fuel, the 
lightest and smallest pump with adequate output was selected. 

(2) hose. The hydraulic characteristics of the 15-gpm 
set are best served, and with the least friction losses 
commensurate with light weight, by a 1 l/i-inoh inside 

42 



f

t
I I'll

'4?

-43-

*. •. -. -..-- *. -..- .-

-• .

■&

f-.
•H
rH
Oso

■ - ■ - >.V.V

> ■

JLli

••’A

§ c

>
G h 
O -Hm o

>
>

• 4^
6- U

£o
ir\ CQ

« 0) g s
•r-i

; ■ -V ;.’

• •

9. •

i-t

t •
g-S

* - ' - *• * " *

• j- •'
‘-:v-

t__ SL

. V .V.



r
- a
■A'M

- it ■ f •
-ll

-45-

• •••#•
■.•.•.'.•.•-V •> • .-.V-V S-

• • • •

• /

s
u
Q)
•P
iH
•H

rH
0)

•g
P
O

r-<
(1. Oj 

•H

9 ^
VA ^ 
r-t >

IIFh '« 
b CQ

VfN
fH

•g
g

(Q

if
fe“

S o
p

• p
to P

o
M 0) 
(ka PL.

. •

%-N-»** ■*■ • • • • • - .

'.v.v. .-

. -.

Tsv.

,'• .-V V-.-..-
Avv::-::

9___ t.

. A^v.:.-v....

••

Vv'.--.

:':v



1 '"»J k"^ -'* fc" » L k wfc. L% - 

a 

diameter hoae. Six 10-foot length*, male and famale, and 

two 5-foot lengtha, female and female, are provided. 

Sinoe any aeotion of the hoae muat aerve for either auction 

or diaoharge, light weight wire-wound auction hoae ia supplied. 

(3) Hose Adaptera. All fittings on the pump and 

filter are provided with adapters for standard 1 1/4-inoh 

hoae fittings. Accessories include replacement adapters 

for standard 1^-inoh hose. 

(4) Chlorination Set. Thi* set, embodying a simple 

Heilige comparator with a supply of orthotolidine tablets, 

is the same unit previously issued with the 5-gpm set in 

paragraph 13e, above. The plastic aooop, similar to the 

sooop furnisîîed with the 5 gpm set, has been revised in 

shape and site to dip granular hypochlorite from the 6- 
ounce can. Its oapaoity is such that one sooop, of hypo¬ 

chlorite, provides a dosage of 1.8 ppm chlorine in the 600- 

gallon tank. 

(5) pH Test Kit. This kit consists of a glass vial, 

containing 200 slips of nitratine paper with a color scale 

and operating instructions on the glass. Dye from the 

paper leached with water to be tested permits a color 

comparison with the standard soale, thus providing suffi¬ 

ciently aeourate pH determination for field treatment of 

the subject water. 

(6) Sanitary Hostie. The sanitary nottle is an 

inverted funnel. It prevents direct contact of the fil¬ 

tered water discharge nottle with contaminating media. 

(7) Suction Strainer. The lightweight aluminum 

strainer, provided with l/8-inoh mesh, prevents passage of 

foreign matter large enough to olog or damage the pump 

impeller. The screen is also elevated above the solid base, 

to prevent sand or silt being drama from the bottom. In 

treated water the strainer disperses suction to minimi** 

the flow of settled and concentrated floe into the suction 

hose. 

(8) Chemical Basket. This wire mesh basket, con¬ 

structed of non-corrosive materials, has been found to 

provide the simplest practicable means of dissolving the 

chemicals in treatment tanks. The basket may also be 

fastened over the suction hose intake, and provides an 

emergency suction strainer in the event of loss or damage 

to the strainers regularly supplied. 

d. Filtesald and Chemicals. Filteraid, alum, soda ash, 

and activated carbon are supplied in multi-wall paper bags. 
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The size of bags was determined by packing and oonsumpt'Dn re¬ 

quirements* 

(1) Diatoraaceous Silica. Diatomaoeous silica is 

furnished in 25-poundt multi-wall paper bags, with taped 

and sewn closures. The containers selected are light, 

durable, easily procured, and relatively inexpensive. 

Operating tests with all commercially available diatoma¬ 

oeous filteraids indicated that a relatively coarse grade 
of filteraid produced higher flow rates, while producing 
a filtrate of acceptable clarity* Of these materials, 

Celite No. 535, as manufactured by Johns-Manville, and 
Dicalite 4200, manufactured by the Dicalite Company, have 

proven most desirable, and are recommended for regular 

procurement. A 25-pound bag of filteraid should suffice 
for 20,000 gallons of filtrate. 

(2) Alum. Ammonium alum is furnished in lump form, 

averaging 3/4 inch in diameter, packed in 10-pound multi¬ 

wall paper bags. The 10-pound bag of alum should treat 

20,000 to 40,000 gallons of water. 

(3) Soda Ash. Sodium carbonate is furnished in com¬ 

pressed briquettes, of approximately two ounces each, 

packed in 10-pound lots in multi-wall paper bags, of the 

same container size as the alum. The requirements of soda 
ash to raise the pH of water and assist formation of flee 

cannot be accurately predicted, but the 10-pound bag should 
treat at least 40,000 gallons. 

(4) Activated Carbon. Carbon in powdered for.a is 

packed in 5-pound lots in multi-wall paper bags of the 

same construction and volume as the alum and soda ash bags. 

Five pounds of carbon should suffice for 40,000 gallons of 

Since not all waters will require carbon treat¬ 

ment, a surplus may develop; however, waters containing a 

high concentration of natural or introduced contamination, 

including chemical warfare agents, require much higher carbon 

centrations, and an adequate supply for all contingencies 
is assured by this allotment. 

2.* 500-Gallon Tanks. A revised tank of approximately 

560-gallon capacity has been developed, the additional 60 gallons 
occupying four inches in depth, to provide for floe retention. 

The tank, 68 inches in diameter and 36 inches high, is constructed 
of water and mildew-proofed tto. 8 cotton duck. Eight sectional 

tubular aluminum staves support the tank walls. Four guy ropes are 

provided for support of the tank while filling, a square cover of 
the same material as the tank is provided. 

20* ^f®ration of 15-gpm Set. Pretreatment of water before fil¬ 

tering is tne normal procedure except whan filtering water from a very 



clear source such as a mountain stream. A 500-gallon tank is erected. 
While the tank is being erected, one of the pump and engine sets is 
connected with a 10-foot suction and discharge hose for filling thia 
tank with raw water. Approximately l/4 pound of lump alum held in 
the chemical basket is suspended from the side of the tank so that 
the incoming stream dissolves the alum. One scoop oí calcium hypo¬ 
chlorite is dissolved in the measuring cup and added when the bottom 
of the tank is covered with water. If a heavy floe does not form 
when the tank is half filled, the pH ia determined by nitrasine paper, 
and is adjusted within a range of 6.0 to 7.0 by adding soda ash or 
more alum. When the tank ia filled, the residual chlorine concentra¬ 
tion is determined by the comparator. If the chlorine residual is 
less than 1.5 ppm, another dissolved scoop of calcium hypochlorite ia 
distributed over the top of the tank. During the filling of the first 
tank the second 500-gallon tank ia erected. This second tank is 
filled immediately after the first tank. 

By the time the second tank is full, water in the first tank 
should have settled long enough to permit filtration. If considerable 
floe is seen to remain in suspension, a slightly longer settling 
period should be allowed. Settled water may be drawn from the first 
tank by placing a 10-foot length of hose with a strainer on the 
bottom of the tank, or by connecting the hose directly to the bottom 
outlet and raising the flap valve. The hose from the tank is con¬ 
nected to the 4-way valve on the filter. The filling cap is removed 
on the filter head, and a funnel is installed. Two cups of filteraid 
mixed with sufficient water to fill the filter shell are added through 
the funnel. Filtered or settled water with a pinch of calcium hypo¬ 
chlorite powder added is used for this precoating. The filter cap is 
then replaced. The slurry tank is filled with similar water, con¬ 
taining one measuring cup of filteraid, to the level of the overflow 
hole into the float chamber. The air vent on the filterhead is 
opened. Previously, the pump was connected to the suction and dis¬ 
charge side of tie four-way valve on the filter by two 5-foot hose 
lengths, female and female. When the filter is ready and the pump 
primed, the engine is started, and the 4-way valve is turned toward 
the filter shell to filtering positicn. 

When water spurts from the air vent on the filter, the 
valve is closed until only bubbles pass. This adjustment permits 
release of entrained air without wasting water. The petcoox on the 
water motor feed line is opened as soon as the filter starts. This 
flow is adjusted until water flows over the weir in a thin sheet to 
the float chamber. Yiater from the weir chamber flows in the opposite 
direction through a calibrated orifice to the slurry chamber, dis¬ 
placing an equal amount of filteraid suspension, which passes to the 
float chamber through an overflow hole. Approximately 10 gallons of 
filtered water is run to waste during the preooating periodj then 
all filtered water is collected in a third 500-gallon storage tank 
or directly in containers. The filter run should be continued until 
the output drops below 15 or 10 gpm, depending on the supply of fil¬ 
teraid and water requirements. 

V 
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The filter is backwashed by immersing the discharge hose 

in filtered water and placing the suction line in a suitable position 

for discharging to waste) then the lever on the 4-way valve is turned 

completely away from the filter. The filtered water is sucked through 

the filter shell, and is discharged to waste through the former suc¬ 
tion strainer. 

When the first pretreatment tank has been exhausted during 
filtration, the 4-way valve is turned to a neutral position, and the 
suction hose is placed in the second tank of pretreated water. It 

is preferable to use three tanka for coagulation and settling and 
one tank for storing filtered water. Whenever possible, containers 
are filled directly from the filter, thus reducing the need for 

pumping and storage facilities. Storing large quantities of fil¬ 

tered water is not advisable, since the quality of filtered water 

depreciates on standing, whereas.the quality of pretreated water 

improves on standing. Water should be pretreated and allowed to 

stand overnight whenever possible, because such a long settling 

period provides a water which may be filtered at very high rates. 

When water is filtered directly from its source, the 

suction line is immersed in raw water instead of pretreated water. 

The filtered water is chlorinated by adding a scoop of oàloium hypo¬ 

chlorite solution to the bottom of the tank after it is covered with 
water. With an exceptionally clear water, body feed may be omitted. 

Direot filtration of raw water should be employed only when the 

source is clear and when sufficient time or equipment is not avail¬ 
able to utilise pretreatment. 

2** Packing of 16-gpm Set. Pack components are allocated to 

BMke loads of relatively uniform weight for transportation by man 

or mule back, as necessary. Each load is carried on a standard 

plywood packboard. The heaviest individual man pack is approxi¬ 

mately 70 pounds. Three man packs are equivalent to one mule load. 

Mem packs are numbered consecutively, the first three being com¬ 

bined in mule pack No. 1, etc. Components of each pack are listed 
in Appendix C. Additional packs may be carried for gasoline. 

• Testing of 15-gpm Set. The pump and filter were set up 

and operated at the ponton basin dock, using Potomac raw water. A 
series of tests were made, using both treated and raw waters of 

varying turbidities, calibrated dosages of precoat and body feed, 

and several commercial filteraids. In pretreatment tests, a 3000- 

gallon canvas tank was set up and filled with raw water. Water was 

treated with alum to produce a floe, and settled for periods ranging 

from 30 minutes to several hours. Soda ash treatment was not re¬ 

quired, due to the alkalinity of the raw water, (pH 6.8 to 7.4). 

Prechlorination was employed in all instances lexcept where bacteria 

tests were made) in a concentration of 2 ppm. Activated carbon was 

added with the alum in approximately one half the tests. Raw water 

turbidities ranged from 20 to 70 ppn. Considerable algae growth was 

present, in addition to mild color, odor, and taste of undesirable 
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character. In direct filtration, the tenk was filled with raw water 

and filtered directly. 

The suction line to the pump was submerged in the treated 

water, care being taken to prevent excessive disturbance of settled 

floe. The filter was operated with Dicalite 4200, and 228V, the 

latter a treated filteraid used only with raw water. Dosages for 

precoat and body feed were varied in increments of 1/8 pound to 

determine the most economical use of filteraid. Filter pressures, 

rates of flow, and turbidities of filtrate were taken at five 

minute intervals. Filter runs were continued until pressures 

reached at least 35 Ib/sq in.; when the run was stopped, and the 
filter backwashed by suction, reversing the flow through the filter 

shell and utilising an average of 15 gallons of filtered water. 
Samples of raw water, settled water (not chlorinated), and filtered 

water were taken in an approved manner, and tested for bacteria 

plate count and gas formers. Bacteria analysis was made on both 

pretreatment with filtration, and with direct filtration. 

Summaries of representative test runs and bacteria analyses 

are included in Appendix D. The average filter output was 23.1 gpm. 

The average filteraid requirement was one pound per 1170 gallons of 

filtrate. 

Results of tests indicated the following* 

a. Satisfactory turbidities of filtrate may be obtained 

with either pretreatment (0.1 to 0.0 ppm) or direct filtration 

(0.3 to 0.1 ppm). 

b. The bacteria count of raw water may be materially 

reduced by either method; however, pretreatment is necessary 

to effect complete removal of gas forming bacteria. 

c. Increase in settling time up to two hours has marked 

affect on yields after two hours; additional settling results 

in only slight increases. 

d. Direct filtration requires finer, and preferably 

treated, filteraids to produce residual turbidities equal to 

those produced with pretreatment and coarser filteraids. How¬ 

ever, all turbidities were within an acceptable range for pot¬ 

able waters; and it does not appear necessary to stock separate 

types of filteraid for direct filtration. 

e. The most economical dosages appear to be pound of 

precoat and l/4 pound of body feed per run. 
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IV. DISCUSSION 

23. Diatomit« Filtration. Water filtration with diatomaoeoue 
ailioa í'iItéralas nas proven superior to filtration with other media 

for military use* Although diatomaoeoue silica has be« used exten¬ 

sively as a filteraid in chemical filtrations» its use for water 

filtration lacks extensive precedent in this country. 

Diatomaoeous Silica. Diatomaceous silica filteraids 

suitaFle for water filtration are produced from huge deposits 

(one alone containing more than one hundred million tone) of 

relatively pure diatomite, a sedimentary deposit of fossil 

shells formed by tiny marine plants called diatoms» during 

the Miocene period. Crude diatomite is quarried, crushed, 
dried, classified, flux-calcined, reclassified, and bagged as 
diatomaceous silica filteraid. Relatively coarse grades (par¬ 
ticles ranging from 8 to 38 microns in diameter for Celite 535, 
a Johns Manville product) have proven satisfactory for filtra- 
tion of pretreated water. Being principally silica, such 
filteraids are inert to water and water treatment chemicals. 

ÍL* Filtration Operations. Filtration with diatomite 
powder requires the formation of a layer of clean filteraid to 

protect the permeable septum, the continuous addition of rigid 

filteraid particles with the compressible particles of sus¬ 

pended material to maintain cake porosity, and the eventual 

removal of the filter cake when its resistance to flow becomes 
too great. 

(1) Precoating. The protective layer of olean fil¬ 

teraid is established on the septum by pumping a slurry 

of diatomaceous silica through the permeable support. An 

almost uniform coating is formed over the entire septum 

due to the flow's being greatest through the thinnest por¬ 

tion of the coating, depositing more filteraid until the 
coating becomes uniformly thick. 

(2) Body Feeding. After the protective coating or 

precoat is formed on the septum, filteraid must be added 

continuously to water being filtered in order to maintain 

some porosity of the filter cake. This continuous addition 

of filteraid is known as body feeding. Presumably, rigid 

particles of filteraid mix with the more or less gelatinous 
suspended particles, and thus prevents the formation of a 

l&y*r °f e®latlllous material, which compresses 
under filter pressure to become increasingly less pervious. 

a^oJÎÏ0!!?* 0f fÍÍt!raÍd re<3uir#d depmd« on the nature and 
8.U8pead9d ®at«rial in the water being filtered. 

entirely!91*1112 ^ °leftr ™ter‘ body feed b® omitted 

dum BacJcwa8bJn6* Mhen filter output becomes too low 
due to plugging, the filter cake may be dislodged by reversing 
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the direction of flow through the oeke. Both eir end 
water may be used successfully for backwashing diatomite 
filters, but filtered water provides the simplest method 
for portable equipment. With equipment now developed, 
baolcwashing is accomplished by sucking filtered water 
from a storage tank through the filter. Backwashing re¬ 
quires less than 3 percent of the filter output. 

o. Advantages of Diatomite Filtration, In all raspeóte 
considered, ¿iatomUe filtration is equal or superior to other 
methods of filtration for use in portable equipment. The 
principal advantages of diatomite filtration are its higher 
output per unit weight of equipment and supplies, superior 
quality of filtrate, and uniformity of output, Considering 
filter weight alone, a diatomite filter will weigh approxi¬ 
mately one-tenth as much as a rapid sand filter of the same 
capacity. If no sand were lost, the sand filter would even¬ 
tually provide a lower weight of equipment and supplies due to 
the continuing requirements of tho diatomite filter for sup¬ 
plies. Diatomite filtration of pretreated water will consis¬ 
tently produce a filtrate of less than 0.1 ppm turbidity, com¬ 
plete removal of chlorine resistant organisms such as cysts of 
E. histolytica, and a removal of over 90 percent of all bacterial 
whereas rapid sand filters cannot equal such clarification or 
consistency of output. Removal of cysts by diatomite filters, 
even with maloperation, was reported in Ehgineer Board Report 
834, Efficiency of Standard Army Water Purification Equipment 
and ot blatomite Fillers in Ranoyin g Cysts of Qiáamoeba Histoly¬ 
tica from Wator, dated 3 ¿uly 1944. 

24. Pretreatment. Aluminum sulfate and related salts, when 
added to waier containing suitable concentrations of hydroxyl ions, 
form a gelatinous floe which occludes or adheres to suspended matter. 
The floe settles slowly to the bottom of the tank, leaving only a 
small portion of suspended matter. Calcium hypochlorite in solution 
is also added during pretreatment to destroy pathogenic organisms. 
When ammonium alum is used, liberated chlorine reacts with ammonia 
to form chloramines which are much more persistent than free chlorine. 
Pretreatment constitutes a necessary step in treating all except 
relatively clear water regardless of whether sand or diatomite fil¬ 
tration is employed. Direct filtration of raw water may be employed 
with clear water sources. Pretreatmant has been adopted as the 
standard method of operation because higher outputs are obtained by 
coagulating and settling a turbid water than by filtering it directly 
from its sources, and because a greater removal of pathogenic orga¬ 
nisms is obtained when pretreatment is employed. Data indicate that 
filtrates of pretreated water will meet present standards without 
chlorination, thus introducing an added safety factor. Higher out¬ 
puts may be obtained by direct filtration when filtering clear water. 
Pretreatment requires a slightly longer period before the first fil¬ 
trate is produced; however, the dependability and improved quality 
of filtrate obtainable with pretreatment outweigh the slightly lower 
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output obtained with roasonably olear wetert With either pretreat- 
ment or direct filtration, diatomite filtration removea a much 
higher percentage of pathogenic organisme than the sand filtration 
now used by military forcee, and will completely remove larger orga¬ 
nisms which resist chlorination, such as cysts of Qidamoeba histolytica 

* 
r/> 

25. Saatll Filters Carried with Combat Pack. When the develop¬ 
ment of pack water purification equipment was tie gun, a small filter 
to be carried with a man's normal combat equipment was considered, in 
addition to the larger equipment, which would be carried as complete 
man loads* Several investigators have reported that canteen sterili¬ 
sation with available agents cannot be relied on to produce a safe 
water from all sources under field conditions* Cysts of Endamoeba 
histolytica and other organisms may not be destroyed by the concen¬ 
tration ofbactericidal agents in the contact time employed•* Effi¬ 
cient filtration will remove these organisms which are not readily 
destroyed by Chemicals* Also filtration would be more desirable 
beoause of the improved taste and clarity of filtered water* Since 
easily operated filters, with adequate capacity for a squad of men, 
weigh less than five pounds, it is believed that suoh a filter which 
oould be carried by an individual with combat equipment should be 
perfected and standardised for use by small detachments, such as 
patrols and outposts* 

¿6* Selection of Pumping Equipment* a hand pump for emergency 
operation and two gasollne-engine-driven pumps for normal operation, 
are supplied with the recommended 15-gpm unit* 

a. Hand Pump. The type of hand pump for use with the 
15-gpm set depends on the relative amount of hend cpn.-e.tion 
required and the available operators* if hand oweration . ill 
be required frequently, a heavier pump with increased leverage 
is justified* however, the gasoline-engine-driven pumps are 
so superior to hand pumps for filter operation that the hand 
pump will be used only when a gasoline pump cannot be operated. 
Also the present allotment of water supply personnel is insuf¬ 
ficient for hand pumping. For the emergency use expected, the 
lightest pump consistent with the desired output should be pro¬ 
vided* The maximum average output of one man pumping in short 
shifts is approximately 5 gpm over a filter cycle in which the 
pressure rises to 30 Ib/sq in* The effort required is very 
fatiguing with any type of hand pump. The Wilcox Crittenden 
modified bilge pump was selected beoause of its lightness and 
its high output at required pressures. No other commercial 
hand pumps approach the effectiveness of the bilge pump, but 
the bilge pump is probably more fatiguing than some types. 
An effort is being made to develop a suitable hand pump that 
is easier to operate. 

* F. J. Brady, iáyroa F. Jones, and V». T. Newton, "Effect of Chlori¬ 
nation of Water on Viability of Cysts of Endamoeba Histolytica", 
War Medicine. Ill (April, 1943), 409-419* 
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b. Power Pump. Operating the filter require* a pump 
with "good delivery against high heads, while filling the tanks 
requires high output at low heads* A closed impeller oeotri* 
fug&l pump was found to b# th© lightost typ© mooting thee© dual 
requirements. The pump was also made self-priming to minimise 
possibility of filter cake loss, and to decrease priming time. 

c. Gasoline Ehgine. Tests indicated that the Lauson 
RSC 609 engine was more suitable for use with pack water puri¬ 
fication equipment than the Briggs and Stratton NP or the light 
NLP model. The Lauson RSC 609 engine weighed approximately 
four pounds less than the Briggs and Stratton NLP engine with 
necessary modifications. The Lauson RSC 609 engine used much 
less oil and gasoline during service tests, and showed less 
evidence of wear and loss of horsepower after 600 hours than 
the Briggs and Stratton NP engine did after 160 hours. Also, 
the Lauson RSC 609 engine was designed with a quart oil capa¬ 
city for operation on slopes at an angle from horisontal and a 
low level cut-off switch in the oil chamber, very desirable 
features which were not included in an experimental NLP engine 
but which are being considered for inclusion by the manufacturer 
as a result of tests. After tests to determine the most suitable 
engine were complete, the Briggs and Stratton N engine was stan¬ 
dardised, making the model NLP standard also. This standardisa¬ 
tion dictated the seleotion of the Briggs and Stratton NLP engine 
for use with paok water purification equipment. The standard 
Briggs and Stratton model NLP engine will be suitable for use 
with pack water purification equipment, provided that the manu¬ 
facturer includes a one-quart oil capacity and low oil cut-off 
switch. The Lauson RSC 609 engine should be used with the 
recommended 15-gpm sets procured for Air Forces use, since the 
RSC 609 engine is standard Air Corps equipment. 

27. Design of 15-gpm Filter and Feeder. The various components 
of the 15>gpm pack Oilier and feeder were developed to provide a 
unit with the fewest mechanical complications, which could be produced 
in quantity by any qualified manufacturer. An effort was made to 
include no intricate, specialised, or patented devices whioh would 
limit the procurement of equipment to one firm, or which would tend 
to limit production capacity or delay delivery unnecessarily. The 
only patented device included is the Stellar filter element, whioh 
was found to have the most desirable overall oharaoteristios for field 
usage; however, other elements are available. 

a. Filter. The filter shell, and the relative proportions 
and aTea of the elements were developed after numerous tests. 
For an average yield of not less than 15 gpm continuously, the 
unit must produce at least 20 gpm average during each run to 
compensate for time expended in backwashing, recharging filter, 
changing oil, refueling engine, etc. Preliminary tests indicated 
that a flow rate of at least 6.0 gpm per square foot of filter 
element area would be possible; hence the filter area was 



established at 3.6 square feet. An average of all test runs 
on the completed mit indicated an average yield of 24 gpm, or 
6.68 gpm per square foot of filter area. Baolcwashing is accom¬ 
plished without difficulty or delay, the entire operation con¬ 
suming one minute or less,and requiring about 10 gallons of water. 

Footer. The slurry feeder, consisting of an orifice 
box for calibrating the discharge of water, a slurry oan with a 
water-motor-driven agitator, and a float chamber, is the result 
of long experimentation to determine the most satisfactory me¬ 
chanical device for introducing body feed to the filter. Tabu¬ 
lation of the rate of diminution of filtrate flow was found to 
be in almost direct proportion to the diminution of rate of 
discharge of filteraid from a dilution type feeder. This type 
provided a feeder device of the greatest simplicity and depend¬ 
ability, and with the least complications of manufacture of any 
feeders studied. 

28. Future Work. The development of pack water purifioation 
equipment should continue until special hand pumps have been developed 
and brackets for animal packing designed. Development of a special 
hand pump was previously disoussed. The oonstruetion of brackets for 
animal packing must wait until four sets of paok water purifioation 
equipment arrive at Camp hale, Colorado, for service testing, because 
the exact weight of equipment must be known for balancing the paoke, 
and qualified men are available for this work only at Camp Hale. A 
complete set of animal paok brackets will be established for use with 
the paok water purifioation set. Whenever brackets are not available, 
the equipment may be carried on paok animals, if lashed in plaoe by 
experienced packers. 

The paok water purifioation equipment was de¬ 
signed primarily for animal transport, but it may be carried by men 
when other means of transportation are not available. The heaviest 
paok load for man transportation weighing approximately 70 pounds, 
while the carrying distance for a single men is limited to approxi¬ 
mately 6 miles over rough terrain. By using reliefs, or the best 
men, much greater carrying distances are possible. For long and 
short man carries, the equipment is divided into nine paok loads, 
eaeh carried on a standard plywood paokboard. These paok loads on 
boards are then mounted on a paok animal with metal frames known as 
paok brackets. Three of the nine paok loads may be carried on each 
animal, making a total of three animals required for transporting 
paok equipment and supplies, with the exception of gasoline and oil. 
The nine standard packs provide supplies for approximately four days’ 
operation (40,000 gallons) with the exception of gasoline. Five 
additional paokboards are provided for additional supplies, gasoline, 
and oil. 

30. Basis of Issue. The Water Purification Equipment, Diatomite, 
Pack, (Man or animal type), 16-gpm Set No. is recommended for use 
by Engineer Light Combat Battalions} howevei, use of the 15-gpm set 
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with or without packboard» should bo considered for all orgoai**“ 
tions requiring lightweight equipment* this would apply particularly 

to airborne organisations. The complete COO-pound pack set with 

additional supplies, if required, or an abbreviated set may be used. 

a. Special Engineer Organisations. Since the more 

effective 15-gpm diatomite set with required supplies will 

weigh approximately one-third that of the present portable 
equipment, use of the 16-gpm diatomite equipment should be 

considered for the following organisations* 

Organisation Present 

portable sets 

Recommended 

15-gpm dlatomiCê sets 

Engineer Light Pumping sets 

Combat Battalion only 4 

Airborne Engineer 
Battalion 2 ¿ 

Airborne Engineer 
Aviation Battalion 1 A 

b. Other Engineer Organisations. With complete supplies 

the recommended 16-gpm diatomite set weighs approximatexy 700 

pounds less than the Water Supply Equipment, Sagineer, Set No. 

1 (portable) and produces safer water* hence the 15-gpm dia¬ 

tomite set should be considered for use by all organisations 

now using portable sand filters«.-An alternative is the use of 

the 50-gpm diatomite unit. 

c. Air Forces. An abbreviated 15-gpm diatomite set, 

eohsiTting of a filter, one gasoline-engine-driven pump, hose, 

two 500-gallon tanks, spare parts, and supplies as required, 

should be considered for squadron use. The abbreviated set 

with supplies would weigh approximately 400 pounds and would 
produce an average of better than 10-gpni with pretreatanent and 

15-gpm with direct filtration, reducing operating hours required 

with lower capacity equipment. 

d. Per Capita Allowance. In order to provide 5 gallons 

per man per day, the minimum desired overall allowance, at least 
one 1C-gpm water purification unit should be provided per 2500 

troops to be supplied. This allowance would provide six sets 

per Engineer Combat Battalion instead of the present four* an 

increase which should be approved by using organisations. 

e. Operators Required. Two operators should be avail¬ 

able Tor each 15-gpm diatomite set for single shift operation, 

although one man can operate a set and two sets may be operated 

in parallel. 



si. In»truotionfcl Alda. Although tho opération of diatomite 
filter« i« a« «imple a« forsand filter«, diatomite filtration doe« 
introduce new operating technique« which are not acquired hy opera¬ 
ting sand filters. A training bulletin,TB 5-296-2, ha« been prepared 
in collaboration with the Ehgineer School* Actually, the average me» 
might be expected to operate diatomite filter» «ati»factor!ly after 
thoroughly studying this training bulletin; however, during service 
test« all operators had not read the printed instruction manuals, and 
among those who had read the printed instructions, some operators did 
not understand all the requirements. It is believed that a training 
film on the use of diatomite filters should be prepared in the near 
future. Also, a training program on diatomite filters should be 
established at the Engineer School, and trained operators should be 
sent overseas to assist in training personnel who will operate the 
equipment. 

V. CONCLUSIONS 

32. Conclusions. As a result of tests on pack water purifica¬ 
tion equipment, it is concluded that: 

a. The 15-gpm diatomite water purification set is suit¬ 
able For standardization and overseas use. 

b. The recommended diatomite water purification set may 
be conservatively rated at 15-gpm as a gasoline-engine-driven 
unit and 5-gpm with hand pump, emergency operation. 

£. Increased capacity, over and above the original 
military characteristics, will satisfy requests for equipment 
capable of producing more water without sacrificing required 
portability^ which requests were received from field organi¬ 
zations following service tests of the 5-gpm diatomite filter 
set. 

£• The 9 pack loads of the 15-gpm diatomite water puri¬ 
fication set may be transported either by 9 men, 3 pack animals, 
or Ä s^ton vehicle, the heaviest pack weighing approximately 70 
pounds and the set, 580 pounds. 

e. The equipment will effect complete removal of cysts 
^loamoebahistol^tica, which cause amoebic dysentery, and 

Cerca**iae of the Schistosome, the causative agent of Schisto¬ 
somiasis. 

£. Operation of the 15-gpm set is simple, requiring only 
one man, but the technique differs sufficiently from that of 
sand filtration to require some provision for instruction in use 
of diatomite filters. 



VI. RECOMMENDATIONS 

33. Recoiamendatlons. In accordance with the preceding con¬ 
clusions on pack Tvater purification equipment, it is recommended 
that: 

a. The Water Purification Equipment, Diatomite, Pack 
(Man or Animal Type); 15-gpm - Set No. (as listed in 
Appendix C) be standardized as class II and class 17 equipment. 

b. One Water Purification Equipment, Diatomite^ Pack 
(Man or Animal Type), 15-gpm - Set No. be issued per 2500 
troops to be supplied. 

£, Training in operation of diatomite filters be 
established at the Engineer School; a training film on dia¬ 
tomite filters be produced; and trained personnel sent over¬ 
seas to instruct new operators whenever possible. 

Submitted by: 

Engineer (civii). 
Water Supply Equipment Branch. 

Captain, Corps of Engineers, 
Water Supply Equipment Branch. 

Forwarded byi 

Karl ITÄTSHJ; 
Lt. Col., Corps of Engineers, 

Director, Technical Division III. 
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APPENDIX A 

AUTHORITY 

Item 

Letter from the Ohief of Engineers to the President, 
The Engineer hoard. Dated 23 February 1943, File No. 
SPESD.-671-112, Subjecti Development of Water Puri¬ 
fication Equipment. 

Letter from the Engineer Board to the Chief of Engi¬ 
neers, Dated 27 August 1943, Subjecti Pack Water 
Purification Equipment, with indorsements and 2 
inolosurss. 

Letter from the Chief of Engineers to the President, 
The Engineer Board, Dated 20 September 1943, File 
CE SPENQ, Subject» Pack Water Purification Equipment, 
DQP-3004. 
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WAR DEPARTMENT 
Office of the Chief of Engineer« 

WASHINGTON 

Pile No. JSPESD.-671-112 February 23, 1943 

Subject « Development of Water Purification Equipment. 

Tos The President, 
The Engineer Board, 
Fort Belvoir, Virginia. 

1. This office is in receipt of inforaation from the General 
Headquarters, Southwest Pacific Area, dated Novesfcer 22, in¬ 
dorsing a report entitled, "Report on Engineer 
tion and Training". This information was addressed to the Command 
ing General, Services of Supply. 

2. Paragraph lb (8), of the above mentioned report, is quoted 
as follows: 

"Some difficulty, has been experienced with waters with 
high .lluvl.1 olay contrat. Additional filtor capacity or an 
additional settling tank for preliminary treatment with alumi¬ 
num sulphate is necessary to treat these waters. The 
manee of the equipment, under normal conditions, is •***■“ 
factory. However, for jungle operations, there iB,need.r°*\ 
portable equipment that can pack transport to supplement thie 
equipment". 

Paragraph lf(l) of this same report is quoted as follows: 

"The present water supply equipment is not adaptable for 
pack transportation. It is recommended that a small pack 
ported water purification set be developed for issue to combat 
battalions". 

3. The above inforaation was brought to the attention of the 
Troops Division, with the «uS6e8tionJ.tíft4.a.proJe0Í^!álilJÍÍÍ^®í f 
the development of a purification set that is adaptable for pack 
transportation through dense jungles. The Troops Division concurred 
with the above suggestion. 

4. It is believed that waters with high clay content should 
be taken oare of by means of settling tanks rather than by increasing 
the filter capacity. The Troops Division concurs in this matter. 

5. it is, therefore, directed that the Engineer Board develop 
a water purification set which can be pack transported by man. 
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.A 

Storage fftollitios for the purified water shall be furnished as a 
part of the set« 

By order of the Chief of Engineersi 

/a/ F. C. Kendall 
/t/ F. C. Kendall 
Aajor, Corps of Engineers, 

Executive Officer* 
Engineering end Development Branch, 

Supply Division* 

Yarger/apb 
EXT. 76271 
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WAR DEPAR1MENT 

THE ENGINEER BOARD 

Corps of Engineers, U. S. Arnv 

FORT BELVOIR, VIRGINIA 

Item 358 

CETC Meeting #87 

400.1 

Subjects 

To : 

27 August 1943 

Pack Water Purification Equipment 

Chief of Engineers, U. S. Arny 

1. It is requested that new project WS 443 be opened for de¬ 

velopment of pack water purification equipment to consist of a filter, 

hand operated pump, gasoline engine driven pump, storage facilities, 

and accessory equipment. The equipment is to be of suitable sise 

and weight for transportation by either man or pack animal, and con¬ 

structed for efficient operation by unskilled personnel. 

2. preliminary work has been done in response to a directive 

from the Office, Chief of Engineers, dated 23 February 1943, out¬ 

lining the need for lightweight water purification equipment. 

3. Reasons for developing the pack water purification equip¬ 

ment may be stated as follows« 

a. Present Corps of Engineers equipment for water puri¬ 

fication is cumbersome, requires motor transport, and may not 

remove or destroy several of the important pathogenic organisms 

found in raw water. 

b. The absence of motor transport for operations in 

jungle or mountainous terrain and the prevalence of certain 

important pathogenic organisms in the raw waters make develop¬ 

ment of efficient lightweight water purification equipment a 

fundamental and immediate necessity. 

4. Inclosures "A" and "B" will furnish information pertinent 

to the project. 

For the Board« 

/■/ 
Peter P. Goert, 

Colonel, Corps of ¿cgineera. 

Executive Officer. 

2 Incls. 

incl. 1 - "A" (in dup.) 

Incl. 2 - "B" i,in dup.) 
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CE 671.1 (27 Aug 43) SPETQ Subject» Light Weight Water 

Purification Unit. 

let Ind. 

War Department. ASF. Office. Chief of Engineers. WASHINGTON, D. C. 
24 September 1943. 

Tot Coramanding General. Army Service Forces. 

1. Reference is made to basic oommixiioation from the Ehgineer 

Board. Fort Ëelvoir. Virginia, to the Chief of Engineers, wherein it 

is requested that project WS 443 be opened for the development of 

pack water purification equipment. 

2. Preliminary work in accordance with directive from the 

Office, Chief of Engineers, dated 23 February 1943, outlining the 

need of light weight water purification equipment has been completed, 

and it is therefore recommended that the above mentioned development 
project be approved. 

3. It is also recomnended that the Military Characteristics, 

as set forth in inclosure nAn to the basic oommvnioation, together 

with the following exception, informally concurred in by Headquarters, 

Army Ground Forces, be approved! 

a. That the word "sufficient" paragraph 5, line 1, be changed 

Co read "approximately 1,000 gallons". 

4. The Military Characteristics, enumerated in inolosure "A" 

to basic oommixiioation, are substantially the same as those concurred 
in by the Army Air Forces in 1st indorsement from WD Hft AAF, AC/AS, 

Materiel, Maintenance and Distribution, Office of the Air Engineer, to 
Office, Chief of Engineers, Troops EL vision. Equipment Branch, dated 27 

July 1943, file AFDAE-1A-3) Sup 2a (1), and by the Amy Ground Forces 

in 3rd indorsement from Headquarters, Army Ground Forces, to the Com¬ 

manding General, Army Service Forces, Attentions Development Branch, 

Requirements Division, dated 31 August 1943, file 67.1 (4 Aug 43) 
GNRQT~ll/5182&. 

6. This development project, together with military characteris¬ 

tics pertaining to same, will be presented to the Corps of ûigineers 

Technical Conmittee for appropriate action. 

For the Chief of Engineers» 

2 Lncle. n/o 

/*/ 
B. M. Barloe, 

Col., Corps of Engineers, 

Chief, Equipment Branch, 

Troops Division. 
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Subject* Pack Water Purification Equipment. 

SFBiiD 671.1 (27 Aug 43) 2nd Indorsement WJNibfl 
6047 

Headquarters, Army Service Forces, Washington, D. C. 30 Sept. 1943 

IN TURN 
To* Conmanding General, Amy Air Forces 

Commanding General, Amy Ground Forces 

1. Attention is invited to the preceding oorrespondenee. 

2. In view of the remarks contained in Paragraph 4, 1st In¬ 
dorsement, it is contemplated approving the recomnended development 
project. 

3. Your concurrence or comments are requested relative to the 
proposed military characteristics. 

For the Comí'and in g General* 

2 Incls. n/c 

/•/ 
LEE A. DENSON, JR., 

Colonel, General Staff Corps, 
Acting Director, Requirements Division, 

by 
F. J. DARKE, JR., 

Lt. Colonel, Signal Corps, 
For 

R. M. OSBORNE 
Colonel, Field Artillery 

Chief, Development Branch. 
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WAR DEPARTMENT, HEADQUARTERS ARMY AIR FORCES, Washington 25, 
4 Oot 1943 

D.C. 

TDj Commanding Cenaral, Army Service Forces, Requirements Division, 
Pentagon Building, Washington, D. C», Attentions Colonel Lee A* 
Denson, Jr* 

THRU: Commanding General, Army Gromd Forces, Army War College, 4th 
and P Streets, S* W*, Washington, D* C. 

1* The proposed military characteristics of the Pack Water 
Purification Equipment are concurred in by this Headquarters. In 
view of the urgent requirements for this equipment, it is requested 
that the development be expedited and this Headquarters advised of 
action taken. 

For the Commanding General, Army Air Forces: 

A/ 
T. A. LANE 
Colonel, C.E* 
Executive to Air Engineer 
Office of Asst. Chief of Air 

2 Incls: n/c Staff Eat., Maint., and Dist. 

671.1 (R) (27 Aug 43) 
GNRQT-11/56464 4th Ind. 

HEADQUARTERS, AFKY GROUND FORCES, Ar«y War College, Washington, D. C. 
13 Oct 1943 

To: Conmanding General, Army Service Forces, Washington, D. C., 
Attention: Development Branch, Requirements Division. 

1. Proposed military characteristics outlined in Inclosure 1, 
as modified in Paragraph 3, 1st Indorsement, are concurred in. 

2. In view of the urgent requirement for subject equipment, 
it is recommended that development be expedited in every practicable 
manner. 

For the COMMANDING GENERAL* 

A/ 
R. J. DELACROIX 
Major, A.G.D. 

Asst. Ground Adj. Gen. 
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Subject! Pack Water Purification Equipment. 

SPMD 671,1 (?.7 Aug 43) 6th Indorsement INJNtbfl 

6047 

Headquarters, Army Service Forces, Washington, D. C. 22 Oct 1943 

To» The Chief of Engineers - Troops Division, Equipment Branch. 

1. The initiation of Project WS 443 for the development of 

pack water purification equipment is approved. 

2. The military characteristics as set forth in Inolosure "A" 

and amended in Paragraph 3, a, 1st indorsement, are approved. 

3. It is desired that this development be expedited. 

For the Commanding General: 

/./ 
LEE A. DENSON, JK., 

Colonel, General Staff Corps, 

Acting Director, Requirements Division. 

by 

M. M. IRVINE 

Lt. Colonel, Coast Artillery 

Executive, Development Branch. 
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INCLOSURE "A" 

Project No» WS 44S Peek Water Purification Equipment 

Authority for Initiation of Project 

Paragraph 5 of directive dated 23 February 1943 contains authority 

for development work. This paragraph reads as follows t 

"It is therefore directed that the Engineer Board develop a 

water purification set which can be pack transported by man. 

Storage facilities for the purified water shall be furnished as 
a part of the set." 

Purpose of Project 

It is planned to develop efficient lightweight water purification 

equipment capable of being transported by either man or pack animal. 

Military Characteristics 

The military characteristics desired in the subject equipment 
are as follows: 

1. The complete unit may be transported by either man or 

pack animal, each complete pack weighing less than 60 pounds and 

preferably between 40 and 60 poinds. 

2. All equipment, including a hand-operated pump, neces¬ 

sary for 24 hours of operation shall be included in a single paok. 

Accessory equipment, spare parte, and supplies for a 15 day opera¬ 
ting period shall be contained in a second paok. and a gasoline 

engine-driven pump shall be supplied with each unit in a third 

pack. Other equipment, including storage end distribution facil¬ 

ities;. shall be packed as required. 

3. The unit shall be capable of producing not less than 

160 gallons per hour of potable water when operated with a hand 

pump, and not less than 300 gallons per hour when operated with 

a gasoline engine-driven pump. 

4. The unit shall remove 100 per cent of the cysts of 
Endameba histolytica, and with thesddition of chlorine, shall 

produce a filtrate conforming to the existing requirements for 
a potable water. 

5. Approximately 1000 gallons storage of filtered water 
shall be provided in tanks which may be transported in packs by 
man or pack animal. 
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INCLOSURE WB" 

Project No. WS 445 Peek rteter Purifioetion Equipment 

Plan for PeTelopmqnt 

14 August 1943 

1. Present Status of Development 

A thorough investigation of various filtering media has 
been completed and diatomaoeous earth was fowid to be the mo«t satis¬ 
factory medium for lightweight filters. Pilot models of all repre¬ 
sentative commercial filters and captured Gorman and Japanese equip¬ 
ment were tested at the Engineer Board. A diatomaceous earth filter 
designed and constructed at the Engineer Board was found to be su¬ 
perior to all others considered. Completion of the pack water puri¬ 
fication equipment now depends on the choice of a suitable hand pump, 
power pump, accessory equipment, and storage tanks. 

2. Completion of Development 

Present commercial equipment being unsatisfactory or re¬ 
quiring major modifications, the following work will be done by the 
Water Supply Equipment Branch in collaboration with selected manu¬ 
facturers to complete the pacK water purification equipment* 

a. hand pumps of the double-acting piston, rotary, and 
oscilTating types will be obtained for tests at the Engineer 
Board to determine the most satisfactory punp. 

b. Gasoline engine-driven pumps of the rotary, turbine, 
and self-priming centrifugal types will be procured for test 
at the Engineer Board to determine the most satisfactory pvmp. 

c. Light canvas tanks (approximately 300 gallons}, 6- 
galloñ water bags, light suction hose, and accessory equipment 
will be procured for tests at the Bigineer Board. 

d. Three complete filter wits will be procured from 
selected manufacturers for tests at the Engineer Board - two 
according to the manufacturers' design and one according to 
the Technical Staff's design - to insure any possible improve¬ 
ments. 
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INCLOSURE "B" (Cont'd) 

o. Since the equipment le urgently needed, necessary 
revisTons of the best equipment will be accomplished, engi¬ 
neering tests completed, then drawings and specifications will 
be prepared for immediate procurement, with recommendations for 
basis of issue and existing production facilities. 

f. Testing of component parts and complete units will 
continue after procurement at the Engineer Hoard and by the 
using organisations, since some revisions may be desirable 
before standardisation on the basis of extensive service tests. 

Approved by Board ¿1 August 1943. 
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WAR DEPARTMENT 
Office of the Chief of Engineers 

WASHINOTON 

CE SPENQ 20 September 1943 

Subject* Peck Water Purification Equipment, DQP-3004. 

To i President, 
Engineer Board, 
FORT BEL VOIR, VIRGINIA. 

1. Reference is made to a letter from the Engineer Board 
dated 27 August 1943, requesting that new project WS 443 be opened 
for development of pack water purification equipment consisting or 
a filter, hand operated pump, gasoline engine driven pump, storage 
facilities and accessory equipment. 

2. Action has been initiated by the Chief of Engineers ap¬ 
proving the subject project with the exception that in military 
characteristics number 5 as submitted by the Engineer Board the 
word "sufficient" has been changed to "approximately 1000 gallons . 
Final action approving the subject development project, has not 
been completed. 

3. However, since an urgent requirement has developed for 
the equipment in question, the Army Service Forces has requested 
the Chief of Engineers to procure 17 of the subject water purifi¬ 
cation units for shipment directly to the 71st Light Division for 
test. The Chief of Engineers has infomed the Army Service Forces 
that this equipment could be made available to the above mentioned 
organisation for service testing in approximately six weeks. 

4. It is realised that further development will possibly pro¬ 
duce more satisfactory pumping equipment than that now being consid¬ 
ered. However, the need of the 71st Light Division for water pur - 
fioation equipment of the type \mder development is urgent and, 
therefore, it is considered highly desirable that the equipment as 
developed at this time be furnished to that organisation. In the 
event service tests prove the equipment satisfactory, the 71st 
Light Division will retain it as organic equipment. 

5. Therefore, it is requested that the Engineer Board pro¬ 
cure 17 pack water purification units as developed 
complete with accessory equipment for service testing by the 71s 
Light Division. This equipment shall be shipped direct to the 
Headquarters 71st Light Division, Camp Carson, Colorado. 

6. It is further requested that the Engineer Board establish 
direct contact witn the above mentioned organisation in setting up 
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» the neoeesary detalle for the eervloe testing of the equipment in 

i is also requested that the Chief of Engineers be in- 
the date proourement of this equipment will be effected • 

order of the Chief of Ehgineerss 

r. 
<r. 

i' 

question • It 
formed as to 

By 

/s/ JAMES H. STRATTON, 
Colonel, Corps of Engineers, 
Chief «Engineering Division. 
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appendix b 

SERVICE TEST REPORTS 

Item 

Report of Test of Water Purification ttxit. Pack, 

from Headquarters, 126th Engineer Light Combat 

Battalion* 

Report of Test of Water Purification tftiit. Pack, 

from Headquarters, 126th Engineer Combat Battalion. 

Report of Testai Water Purifioation Chit, Pack, 

from Headquarters, 271st Engineer Light Combat 

Battalion* 

Paök Water Purification Equipment Preliminary 

Service Test Questionnaire from 271st Engineer 

Light Combat Battalion* 

Equipment Testing Report from Amy Air Forces, 

Headquarters, I Troop Carrier Command* 

Report on "Pack Filter”, Army Service Forces, 

Department of Military Sanitation, Medical Field 

Service School, Carlisle Barracks, Pa* 

Letter Report, "Pack Water Filtration Equipment”, 

from Medical Department Equipment Laboratory, 

Carlisle Barracks, Pa*, to the Surgeon General, 

U* S* Army* 
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Headquarters 

ARlCf GROUND FORCES 

Amy War College 

Washington, D. C* 

671.1(R )(14 June 1944) GNRQT-lO/83824 

SUBJECT* Reports of Test of Water Purification Iftiit, Pack. 

TO* Commanding General, Army Service Forces, Att* Research 

and Development Division, Room 4E—617, The Pentagon. 

1. Inclosed herewith are reports of test of Water Puri¬ 

fication Unit, Pack from the 10th Light Division and the 71st 

Light Division and a supplementary Report of Test of the subject 

equipment by the 10th Light Division. 

2. It is recommended that no further consideration be given 

to the Water Purification liait. Pack inasmuch as it does not sat¬ 

isfactorily meet all the requirements of such a unit. 

3. This headquarters laas been advised by the Engineer Board 

(Capt. H. H. Black, Chief Water Supply Equipment Branch, Engineer 

Board) that an improved Water Purification liait. Pack, Model 14-1 

has been developed and will be available for test by the Engineer 

Board during the week 5 — 10 June 1944. 

4. It is requested that four (4) of these Water Purification 

Uhits, Pack, Model M-l be procured for an expedited service test. 

It is contemplated that two (2) of the units will be tested by the 

Engineer Battalion of the 10th Light Division and two (2) by some 

other Engineer Combat Battalion. 

5. Based upon the information furnished by Capt. H. H. 

Black, it is recommended that upon completion of the test of Water 

Purification Uhit, Pack, Model M-l by the Engineer Board that this 
equipment be standardized subject to having incorporated in pro¬ 

duction models any essential modifications revealed as a result 

of the service test. The recommended basis o f issue is four (4) 

Water Purification Units, Pack, Model M-l, per Engineer Light 

Combat Battalion. Further, it is recommended that the unit be 
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made available as a Class IV item for depot stockage for use in 
operations where suoh equipment is required* 

For the COMMANDING GENERAL» 

/s/ R. A. LEREDITH 
Lt* Col*« A* G* D« 

Asst* Ground Adj* Gen, 

4 Inols* 
#1 « Rpt* of Test of Sub;)* by Hq* 

126th Engr Combat Bn* 10th 
Inf* Div* dtd 26 Apr 44 
(in trip*) 

#2 - Rpt* of Test of Subj* by Hq* 
271st Engr Lt Combat Bn* 
(in quad,, ) 

HZ - Six (ß) Pa/.toa,, 
#4 - Hq* IC.h Anf« C'iv, Supple- 

mentar/ í;,v¡; iC i'ast of subj* 
dtd 8 ¿la-.. 4-:.- to CG/A ÍS*« Thru» 
CG, 17: 
w/2 

**• * r 
2 IndSr and 

’U.j 4.14*4 GNMIG, 
Incl* 
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Subject* Reports of Test of Water Purification Ihit, Packt 

SPROG (14 Jun 44) 1st Indorsement WJNtby 
6047 

HeadquarterSt Army Service Forces, Washington, D# C* 

To* Chief of Engineers 
Attention* Engineering and Development Division* 

1. It is desired that the Chief of Engineers take the 

following expedited action* 
a* Give no further consideration to the Water Purifica¬ 

tion Unit, Pack as indicated in Paragraph 2, basic letter# 
b# Secure four (4) improved Water Purification Units, 

Pack,"*Model M-l for expedited service test to be conducted by 
the organizations indicated in Paragraph 4# basic letter. In 
this connection, the Chief of Engineers is to advise this Head¬ 
quarters when these four (4) units will be available so that 
shipping instructions may be obtained from Array Ground Forces. 

c. Submit the item. Water Purification Unit, Pack, Model 
M-l to the Corps of Engineers Technical Committee for appropriate 
action upon completion of service tests and tests by the Engineer 

Board. 

For the Commanding General* 

R. M. 0SB0R1IE, 
Colonel, General Staff Corps, 

Director, Research and Development Division. 

/s/ W. J. RENN, JR. 
Lt. Colonel, AUS 

Chief, General Planning Branch 

4 Incls* 
#1 - in dupl (trip w/d) 
#2 - in trip (quad w/d) 
#3 - n/c 
#4 - n/c 
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HEADQUARTERS 

10th INFANTRY DIVISION 

APO #345 

Camp Hale, Colorado 

414.4 GNMIG 8 May 1944 

Subject« Supplementary Report on Test of Water Purification Unit, 

Pack. 

Tot Commanding General, 

Army Ground Forces, 

Army War College, 

Washington, D. C. 
Thru* Commanding General, XVI Corps, Fort Riley, Kansas. 

1. The attached inolosure is submitted as a supplementary 

report on water purification unit, pack; original report submitted 

by 1st Indorsement this Headquarters dated 25 April 1944, to letter 

Army Ground Forces file 414 (R) (31 March 1944) GNRQT*»10/77431. 

2. Captain H. W. Withers of the Water Supply Equipment Branch, 

Fort Belvoir, arrived with additional instructions regarding the use 

of the water purification unit, pack, after the original test was 

completed and the original report submitted. After a conference of 

the Division Engineer, Major MoClarence of the Engineer Board, 

Pando Branch, and Captain Withers, it was mutually agreed that if 

these additional instructions had been received previously the 

findings of the tests may have been different. The tests of the 

purification unit sets were re-run with special reference to the 

following points« 

a. The filter elements were precoated with the filter 

aid before being used. 

b. The 3/4-inch reducer, originally installed in the 

'suction side of the pump during the original test, was 

replaced with a 1—inch reducer as called for in the 

specifications of the units. 

c. More detailed instructions were given the operators 

’Ey Captain Withers since the original instructions re¬ 

ceived by the units were not in graphic form. 

For the Commanding General« 

/s/ H. F. MILLER 

/t/ H. F. MILLER 

Major, A. G. D., 

Inclst 1 Asst. Adj. Gen. 

Report of Test of Water 

Purification Ih.it, Pack. 
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HEADQUARTERS 
126TH ENGINEER COMBAT BATTALION 

TENTH INFANTRY DIVISION 
CaMP HALE, COLORADO 

6 May 1944 

Report of test of« 
Water Purification Unit, Pack, as per letter Headquarters 

Arny Ground Forces, file 414 (R)(31 March 1944) GNRQT-10A7431, 

Unit received 8 April 1944. 

Test began 10 April 1944 and ran through 20 April 1944. Second 
test began 1 May and ran through 4 May 1944, 

Authority for test» ... ,nx 
Letter, Headquarters Array Ground Forces, file 414 

(31 Maroh 1944) GNRQT-10/77431, Subject« Water Purification 

Uhit, Pack. 

Description of Unit« 
(a) The unit is packed in six (6) packs for man-pack 

transport. Packs are mounted on a packboard of plyv/ood ma¬ 

terial. 

(b) The Ho. 1 pack consists of a filter, a hand pump 
and enough filter mterial for twenty-four (24) hours operation. 
No. 1 pack also contains three (3) lengths of hose, one (1; ten 
(10) foot length and two (2) five (6) foot lengths. Total 

weight of load« 54 lbs. 

(c) The No. 2 pack consists of one (1) pump, oentrifu- 
galj gasoline engine-driven. One (1) strainer float, one (1) 
kit, tool* all mounted on one (1) packboard, plywood. Total 

weight of load* 66 lbs. 

(d) The No. 3 pack consists of two (2) bags, 15 lbs 
filteraid or one (1) bag, 26 lbs., filteraidi four (4) ele¬ 
ments, filter, two (2) hose, five (6) foot length, packed 
on one (1) packboard, plywood. Total weight of load* 47 lbs. 

(e) Packs 4,6 and 6 each contain one (l) tank, 350 
gallon, canvas; 10 staves, wood tank* Mounted on one pack- 
board each. Total weight of each load is 47 lbs. Total 
weight of entire unit* 300 lbs. 
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Details of testi 

(a) Time required to set up or dismantle the equipment 

is fifteen (15) minutes» 

(b) Suitability for mule-pack transport» Two (2) mules 

can carry the unit without being overloaded* One (1) mule 

can carry the entire unit in case of an emergency. Packs 1, 

2 and 3 complete one mule load, (see Photographs) Packs 

4. 5 and 6 complete the second mule load* (see Photographs) 

Paragraph 5 above gives the breakdown for the packs. 

(c) Suitability for man pack transport» Six (6) men 

can carry the unit very satisfactorily over rough terrain. 

It is not recommended that -.ien carry the pack loads over five 

(5) miles. (For individual loads, see paragraph 5 above.) 

(d) The average pumping capacity without filter was 

1800 gallons per hour or 30 gallons per minute. 

(e ) The average pumping capacity with filter was 300 

gallons per hour. 

(f) The carbon filter element gave the best results. 

(g) The relative differences in the filteraid were not 

noticeable• 

(h) Pretreatment and settling of the water to be filtered 

took approximately one hour longer. 

(i) The hand pump will produce approximately 250 gal¬ 

lons of filtered water in an hour in turbid water. This 

operation requires three (3) men working continually on five 

(5) minute relays. 

Adequacy of the equipment for purposes intended* 

(a) The unit will supply approximately 6000 gallons of 

water in 20 hours of operation during a 24 hour period. It 

is believed that approximately four (4) hours will be necessary 

for servicing the equipment. 

(b) In water over 60 parts per million turbidity, the 

filter is not adequate without settling for at least half an 
hour. 

(c) The one operational failure was the brass bushing 

which passed through the crank case wall, used as a bearing 

for the governor rod. The bushing was bored too large and 

allowed a considerable amount of oil to be forced out of tie 
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eraakeaa«» The failure free eorreeted by «penins the breather 
plug la the erankea*ec whleh was not eorered In the opera* 
tion laitruetioni» 

(d) Two (2) buekete, canvas, 14 qt, should be added 
as part of the unit for bailing purposes* 

8* Discussion: 

(a) It was found that the unit fulfilled the require¬ 

ments for water purification equipment to be transported by 

both man and pack animal in the following» 

1. Weight, because it could be man or animal 

packed* 

2. Design, because set was compact and light 

enough for man packing* 

3. Quality, because all water filtered was 

exceptionally clear* 

Recommendations t 

(a) It is understood that the pack water purification 

set now being manufactured will produce approximately twice 

as much filtered water as the set tested with only a slight 

increase in weight* Such equipment would be preferable for 

mountain warfare, and it is recommended that equipment with 

an average capacity of 10 GPM or better be supplied* 

(b) It is recommended that this organisation be fur¬ 

nished one of the 10 GPM sets for field usage as soon as 

possible* 

Report of test submitted by 126th Engineer Combat Battalion, 

Camp Hale, Colorado* 

-87- 

* * V V > V *,» 

' V ,* V V V V .••'••I. * 
i**'» ****»• 

r - V V V V -* v. 

• * ' *v* •/ N" ./ 

_a. i., ,a.a ,~m\ , 

\rs *y\- 

- f iLf* - " ' . 

• A J 

i _ - . •' •«*. 

w\%\vV V-\%. . / 
* b ' . . ^ ^ . » 

% • - + 

-1 

k M. 

rW-s": 

f .• .* .- 

\V. 
-/.*. 

l'.' 
.- • • - • .- - ■ .-. 
I. ■ •.*.-r •/ 

- -. ~ .- _(• i ^ + 
> / 

t 

ï T-p 

./ ./ * • • « * ^ . 

/^./././^ 
> » • « • i- •*•>»••• t 

/.,-.-.-..-././.-/.- 

^ -, .. -. -. .. -. . -. -. -. .-. ». -. -. •. ». •. •»-». */ -.- .‘ / -.- -/ -. •/ V v_"/.-//• /* /» .V .*» /■’/ 



HEADQUARTERS 
126TH ENGINEER COMBAT BATTALION 

TENTH INFANTRY DIVISION 
Camp Hale, Colorado 

26 April 1944 

!• Report of test oft Water Purification Unit, Pack, as per 
letter. Headquarters, Army Ground Forces, file #41* (R) (31 March 
1944) GNRQT-10/77431 

2« Uhit received 8 April 1944« 

3* Test began 10 April 1944 and ran through 20 April 1944, 

4» Authority for testt 
Letter, Headquarters Army Ground Forces, file 414 (R) 

(31 March 1944) GNRQT-lO/77431, Subject» Water Purification 
Uhit, Pack. 

5. Description of Unit; 
(a) The unit is packed in six (6) packs for man pack 

transportation. Packs are mounted on a packboard of plywood 
material. 

(b) The No. 1 pack consists of a filter, a hand pump and 
enough filter material for 24 hours operation. No. 1 pack also 

V contains three (3) length of hose, one 10 ft. length and two 
fivo foot length. Total weight of loadt 47 lbs. 

(o) The No. 2 pack consists of one (1) pump, gasoline 
engine-driven, one (1) strainer float, one (1) kit, tool, all 
mounted on one (1) packboard, plywood. Total weight of loadt 
65 lbs. 

(d) The No. 3 pack consists of two (2) bags, 15 lbs. 
filteraid or one (1) bag, 25 lbs filteraid; four (4) elements, 
filter, two (2) hose, five foot length, packed on one (1) pa^k- 
board, plywood. Total weight of loadt 47 lbs. 

(e) Packs, 4, 5, and 6 each contain one (l) tank, 350 
gallon, canvas; 10 staves, wood, tank, mounted on one packboard 
Total weight of each load is 47 lbs. Total weight of entire 
unit; 300 lbs. 

6. Details of test» 
(a) Time required to set up or dismantle the equipment 

is fifteen (15) minutes. 
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(b) 
can carry 

can carry 

1, 2, and 

4, 5, and 

Paragraph 

Suitability for mule-pack transport* too (2) mules 

the unit v/ithout being overloaded* One (l) mule 

the entire unit in case of an emergency* Packs, 

3 complete one mule load (see photographs)* Packs 

6 complete the second mule load (see photographs)* 

5 above gives the breakdown for the packs* 

(c) Suitability for man pack transport* six (6) men 

can carry the unit very satisfactorily over rough terrain* 

It is not recommended that men carry the pack load« over 

five (5) miles* (For individual loads, see paragraph 5 

above)* 

V 

(d) Average pumping capacity without filter is 360 

gallons per hour or 6 gallons per minute* The average pump¬ 

ing capacity with filter in clear water was the same* 

(e) The filter would not produce 2 gallons per minute 

in water with a turbidity of more than 20-30 parts per million* 

(f) The carbon filter element gave the best results* 

(g) The relative differences in the filteraid were not 

noticeable* 

(h) Settling of the water to be filtered took approxi- 

mataly one and a half hours longer, depending on the condition 

of :he water* lío pretreatraent tried because o f lack of chemi¬ 

cals* 

(i) The hand pump was not received* 

7* Adequacy of the equipment for purposes intended! 

(a) The unit will supply a battalion of men where water 

has not more than 20 parts per million turbidity* 

(b) In water over 20 parts per million turbidity, the 

filter is not adequate without settling* 

(c) The one operational failure was the brass bushing, 

which passed through the crank case wall, used as a bearing 

for the governor rod* The bushing was bored too large and 

allowed a considerable amount of oil to be forced out of the 

crankcase. The failure was corrected by making a packing 

gland for the bushing* 

(d) No other modifications suggested* 
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(a) The pump unit would be aatiafaotory only when opera¬ 

ting continuously under peak conditions where the water is 

clear enough for consumption without filtration* The filter 

will not supply enough water for a company in water of high 

turbidity, without settling and treatment* 

(b) It was found that the unit fulfilled the require¬ 

ments of an animal and man pack water purification unit only 

in the followings 

1* Weight, because it could be man or animal 

packed* 

2« Design, because all parts were light enough 

for man pack# 

(o) It was found that the unit failed to deliver the 

amount cf clear purified water necessary to supply a unit as 

small as an Infantry Battalion* 

Recommendations t 

(a) There is a very pressing need for a small unit of 

this type, but preliminary experiments show that this unit is 

too small for the amount of water needed* 

(b) It is reeomsnanded that further tests be made on 

this or other equipment which will supply clear chlorinated 

water, when turbidity is above 30 parts per million, at the 

rate of approximately 15 gallon per minute* This is necessary 

because units do not have storage capacity and must be resup¬ 

plied three (3) or more tines in 24 hours* 

(c) A light weight pump is recommended which will pro¬ 

duce approximately 30 gallons per minute and can be detaohed 

from the power unit to make separate loads suitable for man 

pack transport* Also a filter unit which would be light 

enough to be packed by man pack transport and which would 

produce 10 to 15 gallons per minute* 

(d) Suggested basis of issue for above unit* One (l) 

unit for each Infantry Battalion or similar unit of a Division* 

Report of test submitted by 126th Engineer Combat Bat¬ 

talion, Camp Hale, Colorado* 



HEADQUARTERS 
271st Engineer Light Combat Battalion 

Hunter Liggett Military Reservation 

APO 360, Camp Roberts, California 

REPORT OF TESTS» Water Purifioation Ifait, Pack» 

1, The Water Purification Ifcit, Pack i»as received less 350 

gallon tanks, hand pumps, and plastic water bags* 

2« The pack equipment was used to supply water for the 71st 

Light Division and attached troops for two phases of maneuvers 

and to date in base camp» 

a. The time required to erect the equipment is 30 min¬ 

utes and 20 minutes to dismantle and pack out on pack boards* 

b. The unit is suitable in its entirety for mule 

transportation and can be carried on 2 mules* Special hangers 

are required for the pump and engine for top loading with quick 

release devices; as yet we have not been able to develop same* 

Side load boxes with hangers could be used to carry small parts 

that are now being mantled* When loaded on two mules the pack 

beard loads numbered 1, 2, and 3 load on one mule while pack 

board loads numbered 4, 6, and 6 go on the second mule* 

c* The man pack loads all are less in weight than 

pack load which weighs 65 pounds* Pack the pack which 

carries the expendable filteraid decreases in weight with use of 

the equipment* On successive moves portions of other pack loads 

can be redistributed to this pack. The #2 pack at halts can be 

interchanged among men, thus increasing the distance the equipment 

cam be moved without undue fatigue* 

d* When pumping mountain stream clear water, the gas¬ 

oline engine driven pump will produce 16 gallons per minute* 

Under extremely turbid water conditions caused by heavy rains, 

the unit could only produce 60-60 gallons o f water before back¬ 

washing of the filter was necessary* The hand operated pump has 

not been supplied this organisation for test* 

e* The present equipment.is slightly inadequate as it 

does not provide S’iff ic lent pumps to handle water from deep-cut 

streams to points where troops can pick it up* The number of 

pumps did not provide for spares in sufficient quantity when more 

than 3 water distributing points were set up and were widely sep¬ 

arated by close and difficult terrain* It is thought 12 units 
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would b« sufficient if iasued to the Battalion under S-4 aeotion 
instead of the lettered Companies« In this way« all types of sit¬ 
uations in demand oan be made with the least confusion in that the 
Battalion S-4 would control the equipment and make the adjustments« 

f. The 4 cell filter does not have sufficient filtering 
surface for continuous high demands« Test, fehows need for more sur¬ 
face and less back washing even with clear mountain water« It is 
suggested that 6 cells be used instead of 4. When filteraid is 
added continuously the filtered matter and the filteraid form too 
thick a lamination with consequential discharge pressure drop over 
a long period until backwashing is necessary. Without the body 
feeder« 2000 gallons of water was filtered clear by direct appli¬ 
cation of the filteraid into the filter. During 4000 gallons of 
operation only two l/4 pound additions were made for the two op¬ 
erations and the pressure drop did not occur until just as the 
2000 gallon point was being reached. It is our opinion that by 
this method the larger filtered particles are not made into a mech¬ 
anical mixture with the filteraid but tend to act as a primary sand 
filter and the filteraid the secondary or impervious layer when the 
filteraid is added ’mder p -e-coat conditions as recommended by the 
vendor of the di?"ouaceou^ silica filtering material. Tests on 
this premis an* to bs run by this organisation and raported if con¬ 
clusive results ur? obtained« 

Th« 4 £-.1 i ti on system and mapieto was found to be sub¬ 
ject to rain end h.viiiity causing hard starting of the gasoline 
engine. The to joli? evitoh is not waterproof rj it now aci.sts but 
oan be rom^d;.-? Vy uae of a rubber covered push tvpe switch in¬ 
stead. Ths (y.-.'o governor spring arm is not iur.toned securely 
enough to nr,* -cav t.;i? loosening of the governor spring and also 
preventing tho operator from increasing the tension and overspeed¬ 
ing thr ft ^i/io« j'h.3 breaker points on the ignition system foul 
too easily, bat '-.on be remedied by setting a wider ere.'? between 
them (•O'’-/’ ', iv,ia fflîf» or glne air intake is too bulky sad should 
be repla.Wi by or i v.hj.ch is mere compact. The greaoe cup lubrica¬ 
ting the òriv-í oorjsect.uv: bo tv.on engine and pump should be re¬ 
located ao it uJso probrudos when the load is being lashed on a 
mule. Valves in engine carbonise and stick when oil level is 
maintained too high. 

g. Essential Modifications! 

(1) Increase number of filter elements per filter 
from 4 to 6. • 

(2) Inorease punp capacity to 45 gallons per minute. 

(3) Add illuminated comparator for night operation. 

(4) Remount pump and engine assembly so engine is 
at top of pack board. 

" «.••«.-. *\ .’.-'o'i . •Vf- -. -..- V-1. ---. •-. . - - .. -..-. i'.. 
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271st IMOIHEBR LIGHT 

Testing Organization C0MMT Date_ 1 May 19ÜU 

PACK WATSi FURIFICATIOr S^UIPPiiliT 
FRÜLDkIIÍARY CfflVICii: tsst questionnaire 

(To be filled in by officers, noncommissioned officers, ana qualified 
operators who participate in service tests and returnea by 

for forwarding to the Water Supply Equipment Branch, 
the Engineer Board, Fort Belvoir, Virginia.) 

Capacity: 

1. Considering the relationship of capacity and weight of equipment, 
under what conditions do you favor: 

a. Larger equipment? Ans. - Larger m^e* ‘»peeity, suggest 6 
element filter, same he« t, increase filter body diameter. 

b. Smaller equipment? Ans. - 

2. Woulü you favor increasing or decreasing the capacity and weight 
of the pack eouipment, il so to vhat capacity ana víeight? 

3. 

Ans. - Increase pump output to 1*5 U.P.M. to accompany 1 a. above. 

.Tiat was the average hourly output with gasoline pump when using: 

a. Coagulation and settling? Ans. - Clear water, no test. 
b. Direct filtration of turbid water? Ans. -U80 G.P.H. by test only. 
c. Direct filtration of clear water? Ans. - 960 G.P.H. 

L« Is there a need for a sinall pump and filter that oould be carried 
by an individual in addition to his combat equipment? 

Ans. - No need seen; present equipment satisfactory. 
Transportation.- 
5. In what percentage oí the total hauling time was the equipment 
carried by: 

a. Ken? Ans. - 35% 
b. Pack Animals? Ans. - °5% 
i. Kotor Vehicles? Ans. - Not used. 

6* That was the maximum distance a man could be oxpect-d to carry 
the heaviest pack in a day? 

Ans. - MsTimnn distance 1 hre. march with pump load. Rotation 
among loads allows 5 miles w/o undue fatigue. 

7. were any of the first three packs subdivided for carrying by 
man; if so, how were they divided? 

Ans. - Tool kit carried in pack #3 instead of #2. 
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6, Should the first peek include ell equipment end supplies 
for e day's emergency operation in the event that other pecks 

ere lostt 

Ans. - Tes. 

9. What changes in the mounting of equipment or additional 

attachments would facilitate packing cn animals or men? 

Ans. - Pump end Ingina should be. rever sed on peek board so that 
Bug!ás is on top side of board. Relocate Orease Cup. 

10. '‘/hat additional protecting framework or covers would be 

desirable? 

Ans . _ Guard sediment bowl. Use extra heavy pipe for grease line. 

11. Should all packs be carried on a packboard, ii not, which 

ones? 

Ans. - Tes. 

12. Should the present distribution of 25-foot cords, quick 

release straps, and cargo attachments be changed, if so, how? 

Ans. - Vo change. 

13. Can the set of six packs be carried conveniently on a single 

pack animal? If not, what is distribution of load? 

Ana. - Hot a single mule load, as it ir too heavy and bulky for difficult 
terrain. Suggest packs 1, 2 & > for 1 mulo; packs 4. 5 d 6 for 2nd 

mule. 

Employment : 

14. How many men could be supplied by one unit when operated 

on: 

a. 8-hour basis? Ans. - 5000 men A 1 gal* each. 
b. 24 or 20-hour basis? Ans. - 15000 mon • 1 gal. eaoh. 

15. During what percentage of the operating time was the equip¬ 

ment operated at: 

a. Night? Ans. - 

b. Day? Ans. - 

None, for taetioal reasons. 
10(9(. 

16. How was the water purification equipment located with 

respect to the consuming troops? 

Ans. - Within ths porimstor dsfsnso of th* unit supplied. 

17. Under what conditions vas the filter operated v/ith the 

hand pump? 

Ans. - pfanrf pump has not boon rocaivod by this unit from Snginesr Board. 
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18. During what peroantage o* operating time was the source of 
water a: 

-Ti-T»'. ■ 

a. Small or intermittent stream? Ans. - 

b. Large stream? Ans. - Uojt 
£. Fond or lake? Ans. - lone 
d. Swamp? Ans. - None 

60% 

19. 'Vhat were the weather conditions and their effect on equipment? 

cable water-proofed and sealed at ends- 

20. What percentage of the raw water was: 

a. Clear? Ans. - lOOJÉ - Mountain stresas 
F. Turbid? Ans. - lone 
£. Very turbid? Ans. - lone 

Operation: 

21. What changes in the operating procedure should be considered: 
Under clear water supply conditions continuous addition of* 

Ans. Filter-aid caused too thick a lasdnation of filter elements 
thereby reducing discharge* Without Body Feeder 2000 gal* of 
water was produced clear without backwashing. During U000 gals* 
of operation clear water wae produced with 2 1/ldß additions of 
Filtsr-ald direct, omitting the body feeder all together. 

22. What percentage of filtering was done vith: 

a. Coagulation and settling? Ans. - Hone 
b. No pretreatment (direct)? Ans. - 100^ 

23. Should either coagulation and settling (pretreatment) or 
direct filtration be adopted as the only standard method of filtration; 
or should both methods be employed? What do you think of each 

method? 

Ans. - Employ each as raw water conditions demand. 

24. 'What containers were used for distributing water and how were 

they filled? 

Ans. - 5 gal. water cans and covered corrugated 01 cans. 

25. ’•/hat additional means for filling containers should bo provided? 

Ans. - k light weight, gasoline type, trigger-operated valve, with 
flexible end and sanitary nossls. 
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26. How many scoops of calcium hypochlorite were required to 
produce a residual of 1 p.p.m. chlorine at the end of 30 minutes 

wit> hi ! 
Granules for Solution for 

350 Gallon Tanks 5 gal. Cans 

a, Raw water? Ans. - No toot 

b. Filtered water? Ans. - Ho tost 

No test 

Ans. - No toot 

27. How Ion;; was required to set up equipment and begin fil¬ 

tering? 

Ans. - Ono half (l/2) hour elapsed time. 

28. How long was required to train an operator for normal 

operations? 

Ars. - T*o (2) days some time of which is for supervision 

29. Were any unusual difficulties encountered during night 

operations? 

Ans. - Did not operate at night. 

30. How many operators v/ere required for one unit (or set) 

during: 

a. Day? Ans. - 3 men-minimum; U man maximum. 

b. Night? Ans. - Not operated. 

31. Could the equipment be operated by an apt man after read¬ 

ing only the instructions? 

Ans. - Yes, if the man is mechanically inclined. 

Equipment : 

A. Filter. 

32. Would a filter of greater capacity and weight be desirable? 

Ans. - Yes, see Question 1 a. above. 

33. Did any of the filter elements become plugged; if so, under 

what conditions? 

Ans. - None have plugged as yet due to only s ilt in clear water and 

constant back washing by operators. 

34. Were any plugged filter elements cleaned, if so, by what 

method? 

Ans. None. 
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35* During what percentage of filtration were the following eL 
employed and which type is preferable: 

a. Ceramic (grey stone)? Ans. - 33 l/}# 
b. Carbon? Ans. - 33 1/3* 
c. Stellar (wire wound)? Ans. - 33 Preferable type 

36. ’Vere any of the filter elements broken, if so how? 

Ans. - Hone. 

37. Did the filter leak frequently at the head, if so why? 

Ans. - Ho. 

38. What changes would improve the filter? 

Ans. - See Question la. above. 

39. What was the average length of a filter run before backwashing 
using: 

a. Coagulation and settling? Ans. - Ho test. 
b. Direct liltruticn: Ans. - to 5 hre, continuous operation. 

40. How much water was used per backwash? 

Ans. - 10 gal. 

41. Miat v/ere the maximum and minimum hourly outputs and what 
caused them? 

Ans. a. 960 gal per hr, caused byebsuand. 
F. 180 gal per hr, by test on muddy water. 

42. How much longer did it take to produce the first filtered water 
when coagulation and settling was used than with direct filtration 
of raw water? 

Ans. - fo teat. 

B. Body Feeder. 

43. Were any clastic chambers on the flcv. indicator broken, if sc, 
how? 

Ans. > One (1) broken whan mule threw the load off. 

44. Did the bearings of the air-vane agitator wear considerably? 

Ans. - fo i they have been kept well olléd. 
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45. Were frequent cleanings or valve adjustments requires to 

maintain proper slurry flov.’? 

/ins. - Yea. 

C. Chlorination Get. 

46. ’What parts were broken or lost? 

Ans. - Several glass vials were faroleen. 

47. How could the method of chlorination be made more accurate 

or simple? 

Chlorination measuring cup should be graduated in 100 gal 

divisions. 
Ans. - 

D. Hand lump. 

48. For what purposes was the hand pump used and how extensively? 

Ans. - Never received pumps. 

49. Wliat parts of the pump wore rapidly? 

Ans. - Never received pumps. 

S. Hose. 

50. How did the hose wear and what caused the wear? 

Ans. - No visible signs of wear. 

51. Should more hose be provided, if so, why? 

Ans. - Twenty (20) additional feet of hose should be added to set to 
permit operation from precarious positions in difficult terrain. 

Pump and Engine. 

52. What stoppages of the gasoline engine or pump occurred and 

v/hat caused the failures? 
Moisture in Magneto, Switch, high tension oabls and ground oirouit. 

Ans. - Magneto breaker points stuok, we dressed end resèt them to .020 
gap for satisfactory operation. Slush ios in pump casing caused 
pump to be hard to start. Valves carbon up and stick when oil 
level is carried at full level. 
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53. '.Vhat type of "asoline and oil were used? 

Ans. - Red (leaded) gasoline, S.À.B. 30 0.1. Oil. 

54. '.Vhat additional spare parts or tools should be included? 

Ans. - Gasolines, Spark plug cables, hose mashers, spark plub wrench, 
spark plug and point gauge and fly wheel puller. 

55. Should a ^uard frame be provided to protect the encine, 

considering its added weight? 

Ans. - Not favorably considered 

G. Filteraid. 

56. ',rhich type of filteraid was general1 y preferable? 

Ane. - Type 228 V 

57. ’»Vhat percentage of bugs v.’as seriously ruptured or torn, find 

which type was preferable: 

a. J/.ulti-wall paper? Ans, - 6o^ tore in Field. 
£. Lined Osnaburg? Ans. - No failures to date. Preferable type. 

58. What, was the average output in gallons per pound of filteraid 

with: 

a. 228-V? Ans, - 2500 gal. 
b. 234-V? Ans, - 2300 gal. 
£. Sorbo-Col? Ans. - 2000 «»1. 

59. Should filteraid bags be olive drab in color? 

Ans. - Yee. 

H. Canvas Tanks, 

60. Hoy/ many 350-gallon tanks are required per set of pack water 

purification equipment? 

Ans. - None on hand. 

61. "'hat failures, such as holes, occurred in the tanks and what 

caused them? 

Ans. - None on hand. 

62. Did the 350-gallon tanks leak when first filled, if so, where? 

Ans. - None on hand. 
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ARMY AIR FORCES 
HEADQUARTERS, I TROOP CARRIER CCMkAND 

Stout Field, Indianapolis, Indiana 

TCCMD 

761.2 25 April ly44 

EQUIPMENT TESTING REPCRT 

A. Purpose 

1. To report on service tests of an experimental model 

paok water purification equipment unit developed under Project WS 443, 
by the Engineer Board, Ft. Belvoir, Virginia} to make the necessary 

recommendations regarding the practicability of the use of this equip¬ 

ment by the Army Air Forces; and to make such recommendations as may 

be necessary to adapt this equipment to Air Forces use* 

B. Factual Data 

1. See Inclosure No. 1 MTentative Operating Instructions 
for Operating Model U. S. Army Pack Water Purification Equipment," 

Inolosures 2, 3, 4 and 5 photographs. 

2. Capacity 

a. The equipment, when operated with low turbidity 

waters, i.e., 10 to 15 ppm turbidity, will produce volumes ranging 
from 20 gallons per minute to 10 gallons per minute during the first 

hour's operation, giving an average production approximating 16 

gallons per minute during the first hour* At higher turbidities, 

i.e., any turbidity over 100 ppm, the equipment will not successfully 

operate at flows above 3 gallons per minute for periods of time 

greater than l/2 hour. It, therefore, becomes apparent that in the 

operation of this unit with any water of appreciable turbidity, pre¬ 

treatment, such as by alum and soda ash, becomes essential for the 

production of amounts of wa-.er commensurate with the total weight 
of the equipment. Whereaa hand-powered units have been developed, 

weighing under 60 pounds, which will produce water at the rate of 3 

to 5 gallons per minute, it is not felt advisable that this equipment 
be recommended for inclusion in the equipment of any organisation 

smaller than that of a battalion, considering total weight; and not 

to any organisation larger than a squadron, from a water production 

standpoint. It is thus apparent that on a water production i total 

weight relationship, this equipment is not suitable in its present 

state for issuance to troops. The present smaller unit of the 40 

pound weight, 3 to 5 gallon per minute capacity, should be tested 

and developed, in order that it may be made available for squadron 

issue. The pack type water purification unit order consideration 

in this report should be further developed to such a point that its 
production becomes conmensúrate with its total weight, and it may 
subsequently be made available for replacement of the present WAT 
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600 pound portable water purification unit. The portable mit 
should then be developed to replace the present mobüe unit. 

Small water purification units of the two-quart per minute 
capacity, such as have been developed by the S* F. B< wser « Co. 
and the Wallace à Ti err» an Co* should be investigated when con¬ 
sidering the water needs of small groups, such as thi squadron 
and the platoon, and for emergency equipment and rest ue work. 

In considering troop needs as they currently exist, it would 
appear that the present need for field water purifict tion equip¬ 
ment falls into four main classes! the two to three quarts per 
minute requirement, the three to five gallons per minute require¬ 
ment, the fifteen gallons per minute requirement, arid the 75 
gallons per minute requirement. In its present state, the pack 
water purification equipment developed mder Project fS 443 does 
not meet the requirements of any of these classes. 

b. In consideration of the Engineer Board's question re¬ 
garding increasing or decreasing the capacity and weight of the 
pack equipment, it is not felt that this unit is suitable in its 
present design to be either increased or decreased insofar as 
weight of equipment is concerned, without altering the capacity 
so that it will fall into a class wherein equipment does not 
already exist which embodies somder principles of design and 
greater adaptability to Air Forces needs. 

c. (1) The average output of the gasoline pump, when 
employing pretreatment by coagulation and settling, using the 
360 gallon storage tank for settling was, of necessity, totally 
dependent upon the degree to which the coagulant had settled. In 
a tank of such great diameter and such consequent shallowness, the 
time of settling becomes too prolonged for field use. Employing 
water which had settled for two hours, average hourly flows may 
be obtained of 500 gallons per hour. However, it must be noted 
that the remaining turbidity in water settled for two hours,is 
ff such gelatinous character as to reduce the flow to an extent 
that further filtration is impracticable after one half hour. 
While 250 gallons may be obtained during a l/2 hour risa, this 
does not include time for backwashing and setting up the equip- 
mentj therefore, the actual hourly production is considerably 
less than 500 gallons per hour. Greater cycles may be obtained, 
on water which has been permitted to settle for periods of 2½ 
hours and upward. It is unlikely that this equipment should be 
considered for field use if such length of settling is necessary 
in order to obtain satisfactory operation. It is felt that to a 
great degree this fault is not the fault of the mechanical appa¬ 
ratus, but rather in the poorly conceived design of the storage 
tenk, both regarding proportions end the capacity of the tank in 
relation to the tank weight. 
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(2) Cb the direct filtration of turbid water, the IcaiEth 

of the operation cycle bears a direct relationship to the turbidity 

of the water and the particle siae creating the turbidity. Oa waters 
of low turbidity high outputs may be obtained on lengthened cycles. 

As the turbidity increases the length of cycle and the average output 

drop sharply. At turbidities approaching 100 ppn, cycles in excess 

of 1/2 hour are impractical, due to the fact that the output has 
dropped to three gallons per minute or lower * 

At waters with a turbidity of 10 ppm, the cycle may be extended, to 

two hours. However, following the first hour of operation the output 

will have fallen below that of the first hour. Better than ten gal¬ 

lons per minute may be obtained throughout the first hour; however, 

on the second hours' operation an average of seven to eight gallons 
per minute may be expected. At the end of the second hour the output 

will have fallen to the point where backwash has become advisable. It 

would, therefore, become apparent that the only time at which this 

equipment justifies its weight will be whan used on low turbidity 

waters. It is strongly felt, regarding the application of body feed 

in relation to the operational cycle, that a second factor should be 

introduced in addition to the water turbidity, namely the site of 
particle creating the turbidity. It is further felt that a need 
exists for a rapid method for the determination of the index of par¬ 

ticle size and turbidity for field use. A study in this connection 
has been instituted and will be carried on by the joint cooperation 

of this Headquarters and the experimental laboratories of Purdue 

University. 

d. Clear water may be pumped through the filter at a rate 

varying between 18 to 20 gallons per minute. 

e. It is not believed that there exists in the Air i-orces any 
need for a small pump and filter to be issued as individual equipment. 

However, a need does exist for small equipment to be carried by an 

individual for use by small groups. 

3. Transportation 

a. Insofar as the transport of this equipment may be 

considered for Army Air Forces use, it is felt that of its use 
would warrant no other transportation than motorized vehicles, and in 

the execution of these tests at no time was this equipment transported 

more than ten feet by any other means. 

b. The heaviest pack was assembled, and it is believed 

that the maximum distance which this pack should be borne by any indi¬ 

vidual should not, under the optimum of climatic conditions, exceed 

1/2 mile, inasmuch as the resultant pack is offcenter to such an ex¬ 
tent as to throw the bearer off-balance. The main objection to this 

pack, therefore, is not its total weight, but its unsuitability to 

pack adaptation. 
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o. For Air Foro«« use* it is beliered that the paok 

system of transportation should be abandoned* and that the unit should 

be mounted so that all meohanioal parts are inclosed on a tubular 

framework, the whole not to exceed 135 to 150 pounde in weight. This 

framework should be of suoh sise and shape as to fit in the snd of the 

standard l/4 ton trailer* leawing the remainder of the trailer free for 

the transport of the accessory supplies and equipment. This would have 

the advantage that the entire equipnent might be transported from the 

trailer by hand by two men to a water point to which the trailer might 

be inaccessible. Further* upon reaching a water point the equipment 
might readily be unloaded from the trailer and the trailer thus be 

made available for other use during the time of operation of the water 

purification unit. 

4. Employment 

a. The number of men which can be supplied by one 

unit when operated on an eight-hour basis is* of necessity* dependent 
upon the original turbidity of the water. It is felt that the equip¬ 

ment should be redesigned to such an extent that it could* with a 

water of any turbidity, supply potable water for a battalion, opera¬ 

ting on an eight-to-ten-hour basis, such time of operation to include 
settling and intercycle setup times. 

b. Due to the faulty nature of the hand-pump furnished 
with this equipment* the equipment was not sufficiently operated with 

the hand-pump to obtain any workable data. However, if the equipment 
is to be employed using a hand-pump* in considering the relationship 

between the water produced and the total weight of the equipment it 

is felt that superior units now exist. 

5. Operation 

a. It was not felt that at any time was the operation 

of this equipment satisfactory* and it is believed that before success¬ 

ful operation may be achieved* a redesigning of the equipnent and a 
review of the principle mderlying the design are absolutely essential. 

Therefore, comments on changes in operating procedure will not be made. 

b. Regarding the employing of pre-treatment or direct 

filtration as the only standard method of filtration* it is felt a 

definite standard ot turbidity should be adopted* whereby at a turbi¬ 
dity mder this point no pre-treatment will be employed and at turbi¬ 

dities greater than this point standard pre-treatment will be used. 

It is believed that the rapid field method of detennining turbidity 

and particle size currently being developed will give a quick* simple 

means for the operator in the field to determine the point at which 

the turbidity and particle sises are such that pre-treatment should 
ba employed. 

o. No water distribution was employed in the testing 

of this equipment. 
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d. In coniideration of the fact that this equipment 
is not yet capable of satisfactorily producing filtered water, it 
was not felt advisable to amass data on the relative chlorine demands 
of the raw and the filtered water which it produced. 

e. It is felt that the equipment may be set up and 
filtration begun within 20 to 30 minutes after reaching a water point, 
depending upon the nature of the point. 

f. It is impossible at present to determine the 
length of training required for an operator for this equipment, 
inasmuch as certain features, such as the slurry feed, now require 
constant attention by a trained operator, and such detailed operation 
is not considered advisable under field conditions. 

g. With the present equipment, no less than two 
operators should be employed at any time, day or night, 

h. It is not believed that this equipment could be 
operated by an apt man after reading only the instructions. 

6. Equipment 

a* Filter 

(1) The filter furnished with the equipment is de¬ 
sirable insofar as capacity and weight are concerned at the flows for 
which it is believed that this equipment was designed. 

(2) hone of the filters have as yet become definitely 
plugged. However, there is some indication that the alumdum is be¬ 
coming plugged after what would be considered an abnormally short 
time of operation. In the backwashing of the Stallar filter, very 
unsatisfactory backwash was obtained, due to the dead spaces where 
the plastic comes in contact with the wires. 

(3) During the majority of the runs, the carbon 
filter was employed, due to certain apparent advantages of this unit, 
sued as its higher degree of porosity and its greater ease and degree 
of cleaning by backwash. 

(4) No filter elements were broken, although one 
Stellar element was received with a tiny dent in the wires. This 
naturally makes the use of this filter most indésirable. 

(5) The filter leaked frequently at the head, due 
to the fact that the head gasket was not shellacked into the head. 

(6) It became apparent shortly after commencing 
operations with this filter unit, that if a proper pre-coat were to 
be applied to the filter elements, the pre-coat slurry should as 
nearly as possible fill the filter unit prior to the commencemont of 
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flow* Therefore* it ie suggested that e nark be placed on the inside 
of the filter* to which mark the filter unit should be filled before 
inserting the filter elements* The amount of pre-eoat slurry to be 
added to the unit should be equal to the volvne of the unit* less the 
displacement of the elements* The head gasket should be cemented 
firmly to the head. 

(7) The average length of a filter run before back- 
washing, using coagulation and settling* bears a direct relationship 
to the settling time allowed and is totally dependent upon the 
amount of suspended coagulant remaining in the settled water* The 
average length of a filter run before backwashing* using direct fil¬ 
tration* is direotly dependent upon the initial turbidity of the 
water and the sice of the partióle causing the turbidity. 

(8) Ten gallons of water v/ere used per backwash. 

(9) Hourly outputs varied between 900 gallons per 
hour and short runs of inconsequential production* created by high 
turbidities without pre-treatment. 

(10) With waters of high turbidities where direct 
filtration is impossible for longer than five minutes* pre-treatment 
may be employed* thus rendering the water suitable for filtration* 
There is no relationship between the time required to produce the 
first filtered water when coagulation and settling are used and the 
time to produce the first water when direct filtration is used. 

b* body Feeder 

(1) No plastic chambers were broken* 

(2) The bearing of the air vane agitator did not 
show wear beyond the point of useful life* 

(3) During the entire operation of this equipment* 
at no time other than momentarily* could it be said that the body 
feed operated in a satisfactory manner* In any attempt to maintain 
a constant differential between a take-off from the recirculation 
chamber of the pimp and the suction from a venturi on the suction 
line from the pubp* wherein the sucticn to the slurry feed is depen* 
dent upon the flow of water through the suction line* and not upon 
the actual suction to the pump, failure can only result, since no 
constant relationship exists between these two factors, and this 
differential may be maintained only by the constant manipulation 
of both the suction and the pressure line valves* 

Chlorination Set 

(1) No parts were broken or lost* 
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(2) Th* only reoormendution whloh could bo mad© re¬ 
garding the mothod of chlorination might b© the addition of the 
ohlorino solution through the slurry feed. 

d. Hand-pump 

(1) The use of a hand-pump was exceedingly limited, 
due to the faulty action of the valves. 

(2) The packing of the pump wore rapidly, as did the 
leather pump gasket, when exposed to waser containing sand or grit. 

(3) The maximun production of this pump was reached 
at three gallons per minute, operating against no head. In water 
containing high turbidity this production quickly fell, due to the 
stoppage of the valves by grit and sand, and the imbedding of sand 
in the leather pump gasket. It is suggested that the bearing valves 
be replaced by spring action valves. 

(4) No provision is made for the agitation of the 
slurry during use of the hand-pimp. 

(5) The action of the hand-pump produces a flow so 
uneven in character that very unsatisfactory and uneven body feed is 
produced by a venturi in the flow line, as is recommended in the 
operating instructions. 

Hose 

(1) The hose showed no sign of appreciable wear. 

(2) An additional ten feet of hose, broken into five 
foot lengths, with male and female couplings, would be advisable. 

f. Pump and Engine 

(1) During a portion of one day, the gasoline engine 
failed to work, cause undetermined. 

(2) 70 octane gas and SAE 20 oil were used. 

(3) Additional sockets for the socket wrench, and a 
pipe wrench, not smaller than 6" and not larger than 10w, should be 
included in the tool kit. A note of interest might be found in the 
fact that during the first week of operation, aviation meohanios ran¬ 
sacked the equipment and took the only tool of value, the screwdriver, 
in the field, this practice of "night requisitioning" will be employed 
to an even greater extent than would be expected at a base in this 
country. Therefore, adequate storage of the equipment, and especially 
the tools, is necessary. 

(4) A guard rail will be incorporated in the framework 
previously described. 
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g. Filter Aid 

(1) Dicalite and Sorbo-Cel were furnished. Of these. 

Dioalite was preferable. 

received. 

(2) One of the multi-papered packs was torn when 

(3) The output in gallons per pound of filter aid 

is in direct relationship to the turbidity of the water and the size 

of the particle causing the turbidity. 

(4) It would appear preferable if the filter-aid packs 

were olive-drab or dark brown in color. 

h. Canvas Tanks 

(1) No less than four 350 gallon tanks are required 

for the water purification set. 

(2) No failures, such as holes, occurred in the tanka. 

(3) The tanka leaked appreciably and all attempts to 

atop this leaking were to no avail. 

to weathering. 

i. 

(4) The repair kit was never received. 

(5) No effect was noted on the bitumen coating, due 

Containers 

(1) No containers were furnished. 

General 

(1) Recommendations for improvements are embodied 

within the above report. 

(2) Considering the total weight of equipment, it la 

not felt that the use of a hand-pump is feasible with this equipment. 

However, should any haad-pump be used with this equipment, it is felt 

that a diaphragm pump is vastly superior to the plunger-type pump. 

(3) It is felt that the present tanks are totally 

inadequate to meet the needs of this equipment, and should be re¬ 

placed by waterproof tanks of greater capacity and proportionately 

lighter in weight* Such tanks can be developed without difficulty. 

C. Conclusions 

1. It is believed that the pack water purification 

equipment developed by the Engineer Board, Ft. Belvoir, Virgii ia, 
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under Project INS 445, does not meet the requirements of the Army Air 
Forces, nor has the equipment been developed to such a state that 
its issue to field troops is as yet possible or desirable. 

2. It is believed that this equipment nmy be so modified 
as to be vehicular borne» and that the output may be increased to 
reach a constant 10 to 15 gallons per minute and so make its issuance 
as a replacement for the present portable water purification unit 
feasible in Air Forces and Airborne troops. 

3. Since a need does exist in the Air Forces for water 
purification equipment producing 3 to 5 gallons per minute of water, 
and also equipment producing 2 to 3 quarts per minute of water, 
efforts will be continued to obtain suitable units within these 
outputs prior to the continuation of work on the above reported »it. 

Prepared by /s/ FRANK C. HALE 
/t/ FRANK C. HALE 

CWO, USA 

Approved by /a/ DUDLEY A. PFAFF 
/t/ DUDLEY A. PFAFF 

LT. COL., ki.C. 
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ARMY SERVICE FORCES 

Department of Military Sanitation 

MEDICAL FIELD SERVICE SCHOOL 
Carlisle Barracks, Pa. 

17 July 1944 

ABSTRACT OF REPORT 

1 - Object - To determine bacterial removal efficiency of "pack filter", under 

development by Water Equipment Laboratory, Fort Belvoir, Virginia, and not otherwlai 

identified. 

2 - Authority - The authority for the work herein reported is Memorandua 6 May 

1944, inclosure to Kemorandum 9 Vay 1944, Office of The Surgeon General, to Director, 

Medical Department Equipment Laboratory, Carlisle Barracks, Pa. 

3 - Results - Actual bacterial counts, and percentages of organisms remaining^ 

in treated waters, are reported. Averaging all values with the exclusion of the few 

which are definitely out of line, indicates that with direct filtration, 9.4< of the 

original bacteria remain in the filtered water. When this water has previously bsen 

coagulated and treated, 5.73Í of the bacteria pass through the filtration aedia. 

Without filter aid, the carborundum core passed a water containing 142| of the 

initial bacterial count, the stellar core 136^ of initial count, while the carbon core 

passed an average of '.5* of initial bacteria. When filter aid is used, average val¬ 

ues with the carbon core were 5.5%i with the stellar core, 7.6*; and with the car¬ 
borundum core 13.5Í of bacteria pass. With the filter aids tested, by averaging 

all results, sorbocel passed 4.4*, dicalite 7.2* and supercel 14.4* of the initial 

bacterial count. 

Evaluation of the efficiency of steps used in treatment shows that coapulation 

results in a water containing 144* of original bacterial count. This value excludes 

one of 1885*. Excluding two other high values, which can be attributed to a dirty 

receiving (coagulation) tank, coagulation results in a reduction of bacterial count 

to 52* of the initial count. Filtration results in a drop at the end of ten minutes 

to 34*, and after 20 minutes to 27*, for an average value of 31* of initial baotarial 

count still present. Collection of this filtered water in a storage tank resultad in 

a rise in bacterial count to 72* of the initial, showing again the effect of an im¬ 

properly cleaned storage tank. Chlorination resulted in a reduction of the bacterial 

count to 1.8* of the original value after a 30 minute contact period. 

The iff act of chlorination was studied by doing periodic counts during tha con¬ 

tact period. The results of chlorination after direct filtration were contrasted 

against those after coagulation with ammonium alum. After a ten minute period, 

there remained 6.2* of prechlorination bacterial count when coagulation had baen 

practiced, against 1.6* when coagulation had not been performed. Tested with para 

amino dimethyl aniline, there was no free chlorine present after coagulation. Un¬ 

fortunately this test was not used after direct filtration with dicalite and sorbocel 

(both said to contain alum). Free chlorine was present where no filter aid had baan 

used. 

The influence of a dirty core is shown in those cases where filtration resulted 

in an effluent containing eleven to fourteen times the original bacterial count. In 
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these instances, the filter had previously been used and cared for as directed in 
operating instructions. 

With pre and post chlorination, there is no eventually superior product. The 
influence of dirty tanks is obvious. Chlorination in this instance is accomplished 
by chloramines. There is no free chlorine detectable by para amino dimethyl aniline. 

Influence of treatment on bacterial flora was not completely investigated. How¬ 
ever, it was obvious that raw waters very frequently contained spreaders of the gram 
positive spore forming bacillus group, while plates of the filter effluents raralÿ 
contained such spreading colonies. The bacteria which survived chlorination were 
found to be, almost always, spore forming gram positive rods. 

4 - Conclusions - 

a - The pack filter does not produce a consistently potable water from 
the bacteriological point of view by filtration alone. Chlorination does remove 
the bacteria which pass. 

b - This work suggests that chlorination might be more effective if 
ammonium alum, which converts all chlorine to chloramine, were not used as the 
coagulating agent. Alternate coagulants wore, however, not Investigated. 

c - Operating instruction should specify careful cleaning of the reser¬ 
voirs, preferably with a chlorine solution, and backwashing of the filter cores 
at the end of a day's operation with a chlorinated water. This will avoid those 
instances herein reported where treated waters were mâny times more heavily con¬ 
taminated than the initial raw water. 

d - Investigative work on removal of cysts of E. histolytica are indica¬ 
ted, especially by the supercel filter aid. 
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B - BETA IT FD REPORT 

1 - Object - The objective of this experimental work was to determine the bac¬ 

terial removal efficiency of the Mpack filter", under development by Water Equipment 

laboratory, Fort Belvoir, Virginia, and not otherwise identified. Filtration is 

based on a body feed of diatomaceous earth which is retained on a filter core. 

2 - Authority - The authority for the work herein reported is Vemorandum 6 May 

1044, Inclosure to J/cmorandur, 0 Pay lc44, Office of The Surreon General, to Direc¬ 

tor, î'edical Department Equipment laboratory, Carlisle Barracks, Pa. 

3 - Pethod - Samples of water were collected by personnel of the Vedical Depart¬ 

ment Equipment Laboratory’ in sterile bottles. Chlorinated waters were collected 

in bottles into which 1 cc. of 0.1 ?! sodium thiosulfate solution was placed before 

sterilization. haters were plated as soon as possible after receipt, never after 

three hours had elapsed. They were kept in the refrigerator during waiting periods. 

Plating was accomplished in nutrient agar (Difco) as called for by "Standard Methods 

For The Examination of V.ater and Sewage", Eighth Edition, Counts were made after 

4R hours incubation at 37.5°C., using a Quebec colony counter. Fermentation was 

set up in lactose broth as a check, but is not reported. 

4 - Results - Results obtained are reported in Tables I, III, V, VII, and VIII, 

Actually 34 runs were made, and these tables compare various analogous situations. 

Tables II, IV, VI, VJI, and H present analyses of results in terms of the percent¬ 

age of organisms which have survived various treatment procedures. 

Tables II and IV present oercentave reduction of bacteria by filtration alone. 

Without the use of the bod; feed of filter aid, as shown in Table II, the filter 

core provides little if any Improvement to the water, 7!ith the carborundum filter 

(previously used), the effl.ent certains almost li times the initial bacterial 

count. With the stellar c re ;t contains 136Í of the original count, while the 

carbon core oasses 45¾ of t e initial count. The improvement by carbon is not con¬ 

sistent, as seen in No. 15, the effluent after 20 minutes had 74¾ of initial count, 

while the ten minute effluent had only 26¾. This Is explained by loosening of 

plugged cores in the filterin'- material. When filter aid is used, the average of 

all runs (Tables II and IV) using the carbon core was 5.5¾ of bacteria passing, 7.6¾ 

with the stellar core, and 13.5¾ with the carborundum core. Contrasting the filter 

aids used, with sorbocel 4.4¾ of organisms passed, with dicalite 7.2¾ and with super- 

cel 14.4¾. 

The influence of preliminar;- treatment is shown by contrastin? Tables II and IV. 

Excluding values which are obviously out of line, these indicate that with direct 

filtration, 9.4¾ of prefiltration bacteria pass through the filtering material, 

while when coagulation has been previously used, only*5.7¾ pass. 

Table V and VI present the influence of various treatment steps on the initial 

count. Coagulation resulted in a.water containing 144¾ of the original count, 

when one value of 1885¾ is discarded. Eliminating the two other high values of 

306¾ and 573^ the remaining 7 runs show a reduction to 54¾ of the original count. 

These high values must be explained on the basis of a dirty coagulation tank. Fil¬ 

tration resulted in a drop to 34¾ of the original raw water count after 10 minutes; 

after 20 minutes filtration it was down to 27¾ giving an average for the filtration 
step of'SUÍ of original bacteria remaining. Impounding the filter effluent in a 
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storage tank increases the count to 72jC of the initial count, and after 30 irinutes 

of contact with chlorine in dose sufficient to give a 10 minute residual of over 1 

ppm the count drops to 1.6% of the initial value. 

The effect of chlorination is presented in Table VT! In those runs where 

coagulation was used, ther.- was no free chlorine detectai e by para amino dimethyl 

aniline. In No. 8, where direct filtration was practice with no filter aid, a 

deep color developed with this reagent. The test, unfortunately, was not applied 

to the other direct filtration runs. Sorbocel and dicalite are said to contain 

alum in addition to diatomaceous earth. Results presented in the table show that 

with preliminary coagulation with ammonium alum, after a 10 minute contact period 

with over 1 ppm residual chlorine, there remains 6.2% of original bacteria. With¬ 

out preliminary coagulation, only 1.31Í remains. There is no significant difference 

in the 20 and 30 minute values. 

Two runs with pre and post chlorination (Table 7III and H) gave no superior 

product. The influence of a dirty *ank is evident. Chlorination here is accom¬ 

plished by chloramines. 

During the course of this work, the influence of a dirty filter core and a 

dirty tank became manifest by results such as in No. 17, 23, 24, and 25 (dirty 

cores), by No. 26, 27, 28, and 32 (dirty coagulation tanks) and No. 24 (dirty 

storage tank). 

The influence of treatment on bacterial flora was not completely investigated. 

However, it was obvious that raw waters very frequently contained spreaders of the 

gram positive spore forming bacillus group, while plates of the filter effluents 
rapely contained such spreading colonies. The bacteria which survived chlorina¬ 

tion were found to be, on direct smear and subculture, almost always spore forming 

gram positive rods. 

5 - Conclusions - 

a - The pack filter does not produce a consistently potable water from the 

bacteriological point of view by filtration alone. Chlorination does remove the 

bacteria whic- pass. 

b - This work suggests that chlorination might be more effective if amnon- 

ium alum, which converts all chlorine to chlomnine, were not used as the coagula¬ 

ting agent. Alternate coagulants were, however, not investigated. 

c - Operating instructivns ahould specify careful cleaning of the reservoirs, 

preferably with a chlorine solution, and backwashing of the filter cores at the end 

of a day's operation with a chlorinated water. This will avoid those Instances here¬ 

in reported where treated waters were many times more heavily contaminated than the 

initial raw water. 

d - Investigative work on removal of cysts of E. histolytica are indica¬ 

ted, especially by the supercel filter aid. 

Lt. Colonel, Medical Corps 

Director 

NCTE: This work was performed by Major A. S. Penenson, V. C. 
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ARMY SERVICE FORCES 

MEDICAL DEPARTMENT EQUIPMENT LABORATORY 

/ L CARLISLE BARRACKS. PA. r.TKAr 

20 July 1944. 
IN nEf’L/FIEFER TC' T-14 

SRJ2S 44 C/269 
SIBJSCTi Pack ’.Täter Filtration Equipment. 

TO : The Surgeon General, U. S. Army, Washington 25, D. C. (Thru: The 

Commanding General, Carlisle Barracks, Pa.). 

Attention : Director, Technical Division. 

1. Authority - Letter, V.D, Office of The Sureeon General, dated 9 May 1944, 
File SPVDH 414.4-6 (Carlisle Barracks)N. 

2. Equipment - The equipment tested consisted of three (3) canvas tanks, 

(350 gals, capacity), which were used for storage of treated water, or as coagu¬ 
lation and settling basins as the need arose; a 55 (Ç.p.m. gasoline powered pump 

equipped with cocks on both the volute and suction, for attachment to the feed 

pat and a core type filter with three types of cores and connecting hose. 

The unit was supplied with soda ash briquets and ammonia alum for coagulation; 

three (3) types of filteraids were provided for the test to assist in filtration. 

HTH was provided with the equipment to be used on pre and post chlorination work. 

3. Tests - The tests of the filtration unit may be divided into two parts; 

mechanical operation of the unit under field conditions, conducted by the Vedical 

Department Equipment Laboratory, and the bacterial analysis of the water, conduc¬ 

ted by the Department of Sanitation, Medical Field Service School. 

The unit was first set up and tests conducted to determine the efficiency 

of each of the cores (carbon, stellar and carborundum) for removal of turbidity 

and bacteria by direct filtration without the benefit of filteraids. The test 

was then repeated with the use of filteraids, coagulation and settling, pre and 

post chlorination. 

Attempts were made to obtain seme results on highly turbid waters, but this 

was unsuccessful as no opportunities were presented to run the unit on this type 

of water. 

4. Results of Tests - 

a - From the accompanying table of results, it can be seen that the fil¬ 

tration unit passes approximately 10* of the bacteria, no matter which combination 

of cores or filteraids is used, and that these baqteria oust be taken care of by 

chlorination. Throughout the test, it was noted that the introduction of dirty 

tanks or cores, definitely threw the results out of line, thereby, indicating a 

necessity of flushing the tanks before operation, and the cores after operation, 

with a chlorine wash. 

*V V W V V V V V VV > V V WV V -¿TV V'. V V'V’VV . ' V 
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b - On low, turbid waters (below 25 PPK), results were satisfactory, 

when direct filtration was used; on higher turbidities coagulation and settling 

should be used. 

c - The method of feeding the filteraid from the slurry pat is neces¬ 

sarily variable, due to the variation of the pressure differential between the 

suction and volute of the pump. 

d - Directions for operation of the pump are not explicit, and some 
difficulty was experienced in getting it to operate at first. All plugs to be 

removed before operation should be plainly labeled. 

e - The hand pump leaves something to be desired, and improvements to 

ease operation, and to obtain a more even How oi water, would be desirable. 

f - The filter unit operated satisfactorily, but an easier change-over 

from filtration t«. backwash would be desirable. A larger filter area would 

also be desirable, Inasmuch as some filtration periods., particularly when coagu¬ 

lation was used, were short and the production of the unit was meagerr. 

g - All tanks leaked at the seams throughout the tests. It is under¬ 

stood that this has been corrected by the Engineers. 

5 - Conclusions - The pack filtration unit will produce between 300 and 500 

gallons of potable water per hour under field conditions. The unit is easily 

packed and carried on the pack boards and is more easily operated by inexperien¬ 

ced personnel than the sand filtration unit previously used. 

6 - Recommendations - It is recosmended that the pack water purification 

unit be approved for use pursuant to the changes desired in 4c, d, e, and f 

above, and that consideration be given to flushing all tanks and cores with a 

chlorine wash. 

f 

4 Incls . 

Incl 1 - '¿LEI Thoto ¿T-179 (in qoad.) 
Incl 2 - ‘DSL Photo #T-100 (in quad.) . 

Incl 3 - Test Questionnaire (in quad.) 

Incl 4 - Reoort on bacterial Analysis, Dept 

E. D. Quinnell 
Colonel, Hedical Corps 

Director 

‘.¿ublM 

of Sanitation, *T35 (in quad.) 
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DIRECT FILTRATION 
NÔ À® ÀDÜffi— 

CARBON CARBORüNDLTÍ STELLAR 

Flow Total - 155 gais . Flow Total - 685 gals Flow Total - 853 gals 
j 

Flow Ave - 15.5 R.p.m. i Plow Ave - 22.8 g.p.m. Flow Ave - 28.4 g.p.m. 

luit Tiirb - 20 p.p.m. Init Turb - 20 p.p.m. Init Turb - 18 p.p.m. 

Turb Red - 95$ T>rb Red - 10$ Turb Red - 5$ 

Bact Red - 55$ Bact Red - 42$*increace Bact Red - 36$*increase 

•Increases caused by unsterile cores, bacterial building up in cores. 

f*. • , • . • . - . 
• * • w . • • à 

/.y.; 

►v.\ ■ -'‘Av- ► V' ' ! ■' t. -Y’ 
r •' î •■•.•VA 
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L- • 
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DIRECT FILTRATION 
1 ( 

1 CARBON SUPERCEL ! CARBCN SORBOCEL ! CARBON DICALITE 

Flow Total - 300 gala ! Flow Total - 245 gals j Flow Total - 397 gals 

1 Flow Ave - 10 r.p.m. Flow Ave - 8.16 ?.p.m. Flow Ave - 13.2 g.p.m. 
j ; 

Init Turb - 27 p.p.m. ¡ Init Turb - 5 p.p.m. 
• 

Init Turb - 6 p.p.m. 

i Turb Red - 100$ : Turb Red - 100$ Turb Red - 100$ 

i Bact Red - 86.8$. Bact Red - Ç6.03$ Bact Red - 99.5$ 
t1—.— '* -.. .. ■ 

STELLAR SITÎRCEL STELLAR SORBOCEL STELLAR DICALT7E 

Flow Total. - 440 vals ¡ Flow Total - 305 pals Flow Total - 159 gals 
; 

Flow Ave - 14.67 g.p.m. i Flow Ave - 10.26 g.p.m. Flow Ave - 7.95 g.p.m. 

Init Turb - 6 p.p.m. Init Turb - 23 p.p.m. Init Turb - 6 p.p.m. 

i Turb Red - 100$ Turb Red - 100$ Turb Red - 100$ 
I ... ! 
1 Bact Red - 83$ Bact Red - 91.2$ Bact Red - 97.5$ 

CAÄBÖftUKDPM 1 CARBÖRllNÜUy 
3UP EPCEL t SORBOCEL 

CARBORUNDUÍÍ 
DICALITE 

Flow Total - 460 gais Flow Total - 325 gais Flow Total - 163 gals 

Flow Ave - 15.3 g.p.m. Flow Ave - 10.8 g.p.m. Flow Ave - 8.1 g.p.m. 

Init Turb - 10 p.p-m. Init Turb - 10 p.p.m. Init Turb - 17 p.p.m. 

Turb Red - 100$ Turb Red - 100$ Turb Red - 100$ 

Bact Red - 80.7$ Bact Red - 94.1$ Bact Red - 84.7$ 
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CQA3DLA 7ICN & SETTLING 

CARBON SUPERCEL CARBON SORBOCEL CARBON DTCALITE 

Flow Total - 220 gals Flow Total - 35 gals Flow Total - 130 gals 

Flow Ave - 11 c.p.ra. Flow Ave - 3.5 g.p.m. Flow Ave - 6.5 g.p.m. 

Init Turb - 20 p.p.m. Intt Turb - 20 p.p.m. Init Turb - 20 p.p.m. 

Turb Tank - 6 p.p.ra. Turb Tank - 4 p.p.m. Tirb Tank - 6 p.p.m. 

Red by Set - 65í Red by Set - 30* Red by Set - 65* 

Total Turb Red - 100Í Total Turb Red - 100* Total Turb Red - 100* 

Bact Red - 92.5* Bact Red - ^9,89* Bact Red - 88.3* 

STFUA* STTFERCEL STELLAR Ô0R30CSL STELLAR DICALITE 

Flow Total - T45 rals Flow Total - 160 gals Flow Total - 180 gals 

Flow Ave - 12.3 o.p.m. Flow Ave - 8.0 g.p.m. Flow Ave - 9.0 g.p.m. 

Intt Turb - 4 n.r.ir. Init Turb - 4 p.p.m. Init Turb - 4 p.p.m. 

Turb Tank - 1 p.p.m. Tjrb Tank - 2 p.p.m. Turb Tank - 1 p.p.m. 

Red by Set - 75* Red by Set - 50* Red by Set - 75* 

Total Red - 100* Total Red - 100* Total Red - 1Ó0* 

Bact Red - 90.4* Bact Red - 99*53* Bact Red - 97.2* 

CARBORUNDUM SUPERCEL SORBOCEL DTCALITE , 

Flow Total - 200 gals Flow Total - 190 gals Flow Total - 150 gala 

Flow Ave - 10 g.p.m. Flow Ave - 9.5 g.p.m. Flow Ave - 7.5 g.p.m. 

Init Turb - 4 p.p.m. Init Turb - 4 p.p.m. Init Turb - 4 p.p.m. 

Turb Tank - 1 p.p.m. Turb Tank - 1 p.p.m. Turb Tank - 1 p.p.m. 

Red by Set - 75* Red by Set - 75* Red by Set - 75* 

Total Red - 100* Total Red - 100* Total Red - 100* 

Bact Red - 197** Bact Red - 113** Bact Red - 1285*« 

»Tanks dirty, not cleaned - Cores not sterilised with Cl2 

^V.V.V.V.V.VJV.'-*.*. 

• • • 
V V V V -r V- .• -■ .- .- .- 
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^41 

POST CHLORINATIOK, DIRECT FIURATICN 

STET.UR DTCALITE DIREKT 
1 j 

CARBON DIG A LITE DTV-KT 

Flow Total - 110 pals Flow Total - 335 cals 

Flow Ave - *>.5 p.o.’". Flow Ave - 11.1 p-p.m. 

Init Tiirb - 52 n.s.a. Tnit Turb - 27 p.n.m. 

Turb Red - 100Í Turb Red - 100Í 

Init Bact - 3000 Init Bact - 1250 

Bact Red Filt - Ç7X Bact Red Filt - 98.7* 

Bact Red Cl? - 3* Bact Red Cl? - 1.32 

Total Bact Red - lOOji Total Bact Red - 100' 

NO CARPORT DH' TESTS RTJN 

POST CHTCRTNATICN COA'VUTION 

CARBON CORE SUPERCEL 
r 

CARRORRNDTn' S0°B0CET, 

! 
Flow Total - 215 çals 

r1 . ..... .—" 

Flow T^tal - 1°0 cals 

Flow Ave - 7.2 ?.p.m. Flow Ave - 9.5 ç-p.T. 

Init Turb - 12 p.p.ir. Init Turb - 10 p.r.m. 

T’jrb TanV - 47 p.p.1”. “Pirb TanV - 4 n.n.»,, 

Turb Red Set - 41' T-.rb Red Set - Aot Í 

! 
T-tal - IGOr_j_Tota: - iAP,y 

Bact Init - 4050 Bact Init - 45OO 
T 

Bact Tar> - 20,?00* -'Bact Tank - 2400 

Pact Red Set - . Pact Red Set - S?.?* 
. 

Bact Red Filt - 25.Í - Bact Red Filt - 33.3* 

Bact Red Cl? - 74 //1 - Rant Red Cl2 - 13.4* 

Total - O'?.*// Total - 100* 

* TANK NOT CLEANED 

/•. 
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PRB & POST CHLORINATION VH TH GOAGUUTIOH 

STELLAR SUPF.RCKL 

Flow Total - 120 rals 

Flow Avw - 6.0 g.p. m. 

Init Turb - 9 p.p.n. 

Tank Turb - 7 p.p.m. 

Red by Set - 22* 

Total Red - 100* 

Init Pact - 2000 

Bact Tank #1 - IfllO 

Red by pre Cl-i & Set - 10* 

Bact Tank #2 - 9320» 

Red by Filt - 

Bact Final - 70 

Red by post chlorination - 86.5* 

Total Red - 96.5* 

* TANK NOT CLEANED 
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APPENDIX C 

SPECIFICATIONS AND SET LISTS, 15-GPM FILTER 

Item 

Corps of Engineers (Engineer Board) Tentative 
Specification EBP No. 652A, "Wa+.er Purification Unit, 
Pack Model, M-l", with Drawings i. 5104-1 to -16 
attached. 

Fig. 11. Equipment Recommended for Standardisation 
as Water Purification Equipment, Diatomite, 
Pack, (Man or Animal Type), 15-GFk Set No.__ 

Fig. 12. 15-GBi Diatomite Water Purification Set, 
"Individual Man Pack Loads"• 

Fig, 13. 6-GBi Pack Water Purification Set (Service 
Tested), "Componen-ts of 6-GFM Water Puri¬ 
fication Equipment Carried in Packs." 

Pa£e 

147 

153 

156 

‘ " «_* V.“ • * * « * .% -S. 

! ; - a* 

.. -V 

m • i 
» “ • •-* 

« .*• /-\'r **•-s 
."w ^ 

* * %. V ‘ 

vvv'v-S'vv .Tt.i.a-.T.*,. r. r... 

Ü . . ..-J 

* s". » *• ^ 

* 9 
y •/* j 

*. --. »*. •* -"h. •*. * 
. 

.. .• ; ■ i ^ 

V» '-V V- '. ’ 

P P 9. ,-, - . - • 

■ ::¾¾¾¾ 
.••»'.'A ,.- 

‘v\ 

. - .•'.■'V 



V * v v- r ^—-.• . *• . v: r:' 

I 

s 

_> 

CORPS OF ENGINEERS 
(ENGINEER BOARD) 
TENTATIVE SPECIFICATION 

EBP No. 652A 
15 July 1944 
Superseding EBP No. 652 
Dated 1 June 1944 

WATER PURIFICATION UNIT, PACK MODEL, M-l 

A. APPLICABLE SPECIFICATIONS AND DRAWINGS. 

A-l. Specifications. - The following specifications of the issue in 
effect on date of invitation for bids, unless otherwise indicated, form a 
part of this specification, except that in case of conflict, the require¬ 
ments of this specification shall govern. 

A-la. Federal Specifications: 

Q2-A-359 - Aluminum-Alloy <Al-3) (Aluminum Manganese); 
plates and Sheets, 

QQ-A-601 - Aluminum-Base-Alloys ; Sand Castings, 

QQ-S-763 - Steel, Corrosion-Resisting; Bars and Forgings 
(Except for Reforging). 

QQ-S-766 - Steel, Corrosion-Resisting, Plates, Sheets, 
Strips, and Structural Shapes. 

CCC-D-771 - Duck; Cotton, Plied-Yams (Array, Numbered & 
Tent-Duck). 

GGG-P-471 - Pliers and Nippers. 

GGG-W-631 - Wrenches, Bolt and Nut; Adjustable, Open-End. 

A-lb. U. S. Army Specifications, Nos.: 

57-180 - Tubing, Round, Mechanical and Structural, Steel, 
Carbon and Alloy, Seamless, Welded, and Brazed. 

100-17 - Mildew-Proofing of Fabrics, Threads and Cordage, 
Copper Processes. 

A-lc. Corps of Engineers Tentative Specifications, Nos.: 

T-1184 - General Specification for Finishing, Treating 
and Painting. 

-1- 



RESTRICTED 

T-1483 - Maintenance Manuals and Spare Parts Catalogs for 

Engineer Equipment. 

T-1739 - Standard Requirements for Marking Corps of 

Engineers Shipments, 

A-2. Drawings. - The following drawings of the issue in effect on date of 

invitation for bids form a part of this specification: 

A-2a. Corps of Engineers Drawings, Nos.i 

D 5104-1 to 15 inclusive - Water Purification Unit, 
Pack Model, M-l. 

B. TYPE. 

B-l. This specification covers one type of water purification equipment 
unit which can be carried by man or pack animal, 

C. MATERIAL AND WORKMANSHIP. 

C-l. Material. - The material used in the construction of the equipment 

shall be as specified herein and as shown on the applicable drawings. Material 

not definitely specified shall be of the best quality normally used in good 

commercial practice for this type of work. Material shall be free from all 

defects and imperfections that might affect the serviceability of the finished 
product. 

C-la. Aluminum-Alloy Sheet. - Shall conform to Federal Specifi" 

cation QQ-A-359, type 1, finish II, condition A, 1/2 H or 3/4 H. 

C-lb, Aluminum-Alloy Castings, - Shall conform to Federal Specifi¬ 
cation QQ-A-601, class 2, 

C-lc. Steel Tubing. - Shall conform to U. S. Army Specification 
No. 57-180, type I, class A, as rolled condition, W.D. No. 1010 to 1Q35. 

C-ld. Stainless Steel Rods. - Shall conform to Federal Specifica¬ 
tion QQ-S-763, class 7, type A, 

C-le. Stainless Steel Sheet. - Shall conform to Federal Specifi¬ 
cation QQ-S-766, class 1, condition a, finish 4 on one side only. 

C-lf. Cotton Duck for Covers and Accessories. - Shall conform to 

Federal Specification CCC-D-771, type I, No. 10, which shall be mildew-proofed 
in accordance with U. S. Army Specification No. 100-17, type I. 

C-lg. Plastic. - Shall be a material which has good dimensional 

stability in contact with water and one which will not darken appreciably or 

otherwise lose its transparency on exposure.. The material shall also be 

resistant to the action of hypochlorite and other chemicals used in water 
treatment. 

U£!R~mS£ 



C-lh. Gasket Material. - Shall be made of synthetic rubber suitably 

compounded to withstand mild chemical solutions customarily used in water treat¬ 

ment. 

C-2. Workmanship. - Shall be of the highest grade throughout. 

D. GENERAL REQUIREMENTS. 

D-l. See Section E. 

E. DETAIL REQUIREMENTS. 

E-l. Description. - The water purification unit covered by this specifi¬ 

cation shall consist primarily of a pressure filter, a diatomaceous sj-üca 

slurry feeding apparatus, two gasoline-engine driven pumping sets, a hand 

pump, a chlorination set, a pH test kit, hoses, fittings and such other auxil¬ 

iary equipment as listed herein or shown on the drawings. 

£.2. Filter. - The filter shall be constructed as shown on the drawings. 

The shell shall be fabricated by welding or by spinning at the option of the 

contractor. The filter, assembled without the filter septums shall withstand 

an internal hydrostatic pressure of 75 pounds per square inch without evidence 

of seepage. No sealing material shall be used on the head casting. 

E-2a. Pressure Gage. - The filter shall be equipped with a pres¬ 

sure gage as shown on the drawings. The face of the gage shall be 2 inches 

in diameter; the face cover shall be of transparent plastic. The gage shall 

be graduated from 0 to 60 psi. 

E-2b. Septum Elements. - Shall be cylindrical in shape and con¬ 

structed so as to be easily assembled within the filter as indicated on the 

drawings. Each septum element shall be not more than 12.5 inches long* not 

more than 2 inches outside diameter, and not less than one inch inside dia¬ 

meter, and each shall have a filter area of not less than 0.50 square feet 

and not more than 0.55 square feet. The septun shall pass clear water at 70 

degrees F. at the rate of 10 gpm per square foot of surface area with a pres¬ 

sure differential not exceeding 0.5 inch of mercury. The filter element 

shall be sufficiently fine to collect and support uniformly a cake of 

Johns-Manville Celite No. 535 or finer filter aid when 0.1 pound per square 

foot is applied as a 1-1/2 percent slurry at the rate of one gpm per square 

foot. At this rate not more than 10 percent of filter aid shall pass the 

septun during this precoat operation. Inlet pressure shall be measured in 
the shell surrounding the elements and the outlet pressure shall be measured 

in the manifold chamber to which the elements are attached. The elements 

shall weigh not more than 1.2 pounds each. They shall be constructed of 

corrosion resisting materials and shall be sufficiently rigid so that pul¬ 
sating flow from a reciprocating pump will not cause filter aid to pass through 

the septun. The elements shall withstand ordinary rough handling in position 

without fracture or deformation at all temperatures from minus 20 degrees F. 
to plus 150 degrees F. and shall withstand sudden changes of temperature 

within this range. Design shall be such that an equal flow of water will be 
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obtained through each square inch of effective area during backwashing and 
filtration at the rate of 10 gpm per square foot of filter area. The ele¬ 
ments shall be readily disassembled and cleaned with the hands or by use of 
a brush or simple tool. The contractor shall furnish to the Contracting 
Officer for approval a detailed description, including manufacturer's name 
and address, of the septum element he proposes to supply. 

E-3. Slurry Feeding Apparatus. - The feeder shall be of the constant 
rate dilution type and constructed as shown on the drawings. Vrith a head of 
two inches of water, the orifice in the head box shall pass an amount of 
water, in 30 minutes, equal to the usable volume of the slurry tank. The 
hose and fittings connecting the float chamber to the suction inlet shall 
have a minimum bore of 1/4 inch. 

E-3a. Vater Motor. - Shall be capable of maintaining suspension 
pound of filter aid in 1,7 gallons of water within the slurry tank 

with a flow of 10 gpm through the water motor. The water motor casing 
assembled with the impeller and packing gland complete shall withstand an 
internal pressure of 10 pounds per square inch without leakage. 

E-4. Tool Box. - A tool box with hinged cover attached to the feeder 
tank shall be constructed as shown on the drawings. 

E-5. Accessory Pail. - A pail shall be constructed and mounted on the 
bottom of the slurry tank as shown on the drawings. The pail shall be firmly 
clamped to the slurry tank. 

E-6. Filter Support Frame. - The filter, slurry feeding apparatus, 
tool box and appurtenances shall be mounted in a steel tube frame as shown 
on the drawings. This frame shall be fitted with a steel clip for attach¬ 
ment of the frame to a packboard, 

E-7. Gasoline Engine Driven Pimp Sets. - Two gasoline engine driven 
pumping sets shall be supplied with each purification set. Each shall consist 
of a self-priming centrifugal pump, direct connected to a gasoline engine with 
a pump impeller mounted on an extended crankshaft. The pumping set shall be 
suitable for continuous duty under severe operating conditions and shall be 
capable of delivering continuously a minimum of 10 gallons per minute of water 
against a total dynamic head (including 5 feet of suction lift) of 88 feet; 
15 gallons per minute of water against a total dynamic head (including 5 feet 
of suction lift) of 82 feet; and 30 gallons por minute against a total dynamic 
head (including 5 feet of lift) of 30 feet. The weight of the pumr' and engine 
exclusive of fittings shall'not exceed 54.pounds and the overall.dimensions of 
pump and engine shall not exceed 13-1/2 by 16-1/2 by 17-1/2 inchès. 

E-7a. Gasoline Engine. - Shall be a suitable, modern, 4-cycle air 
cooled, industrial type that is now in production and in use, and it shall 
develop not less than 1,2 hp at 3000 rpm. It shall be capable of operating 
the pump continuously at the required revolutions per minute to meet the head 
and capacity specified without overheating at an ambient temperature of 100° 
F. The fuel tank shall have a capacity of not less than 1/2 gallon and the 
tank shall be equipped with a lock-on filling cap. A suitable fuel filter 
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RESTRICTED 

and shut off cock shall be provided. The engine shall be equipped with radio 
shielding, shielded spark plugs, Stellite-faced valves and valve seats for 
operation on high octane gasoline, oil bath air cleaner and a carburetor that 
has proven satisfactory in commercial use. The engine shall be equipped with 
a deep base with one quart oil capacity, and this base shall be provided with 
a float switch which will shut off the engine as the oil level becomes too 
low. An oil seal shall be provided on the crankshaft and all bolts and nuts 
shall be wired or staked to the unit. The engine stell be equipped with a 
lockod-on oil dip stick, and the oil breather tube shall be equipped with a 
readily removable plug. The engine, complete with a full reservoir of oil and 
a full tank of gas, shall be suitable for carrying in any position without 
leakage of the gos or oil and without damage to the engine. All alumimm 
parts shall be treated for corrosion resistance. The engine shall be provided 
with a rope starter, and a suitable funnel for filling the gas tank. 

E-7b. Pump. - Shall be of a centrifugal self-priming type with 
recirculation cut-off and shall be capable of priming at all suction lifts 
up to and including 25 feet (corrected for sea level conditions). It shall 
retain sufficient water in the priming chamber in case the suction hose is 
vented to the atmosphere to enable the pump to reprime itself quickly as 
soon as the suction hose is again immersed in the water. The priming chamber 
shall be a part of the pump housing. The pump housing shall be provided with 
a suitable means of clean out and a means of drainage. The pump seal shall 
be of an approved type with grease being admitted between the two wearing sur¬ 
faces, and it shall effectively seal the pump against both vacuum and pressure 
conditions. Adequate provision shall be made to insure that leakage from the 
pimp seal cannot enter the motor bearing, all aluminum parts of the pump shall 
be treated for maximum resistance to corrosion, and all other metal parts shall 
be constructed of corrosion resistant material. The pump shall have a 1-1/2- 
inch threaded female suction port and a 1-1/4 inch discharge port and shall be 
equipped with fittings as shown on the drawings. 

E-7c. Pumping Set Support Frame. - The pumping set shall be 
mounted in a steel tube frame as shown on the drawings. The frames shall be 
fitted with a steel clip for attachment of the frame to the packboard. 

E-8. Hose. - Shall be smooth bore, reinforced rubber hose o f 1-1/4 inch 
inside diameter. Six 10-foot lengths and two 5-foot lengths of hose equipped 
with fittings as hereinafter described shall be supplied with each set. The 
construction shall be as follows: (a) an inner rubber tube of 0.060-inch 
minimum wall thickness, (b) a layer of cotton duck, (c) a helix of O.OóO-inch 
minimum diameter spring wire having l/2-inch spacing and rubber filling between 
the coils, (d) layers of cotton duck, (e) an outer rubber cover of 0.035-inch 
minimum thickness. Hose ends shall be capped vdth the same rubber compound 
that is used for the tube. 

E-8a. Rubber Compound. - Shall be a compound of reclaimed rubber 
and GRS synthetic rubber suitable for the purpose. At least 60 percent of 
the total rubber hydrocarbon shall be GRS synthetic rubber. 

E-8b. Cotton Duck. - Shall be a 10-ounce-per-square-yard duck 
which shall be well, evenly, and firmly woven, as free from dirt, knots, 
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RESTRICTED 

hand over top of the tube and inverting a few 
times. Place this tube in the center compart¬ 
ment of the comparator. Allow five to ten 
minutes for maximum color to develop. 

(3) . 

(4) . 

Compare developed color in center tube with the 
glass color standards. 

Field water supplies should contain one part per 
million of residual chlorine. 

E-lOb. pH Test Vit. - Shall consist of one glass vial provided 
with suitable cover and containing 200 strips of Phenophthazine (sodiun 
dinitrophenylazo-naphthol disulfonate) paper. 

E-10b(l). Test Paper. - The paper shall be sensitive 
to N/10,000 acid or alkali. It shall change in color to yellow at pH 4, 
to mustard at pH 5, to olive at pH 6, to gray blue at pH7, to blue at pH 8, 
and to purple at pH 9. 

E-10b(2). Container. - The container shall be a vial of 
clear glass measuring not more than 1-1/4 inches in diameter, not more than 
3-1/2 inches in length. A color chart showing the colorimetric comparisons 
for pH readings of 4.0, 5.0, 5.5, 6.0, 6.5, 7.0, and 8.0 shall be provided 
on the inside of the vial in such position as to permit comparisons of the 
test sample with the color chart. Instructions for the use of the test kit 
shall be printed on the container and shall be substantially as followst 

(1) . Fill chlorine comparator tube 1/4 full with water sample, 

(2) . Drop in one paper and shako until full color develops. 

Compare sample with color chart. 

To increase floe above pH 6, increase alum. 

(3) . 

(4) . 

(5) . To increase floe below pH 6, add soda ash (and increase 
alum if required). 

E-lOc. Chlorine Test Case. - Shall be constructed of fiberboard 
and shall be suitable for carrying the chlorine comparator and the pH test set. 

E-lOd. Measuring Cup, Hypochlorite Scoop, and Chemical Basket. - 
Shall be constructed as indicated on the drawings. 

E-ll, Accessories. - One 10-quart capacity collapsible cotton duck pail 
and necessary hand tools suitable for cleaning the septum elements shall be 
provided. 

E-12. Finish and Painting. - All parts of the equipment normally painted 
in good commercial practice shall be finished and painted in accordance with 
the applicable requirements of Corps of Engineers Tentative Specification No. 
T-1184, type IV. 
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E-13. Field Erection Tools. - One sot of field erection tools shnll be 

furnished with each water purification unit. The tools shall be placed in a 

cotton duck tool roll, constructed suitable for packing in the tool box on 
the filter unit. The tools shall consist of the following! 

Quantity Unit Item 

ea. Pliers, combination, slip joint. 

1 

1 

ea. 

ea. 

Screwdriver, 4 inch, offset. 

Wrench, 9 inch, auto. 

ea. Wrench, 6 inch, adjustable end. 

ea. Wrench, socket - with detachable, 

sliding head tee handle. Wrench 

to have 1/2 inch hex socket and 

3/8 inch square drive hole. 

Specification 

Federal Specification 

GGG-P-471, type F, 

6 inch. 

As shown on drawing 
No* 5104-12. 

Federal Specification 

GGG-W-631, type II, 
9 inch. 

Federal Specification 

GGG-W-631, type I, 
class A, 6 inch. 

Commercial. 

E-14, Covers. - The filter support frame and the pumping set support 

frames shall be provided with suitable covers fabricated from cotton duck. 

E-15. Filter Aid Bag. - Two cotton duck bags for carrying filter aid and 
miscellaneous items shall be provided. Each bag shall be approximately 15 
inches by 24 inches by 10 inches in size and shall be provided with a draw¬ 
string closure, 

E-16. Manufacturer's Nameplates. - Filter unit and pumping sets shall 

have manufacturer's name and address as well as any other information usually 

included on this type of equipment. In lieu of the nameplate, the information 
may be cast integrally with, stamped upon, or otherwise permanently marked 
upon the item of equipment, 

E-17. Spare Parts and Maintenance Tools. - A set of spare parts and 

maintenance tools, contained in a suitable tool box (or boxes) shall be 

furnished with each water purification set in accordance with lists to be 
furnished by the Contracting Officer. 

2-18. Iberas to be Included with Prims Equipment. - No shipment of prime 

equipment shall be made unless spare parts, maintenance tools, erection tools 

and accessories are included with the shipment or unless written approval for 

shipment of the prime equipment without such items has been received from the 
contracting Officer, 
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E-19. Maintenance Manuals and Spare Parts Catalogs, - The contractor 

shall furnish maintenance manuals and spare parts catalogs covering the des¬ 

cription, adjustment, maintenance, lubrication, and spare parts lists for all 

equipment furnished. The cover of each manual shall state the name and model, 

manufacturer's nomo, date of approval of the manual, title of tho manual 

and serial numbers to which the spare parts catalog applies. (The name will 

be as furnished by the Contracting Officer, in accordance with standard nomen¬ 

clature), /. preliminary dummy manuscript made up of typewritten sheets, clip¬ 

pings, photographs, sketches and other suitable material will be forwarded 

to the Contracting Officer for approval. After preliminary approval, Proof 

sample copies, in duplicate, of the Maintenance Manual and Parts Catalog, will 

be forwarded with each unit, and two additional copies per unit plus manuals 

to the total required by the contract or invitation to bid, which will be 

determined by the spare p>arts lists for the machine, will be shipped to the 

Engineer Supply Officer, Columbus Quartermaster Depot, marked, "Attentions 

Spare Parts Branch." When specifically called for in the invitation to bid 

or the contract, these manuals shall conform to Corps of Engineers Tentative 

Specification T-1483. 

F. METHODS OF INSPECTION AND TESTS. 

F-l, Inspection. - Equipment furnished under this specification shall be 

subject to inspection, during and after the process of manufacture, by author¬ 

ized Government Inspectors, who shall bo afforded proper facilities for deter¬ 

mining compliance with the specification. 

F-2. Testa. - Equipment furnished under this specification shall be given 

such tests as may bo necessary to determine compliance with the specification 

requirements. When tests are to be madt? at the site of manufacture, the con¬ 

tractor shall provide all necessary facilities and supplies required for the 

testing procedure, 

G. PACKING AND MARKING FOR SHIPMENT. 

G-l. Packing. - The subject commodity shall be packed for shipment in 

accordance with instructions issued by the Contracting Officer. 

G-2. Marking. - The marking of shipping containers of the subject 

commodity shall conform to the. requirements of Corps of Engineers Tentative 

Specification T-1739, except as may bo modified by the Contracting Officer. 

H. NOTES. 

H-l. Copies of this specification and other Corps of Engineers (Engineer 

Board) Tentative Specifications and Corps of Engineers drawings may be obtained 

from the Specifications Section, The Engineer Board, Fort Belvoir, Virginia, 

except that requests by offices of the Corps of Engineers should be addressed 

to the Procurement Division, Office, Chief of Engineers. Other specifications 

and drawings listed herein may be obtained from the following applicable 

addresses. 

Federal Specifications - Superintendent of Documents, 

Washington, D. C. 



Ü. S. Army and Corps of Engineers Tentative Specifications - 
Army Service Forces, Office of the Chief of Engineers, 
Washington, 25, D. C. 

* ~-,knoW!1 SePtum decent meeting the requirements of paragraph E-2b 
Informât 1r Element ^0, 52’2 33 ^nufactured by Infilco, Inc., Chicago, Illinois. 
oïf^ti0nKC?noCring°th!r comraercial Products which meet the requirements 
of paragraph E-2b may be obtained from The Engineer Board, Fort Belvoir, 
*irginia• 

.. . H”^ The Contracting Officer will furnish, with the invitation for bids, 
lists of spare parts and tools to bo provided with the equipment. 

linear Board Tentative Specifications are ad interim specifice- 
are ^tended to be converted to Corps of Engineers Tentative 

S tÍ?nS* Ihey USed for the Procurement of engineer equipment 
OffW drM1îPraenv, 4nd f0r the PurP0£!e of faking recommendations to the 
Coris 0f Sneinf®rs* Jhoy should not be accepted as indorsed by the 

S ?Lth? Engineer Board for quantity procurement, unless 
accompanied by specific instructions as to their use. 

NOTICE, '-hen Government drawings, specifications, or other 
da7a^r^U7ed f?r any PurP°3G other than in connection with 
fi •fjoî'x rointod Government procurement operation, the 
United States Government thereby incurs no responsibility 
nor any obligation whatsoever; and the fact that the Govern¬ 
ment may have formulated, furnished, or in any way supplied 
the said drawings, specifications, or other data, is not to 
be regarded by implication or otherwise as in any manner 
licensing the holder or any other person or corporation, 
or conveying any rights or permission to manufacture, use, 
or sell any patented invention that may in any way bo 
related thereto. 
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Fig. 12 
15 GPU Diatomite Water Purification Set 

INDIVIDUAL MAN PACK LOADS 
Engineer Board, Fort Belvoir, Virginia 

Load Number Item 

Filter and feeder «ait, mounted in tubular steel 
frame 
1 Pail, accessory 

1 Bag, drawstring 
1 Basket, chemical 
2 Cups, measuring 
1 Case, chlorine test 
1 Comparator, Heilige simplex 
3 Tubes, glass, 13 mm, square 
1 Rod, plastic, stirring 
2 Vials, orthotolidine tablets, 200 each 
1 Kit, pH testing, nitrasine paper 

1 Scoop, hypochlorite 
1 Funnel, slurry 
1 Can, reolosable, hypochlorite, 6 ot. 
1 Brush, cleaning, septum 
Tool Roll, canvas, with tools containing* 
1 Wrench, 9 in., auto, monkey 
1 Screwdriver, 4 in., offset 
1 Socket, l/2 in, with z/s in. drive 
1 Handle, socket wrench, sliding head, 3/8 in. tee 
1 Pliers, 5 in., slip joint 
1 Wrench, "Crescent”, single end, 6 in. adjustable 
Cover, fabric_ 

1 
*1 
*1 

Pump and engine 
Frame, tubular 
Cover, fabric 

2 

2 

10-ft. lengths of 1 l/4 in. hose, male and female 
connections 
5-ft. lengths of 1 l/4 in. hose, female and female 
connections 
1 Nozzle, sanitary 
1 Strainer, suction 
1 Diatomaceous Silica, 25 lb. bag 
1 Bag, carrying 

1 Pump and engine 
•1 Frame, tubular 
*1 Cover, fabric 

* May be omitted, bolting engine to paokboard, when man packing for 
long carries. 
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Load Number Item 

6,.6, 7, 8 1 Tank, 600 gallon fabric, complete with staves 
and cover 

1 10 ft* length of 1 l/4 in. hose, male and female 
connections 

Bag, carrying 
1 Suction strainer 
1 Alm in um funnel, ^ pint capacity 
1 Collapsible bucket 
6 Cans, hypochlorite 
1 Alim, ammonium, tech, nut, 10 lb, 
1 Soda ash, briquettes, 10 lb. bag 
1 Carbon, activated, Nuchar C-115, 5 lb. bag 
1 Pump, hand 

*1 idatomaceous Silica, 26 lb. bag 

bag 

Spare Parts-Fllter 

1 Bag, drawstring 
24 Gaskets, rubber, 1 l/4 in. hose 

2 Gaskets, rubber, element 
1 Gasket, rubber, filterhead 
1 Fitting, dural, hexagon, 1 in. taper IPS male 

and female thread, tapped l/4 in. taper IPS 
12 Machine screws, RH, No. 10-32 x in. with 

nuts and washers 
1 Packing, water motor, graphited, 6 ft. of l/l6 

in. twist 
1 Hose, connecting, rubber and fabric, 1 in. I.D., 

6 in. long 
2 Clamps, hose, 1 in. 
2 Clamps, hose, l/4 in. 
4 Clamps, hose, 1 l/4 in. 
2 Adapter, hose, 1 l/4 in. st. IPS to 1 l/4 in. 

taper all male 
1 Adapter, hose, 1 l/4 in. male st. IPS to 1½ 

in. male taper IPS 
1 Adapter, hose, 1 l/4 in. male st. IPS to 1 

in. male taper IPS 
1 Hose, suction, rubber and fabric, l/4 in., 

1 ft. long 
1 Can, pipe joint compound 

* May be omitted, bolting engine to packboard, when man packing for 
long carries. 
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V 

Fig. 1S. 
5-gpm P&ok Mater PurifioatioD Set (Service Tested) 

CCUPCNENTS OF e>OBl MATER PURIFICATION EQUUKENT CARRIED IN PACKS 
Engineer Board, Fort Belvoir, Virginia. 

No. 1 Pack 

1 Filter, diatonaoeous ailica 
1 Agitator, slurry 

1 
1 
1 

1 Set, body feeder 
2 Cans, aluminan 

Cover, can 
Clamp, toggle 
Bag, drawstring 

1 Set, chlorine comparator 
1 Tester, Heilige Simplex 
5 Tubes, IS nun square 
1 Rod’, plaatio stirring 
2 Tubes, 200 orthotolidine tablets 
1 Kit, 1 ppm ohlorine 

1 Sooop, hypochlorite 
2 Cups, measuring 
1 Can, reolosable hypochlorite 
1 Indicator, sight flow 

(Spare Parts) 
1 Clamp, hose 
1 Nuts, oap 
1 Nuts, 1/4 in. 
1 Washers, l/4 in. brass 
8 Caskets, 1 in. hose 
1 Gasket, filter head 
2 Gasket, element 

•1 Gasket, sight chamber 
1 Vent,air 
1 Bushing, dieleotrio 
1 Tubing, 2 ft. I/A in. rubber 

(Spare Parts) 
1 Fitting, 1 in. male hose 
1 Coupling, 1 in. male hose 

*1 Coupling, 1 in. female 

1 Hose, 10 ft. auction (male and female) 
1 Hose, S ft. punp (female and female) 
1 Hose, 5 ft. filter (male and female) 
1 Notile, sanitary 

el Pump, hand 

1 Paokboard, plywood 
1 Cord, 25 foot 
2 Straps, quiok-releaee 
1 Attachment, oargo 

e Equipment to be supplied later. 
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in.MWiL« .L P.'P«PJ»'. P I mwmu 

') 

Li 

I 

Flg. 13 (oont.) 

No. 3 Paok 

2 

1 

Bags» 15 1b. flIteraid 
or 

Bag, 25 1b. filterald 

4 JElamentf, filter 

1 Bag, barracks 

el* Hose, 5 ft. male and female 
el Hose, 5 ft. female and female 

1 Paokboard, plywood 
1 Cord, 25-foot 
1 Attachment, cargo 

No. 4. 5. and 6 Packs 

Each 
el Tank, 350-gallon can-vas 

lOSbaTes, wood tank 

1 Packboard, plywood 
1 Cord, 25-foot 
1 Attachment, cargo 

e Equipment to be supplied later. 

-168- 

1' H I I 11 ■ . 11" . ".1*1 .. Mill Ml. 

U'« V* t* 
.y.\ •V.W. 

P * 

.V.V.V. . 
* .* V «• 

« • . . • a * . - V • •• ■ • 
U" I I Ml.I ■! 11¾. . II 111 -■ MÜillÉa I Ümi 

,*-v*.--. 

4 " * ■ •» 

N-.-; 
^ '■> 

■ V - I 
••V.- 

. . .-.J- .V.-V 
*.-V -.- -.- 

-.- .• • • -.- v .- 
f 

i -,.- . 

L’iV/; 
'. •-. --. •-. --. «■ 

i ** »•••* » • r » 1, -. . . t. . î 

i • , .4 
’ ■ " * • . % « * 

vv-Vv- 

-.- %" 'J 

y» .*■ *V .% •- 

It I 

* ^r**’®* il*.' e"m •***• i 

• • • 

-.-. - .% 
V .-..-. /-.vV • 
-. 

Í 
^S- 

. -.- -.- 

-.v' V* -,- V.V 
'J.-/ •/ -.- ,.1 n." *.' */] 

* 

.--V-y-V- 















ï 
V 

‘J 

<£ 
tr 

O 

o -a 
p, o 

m 
6-* 3 

-P J3 
Ü o 
0} +J 

ci ä 

M «.H 
o 

-P -P 
r*. c 

ir 

S 

-p 
«M 

C o 
o 
•h x: 

•p 
rj 
h 
o 
C¡. »H 
d p 
O P 
H W 

p o 
o P 
3 

CO â 

u 

>• -ti s c 
8 

it 3 
• O 

o d 

p. 

ä . 

:¾° 
•iH 

I 
cv o 

CM 

O -P 
Z* rj 

c: 
o 
ü 
Z 

rH ÍX, 
•H 
C^H -P 

G 

•<* 

« 

© 
• O 

:¾ ¿ 

ç "S 

3 <3 

CO 

§ 

'Ü 
© 

*rl 
r-l 
C. 

z: 
CO 

5 

TO 
V 
10 

eo Z) 

CVJJ & 

o- 
O p 
P r-< 
O *H 
a u* 

àc 
© 
O 
P 
G 
O 

CO TJ 
P 

G »H 
O r~< 
P P. 
<Ü P 

. • C 

11 

-W . s 

w 

-2 
Cj 

ü 
M 

C 
o 

•H 
p 

S 
ü 
p. 
O 

P^ 
C "H 
O "3 —V 
5 ‘d í -H P B, 
p ^ p- 

3 P 
t-1 H 

O 
P M 
O ^ 

wO ' 
3 X 

o b; 
w ü 

•rl s'—' 
« 

3 > 
C ^ C 

•H O -H 
p p s; c 

I ^ 

n 

\ 

p 

O p 

ec 

o o o 

c IP 

w m 

o 
^ r- 

CM 

in a 
-H 

O u. O 

« T 

w 

o o 
• ■ 

cP a- 

• * 

ê • 

S 

t 

Jh 
ü 
P 
.rt 

p x: 
o w 

*■-« o 
S 
o 

¿i 

«M 
O 

p 
o 
o 
p 
p 
M 

•s 

in irt 
I—I 

U o 
IH S». 

fe3 
■H 

p O 
ci j: 
p p 
o 

c 
d \ -h 
V P 
o o "ü 
3 a 3 

P û, 
Z, 3 P. 

C-, C 
U p 
Ü G (0 
POP 

o 
H 

© fi 
t J rH 
<J d 

O CO 

n 
© 
(0 

Z- 

ü 
p 
© 

T3 
O 
Pi 
Q 
P 
C 
3 
C 
O 
r. 

r-l 

w 
rj 

•H 
P 

3 
O 

P 
•H 
a 

w 

Pi 

q 
aí 

i 

I A 

• 3 
te 

I 
P. 
P. 

OT 

B 
p 
*¡ 

$ 
"c 

3 O 

.* 

'J* ' ü % , 

* * •*» •*, ** •*** «'j 

V V ' •• '.*• *.' > * •1 

* .*•.*• .••',-.-.1 

Vlv >'vM- >:4 . ÍL* •.* k-." «I 

C'-V'V*. '.'wV.’.dl 
< . . C V* ■ c * » " - ..-1 

• . ; - / -.v. 

- / /.V-V-V 
i. ----. « ' ...• Pi ! 

P • V- W LN J- .% /- 

* . 'ï * . 

J- *:• V *. h. ^o» • * » • " - J 

*- *- -, -.1-. V 

». - tj , •- m -4 

■ ■ - • -y 

■ .- V -.• V > 
.*.".*.* *» '■ 1 

¿-¿¿¿•¿i:-“ 
p • 
- -.- */ •-. V -.. -.-VJ 

* .• 

*- *- . ■-. -.’-. 
f-.' *.* V* ••W V 

• • 
> ;'f L w" ■»"^;«c,, 

is 

. .•-V . -v'... 
..•...*. ... .-.- p»' p 

O ....... PV« . ^ 

. . .-. .-c. . . 

*. ¿f. •• * • * • ' 0 - * • • * c^ 
‘ » " ^ Va .-.jirpi -¾ a 

■r. 
.-..-i* 

> 
■»'.-'V- .*-■.• • .-■ .y,- '.v'.vlv.'. 

. . A . ..:.:/. y- ^ ■ •_ — 

* _ * ’ • ™ * - fc r » * » - 

• • . -. •. -» •- . • . • . • . • . • . • * - ^ ^ • 
’ .' .’ J* m* •* •*" ■ 

’ # * J * * "n* \ * ,•‘■ *»*.*-* * •*•-'.'* ***« - • " « * • 

/. -yp'.--..-^ v/w v. 





.r 

lv 

•Í 
, ^ * 
y, 

:•> 
w**. 

I 

i 

I 

Í 

¿g- 
O 'Ö 
p, o 
S w 

,C 
o 
-p 

0 

«M 
o 

*p •p 
B 

9 

CO 

-p 
H 
•H 

:: 
0 

•H 
-P 
Ü 
D 

CO 

0 

g 
-p 
rj 

O 

8' . P 
O P 

tH L) 

ci 

(4 
Jh 
d 

«—I 

°l C 

0 
<£ 

„O 

P. 

3 • 
a. /3 

'O 
•H 

g 
£-* 

CnI 
I 

t-3 ^ 
^ CM 

a 
0 

^ 0 
o a> 

b 
rH 
•H 

fc--£ 

cA 

9 a 

0 

s 

< 
Ü 
p 

0 

"C 

•rl 
r-t 
Q, 
r 

Xi 
CO 

0 0 

A 
0) _ 
0 0 
u 
3 
0 

CO "U 
u 

0 
P 
CÖ 

■ i 
P4 
c, 

Ö 
;Jc 

**. • . * . . - • » . ¿ ^ ^ . , 
1 w *wfj« V» •>r^ w^ ■ -p » - ■ - .. . . f 
* • • • • * • " • % ^ ^ • d * » •é'***4* %*•,|l*«i, 

« 

o 
p 
0 

T3 
J 
c 
Mi) 
P 
c 
3 
O 
Ü 
r 

r*1 

c^* 
ro 
O 
co 

w 
0 

•H 
P 

Sh 
0 

•S 

•p 
0 

0 
•H 

a 

-*-> 

0 
r-l 
C-H 

10 
-V 
f-. 
K) 

o 
ai 

•.MW'1 

i 

.s 
p 

•H 
P 

.3 
O 
•H 
P 
•H 

t 
o 

ru rt 
P 

0 
•j 

0 

î> 

f 

£ 

« 

0 
M 

H 

3 O 

• E-i O FígSm 

» V %* 

,'.V. 

y - - . -- 

IUpi- 
i.*.-*-. - 
». * #* 

I ' ■ * ■ » .*.*-• .. 
•' 

i , jjL < 
y . . * » ’ - * • *^* 

.-. - . . * .-.- 

.'• -"• .-• .'-•'M- .' 





‘■u ■ -r-nr-rr—r- 

K 

* 

V' 

I 
r) 

t. 

f 

« 

! 

i>. \ 

\-.v. 
1- . 

Ü1 T1 
C. O 
S^j W 

3 

+j JC 
C O 
« -p 

§ <3 

ä <1-1 
o 

■p -p 
Cx, C 

m 

5 5 

0> 

■p' 5 
<M . 

-¾ 
C H 
o 

•M x: 
•p o 
O +J 

to (3 

ë 
CJ 
h -V 
■J CJ 

O -p 

e -¾ 

« 

«lí 

I 

a 
a. 

o 

á 

£> 
3 

a. 

5 « 
•c S 
•H ^ 
XI S| 

-5« 
t 
cl 

ÎÎ 
« 

tH "C 
0) 

O -P 
2 cj 

O 
^ o 
U Q 

r~i (X 
•H I 

^ -tí •! § : 
Q 

C\J 

3 Oj '(u 

Í S cS 

r- 

jr. 
il 

■3 
'8 

ï S 

3¾ 

8?^ 
o 
U 

TJ d 

XJ 
<*) 

^ C -H 
f'« -a O rH 
'v -H P> O. 
^ a co a. 

u .- < 

o -p st 6 
■P H C3 3 3 *P Õ3 rH 
Q fc, * ■ X 

m 

,¾ 

c 
0 

2 
0 
a. 
0 

>> 
■p -p 
C -H 
O TJ 
3 -H 
iH X) 
«►n f« 
<n 3 
M H 

O 
« M 
o u 

<u StT 
O CL, 
W U 

•H — 
Q 

«3 

cl _ 
0. > 'T' 
C ^ C 

•W 0 *jd 
E-< -P S 

C — 

OJ 

0 
^rH 

<N 

CM 

ir O 
H CM CM 

cri O 
c*~> 

-170- 

3 

0) -g 

ë s 
-3¾ 

f« « 
0 

■p rt 

p x: 
3 CO 
K p 

ß 
a 

iS 

ÇJ O 
0 

CO 
CO 
Ü 
c: 

> 
•H 
4-> 
O 
o 

«M 
«m 

w 
Jh 
0) 

.½ 

N 

1¾¾ 
3 
a, 

ä 

a 

85 

53 H O 
H U, 

r-t O 
3 j: 
p p 
0 
¿H C 

•a'\ *S 
3 p 
O 3 'Ü 
3 .2; 3 
O'-- -H 

P P D, 
0-. 3 P. 

Jl, Í 
C« P 

-ScS 
a 

CO 
4-> 
C 

o CJ 
tj 

p 
L-. 
CvJ 
' 

O 

C^* 
T5 
Ü 
CO 

(h 
0) 
5 

0 
r—i 
t- 

T 

Î 

c 

Î1 

1' 

Í 

c 

tl 
C 8Q 

T3 

¿ > 

« fe 
c ^ 

o ^ 
C “ 
n -H 

rrt ^ 

o 

Ü p 

^ o- 

CP 
10 

¿■g' 

»* • • • «,*■ /-i’-. •’* •*' * *. * j» * J* '.-ü ’-ü *-• # > V *••.'"»‘f *-•. '/ V’ *•“ ■* •* rn*..\m f - »*- «T. * 

4 

CO 

a 

>> 
p 

•H 
X» 

O 
•H 
Vi 

<7 

i 
<« 

•«f 

.i § 

E7 I 
”s 
Ci 

si o 

o 

w 
3 
'H 
e 

;U 
œ ë f-i 
w w P 
co S > 

> 
S5 S P 

• o o< œ 
cp m m 
CM E-. 

«C 
• o . . . 

O M t- O 
p h 

H 55 

St 

rx 
rj 

4-> 

£ ^ *2 
pi g 

O 
O 

O 

« <c¡ 

É-> . . 
«! PL. ^ 
El F1 0) 

H 3 
« 
O 

w 

'V T 
«1^ **<»*» H ■ ' 

'• ^-.sV.:;.-.y.V, 

7.-.V.-- 

-.- ¡* V V V '. 

^'r * ^ . ' .'* ¿YL" 

' -.-7- 

V V ".- ,- -.-1 

- /-7-:/- - 

p. flt.7,j| 

• '-- -- .- -.-777 

-:.-. .-.:7.-7^ 

:-.•.-/ ■•■//.-// .N 

i 
V. J 

1-. 
,-.-.--///7.-7-: 
---:/-:/7-:./-•. 

7-7 .•'*>*.--..--.J 

-'.-•-.vi-.-/ 
. * ..... • ■ 

r.--.- -Ti ■ . .. ■... 

k*. ■*. “*. •*. *. ' 

.--/-7-] 
.-.- 

• • . j- r j .j -, . 
« 

■^777^7^7^* "*—“*—.»—. .jí- 
^ / 7- 7- „V, 7 . 7- . . - 7-7~ . * . 7- .-,..*.7.77' 7- - ,> -y 

• »*•.*.*• •» .•.»à - - - ' 
*. 7* *7 “7 -7 *7 -7 -7 *7 *7 y 7' * -7 *7 *7 -7 *7 -7 -7 -7 V -7 • * *7 *7 •/ 7 • " -7 v .7 -7 -7 - 
-, .. ' • V % *7 -7 -7 • . 

."P.V. <. ,V V. «*. •'/»*. »*- «■ 

• • • 
.■ „iy—.1.m .T"""■ " ■."W""■ r" - 

*. % *. -7 » V . %■ »• j» . 
.V. v V ^ .• s V . 

*. V •- *7 '7 -7 1 
Tv V -..V V >; 

• • 4 
~7*-■ 1 "J"-™ ■■ ■ ■.■«'!■!' 

- \> *.* V 
/■ -■ '--p .■- /-/• ///.-•■ 

■-///...-//.v.7--/7i^:/: .-/:-7. :-/-/x/p 



F
IG

. 
2
4
. 

5-
G

F
M
 P

A
C

K
 V

ÍA
TK

R
 

P
U

R
IF

IC
A

T
IO

N
 

S
F

T
 

(S
F

R
V

IC
E
 

T
E

S
T

E
D

),
 

S
U

W
.IA

R
Y
 

O
F 

R
U

N
S 

’»
VI

TO
 

LO
W
 

H
E

A
D
 

P
U

M
P

. 
E

n
g

in
e

e
r 

B
o
a
rd

, 
F

o
rt
 
B

e
l v

o
ir
, 

V
ir
g

in
ia

. 
vo 
OÍ 

•p 
* 
c 
u 
V 

£ 

s;^ 
COvO 

o 
C to 

(-, 

s 

1 
OU 

X 
V 
(tí 

U 

a 
o 

o o, 

c 
•• c 
V *H r -p 

•H ^ 
t. i o 

¿53 

¿s 

c 
o 

•H 

tí 

u 
(Z 
tí 
« p 
« 

vC -tí ro • 
V, 

p 
c 
R f: 
til 2 

•H P 
3, C 

■Ü C/) 

$ 
T) 
•H 
-Q 

P 
C 

P 
!« 
V tí 
p 
tí tí (tí 

<1 Xll 
o O w 

P 
o 
3 

XI 
O tí 

a. 

^ £ 
c >H 
n 
P • 
ti i~t 
(ti t 

o 

p 
«M 

c o 
P to 
^ ' 

a 
(t 

US 
p to 
73 '— 
O 

E <- 

a t) o* 
^ P r0 
F- -P 
a X (*•' 
ti o a 

TI 
i 
tí 
u. 

-r1 
o 

luí 
c ti 
H 

N C, 

XJ 
rH| 

T? 
•P , 

m €> X 

€) 

ã 

O O O ^ c— O rH «H #H 
• ••••••*• 

rH rH rH O O rH O O O 

I I I I I I I M 

£ XJ totCQUBy^wrNiAu^vrN 
DJ sösO>ONÖrNcnc^r>c^ 

oá ^ 

3il 1125111 11 

ti t> vr\ va ti t) ti 
c c cní rj c c c 
O O • *000 
s: K z si »; 

t> tí 
c c 
O O 

gQOQOtCQOO 
O ~ï c va ri o o.va 
-j cj -jrAvA-jroro 

•-i r- i-t -s vo *. ». a. 
• •••••••• 

O ^vC rH O C • Hf fw Oi 

c o o r- nú o o 

»-H CT' c: 
r 1 •■ft 

r' to u> i/n 
^ r-i r-* 

«71 
5 •el 

a r-t ir vr, C -í vo C u-> 
r-l Ai Oí rH r-\ p p. 

8888§°-°* _ _ _ (A C IA f AiA/rArA<fp^cAp^< 

O O O Çi C- VA C Ç , p 
' O VA rv O c: A ir vr\ O O va rv O 

r-( rH -í CJ o: P < i < J tíi 

ir. lAQOvAt^OW.lA 
0^ Ai C - - I/'. C“ A, IA CV Ai 

• •••••••• 
C Cr-iCCC'OC o 

t» ^ > A- > 
p. ia u\ ia m. *» a % 

-4 rj c i Ai r, c : 
va p\ ir. ir i i ( i aí rj Ai 

i: •) 
3 .tí 

cr: S’l 
t-i A. A\ ~í r-t f i r\ -Î VA 

■ VA U* IA v£) vC »O O 
A\i C i Ai Ci Ai Ai fi Ci 

» ^ 7» »«J “-Í —Î -C “•'í “*í 

r 
T3 

k 
C.1 

c 

ë 
JO 
s 

»171- 

CA CA f—i ... 
O O O 

AA AiAiOOOOAiAIAiAi ca 

OOOfHrHr-ir-iOOOOO 

III I I I I I I I I I I I I 

VA IA CA 
to «o a 

CA O O I O VA VA IA IA VA VA O 
aaacoooO'O'O'O'-í'íiA 

III II 

lA vO nQ 
IA IA A" sO O IA NÛ 

Ai o O O CA O O I I I 

tí tí tí 
c e r 
o o o 
z s s 

tí lAlAlAVAVAlAVA tí 
C Ai Ai Al Ci Ai Ai Ai C 

JO ^í 
r; s o 

tí V 
ti cz 

c o o 
z z 

Ai -í O 
~J -í A- 
Pí -Î r—i 

~T 
O' 

i A- O 

I «V Sí 

ÇAOtÇf-AiaOCO 
vti \0 Jjj 
r-i A! -J 

— . , a 
-I CM A, r-> 

O Ai -J 
• • • 

vT> vO C*"' 

sot'* Tor-oc^aío c 
....... . .. 

ir vO -J va -j ia c i a: \r 

aCNir-tOA-i-tCCC CACMA-sCC rH C 

o rH so C'--? -♦ a aí u. r • cj a- y w- vr. c 

a p. a ia u'. u> o o p. ia va c p, c. c c 
CM I-» r-1 CM A c>- A"' Ai c<- rH Ai ca, Ai CA r-i 

r-l r-l O P' -C ri Ç C. C Ai a C vO C P í 
- * - * O Ai CM tt P Al A-» O P. O 

CA Ai r~. r- r. 
O C' A- A- vO so _ 
CA CA rH rH Ai 

«A, O i O I Q C O CA A- VC\ a 
O' ca I o I O a O o- p c t~ 
rnlA I rl I CArHPAirHCArH 

ca f- P' a C ~J p> 
- C »"í 

CA. r-, vC 

A" cr\ P P P a A\ vtí P. P. 
«J vC Ai P> Al P rH P -Î P\ P P. CM Ai p 

O O O C A-> C- O C C c c c u O c O 

P, P P PU. 
CA CA A". CA CA 
P P. C'i A A. ( 

>OCOCOQO> 
ui o O ç C t n o a 
<M Ai Ai Ai A; Ci Ci Ci C . 

a 
CM 

-í-j-í-.r-i-rciAM-j 

rH AM rH Ai CA rH Ai fA, pf rH Ci C -3 rHC. 

A A- a a a C3-- to o. o« 
Ci CM CM A. Ci ( i Ai C'i Ai , CM 

-t -J -P 

Ai Ci P 
ri rH rH rH 

_3 -J -3 -4 -3 P P P P P P P. 

V -*.' *.*.M%’ V V V-V V V* V V r V 

* 4 ’ 
- ’ • ^ a 
'-A . . 

C'-'r V'A/rr, 
■i ^ > * • 

- V. 
a-x-H-.-'a-H-»" vxaLa>: 

p 

P* . .'t* ■**■* 

- • 
, ■ 

I»,. . V » . H . 1 
>V» .v.-v1. 
K ' ••^VVwvV^.v 

».•,t.~,«.:'M.1.-.,.,,¾ 

r 
.■tí. •> >. 

‘ . 

. t *,.« , _ ^ 

•V* -\ \. 

^ m .m* —* ^ ■ ',r 

I -jr^r 

-/ %' V - - - ’ 'A 

. -V .% . 

•*.*■■.•». -.v.v.--. 

i-y V 

í 

r ‘ * m S ^ 

’ .... V 
r, ■> i - 

• .*> * o1 

. ■.v'.tí'jí'v'V.V'W 

r.-‘. 

t. *.., 
.tí .■ 

4*4 

. * V ' • " - ^ 
4 . a 

AV. //-.-.. 

.- J* -• * -- •j» _• .+ *4 , - - - - ’‘’i •-* ' 
- * • ^ ~ • u> 

■ > r - 

-'-V 







■IM *1 ■ L 11 ■ I ■ 111* 1 V.v . V 

«*• \r s.* 

-174- 

* fc- ■ * **■ .’• .%> « 

■ *. ^ ^ «i». .1 
'... , • *. ■■ • 

.V vV. .Va . 

; •.■ 

w w 
F- . w--» . *\ 
.V . » tV . ' bl 

-•.‘.V-.-.-.V-» 

*• , -.- ■ - 
•-S 

k. •'•.'• .-v>:*v •v'- k .v -..-.n •... «... « . »- 
jfcy-- M -■ y -- V . r- 

..-..- %- %■ 

. « • 1 - * ». *. 
/.-.- 

f.- V '- v - - r.v v- ■/ 

.V -p 
.c 

[.•■".V--- ■• «-• 
* .- V -V- 
p. - • » • 

r-. y.-'A-'.'syy; 

/A' 
.*• /* > . - /• /] 

* * * 

j 
» 

! \ • o *. 

v/*. 

.v>Av'-J-s* v v -. V -. -..v* / /-/ V- .-v- -.-.-.-V ..: - ¿jcss vv .--. 4.. . *--i 
!•••••••••••••••••« ■ .» jr- ■ •—.'JP '■« -w—_■» » »* n- t «r- — 

►•//••v.-.-.-. \ -.- •av v/-. .• a Avy.-.-. .-. 
■ .»V*. . • w * • • L " U • » ^ * ■ ► * - "mm •*•*_*,* «* • • *_> ' W-.*.-»*»* » * » *•»“• * J*** * i J*4 " • * 
.* *•’ • * •-* • - * -/ -. -/ -/ «/ ^.-// -/ */ •/ /1I,fc«%"/,*<>-/*^,,,^-/^'.’/r 








