e
d%;
Clo
CceR StHn
RO
TR

FILTERS 'FOR WAfER WELLS AND DRAIN PIPE

by

Norman A. Evans

CERS4NAE32



(CERK SYPNAT L £/

— JIASTER FILE COPY

FILTERS FOR WATER WELLS AND DRAIN PIPE
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Filters for excluding sand and silt from wells or drains have been given
some limited systematic study. In general such a filter.must meet two specifica-
tions: (1) ex;%hde sand and silt from entering the well or‘draiﬁ, and (2) permit
unresiricted flow of water from the gquifer to the well or drain, If it performs
these functions, a third is automatically mét; namely, increased effective radius
of the well or drain. The latter function is not under consideration in this
paper.

Muchlground water ié‘dgveloped from aquifers of uniform fine sands. .Being
practically cohesionless,'these fine materials tend te be carried inte a well by
the drag of the water moving into the well, .As a consecuence, the impellers on
the pump will likely be damaged, and if the sand pumping is great, the cavity
' so formed may cave in, with ultimate destruction of the well,

Filters for water wells, which are usually called "gravel racks", have been
in use for at least 50 years. The rice industry in Arkansas and Kansas is said
to have early adopted this practice, and the development of rotary and reverse
circulation rotary drilling has fostered widespread use (1), Yet much of the use
is on a guess-work basis as far as selection of matériaIS'to accomplish filtration
is concerned., Some large organizstions reportedly have been able to set up
definite criteria for filters through extensive lavoratory investigation and
field observation. These criteria are, however, largely in the category of
"trade secrets" and are not made available to the public.

The filtration gprocess has been extensively used in sewerage and certain
criteria evolved for this process. Tiuece eriteria have not been applied to

filtration of fine scand and silt hovever, and the fact that the sewage treatment
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case ié entirely unlik;'the case at hand will account for thise

Various efforts to install fiiters for tile lines where fine sanc or silt is
encountered have been observecd. The practice'of wrapping joints with building
paper or burlap has been used. Brush, straw or similar organic matter has also
been used around the tile. Covering joints with a cap of fine gravel has also
been done., Ifost common practice on irrigated lands at present is tq construct
an envelope of filter material arcund the tile linsl‘_Tbisveﬁvelopg>is commonly
two to four inches thick arnd usually a p;t—run material which is thpught to be
suitable ié used., Again, as in the case of Pgravel-packs" for water wells,lthé
criteria for selecting these filter materials are mainly convenience and low cost,
with experience as a guide, : oot =
: ;f»-ﬁqygepsffor water wells have been developed to méet the need of a filter
whic@ia@_thgﬂsamg time possess suructural rigidit_l"Athegnscreens in combination
w;th;a‘ﬁilte; Qﬁ_coqr$§¢mgter;alrare_ugea. Occasionally, if the aquifer is
graded, it can be "developed" by vigorous surging or similar process to create
a natural filter next td_a screen, The fines are drawn out near the screen
leaving a coarser envelope which acts as a filter, However if the aquifer is
quite uUniform, some artificial filter usually is desirable, A screen can be used
with slot openings small eqough to retain the sand, but such screens méy not be
hydraulically suitable, Sronine -

Well Screen Investigations _ -- e e

=: -~ -Studies at Colorado A & M (2) have shown that water enters the well through
screen openings as radial jets at fairly high velocities, The energy of these
Jjets is dissipated and acceleration imparted to the water in the axial direction.
The investigation showed that the following relationship between significant
factors could be written,

cosh (9% + 1)

g < S8 - ga B e (1)
V2 /f2g cosh (%5 -1)

where Ah is the hydraulic head loss through the screen, V is Lhe average
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velocity inside the screen, (§/A where @ is the well discharge and A the cross-
sectional arsa of the screen), D is the diameter of the screen, L is the axial

length of the screen, and C is defined as the "screen coefficient." This

coefficient was found %o be,

C s 11,31 CoA —----mmmmmmmmmne bl s S (D)

in which C, is the orifice coefficient of discharge for the screen openings and

A, is the ratio of total area of screen openings to total area of screen.
----.The loss coefficient, Ah  in eguation (1) approaches a minimum of 2, as

; ve/2g
the va}ue of %E exceeds about 6, Thus the screen losses are a minimum for all

CL greater than 6, For a given diameter screen with a certain screen coefficient,
an increase in length beyond this armount would not result in appreciable decrease
of screen losses. A corollary inferred is that a screen_longer than necessary
to-achieve %E = 6 is unnecessary, at least from the standpoint of head loss in

the screen. The fact that flow into the screen is mainly in the region where
EE,: 6 was confirmed by pigmy current meter observations in the experimental wells.
;,;u_Whep gravels of various sizes were placed around screens, it was found that
ﬁn}essﬁthey decreased the effective open area in the screen, there was no increase
ié,hegﬁ loss at the screen. Since selection of a filter will depend upon the size
g?d size distribution of aguifer sands, the selection of screen would then be
governed by the size of filter in order that the slot openings will not permit

the passing of filter material; and furthermore the filter-slot relationship
§§9p}d be such as to minimize reduction in effective open area of, the screen.

As far as the writer knows, there have been no published recommendations for slot

gize_on this latter basis, On the basis of exclusion of the filter material from

the well, the Corps of Engineers(3) recommends that Dgs (filter) o 1
Biot size . T

Smith (1) recommends that D90 (filter) _ 3.
Slot size fice
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Terminology
e An explanation of terminology is necessary at this point., The particle size
Eietfieution of a sample of granular material is generally presented in phe form
>of a curve having the sieve size as ab301ssa and the percent by welght of the total
sample which passes, or is finer than, the given sieve size as the ordinate, The
ordinate scale thus runs from zero to 100 percent. II the ranse in partlcle
eizes is not very great, it has been found (13) that the mean partecle dlameter is

'nearly the same as the size for uhlch 50 percent is smaller. This size is

[rey? A 2o e g - = cc
> - ) ' : 3 J. 2 8

wrltten, Dgo.

For'bwo relatlvely uniform mat erials, the ratio of gé‘: is suff1c1ent

to show the gradatlon of (A) with respect to (B), nd this is frequently dones
It does not hOWever 1nd1cate the unlformlty of the naterlals. Hazen (lh)

determlned that unlformlty can be erressed as a ratlo of the 60 0ercent 51ze to

T e <

the 10 percent 51ze, D60 ¢ This ratio is called the coefficient of unlformlty, Cye
SCIeel, Do BB : 3%, ¢ it

-ﬁiperimental Criteria for Filters

The effectiveness of the filter in excluding fine particles is evidently a
fﬁnction of the gradation or uniformity of the filter, the uniformity of the
eqpifer, and the relationship between some characteristic size of filter and
aquifer, = Terzaghi and Peck (L) state that filters musts (1) increase the effective
diameter of a well or drain, and (2) hold smaller particles from entering the
ﬂ?ain. The filter must be fine enough to hold out the fines of the aquifer, but
doafse enough so as not to enter the perforations. or openings in the drain or
well. Experiments by Terfeghi have shown that for filters to control piping due
to seepage under a dam, tne-Dls should be at least four times as large as the DlS
elze of the coarsest layer in contact with the fllter,‘and not more than four

times as large as the D85 of the finest adjoining layer of soil, This can be

stated, Dyg (filter) ¢ B 00 (filter)

» Figure 1 represents this
585 (aquifer) DlS (aquifer) . v
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criterion, It will be noted that uniformity of either filter or aquifer is neot
specified in this cfiterion, although the relaticnship between fines is well
established. This criterion is‘quite well established fof filter drains in
csﬁﬁection.wi+h dams, |

: Bertram (5) made an extensive laboratory study of protectlve fllters us1ng

unlforﬂ sands and crushed guartz. He found sta >le condlulons to obtaln wren %

O

the ratlo of 5 fllter to DBS aqulfer is less than 9. Thls was sound to nold

‘»\(-.

rcgardless of wnﬁtber flow is unvard or doquara, and regardsess of the nagnltude
of the hydraulic gradient, This extends the upper limit of the D15 of the filter

considerably beyond that recamnended by Terzaghi, The uniformity of filter or
aquifer is nol expressly included in Bertram'!s criterion,

) v < e '7 L3 % 8 4]
The U, S. Naterways Exneriment tation (6) studied the reﬁuiremnnts for

5 1
RELQTTEI L

underd“alns and aonllcd these to dralnaga w&lls. The recommeﬂdatlon made 1s,

i ' DIS filter \‘ i ,- z Dis filter
585 aquifer ~ Dyg aquifer

Thlo is esseqtlally the same crlterlon as that presented by Terzaghi (h) The

appllcatlon of this to dralnage wells at the toe of a large dam fleld-tested the

de51gn and it was *ound suitable, In this criterion, the retio of Dig(filter)
: . : DigTEﬁulle“)

is established to limit uplift pressure in case of upward flow, or otherwise to
insure greater intrinsic permeability in filter than in the aquifer.

filter fia i o s
-In addition to the limit D15 (filter) £ 5, the recommendation is made. that

Dgg(aquifer)
the grain size distribution curves should not differ by more than 25 times at any

point, This calls attention to the fact that some consideration should be given
to.-the uniformity of the filter and amifer, although no specific limit of
uniformity was found or recormmended. It is noted that the coefficient of uni-
formity for filters used in these studies ranged from about 2 to about 9, and
for the aquifers from about 1,6 to 2,1,

This important study also points out that dense packing of the filter is
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desirable to reduce settling and also to reduce migration of small particles into
,the filter during initial operatione

-The U. S, Bureau of Reclamatlon (7) macde an extensive series of laboratory

-studies : 1nc1ud1 g uotn uniform and graded filters, These studies were directed

towagg_g;tablishi?g~filterrcriteria for both earth dam protective filter drains,
:qu_pthe;>’ra;ns gugh as thqse for agricultural drainage. For uniform filters,
-a.ratio of the DSO(fllter Ato the DSO(aqalfer) of between 5 and 10 was found
:§§§i§§actopy.'VThe_;lp%t1n§ V&LLQS for this ratio were confirmed by a rather

- complete series ofrexperiments; There is no specific uniformity required by this
~criterion, although the coefficients of uniformity of the filters used in the
- tests were less thgpAl.éy,_yhile aquifer uniformity ranged from l.L to 6.5.

-The fol]onlng re among ru¢es glven by the U.S.B,R. to be aprlied in selecting

e _un:Lform i:i;tgr: =

1, 5 .4 Dso (filter) , .4
--t ol DEO (aquifer)

2. A range of to 3 log cycles between the mean grain size of

: fllter and that of aquifer is permissible so long as the ratio

i3 Dgo(filter)
S 5 Dso(aquifef)
3e Coarse material within narrow size limits (pea gravel and coarser)

is within limits specified,

is no£ suiiéble far {iltering fine aquifer materials,
-'(7-- :>j‘ L._—The-nax;mum size of slot or opening in the drain pipe should
: be one-half the Dns of the f14uer.¥

The 5011-bbn‘_rvat on Service (8) made a limited laboratory study of filter
5;§ter1als for a pump dralnage proaect in which pumping from a shallow sump was
;triéd; Fifstvatfempts uéiﬁg "pea-gravel" and coarse grained filters proved

unsuccessful in excluding sand., The conclusion was reached that a "sized"

s suggested by the War Departrent Engineering Manual, Ch XXI, Pt.2, 1943,
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(uniform) sand only a little larger than the aquifer material was needed, The
progress report referred te the fact that the greatest restriction to water flow
in the region of the filter and aquifer occurs at the interface between filter
and aquifer. Thus a filter sand size only slightly larger than the aquifer
material shculd be suitable if it is possible to prevent fines of the aguifer

from occupying the pores at the interface thus restricting flow,

i

Head loss at filter-aquifer interface.--Leatherwood (9) working at” Colorado
A & M found that the head loss at the filter-aquifer interface is indeed greater
than the loss in either the filter, or the aquifer, and attributes this to the
action of fines moving into voids at the interface, He considers that the more
important variables describing the fluid, the flow and the geometry can be ex-

pressed as

A (f‘»’/u’ Dis Dss a7 s s Zp» (gs? hy V3, V)= O e (3)

13

where r &

£ = mass deﬁéity of "finid ,

/Q.z §fﬁamic viscosity of fluid
Q(’Ds = ﬁéan diameter of filter and aquifer particles
Cy)g;;=:5tandérd deviation from the mean of filter and aquifer particle size
69 J;= porosity of packing of the filt er and>QQuifer . | A
/A bulld Velosity of £luid in Filter and squifer
b e Hewd doss at the intérfacé of filter and ;qﬁifer

In these eXperiménfs the porosities ﬁéfe ¢oﬁstant and Vg = Y! =V.

(Bulk ﬁelocity V is the quotieht’of total dischafge éhd ;féss-sectionél é}é;);

The remaining variables were grouped by dimensicnal analysis to yield a functional

relationship,
k g A |
5 L, L EeSiis ﬁL Ge WS i e g o S (L)
ﬁs 2t M AR 5 ’ Dy \

The experimental data are shown in figure 2, From the figure, it is seen that

head loss at the interface varies directly with Reynolds Number up to Be e 25+
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Evidently the flow uﬁder these conditions and with the definition of Réynolds
Number used was in the laminar range. It is interesting to note that a Reynolds
Nurber which indicates change from laminar to turbulent flow in porous media is
difficult to standardize because the proper length parameter is uncertain (10).
In this case the value of 25 is higher than walues commonly cited.

From figure 2 it can be seen that the head loss is a function of Reynolds
Number, mean diameter of the aquifer particles, and a uniformity paramster

(O'S %E;)

i-o (R[4 (5] S

t is concluded that Dy was of con51qerable importance, but D. was only of

seconcary importance to the uriformity of pa”ticle sizes in both fllter and aqu,;er.

£ s P Ot

The functional re;aulonsklo o? equation 5 can be expvessed as,

T A SR A T AN W 3 3,
halb (’D"g)(ﬁ;) (6)
in which constant C is best expressed as a function of the uniformity parameter,
c-loleoa'(fe‘_ﬁ_] ------------------------- (7)

Equations 6 and 7 are believed to be valid in the range of grain sizes used in
the experiment (0,0112 - 0,222 inch),

Stability (no movement of fines into the filter) was determined b& plotting
head loss at the interface as a function of average pore velocity as shown in
Figure 3, Where the curves repfesenting head loss for certain ratios of Qé/bs
decreased with increasing pore velocity, the send was assumed to have moved

through the interface leaving larger voids, and thus accounting for a decrsase in
> 5 3

head loss, A critical ratio of Dﬂo(fllter) of less than 5.3 and for
o(aqulfer)
D15(111ter) less than L,1 was determined in this way. This method was believed

Dgg(aquifer)
to be more sensitive than visual observation of sand movement,.

Bennison (11) pointed out the importance of uniformity in the filter for
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yells. A unifqrmity coefficient less than 2 is recommended. He also recomiends
that sands having a Dl size greater than 0,01 inch and a uniformity coefficient
greater than 2 noed not be flltered rith a "gravel pack," It has been observed

that frocuently the uni formlty coefficient Cy is toc high, i.e., the filter is too

well graded,

The uhl kness of the ’11t°r has not received special study so far as can be

de;erminea. Bennison (ll) reports that 3 inches to 12 inches is best for wate

Wells, Thlckcr filters tend to cause a reduced velocity in the filter such that

—

sand which rzght be carried into the filter is deposited tkere, rather than being

=

carried through,

On the other hand, information has been received from a large southwestern

corporation that the size of the filter material is of less 1mooruanM ﬁhan its

&

éﬁicknésS,Laﬁd that ths diamster of a well filter should be such that the

ve1001ty of water leav¢“° the aquifer at the interface is too low to move the sand,

This organization also belisves a uniform filter is preferable to a graded ore.
-:Lockman-(12) at Colorado A and M found that the uniformity of the gquifer

was significant in design of a filter for a water well, His studies in the

laboratony showed that although the aquifer materials were relatively uniform, the

most consistent criterion for stability was achieved by using the product of

(Dgo(filter)
Dgplaquifer)

purposes, Values greater than 8 proved unstable, while values less than 5 resulted

x cu(aquifer)> ¢« This product should be between 5 and 8 for design

in higher hydraulic head losses in the filter without any reduction in sand move-
ment,” "It was also concluded that aquifers with C, greater than 2 should not need
to be filtered in so far as stabilizing sand is concerned.

Lockman found that the amount of sand moved into the filter varied with the

magnitude of the hydraulic gradient in the sand. However as long 2s the ratio of

Dgp(filter)
Deo(acuifer)

gradient is not great., Figure 4 is a plot of some of his data,

is less than 7.5, the increase in sand movement with hydraulic
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Summary and Conclusions.

From the foreg01ng rev1ew and discussion of the published or freely avail-

able 1nformet10n on the requlremenus of filters for water wells and drains, it is

appa“ent that no stancardlzed eriteria are yet available.. Research is still

needed to better eSuabllSh the elements of a good design.

To review the eylstlng thoughts on filters, it may be well to consider

flrst the s;m;}ep;ty between conditions requiring filters for water wells and

tﬁose for dralns.

» Fine sendsrene>ei1ts are the soil materials giving rise to the need for
~a_fi'.rlter.r-W:here these cohesionless fractions predominate we find problems of
eaeq‘pqmping in water wells, Pump impellers are damaged, and wells are ruined as
W result. Pipe_dgains likewise meet the problem of msilting-up" in such materials,

The ordble pesns to be greatest when these fine sands or silts are of uniform

textare.

; Tpevfopce causing movement of the fine particles comes from the viscous shear

of theymoving_water as it flows toward the openings in well or drain, This drag

per unit volume is represented by the hydraulic gradient, Usually in the fine

sands and silts, the hydraulic gradients are comparable for wells and drains,

exceot yery near the well, where turbulent flow may exist, In this respect the

flow condltlons may differ significantly, In the case of wells, accidental over-

pumplrg may induce more severe flow conditions than those found near drains. In

general the requirements 1mposed on filters for wells are similar to those

1mpooed on dralns, althouvh possibly more severe,.

Uhiformity.--For nearly uniform aquifer materials it is fairly well agreed

that a uniform fllter is preferable to a graded filter, particularly if only one
layer of fllter is to. te used.
In the first place, the fines in a graded filter will move through and into

: : - :
-the well, unless slot openings are very small, Secondly it is difficult to place
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a graded filter about a well screen without segregation although with care and
proper equipment it can be done.

To meet the requirement of having higher intrinsic permeability than the
acuifer, the filter should preferably be uniforﬁ. Permeability of granular
materials may be considered 4o be proportional to the (D15)2° (14). Hence the
permeability of a graded filter would be lower than that of a unifom filter
havirg the same SO'percent's;ze. It has also been found that the gradeq”ﬁjlpe?
tends to permit greater movement of fines into the periphery of the filter
creating 2 restricting zone of low permeability, &

The primary argument favoring graded filters is that a pit-run material
may be available which will g?eatly reduce the cost of the installation.

Thus, although there seems %o be good agreement that uniform filters are
best, the necessary degree of uniformity has not gereraliy been.esﬁablishgﬁﬁ__
Lockman (12) concluded that uniformity should be included in the criterion for

a filier on the basis that the correlation between the ratio Dgo(filter) and
) ? ; Dgo(aquifer) :

stability was not good enough. He founc that the product

Deo(filter) &
colaquifer) x Cy (aquifer)

gave a number more closely correlating with sand movement. &
There is some evidence to indicate that aquifer materials having a
uniformity coefficient greater than 2 need not be filtered, These materials can

be W"developed," or will create a natursl filter, T R RS

e

:Thickﬁéss 6f Filter;--véry littleiéﬁidence.has:béeﬁxéoliéétéd_dﬁ wﬂiéh‘to
bése a thickness recommeﬁdaﬁion. Authoritati#e opinions seem to be that thick-
nesses‘éf 3 to 12 inches are suitable foriwells and 3 toA6 inches are sétisfactofy
fdr drains, From tﬁe standpoint of excldding sand, the fi]tefing action shéuld

be confined to the interface, hence there is no need for a thick filter, The
desirability of increasing the effactive di%meter of weli or drain is yet another

consideration however,
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As a matter of interest it has been observed that the 36-inch and largef
ii‘riga’oion wells being constructed by the rotary and reverse rotary methods
have been subject to less sand pumping difi‘iculties than the sméller diameter
;Jeils. The fact that the velocity and hence the drag at the filter interface
Fyetesis 5 directly with incndifin Afaiianeiar vil) satiii for this, : A

Proposed Filter Criteria,-~The cr1t°r13 proposed for materials ‘T'uch will

efi‘ect:.ve;.y orevent sand and silt from entering a uell or drain are uabusted

beioxa b P

Authority

B naais  Dyg (filter)
g Dﬁg (aquifer) <3

10
Doo (aquifer)

N

Corps of Engineers Dyg (f2 lter)
| : DE5 (aquifer)

. Leatherwood Dgo (filter)
D5p (aquifer)

Dl (f;l‘ber)
13-5 (aquifer)

1=
0
0

(42

0

Bie AR N

~. - Bertram : Dgy (filter)
- { DSO (acuifer)
i

| Lockm Dgg (filter)
) SBa e ~ Dgo (aquifer) S5
£ 38 ; Dgo (filter)
i o ; 5, < [-ﬁga (aquifer)

% Gy (acpifer)]< 8

i
The results of several of the experiments reported are tabulated for the

:Szés
purpose of comparison in Table 1, Inspection of the data shows that the criterion
of the Corps of Engineers is most closely associated with satisfactory experiments,

All experiments which were satisfactory have a D15 (filter) < 5, with one
(aqulfer) %
exception, All except two of the experiments wh]cn failed have a ratio

Dyg (filter) > 5.  There is essentially no difference between the uniformity
Dgg (aquifer) _
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of the filters or aquifer materials in the experiments which failed or were satis-
factory.

It seems, however, that uniformity of the filter and aquifer sﬁould be in
some way specified as part of any criterion. It is tacitly understood that the
materials of the filter are relatively uniform, but selection of only one point on
a grain size distribution curve does not assure any degree of uniformity of the

m.a:t_eria.l.r VST : : ¥ Pl oy aRE Tenianer
.- Finally it appears that more effort should be directed toward study of graded,
or pit-run materials in regard to their suitability as filters, particularly for

drain pipe in fine sand and silt,
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TABLE 1.

SUMARY OF SELEGIED BiPERIMENTAL DATA

Tilter
st | %5 | % | % Jot | % | e | % [0 e o B2, e, a2 Lt
USER E¥-132 A 1] 0.6 0.209 0,206  0.013 0.052 0.127 0.8 1.67  6.50 o) 26,1 1.26 2-30 lhthrutny
A 2] 0317 o0.368 0,368 0.013 0.052 . -0.127 0.04¢ 112 6.5 7.07 46.0 2.50 2-30 Satisfuctery
A 3| o o515 0.515  0.013 0,052 0,127 0.044 1.29  6.50 9.50 64.3 3.52 2-30 Satistactary
A 4] 0656 0.822 0,812  0.013 0.052 0.127 0.044 1.0  6.50 15.81 103.0 5.17 2-30 Failsd
< a 5| 1300 1.660 1627  0.013 0.082 0,27 0,044 1.41  6.50 3192 207.5 10.23 2-30 Yetlod
® 1f 0447 ous15 0.515 0.082 0.106 0.4l 0,03 1.2  1.50 4.8 7.28 3.17 2-30 Satistestory
B 2| 0.65¢ o0.822 0.82 0,082 0,106 0.41 0.1035 145  1.50 7.76 11.56 465 | 2-30 Sestefactary
© B3| lam 10 1.627 0,082 0.106 0.41 0.105 130 1.50  15.63 23.50 g2l 230 rasted
“e 1f1m 140 “1.627  0.336 0435 0.553 0435 138 - 1,40 3.82 s 235 ' 2-30 Satistacters
e 2f2.018 3.5, 3.221  0.336 0.435  0.553 0.435 1.0  1.40 7.72 10.80 492 2-30 Setistestory
_6.11] 5,000 5.495 5.531  0.336 0.435 0,553 0.435 101 1.40 12.63 17.70 B 230 Tailed
Le 1% 3]s sen 6611 0.3 0435 0.5 0435 140 - lac 15.20 21.30 sk2 230 mue
Corpof ¢ 3 B[2.00 5.50  6.70 013 0.9 0.5 3.53 2,10 28.4 59.5 8.7 ' renied
Bgineers 4 | 120 2.0 450 013 0.9  0.25 3.00  2.10 28.9 0.6 4.8 1.7° Satisfactory
(TechMemo 5 | 0.35 0.80  4.80 S 043 - 09 0.25 536 2,10 a3 9.04 1.3 2*  Settefactay
Wo.183-1) ¢ |10 3.00  5.00 013 019 0.5 2.2 2.0 15.80 3.2 6.9 2*  Tostedle
] 0.35 0.80  4.80 0.10 0.15 0.22 5.36  1.95 5.33 10.4 1 2*  Setisfastory
¢ “12 |08 3.30 6u0 010 0.5  o0.22 611 L5 22.0 2.8 3.6 2% astadle
‘1 |13 350 5.0 0.0 0.5 0.2 3.81 195 2.3 45.5 5.9 2*  ustadle
15 |06 320 60 010 0.5  0.22 617 195 22.0 2.8 41 2*  Sligntly Mast.
7 L1 |120 40 15.00 0.0 0.5 - 0.22 61 200 2.0 “.0 3.6 T14* suewly met,
S 0.10 0.6 0.2 747 2.00 31.0 62.0 5.0 2*  Satisfactory
Corpsor 1 | 0.0 2.80 4.0 0.46  0.65 0.8 9.4 1.63 43 7.00 0.70 Field Tests
Mugloeers | 2 | 0.60 2.80  4.%0 _ 025 038 0.2 9.4 2.05 7.37 15.15 1.00 Tetas Neatan
(och Mmo | 2 | 190 3.0 5.0 046 045 . 0.85 231 L6 5.8 n el o G B e gty
Fo. 195-1) "4 [1.90 350  5.70 0.25 - 0.38 - 0.62 237 2.0% 9.22 18.50 3.30 '(:ixx::::l.s
5 |z.00 3.8 %00 0.46 065  0.85 2,82 1.63 5.85 9.53 2.40 s
L) 2.00  3.80  17.00 0.25  0.38 0.62 2.82°  2.05 10,00 20,50 3.30 g
8.0.8. 1 100 2.0 4.0 0.054 0.088 0,097 490 3.60 23.8 85.6 10.3 2-1 setfstastary |
2 .]1.00 230 460 0.2 0.1y 0.3 4.0 1.9 1.0 20.9 3.85 214 Tasatistactes
Lockma 0.5 0.68  0.75 0.24 029 0.5 138 130 2.3 3.0 1.5 0.9 to 22*Satistactary ©
Colo Asu 122 130 1.3 024) 029 035 1.08 130, 45 5.8 3.5 0,9 to 22" Satistactory
8 146 160 LM 0.2¢ 029  0.35 1.6 1.30 5.5 1.2 42 0.9 to 22* Satisfactory
2.06  2.20 2.3 0.4  0.29 035 110 130 7.6 \ 9.9 5.9 0.9 to 22* Failed
] Fie 2.3 340 3.8 0.2 0.29 035 1.2 130 n.7 15.2 7.8 0.3 to 22* Failed
T 1,22 1.3 1.38 0.30  0.435 : 0.54 1.08  1.66 3.0 5.0 2.3 0.9 z; 22* Satisfactary
146 160 1M 0.30 0435  0.54 116 1.6 3. 6.1 2.1 0.9 to 22" Satisfactory
] 2.06 220 2.33 030 0435  0.54 1.0 1.66 5.1 8.5 3.8 0.9 tc 22* Satisfastory
2.1 340 3.68 0.30  0.435  0.54 132 1.66 7.8 13.0 5.0 0.9 to 22° Fatled
Onn | 4095 550 0 60 0.30 0435 0.5 136 1.6 12.7 211 9.2 0.9 to 22* Failed
: 2.06  2.20 2.33 0.5¢ 0.8 0.79 1.0 1.38 3.2 4.4 2.6 0.9 to 22* Setisfactory
i 3. Hurjamo a0 3. 0.5 048 0.7 132 138 5.0 6.9 3.5 0.9 to 22* Setistactory
495 5.0 6.0 0.54 0.8  0.79 136 1.38 8.1 n.2 6.3 0.9 to 22" Fatled
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