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disclosed, or represents that its use would not infringe privately
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process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work. Neither
the United States, nor the Commission, nor Allis-Chalmers Manufacturing Company,
nor any person acting on behalf of the Commission or Allis-Chalmers Manufacturing
Company :

A. Makes any warranty or representation to others, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the information contained
in this report, or that the use of any information, apparatus, method, or process dis-

closed in this report may not infringe privately owned rights; or

B. Assumes any liabilities to others with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or process disclosed

in this report.

As used in the above, ‘person acting onbehalf of the Commission or Allis-Chalmers
Manufacturing Company' includes any employe or contractor of the Commission, or
Allis-Chalmers Manufacturing Company or employe of such contractor, to the extent
that such employe or contractor of the Commission, or Allis-Chalmers Manufacturing
Company or employe of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract with the Commission or

Allis-Chalmers Manufacturing Company or his employment with such contractor.
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FOREWORD

This report is issued as one of a series on research and develop-

.ment in connection with the design of Pathfinder Atomic PowerlPlanf}

This parficulér report describes the test program that was conducted
to determine fhe most suitable filter for +He reactor water purifi-
cation Syéfem in Pathfinder.

The Pathfinder Atomic Power Plant will be located at a site near
Sioux Falls, South Dakota and is scheduled for opera+ion in June, 1962,
Owners and operaférs of the plén+ will be Northern States Power Company
of Minneapolis, Minnesota. Allis-Chalmers is performing the research,
development, and design, and is respénsible for plant construction.

The U. Si Atomic Enefgy Commission, through Contract No. AT(!1-1)-589
with Northern States Power Company and Central ytilities Atomic Po@er

Associates (CUAPA}, are sponsors of the research and development

~

program. //j

The plant's reactor is designated the Controlled Recirculation

Boiling Reactor with integral nuclear superheater.
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ABSTRAC T

Filter tests were conducted to determine the most suitable
filter for removing large quantities of aluminum corrosion product
(boehmite) from reactor water. Filters tested included the following:
wire-wound, sintered filter elements, sintered ceramic filter elements,
cotton string-wound filfer eliements, felted-cotton filter elements,
cation resin, adsorption resin, diatoma ceous earth precoat filter,
and a wood-cel!lulose precoat filter.

Parameters measured were flow rate, filter-influent and -effluent
boehmite concentration, pressure drop, and final filter load. The
pressure drop and efficiency of the filters was then correlated with
boehmite load. ‘

- Boehmite deposits on filters as a non-porous gelatinous cake,
which causes a rapidly increasing pressure drop. Tests indicate that
the optimum toad with filter elements and precoat filters is achieved
at a pressure drop of 25 psi. Very little additional load can be
obtained by operating to a higher pressure drop.

0f the filters tested, the precoat filter and 40-60 mesh cation
resin were the more effective in removing boeehmite. The efficiency

: of the precoat filter was in excess of 99 per cent, and the efficiency

of the cation resin was for the mest part in excess of 95 per cent.
For various reasons, the other filters were eliminated from final
consideration. :

The test program and available literature indicated that an element
type precoat filter using wood cellulose as the precoat media would be
most suitable for the proposed application.
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I, INTRODUCT 1 ON

Reference design for the Pathfinder Atomic Perr ﬁlanT includes-a blow=
down purification system to mainfain high;puri+y.réac+or water. -The
flow rate of water to the filtering section of Thé sy§+em hay vary

from 60 to 250 gpm. The blowdown %Iow rate du}ing Hormal reactor oper-
ation is 100 gpm. |

With an;a{uminum—clad core, the major.suspended impurify in the
reactor water- is boehmite, !,2,3 |

Al120z-H0.
A preliminary estimate indicates Théf in excess of 1800 lb/yr of this
relatively insolﬁble corrosion!producf wbuld be formed during operation
of a Pathfinder aluminum-clad core.

Cotton string-wound cartridge fllfers ére used in the Experimental
Boiling Water Reactor and other similar instaliationsto remove ferrous
corrosion products. Precoat filters are alsé used to remove iron and
copper corrosion products in'sys+ems-procéssfng uitra-high purity water.
Whether or not operating data and experience regarding these sy;feﬁs
was applicable-fo a system filtering large quantities of boehmite was
not known. A thorough search df cvailable literature féiled to dis-
close any significant information on the subject.

Tests were therefore conducted to deTerméne a 5ui+ab|eAfil+er for
the Pathfinder reactor water purificafion system. Appendix A contains
definitions of terms used in this report.

Before full—;cale filter testing was 5+ar+ed, fhe Allis-Chalmers
Research Laboratory conducted preliminary tests To'de+ermihe the filter-

ability of a finely divided or colloidal aluminum corrosion product. A

|3~ ' ‘ 3




'sfable boehmite s§|0+ion was prepared by the reaction of disfilled water |
with aluminum amalgam at approximately 95 C. This sol, when sufficiently

dilute (0.3 ppm) remained dispersed for as long as four months. However, ‘ '
none of the sol‘parffcles wouid-pass through a coarse paper such as
Whatman No. 3l. The tests +Bus showed that boehmite is filterable.

The effect of various electrolytes on the filterability of boehmite
was investigated. Neither hydrofluoric nor phosphoric acid caused any
observable ;mounf of coaguléfion when added to the sol. However, small
concentrations, I|-to-3 ppm, of acid caused less of the sol particles to
pass'fhrough a coarse paper. Greater concentrations of phosphoric acid
were no more effective. -The +urb|d|+y of the sol that contained boehmite
was found to be directly propor+|ona| to the concen+ra+|on of boehmite.
This linear relationship permitted +he determination of sol concentrations

t+o be made rapidly by turbidimetric methods.

2. TEST EQUIPMENT AND GENERAL PROCEDURES

2.1 Test Loop. The filter test locop as originally assembled is shown

in Figure |. The loép consisted basicélly of the following components:.
1y +wo 36-in dia.. tanks
2) a l4-in dia. filter vessel
3) a circulating pump '
4) an integrating flow meter (gal)
5) +two 60-in Hg manometers
6) two Bourdon pressure gages
7) piping, valves, sample cocks, fittings, etc.
All of the +anks‘including the filter vessel were fabricated of carbon
stee! and covered with three coats of protective paint. The two 36-in m

dia. tanks were used as surge and collection tanks, while the l4-in dia. =

vesse!l housed the test filter assembly.

-14-
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Figure |. Filter test loop as originally assembled.

(NP Photo 023-29)
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Figure 2. Schematic ol filter test loop as modified after
initial tests. (AC Dwg. 43-024-446)
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An Allis-Chalmers "Electrifugal" pump rated at 80 gpm and 250-ft
head was used for circulating water or Lozhmite slurry through the system.
This pump has a brass impeller mounted on a steel shaft and a cast-iron
casing. The casing was spray-coated with 304 stainless steel to reduce
the quantity of iron corrosion product introduced into the system.

Piping and valves were initially connected so that the circulating
pump could take sucfion.from either the surge tank or collection tank,
and discharge through any of the three possible flow paths, With these
flow paths, the filter could be by-passed, backwashed, or operated normally.

Primary piping consisted of 2-in schedule 80 polyvinylchloride (PVC)
pipe and some stainless steel fittings. Brass sampling cocks were in-
stalled in the filter influent and effluent lines. All valves and cocks
were made of brass. The cocks were designed for grease lubrication, al-
though no grease was used. |In the integrating flow meter, all metallic
parts in contact with water were made of brass or similar material.

Two mercury manometers were connected to the filter influent and
effluent lines to measure pressure drop through the test filter for
flow in either direction. Two Bourdon pressure gages were used to
measure pressure drops exceeding the €0-in range of the manometers.

Later in the test program, the loop was modified as shown in
Figure 2. Some PVC piping was replaced with stainless steel pipe,
because’ of leakage in plasfic—fo-brass threaded joints. The collection
+ank was removed from the system. A by-pass line with throttle valve
was installed between the pump discharge and surge tank to enable finer
control of l>w flow rates fhrough the test filters. A copper cooling
coil was installed in the main surge tank, so that a constant temperature

could be maintained during testing. A flow rate meter was installed in

-16~



The filter inlet line. With this meter, it was possible to accurately

measure relatively low flow rates.

2.2 Simulated Corrosion Product. In most tests, finely ground boehmite

powder obtained from the Aluminum Company of America was used. A particle

size determination was made using first Tyler series csieves and then an

Andreasen pioette. The results are as fol lows:

Particle Size (u)

100 74 45 25 20 15 10 .5 4 5 2 0.6
209

98.8 90.5 80.5 65.5 64.5 48.0 30.5 19.5 18.5 14.0 11.5
Per Cent Passing

0.4 (est)
0

2.3 Boehmite Corcantration Measurements. A "Hellige™ Turbidimeter was

used to measure the boehmite concentration in the loop water. |In cali-
brating the turbidimeter, suspensions were made at various concentfrations
using the boehmite powder. Chemical analysis of each sample was compared

to turbidimeter readings to obtain a calibration curve,

2.4 Test Procedure. A general procedure applies to all the testing

conducted at Allis-Chalmers. Significant variations in the procedure
are described in Tthe applicable sections,

The clean test loop was filled with water. The filter was placed
in the adapter in the filter vessel. The pump was then started, and the
desired flow rate was established through the filter. Boehmite in |-gm
quantities was dropped into the surge tank. Periodically, samples of
water were taken upstream and downstream of the filter vessel, and read-
ings of influent and effluent turbidity were recorded. Normally, in-
fluent turbidity was maintained at about 5 ppm. Data such as flow rate,

t+ime, pressure drop across filter, and temperature of water were recorded.

=i} 7=
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Figire 3. Metallic wound-wire ftype “ilter. (HI-LO Engineering and

Manufacturing, Inc.)

(NP Photo 022-44)




After a-cooler was installed, a constant temperature could be main-
tained. |n this manner, the need for pressure-drop and flow-rate correc-
tions was el.iminated; and +he.possiblli+y of any temperature effect on

boehmite characteristics was excluded.

3. WIRE-WOUND FILTER CARTRIDGE

The first tijter selected forlfesfing in this program was a metallic
wound-wire type, obtained from Hl-LO Engineering and Manufacturipg, Inc.
Figure 3 shows a slightly enlarged phdfograph of the filter. Though
normally used in gaseous systems, this filter was selected for festing
on the basis of its apparent potential for backwéshing. Such a feature
would facilitate remote maintenance of the filter system.

The filter consists of twelve stainless steel wire-wound sintered
tubes silver-soldered to s+afnless steel tube sheets. The twelye tubes
provide a total surface area of approximately 50 sq. i&. This filter

is rated by:the manufacturer at 10 u.

3.1 Preliminary Testing. After reducing solids concentrations in the
loop to 0.5 ppm,VThe Hi-LO filter was insTé!led in the veséel and clean-
tested. Pressure drop data was reéorded for flow rates up to 60 gpm. A
set of similar data was then obfé#;ed with The'filfer removed, gnd with
only the ad;pfer remaining in the loop. Results of these Tesfs.are indi-
cated on Figure 4. Curve C is obtained by subtracting Curve B from Curve
D, and represents approximate pressure drop through the filter only.

With the filter installed and The'lpop sampling at 32 ppm hoehmite, a
quick test was initiated to load the filter and aTTempT’a backwash. A low

flow rate was established throughthe filter. Within a few seconds before
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any data could be recorded, the filter plugged; pressure differential in-
creased to pdmp shut-off head (110 psig), and flow through the filter |
ceased. The loop wasshutdown, and the filter was carefu{fy removed.

Observation of the filter showed two things of interest. No signi-
ficant accumulation of boehmite appeared on the elemen+ surface. Slight
traces of particles were noticed over the entire outside surface:of the
filter inciudingl+he top and adapter. There appeared to be no more boehmite
on the actual filtering area than on-the non-fil+ef?ng members. Secondly,
no traces of boehmite were.no;}céabjé inside the filter or filter outlet.

The element was then cleaned by washing with tap water, then distilled
water, and finally with high-velocity air.

Another clean-test was made following cleaning of the loop to determine
the effectiveness of cleaning the filter. . Pressure drop data was recorded
with flows up to 60 gpm. The results are plotted as Curve E on Figure 4.

A second attempt to load the filfér with an influent concentration of

only 2.0 ppm was made. The results of this run were almost identical! to

the first test. Plugging did not occur quite as fast.

3.2 Final Tests. In view of the difficulties experienced in the initial

tests, the final tests were performed using a different procedure. A
constant pressure drop across the filter was maintained rather than a
constant flow ra+9. Two tests were performed in this manner. The first
and mo;f successful of these tests wfll be described in deTail.

With a boehmite concentration in the loop water of 1.0 ppm, the
filter was insfalléd and a élean-run was made. Pressufe drop was main-
tained constant by adjusting the pump discharge valve. At & constant

pressure drop of 9.85 psi, a flow-meter reading was recorded very |5 sec

=20~
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Figure 41 Pressure drop across wire-wound (H!-LO) fllfer cartridge.
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Figure 3. Wire-wound filter cartridge pre—loédup clean-run. Influent.
concentration of boehmite was less than 1.0 ppm. Pressure drop was
maintained constant at 9.85 psi. (AC DWg 43-024-431) '
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for a period of 3 min. Flow rate is plotted as a function of time
for the first 3-min period in Figure 5.
The load-up run was performed after the boehmite concentration
had been increased to siightly above 2.0 ppm. Flow rate data was
again recorded for approximately 3 min (Figurc 6j. BQ this Time the
filter was plugged, and fiow rate had dropped close to zero. Because
of the limited time available, only one sample of filter influent and
effluent was obtained. Both samples indicated 2.0 ppm of boehmite. It
was obvious, however, that +he filter was removing some of fhe boehmite.
With the filter removed, the boehmite concentration in the loop
was reduced to 1.0 ppm. The filter was then instailed and backwashed,
at 110 psi for 3% min.
The test filter wés removed again, and the loop clieaned to 0.75
ppm. A final clean-run was made to determine the effectiveness of

backwashing. The resuits of this last run are plotted on Figure 7.

3.3 Summary. Data ottained from the Hi-LO tests is not sufficient

to enable the performance of this type of filter to be predicfed with
accuracy should it be used in a large~scale system such as Pathfinder.
The fiiter can be bac?wasﬁed; but to what degree *this can be accomplished
over long-term operaf?on is nof known.

Operation at lower flow rates would undoubtedly extend operating
time. However, considering the rapid plugging, it was thought that

any such improvement would not be sufficient to warrant further festing.

Testing of the Hi-LO filter was therefore terminated.

P2 -
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Figure 7. Wire-wound filter cartridge post-loadup run:

‘Inf luent concentration of boehmite was less than 0.75 ppm:

Pressure drop was constant at 9.85 psi. (AC Dwg 43-024-433)
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4. SINTERED CERAMIC FILTER ELEMENTS

Commercial Filters Corporation tested a cylindrical ceramic tiiter element
2.5 in. o.d. x 2 in. i.d. Length varies with the application. The porosity
is varied to obtain different filter ratings.

A sampie of boehmite was sent to Commercial Filters Corporafion.' The

filters were tested at | gpm/sq.ft. to a pressure drop of 25 psi. The

foilowing load-up values were obtained. Filter Boehmite
Rating Load-up
An attempt was made to backwash the () {gm/sq.ft.)
filters and return them to service. Back- 5 . 2
0 i0
washing was not successful. 25 12

Since such poor results were obtained, another 25-u element was
tried with a diatomaceous earth precoat. Under +he same conditions as
above a much higher load-up was obtained. Backwashing was completely suc-

cessful.

4.1 Summary. The results show that a bare sintered ceramic filter would

not be suitable for the filtration of any appreciable quantity of boehmite.
The rapid plugging and low load-up are undesirable. The work did show that
a precoat filter might be suitable for the filiration of boehmite. More will

be said of precoat filtration in Section 7.

5. __COTTON CARTRIDGE REPLACEABLE FILTERS

Two types of cotton cartridge fiiters were testad. One is manufactured by

+he Commercial F{ifers Corporation and is sold under the Fulflo +trademark.

The second type is supplied by Cuno Engineering and is called the Micro-Klean
filter. Both cartridges are 9% in. long by 2-3/4 in. dia. and are interchange-

able. Two filter cartridges of the same rating were dry-weighed and installed

24~




with an adapter in the filter vessel. The filters were dry-weighed
after tests to determine final load. The dry-weight was obtained by
laboratory balance after driving off moisture from the filter by oven
drying at 80%C. The elements were periodically weig hed until no further
weight loss was noted.

The method used for correlating and presenting test data for these

tests is given in Appendix A.

5.1 Fulflo Cartridges. A Fulflo string-wound filter cartridge is shown

in Figure 8. The element consists of cotton string wound tightly around

a wire mesh or screen core. Filters of three ratings were tested:

Filter Filter
Type 19 x 20-2CV. A short 3-hr test run was made Rating Type
(L)
with this filter. The temperature was maintained
5 19 x 20-2cy
at 150 to 160 F throughout the test. The initial 10 27Rr 10CV
25 39R 10OCY

pressure drop across the filter was about 1.8 psi.

At a flow rate of 2 gpm/element for the first 2 hr of testing. Initially,
t+he influent concentration was 10.5 ppm and no additional boehmite was
added to the circulating water during the test run. The filter efficiency
was about 50 per cent initially, but repidly decreased to O per cent as

+he test continued.

Figure 8. Cotton-string-wound filter cartridge (Fultlo). (NP Photo 035-27)
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After 2 hr of testing, the Table |. Test Results with 19 x 10-2CV
Filters (2 Elements)

flow rate and pressure drop were

Time Flow AP across TurbidiTy
doubled to determine if the in- Rate Filter Influent |Effluent
(gpm) (in. Hg) (ppm) (ppm)
creases would affect filter '
' 0:00 4 5.7 10.5 4.5
efficiency. The flow rate and 0:30 4 4.05 8.0 5.7
0:55 4 4.15 8.0 120
pressure drop were again doubled 1:20- 4 4.05 6.0 iy
1:50 4 4.25 5.4 5.0
after half an hour of testing.
Stop for night
No effects on filter efficiency
2:02 7 6.9 6.2 99
were observed, Data for the 2:25 T Ak 5.7
2:58 . 15 20.0 5.0 5.0
test is given in Table |. Re- 3:18 15 20.2 5.0 940 .
sults are plotted in Figure 9.
Type 27RIOCV. A test was run
with two type 27R10CV elements
IE[ SR = T T ]
at a constant flow rate of 2 gpm/ i
| -
element and with the system 10 i
=
water temperature varying from 8 9 INFLUENT 4
= ;
80 to 130 F. Results are given E & ]
in Table 2. Pressure drop with g % ]
z 6 1
ffici |lotted as a
efficiency are p ed a 8 5 |
function of load in Figure 0. Ll
' 9 E 4 “EFFLUENT -
The average influent turbidity . % 3t A
w ! i
during the test was 3 ppm. 8 2 1
il |
Initial pressure drop was 4.9 i
0. oy i e a1 SR R ]
psi 0 I 2 D o S B
: TIME FROM START CF TEST - HOURS
Filter efficiency decreased Figure 9. 19 x 10 2Cv influent
and effluent boehmite concentra-
initially with increasing load. tion. (AC Dwg 43-024-444) ,
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Tabie' 2. Test Data.for Type 27RI0CY Filter Elements

17:32

Time Wator Flow. |. AP across . —Turbidity BoehmiTe]
Temp. Rate Filter Infilluent| Effluent "Added
Hrs (F) (gpm) ~(in. Hg) (ppm) (ppm); {gm)
5-00 85 3.9 10.5 5.2 .57 --
o dl - 3.5 8.7 2.9 1.7 -
ol 105 4.25 8.6 2.0 1.5 E
215 115 4.2 7.7 3.8 2.0 e
2.50 - 4.2 7.7 3.3 2.0 --
3.05| 128 4.3 7.5 --- - -
Stop
3:05 84 - - . === -
3.50 90 . == -—- 3.3 2.5 2 -
2,35 103 4.0 . 8.5 3.6 2.5 "2
5.15 I3 3.9 ~ 8.0 3.5 '2.7 2
6.05| 125 4.3 7.9 3.4 2.5 2
6:29 129 . -4.0 76 4.5 --- -
Stop . - ‘
6:29 80" -== -=- === - --
7,41 92 | 4.2 10.5 3.5 3.0 4
. 8:49 -—- -—- ?--‘ 4.5 2.3 2
10:09 129 . 4.0 8.4 2.5 2.0 . -
0:14] 130 | T34 -
Stop
10:19 | 89 - - -= --= ==
11:47 - -—- - 2.5 2.0 2
12:09 112 4.0 101 3.3 -— -
12:32 T -~= e 2.5 .5 2 -
13:06 === T - 4.5 I.4 --
13.12 29 3.88 10.1 -—= - --
Stop B
13.17 - o oo - === -
13.55 -== - - 2.5 .6 2
14.33 - —-—= -=- 4.0 L.l 21
15.22 128 4.0 129.2 2.6 10.8 -
15.27 130 3.6 30.7 - -—= --
"S+op o
11 5:32 . - ST == -== --
16212 101 3.9 42.5 .9 1.2 --
17:12 124 4.2 46.2 0.6 0.5 -
130 4.0 45.5 0.5 0.3 -
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With a load of & gm/element, the efficiency begen to rise continuously '
with further increase in load. This latter phase corresponds 1o the

oo
increasing thickness of the surface coat of - boehmite.

W

The pressure drop reached 25 psi by %He time @ reasonably high
-effigiency was ogfained, énd,fﬁe test was discontinued. The averége %il+er
efficiency during the test run was 45 per éen%. Test data showed no signi-
ficant ;hangé in filter efficiency when'fhe influent concentration. is varied.
Pre;éure drop across the filter remained ésseﬁf%élly con§+an+ un+il the
filter Iéad reached 50 per cent of capacity. A graduai increase in effi-
ciency was noted until Ioad—up'reaéhed 85 per cent of capacity. xThe pres-
sure drop rose rapidly as Ioad.iﬁcreased from 85 to 100 per cent of éapa;ffy;

The boghmiTe deposited as a thin gelatinous non-porous coating, which

accounts for the rapidly increasing pressure drop. The string winding

pattern was still very obvious. The boehmite load was 13 to |5 gm/element.
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Figure 10; 27RI10CV cotton cartridge pressure drop and efficiency as a
function of boehmite load. Flow rate during the test was 2 gpm/element.
' ' (AC Dwg 43-024-438)
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Type 39RI0CY Filter. Two 39R!OCV'e|emen+s were tested at a flow Eéfefof* L

2 gbh/elemenf at temperatures from 80 +Q |30F.. Average influent con-
cen+ra+{bh'was maintained at.2 ppm. The average efficiéacy of the filter.
was 73 pér cent. fhe maximum-loaa‘was'IS o 16 ém/elemen}. The in; |
ifial ﬁréssure drbp was‘§.5 psi. The efficiency and pressure drop for
- Thé‘filfers.were ploTng aé a function of lead in Fngre.I]. Defaf!ed
_results are given in Table 3. | o
| . buring previous TésT runs, tThe +e§+Aioob Was.shu+down each.evenfng,
and diffefences»in_pre55ure dfop énd'boéhmife concehfra%ion:were noted
on startup +heunex+'déy. In order to determine if these discontinuities
in operation had any.e%feCT on the final resﬁ!+s, a cqnfinuéus_fesf rﬁﬁ_

was made to maximum pressure drop without shutting down the loop.

32; ey e g e e e e e
! 4
301»
28+ l00
26r 490
. 24 | 180 -
| 9'5 22 EFFICIENCY 47049
20 <460 > .
-3 2
.18 g0 W
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& 1ar ; - 430
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2r S ; 20
Iof : S o o Jo
’ 8" 1 [T PO PR Y KON ISR TSN | A N 1o 1 I ] 0
0t 2 3 4 5 6 7 8 9 1010 12 13 4 15 617
- LOAD UP - GRAMS BOEHRMITE ’
Figure |l. Pressure drop and efficiency of 39R!0CV cotton cartridges

.as a function of boehmite load. Flow rate was maintained at- 2 gpm/
: element. (AC Dwg 43-024-435) -
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Table 3. Test Data for Type 39RIOCV Filter Element

‘Turbldxfy <

Boehmi Tej-

T1ime Water FTow AP across
Temp. " Rate Filter Influent| Effluent: Added
Hrs (F) (gpm) (in. Hg) (ppm) - (ppm) (gm)
0:00 — _— ——— J— — -
0:25 88 4.4 20.5 -—- -—-. 3
0:29 — - e 4.0 0.8 -
0:55 97 4.5 19.8 1.9 1.0 2
. 2:40 122 3.97 16.0 1.9 L -
Stop .
2:45 _—— — ———— ——— _— 2
3:00 82 . 3.75 24.0 4.5 l.4 3
4:06 101 4.4 23.2 2.1 1.3 2
. 6:56 128 4,1 " 18.0 i.7 0.9 --
Stop : : . '
7:01 — _— ———— —_—— —— -
- 7:07 - 4.5 27.0 4.0 -— 2
7:26 93 4.1 . 24.0 -— ol 2
8:2l 108 3.9 20.5 2,0 0.9 .
9:36 124 "3.97 20.0 2.2 0.8 2
9:4| —— — R _— _— 2
10: 11 99 4.65 28.7 2.5 1.3 I

{11:06 112 3.8 23.3 2.0 0.9 |
12:21 127 3.8 25.3 1.9 0.6 2
Stop ‘ : '

112:26 | - _— ——— R — -
12:5] —— 4.0 37.6 3.0 0.4 2
13:56 104 - 3.8 38.3 2.5 0.5 2
[15:51 128 3.26 48.2 ..0.8 0.3 3
Stop - ‘

. 15:56 — — e - ——— -
116:08 8l 4,52 4.4 2.8 0.7 2
17:10 9 . 3.56 60.0 1.5 0.5 |




The test was conducted at a temperature of 125 1o le‘F at .an averége

low rate of. 2’gpm/e!emenT,. The-effiuent concenfrafion was somewhat
-highér'af the beginning of the test than in previous tests, because the
loop had ﬁof been cleaned before testing. .
| Test results are given in Table 4. Pre55unadrép and efficien;y‘are
plotted as a.funcfion of load in Figure 12 Although the average eff}?ieﬁcy'
of the filters in Thé test was somewhat Iower,‘resulfs‘did not differ j
' éréa+ly from previous non-continuous fest runs. |t was conc!uded,-fhere;~"
fore, that shutdown and s%ar+up did not significantly affect tests of
cartridge filfers. .

The third test of . 39RI0CV filters was made to determine the effect

of lower flow rates. A flow of z gpm/element was maintained through~

Table 4. Test Data for 39RIQCV Filter Elements during Continuous Test Run

Time Water | Flow | AP across T TurbidiFy .. .| Boehmife. ]
. Temp. ‘Rate Filter Influent| Effluent Added
| Hrs. (F)y | (gpm) Cin. H) | (ppm (ppm) (gm)
0:00 | 130 | - --- — | 85 qp— 3
0:10 | 128 | 3.3 — 10,0 - 3.2 -
1:40 126 3.6 19.4 © 2.0 1.5 . .2
3:45 130 4.2 24.2 2.3 |.2 4
5.35 | 129 4.7 28.4 2.5 _—— |
6:00 131 4.9 23.4 2.0 1.5 3
7.25 31 | 4.l 21.8 2.0 0.5 4
8:57 | 130 4.05 24.0 2.0 0.5 3
10:13 | 130 4.0 29.0 2.0 0.5 4
11:45 131 | 3.8 44.5 ——- — |
l12:15 129 4.0 54..8 —-- --- |
12:45 131 | 3.6 60.5 2.0 0.5 -
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LCAD UP -GRAMS BOEMITE

-Figure 2. Pressure drop and efficiency of 39RIOCV-co++cn cartridge

~ as a function of load in a continuous test run at a ngm/carfrudge

flow rate. (AC Dwg 43-024—437)
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Table 5. Test Data for 39RIOCY Filter with Flow Rate of 3 gpm/element
TTme Water | FTow [ AP across TurbidiTy Boehmife
Temp. Rate ' Filter Influent Effluent Added
Hrs (F) (gpm) : o (in. Hg) {ppm) (ppm) {gm)
§ 0:00 122 1 i 4.0 2.0 0.9 ———-
1 2:05 130 | | 4.4 3.6 .6
. 4:35 128 i | 4.0 3.0 2.4 !
i 9:35 H1e I i 4.5 -—= -—= i
12:15 130 | L 4.3 3.6 - ———-
iStop i
12:20 134 I : 4.3 - - —
13:36 135 | L 4.2 3.6 3.3 |
i18:26 130 - [ § 4.5 3.5 2.6 2.
126: 16 129 1 L 3.7 -—- - ———-
26:21 -—- -—- § --- --- --= -——-
Stop
26:26 --- -~ -~ --- -—- —m
26: 5| 128 e 3.7 4.7 3.8 I
29:41 131 a 3.2 4.0 3.3 2.
32:26 128 | 3.1 5.5 5.5 4
40:21 - 129 B 5.1 ——= - -—==
140:24 - -—- - --- --- !
iStop
140:29 131 — -— - —-- 3
141:39 130 o 3.9 7.3 5.2 3
143:59 131 bl 4.4 8.0 6.0 (.
4739 129 I 4.9 8.0 4.5 I
'52: 39 129 J 6.9 -—- -—- 4
. 154:39 126 B 8.6 --- -—- 2
54:40 -——- | ~~- 6.7 3.5 ———
rStop
154:45 --- --- --- --- -—= 2
56:30 131 [ 10.6 7.3 3.1 4
161:55 131 I 24 .3 4.5 . 1.5 I
165:25 |32 [ 45.3 3.3 . 2
66:40 131 l 53.0 3.5 0.7 -—--
167:25 | 130 ; d 56.4 3.5 0.6 ----
I
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out the test run. Tﬁe temperature was maintained at about 130 F.
Because Ioad‘was increasing too slowly, the influent concentration
-was increased dur.ing the latter haif of the fest.

The efficiency and pressure drop are plotted as a function of load
in Figure 153, Detailed data for this ftest is given in Table 5.

The initial pressure drop of 1.8 psi was, as expected, coﬁsiderably
lower than in tests conducted with a flow rate of 2 gpm/elemenf. The
pressure drop increase followed the same péTTern as kn p?evious_fesfs,A
but the average efficiency was considerably lower., The maximum load

was 11.5 gm/element, which was a'so lower than in previous tests.

5.2 Micro-Klean Cartridges. The Micro-Klean cotton filter cartridge is

constructed of small cotton fibers felted with a resin binder. Tﬁe4
density of the filter }s higher toward the center of the cartridge.’

A fil+e; rated at 5 p (Micro—Kfean 2278-B2) was selecfed-for testing.
The tests weFe conducted in the same manner as Thg +eé+s with Thevco++6n
string-wound fil+e}s.

The pressure drop across a clean filter as a function of flow ra%e
is shown in Figure 14. A reproducible pressure drop for alg[ven f low
rate was not obtained, because of difficulties encountered with equip-
ment. However, a general pressure drop ba++ern was established,

In The first test with boehmite, it was not possible +o maintain a
2 gpm/element flow rate. fhe pump was disassembled and a piéce bf rﬁbber
was found lodged in the impeller. When the +é5+ was r95uméd, the pressure
drop across the filters rose to 25 psi in 1/2 hr, and the influent con-
centration became too high to determine. Restoring the flow through the

pump to full capacity could have caused a large quantity of boehmite

-35-



S R T T —T T e
n
a .
f I.O“ e -
[l rd
O . ! ///
% R
i rd
g i //
/Z
2| -
. v) H ~
ld:.l A ‘ . - . -
0_057‘ -//
. rd
. v
: e
! .//
P,
re
S
1 e
f e
rd
4 . .
O . ... S PO O S KR Y 1 :
0 { 2 3 4 5 "6 7 8 9 IO'

. FLOW RATE - GPM/CARTRIDGE :
Figure 14. Pressure drop as a function of flow rate for a clean Micro-
Klean 2278-B2 filter cartridge. (AC Dwg 43-024-440).
that had settled oQT to. be pu+.backfin suspension. Data for the test
is. given in Table 6. . |

A 1/16-in coat of boehmite was-found on fklfers after. the test. Thris
coat was removed from +he'filfer surface and weighed. The we?ghf éf +heA
boehmite within the fjlferS‘was'defermined'by dry-weighing. The weight
of- the boehmite coating was_14.3_énd i3;9 gm, respeciively‘for the two
elements. The total load -on the filter was,36.4 and 39.9,gm,.respec+ivé{y.

Data for a  second test run islgiven in Table 7; The-fesf was run
during a singlendéy. A pressure drop of 16 péi was reached at the end-
of the day. The slope of the preésuré'drop curye'of_+hese feéfs'indica+es o
that there would be |ittle additional toad-up if the test had continued
to ‘a pressure drop of 25 psi.

: ASpme»*esTs were made to determine The.feasibilify'of cleaning the

Micro-Kiean filters and using them again. The filters used in the second
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Table 6. Test Data for Micro-Klean Filter 2278-B2 Cartridge .

Time Water Flow

AP across Turbidity
Temp. Rate Filter Influent Effluent
Hrs, (F) (gpm) (in. Hg) (ppm) (ppm)
0 | 20 2 0.5 2.0 1.25
[:15 121 2 0.6 1.75 }.25
1:30 122 2 0.6 6.5 .75
b:45 123 2 0.6 6.5 .75
2:20 126 2 0.6 3.5 b.5
2:45 . 129 2 0.6 4.75 1.3
3.15 128 2 0.65 4.5 1.5
4.00 128 2 0.65 3.75 .25
5:25 127 2 0.6 2.25 : [.0
6:10 127 2 0.65 2.5 0.5
6:40 126 2 0.65 4.0 0.5
Stop for Night
6:45 107 2 0.8 4.0 0.5
7:10 b 2 0.8 4.75 0.25
7:55 17 2 0.9 3.5 0.25
8:30 122 2 0.85 2.5 0.0
8:40 122 2 0.85 . 7.0 0.0
9:15 128 2 0.85 2.0 - 0.0
9:50 123 2 0.9 2.0 0.0
10:40 127 2 ).9 1.5 0.25
I1:10 130 2 0.9 2.0 0.0
11:50 - 131 2 0.9 2.0 0.0
(2:20 (26 2 0.95 4.0 0.0
Shut Down for Pump repair 2 days
12:20 Start no readings
[2:50 {21 53 20+ .0.0
Stop .
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Table 7. Test Data for Micro- Klean Filter 2278-B2 Carfrldge at Flow
Rate of 2 gpm/element.

Time Water Flow AP across Turbidity
Temp. Rate Filter Influent Effluent
J%:!‘r.__s; (F) (gpm) {in. Hg) {(ppm) (ppm)
0] 95 2 0.4 4 .0
0:30 128 2 0.4 3.0 2.0
1:05 30 2 0.4 7.0 2.5
2:0 127 2 0.6 4.75 2.5
5.0 127 2 0.5 5.0 2.25
5:35 127 2 0.5 5.75 2.5
Stop :
6:30 119 2 0.5 3.0 2.5
9:05 134 2 0.5 7.0 2.5
12:05 129 2 0.6 3.5 [.5
F1:55 t 30 2 0.75 2.0 0.5
Stop
12:25 103 2 .05 6.0 0.5
13:55 114 2 3.9 6.0 0.5
14:55 18 2 8.2 " 3.0 0.25
15:55 123 2 .l 5.5 0.25
16:55 122 2 17.6 4,75 0.25
17:25 121 2 9.9 4.0 0.0
18:10 (21 2 23.2 3,25 0.0
[9:10 121 2 28.0 6.75 0.0
20:15 121 2 31.8 3.25 0.0
20:45 121 2 34.0 2.75 0.0
Stop

test run were cleaned and replaced in the loop +hree'successive times.
After the first of these tests, a portion of the outside surface of the
filter was found free of a boehmite coat. The area found free of boehmite
coat after the second test was larger. After the third test, aimost no
boehmite coat was found on the filter. |t was concluded, therefore,

that cleaning the filter would exféné the useful life of the filter

somewhat. Data for these tests is given in Tables 8, 9, and 10.
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Table 8. Test Data for Micro-Klean Filter after First Cleaning

Time Water F low AP across Turhidity
Temp. Rate Filter Influent Effluent
Hrsz (F) (gpm) (in. Hg) (ppm)" (ppm)
0 118 2 0.35 2.5 0.5
l:30 124 2 1.8 - 5.5 0.25
2:45 122 -2 9.95 2.0 0.25
Stop '
3:45 104 2 1.5 0.25 0.0
4:45 (17 2 23.5 3.5 0.0
5:45 118 2 27.5 4.5 . 0.0
7:0 119 2 32.3 3.5 0.0
8:0 119 2 33.7 2.5 0.0
9:30 19 2 38.8 0.75 0.0
t1:30 119 2 47.5 2.5 0.0
Table 9. Test Data for Micro-Klean Fiiter after Second Cleaning
T.ime Water Fiow AP acroess Turbidity
Temp. Rate Filter Influent Effluent
Hrs (F) “(gpm) (in. Hg) (ppm) (ppm)
0 90 2 '0.75 6.0 0.5
0:45 106 2 0.5 3:25 0.0
1:45 b7 2 0.6 4.5 0.0 .
2:45 (20 2 3.0 2.0 0.0
3:45 122 2 2.4 4.75 0.0
4:45 {20 2 22.0 4.75 0.0
5:45 121 2 33.9 5.5 0.25
6:45 121 2 44.8 4.5 0.0
7:00 24 2 45.7 5.5 0.0
Table 10. Test Data for Micro-Klean Filter after Third Cleaning
Time Water Flow AP across Turbidity
Temp. Rate Filter Influent Effluent
Hrs. . (F3 (gpm) (in. Hg) (ppm) (ppm)
0 |20 2 0.7 8.25 0.0
[ 18 2 0.6 4.0 0.25
2 120 2 0.6 4.5 0.0
3 122 2 M.3 4.0 0.25
4 121 2 8.7 2.5 0.0
5 |20 2 7.5 5.0 0.0
6 121 2 27.9 5.0 0.0
7 122 2 35.7 . 4.5 0.0
8 120 2 46.5 5.0 0.0
8:10 {20 ! 21.5 - ---




5.3 ijron-Boehmite Comparison Test. To obtain additional information for

purposes of'comparison, both Micro-Klean and Fulflo cartridges were in-
stalled in a by-pass on a test loop at Greendale Labérafories. Rust had
become quite a problem in this test loop. The filters were used until
they could no longer maintain the desired clarity at a pressure drop of
25 psi. Flow rate is not known. Load-up was determined as before. The
Micro-Klean 2278—82 cartridges retained an average of 230 gm of rust.
The Fulflp 39R10CY cartridge retained an average of 81 gm. Figure 15
shows a comparison of the filters used with boehmite and with iron

corrosion product.

5.4 Summary. A comparison of results obtained with 39RIOCV Fulflo

filters and the 2278-B2 Micro-Klean filters is made in Figure 16. The
graph shows that the pressure drop characteristic for the Micro-Kiean |
filter is significantly more desirable than the pressure drop character-
istic for the Fulflo #ilter when filtering boehmite., The efficiency of
THe Micro-Klean fiiter also exhibits a more desirable characte-istic than
the Fulflo filter in that efficiency steadily increases from the beginning
of the test. The ioading achieved at a pressure drop of 25 psi for the
Fulflo cartridge was 15 to 16 gm/element; for the Micro-Klean filter,

the loading was 36 to 46 gm/element.

Tests showed that the 19 x 20-Cv and 27RICCV Fulflo cartridges were
not efficient in removing boehmite. While these filters may. remove the
larger boehmite particles, residual fine particles continue to pass through
t+hem until a cake builds up.

The results indicated that boehmite forms a gelatinous non-porous

filter cake. Very thin coats (approx. 1/16 in.) are sufficient to pro-
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Figure |5. Comparison of filters loaded with iron corrosion product

and boehmite. The two filters on the leff are Fulflo 39RI0CY cartridges
loaded with boehmite (left) and iron corrosion product (right). The

two filters on the right loaded similarly are Micro-Klean 2278-B2 Filters.
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Figure |6, Comparison of performance of the Fulflo 39RI0CV and Micro-
Klean 2278-B2 Cartfridges (AC Dwg 43-024-436)
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duce a 25 psi pressure drop. |If Figure 16 is reviewed it will be noted
that the increase in pressure drop-becomes.very rapid as the element
reaches its load-up point. There seems to be |ittle advantage in using
the filters to a higher pressure drop.

A comparison of the results using iron and the results using
boehmite indicates that load-up data gained through the use of Eoffon
element fiITers in an iron or steel system does not necessarily appiy to
an aluminum system. The filter characteristics of the boehmi+aindica+e'
that any media used for this corrosion product will require frequent
renewing or replacing. With this thought in mind, the selection of a

filter that can be backwashed becomes much more desirgble.

6. RESIN-BED FILTERS

A resin bed filter is of interest since corrosion products that are coff
lected on the bed can be removed by backwashing. The resin can be in--
stal led and removed by sluicing. A cation resin will not only act as a-*
filter but will also remove metallic ions, a variety of which may be
expected in reactor water.

The feasibility of using a cation resin bed filter in the Pathfinder
reactor water purification system was investigated. Several reports
list ion exchange resin as an effective filter for the removal of iron
and copper corrosion producfs.*

A resin holder was fabricated to fit inside the filter vessel of
the filter test loop. An |8-in deep by 6-in dia. bed was obtained.
Initially a 200 mesh screen was used for the tnderirain and resin sup-
port. Considerable difficulty was encountered with plugging of this

screen. A sheet of Neva-Clog was substituted for the screen with partial
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elimination of the plugging. The Neva-Ciog was replaced with a Purolator
meta! edge disk with 0.005-in spacing, which completely eliminated The‘
problem. A 60-40 mesh screen was fitted to the top of the res%n holder .
to retain the resin dﬁring backwashing.

The load was defermined by washing a known volume of fesin‘fo remove
+he collected boehmiTe,'diluTIng the wash water, and determining the con-
centration +urbidime+rically. The maximuﬁ load was the ioaa at +he}b§§ak—
through point, i.e. when'a défini+e increase of boehmite wes noTedf;;» -
the filter effluent. |

Two types of resin were tested: a cation resin so!d under the trade-

mark, Nalcite HCR—W, and an adsorptive resin sold under +he trademark, .
Duolite S-30. The pressure drop for these materials at varioué flow

rates is shown in Figure 17.

6.1 Nalcite HCR—W. |2-40 Mesh Size (Standard) Resin.” Three tests of»g’

standard Nalcite HCR-W were conducted to deTermiQe opTimum'flow rate,
efficiency, and maximum load. The first fest was pérformed aT:f[ow%ﬁaTes
of 9 to 50 gpm/sq.ft. Data for this +es+’is“grven in Table |ii7 %ﬁéf
fi|+er was not efficien+ at these filow rates, aﬁdabeéamé;Erogress{Vely‘
less efficient as +hg boehmite loéd increased. 6f+ér testing, boéhﬁiTe )
was found distributed throughout the bed. Loadiﬁg of +hé béa was as
follows: 45 gm/cu.ft. in the top 6 in.; 30 gm/cu.ft. in the middle 6 in.;
and |5 gm/cu:ff. in the bottom 6 in. Microscopic examina+ion of the .
resin shéwed-The boehmite attached to the beads. |

Thé second test was conducted at a flow ra+e_of 2.5 to 7;5 gpﬁ{éq.fle‘

The resin removed the boehmite satisfactorily when the flow was held

constant. When the flow rate fluctuated, boehmite was. carried Through“';:
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Table 11. Test Data for i2-40 Mesh Nalcite HCR-W at High Flow Rates

Time Water Flow : Turbidity
Temp. Rate Influent | Effluent

el (F) - “gpm/sq.ft. _ (ppm)
o . - © 132 45 38 17
0:10 132 45 - 24 . 20
0:30 133 50 - 15.8 12.3
.35 135 45 : 9.7 9.7
1:45 - 135 45 4.7 6.8
4.00 138 30 1.5 - 7.8
4.15 38 10 16.3 9.8
4.30 139 9 7.7 4.5
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Table 12. Test Data for 12-40 Mesh Nalcite HCR-W at a Flow Rate of

5 qpm/sq. ft. _ ]
Time ‘Water Flow ] i Turbidity o | L
Temp. Rate ___IntTuent [ Eftluent.
Hr's (F) gpm/sq. f1 . (ppm) g
0:00 100 5 | 0.75 | 0.75
0:15 102 5 ; 4.0 0.5
1:00 108 | 5 j 6.0 | 0.75
1:30 4 5 3 5.25 0.5
Stop : i :
’ 1
1:45 | 85 5 § 5.0 0.5
2:30 (i3 : w5 F 6.5 ; 0.75
3:30 g ! "5 i 5.25 0.25
4:45 s 5 g 3.75 | 0.25 -
6:00 |14 5 : 4.5 | 0.0 |
Coleas | i3 5 f 5.0 0.0
L7005, 113 5 3 4.75 0.0
8:00 - 12 5 : 4.0 0.25
9:00 | 12 5 : 3.75 0.0
9:25 N 5 [ 6.0 0.25
10:25 13 5 6.5 i 0.0
I | '

the bed. This became more evfdenf as the amounf of boehmite in the bed
increased. The test indicated that filtering efficiency decreased sig- i
nificantly when flow was increased above 5 gpm/sq.ft. The effigiency
was not improved at flows below 5 gpm/sq.f%.
A third test was conducted at a\flow rate of 5 gpm/sq.ft. wi+h an
influent boehmite concentration of about 5 ppm. The efficiency of the
fiITér was about 85 per cent or better throughout the test. No increase
in pressure drop across the bed was noted. Test data is given in
Table 12. The boehmite load as a function of bed depth is shown in

Figure 18.
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The sensitivity of loaded resin
Yo fiow-rate increases indicated the
ease with which the boeihmite could be
removed by washing. This washing
was possible without difficu]+y even
after the loaded resin was undis-
turbed for prolonged periods. Five
test runs were therefore made to
further evaluate tackwashing of this
resin.

Backwashiné was very successfui,

but due to the limited space available

very little bed expansion was possible.

A series of short fast flows upward

through the bed effectively removed

200 "~ sy s A e S

n
T

o
1
f
i

(0] .124i é é Ib l12 |;3 ll6 I182_O
AXIAL DISTANCE FROM TOP OF BED INCHES

Figure 18. Boehmite load in

12-40 mesh Nalcite HCR-W as a

function of bed depth.

(AC Dwg 43-024-442)

the boehmite. During these flows the resin was lifed up against the

retention screen. When the resin was lifted agains+'+he screen, it

could have acted as a filter in the reverse direction explaining why

satisfactory backwashing could not be aécomplished with one continuous

flow. -Observations indicate that some form of backwash involiving a

scrubbing action with the resin would give best results.

After backWashing, the resin could be returned to service with the

same results as new resin. Figure 19 shows the performance of the resin

being returned to service affter backwashing. This curve is typical for

five runs. The first water removed from the bed is backwashing water,
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',‘_whi¢h°wou|d,aécoun+ for the.high initial éohcenfrafionf. In all cases,

max imim por formance was reached ‘in five minutes.

40-60" Mesh Sﬁzed Nalcite HCR-W. Tests of 40-60 mesh Nalcite HCR-W Were» .

cOnducTed to de+ermine‘if'+he-sma||er'bead resih onId be less sensitive.. ..

.y ,+° flow rate changes. At a row rate of 5 gpm/sq ft., and an average

|nfluen+ concen+ra+|on of 4 ppm, the resin was over 95 per cent eff|C|en+

until break-fhrough.- ReSuI+s are shown |n Flgure 20. The graph also
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: Fighré‘l9. Per formance of 12-40 mesh Nalcu+e HCR-W.resin affer being
o backwashed. (AC. DWg 43-024-439) :
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(AC Dwg. 43-024-443),

-48~

Tr—"""1" Etilidiat e L | | A e i 4.5
~INFLUENT CONCENTRATION .
6 S - 4.0
s - o
a :
o 5 43,5 _
' 4w
Z . &
] : '
'c 4 -430_%
od ! ld
2 -
ul- .
Q L
Z3 =2.5%
S o
g ‘ 14
g /<— PRESSURE DROP . |
) : : v i
N : , ' e !
i-F . o 15
_ EFFLUENT - CONCENTRATION —~ |
Do ——— N L. TR I
-0 5 "~ 10 15 20 25 30 35 40 ©
TIME "AFTER START OF- TEST RUN - HOURS .
Figure.ZO;v Performance of 40-60 1000 —Cr + T T )
Mesh Nalcite HCR-W Resin in test 800r i
at flow rate of 5 gpm/sq.ft. ggg' -
43-024-445) . o] 1
(AC Dwg 024-445) 200} :
_ 300t .
shows an .increasein pressure drop 2001 ' ‘ .
o S : o Y= 00404 X2- 47 X + 9717 :
" as the load increases. 'Flow rate
‘ i A o 1oct
changes had little effect on - 5 8of
. ' o S eof
carry~through of boehmite in ¥ osof
‘ . - 3 40;
~ these tests. .Detailed results § 30b
are given .in Table I3. 'g 20 x
. ‘ g
The load as a function of |
: “a [0}
; . . . s -2 8t
bed depth for this resin is. o °f
shown in Figure 21, The boeh- 2’
“mite concentration is high in 3t
Figure 21, Boehmite load as 7 y .
a function of bed depth for A AXIAL DISTANCE FROM TOP OF BED :
40-60 Nalcite HCR-W resin. N B S S SR R AR R I TR R



i
b
i
}

B ¥ .
the top 2 in. of the bed. Expressed in terms of filtering surface area,
the load was. 250 gm/sq.ft. The test indicates that a resin bed deeper

than 18 in. would probably not be required.

Table 13. Test Data for 40-60 Mesh Nalcite HCR-W Resin at 5-gpm/sq.ft.

} flow rate.
Time Water F low Turbidity
Temp. Rate infiuent | Effluent
-Hrs: (F) gpm/sq.ft. (ppm) '
0 {18 5 - 6.0 .5
!:00 118 5 3.75 }.0
3:15 107 5 4.0 0.0 |
5:15 (06 5 . 3.5 0.0
6:15 116 5 7.0 0.0
7:30 {09 5 2.0 0.0
Stop :
8:00 106 5 10 0.0
8:45 [06 5 6.5 0.0
10:45 102 5 4.75 0.0
13:00 |04 5 4.35 0.0
14:00 109 5 6.5 0.25
15:00 100 5 2.0 0.25
Stop
f0:00 e 5 7.5 0.25
[7:00 106 5 3.25 0.0
18:15 99 5 3.3 0.0
19:35 97 5 4.0 0.25
20:40 98 5 3.0 0.0
21:50 98 5 3.0 0.0
22:45 100 5 4.5 0.25
Stop
23: 15 97 5 8.25 0.0
24:15 98 5 3.5 0.0
25:20 99 5 6.5 0.0
26:20 100 5 5.75 0.0
27:30 102 5 5.0 0.25
29:05 102 5 4.0 .0
129:30 {02 5 - 3.5 .5
Stop
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6.3 Duolite S-30. Two tests of Duolite S$-30 were conducted. Test

data is given in Tebles 14 and 15. The resin was not effective in

filtering boehmite.

Table 14, Test Data for Duolite S-30 Resin at High Flow Rates

 Time Water Flow Turbidlty .
Temp. Rate influent |- Effluent

HosS (F) gpm/sq. ft. (ppm)

0.00 122 6 7.5 4.5
0:30 120 5.5 6.5 6.5
1:00 127 5.5 6.5 6.5
{:40 128 10.5 6.5 6.5
[:50 128 12.5 6.5 6.5
2:00 128 I3 6.5 6.5
2:10 128 15 6.5 6.5
2:20 128 ) 20 6.5 6.5
2:30 128 23 6.5 6.5
2:40 129 26 6.5 6.5
2:50 | 130 2.5 6.5 6.5

Table 15. Test Data for Duolite S-30 Resin at 5-gpm/sq.ft. Flow Rate

Time Water Flow Turbidity

Temp. Rate Influent | Effluent
*Hfé (F) gpm/sq.ft. (ppm)
0:00 112 5 5.0 9.5
0:30 119 5 4.5 4.5
.00 123 5 5.0 5.0
|:40 123 5 5.0 5.0

6.3 Summary. Resins tested included Nalcite HCR-W and Duolffe 5-30.

The Nalcite HCR-W was effective in filtering boehmite. The Duolite
$-30 was not effective.
Tests with 12-40 mesh Nalcite HCR-W showed that the 18-in resin bed

removed the boehmite near the surface and adsorptively at dep+h. Optimum
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flow rate was about 5 gpm for the 6-ihAdia. bed.' Filter efficiency Qe;
éreased significantiy at h{gher flow rates, .but was net ihprovgd at lower
flow rates. The filter efficiency was sensitive to fliow rate fluctuations
resulting in boehmitecarry-through. fhis sensitivity of flow-rate
f)ucTua#ioSs increased with load. Average steady-state efficiency of
the bed was 85 per cehf.’

Tests. showed that the 12-40 mesh Naicite HCR-W can be effectively
backwashed and re-used with the same results as new resin.

The 40-60 mesh resin had an initial efficiency of 75 per cent.

This efficﬁency increased after 2 hr of operation to better than 95 per

WY

cent. This high efficiency was maintained quite consistently until +He
max i mum load was reached, at which:poin+ efficiency rapidly decreased.
Filter efficiency was relatively unaffected by flow rate fluctuations
for flow rates not exceeding 6 gpm.

The use of fine bead resin eliminated many of the problems of
the standard resin. From test indications it was deemed not advisable to
raise the %Idw rate. Flow rates of 5 to 6 gpm/sq.ft. would be the
max i mum ad&isable design flow.

The Bbehmi+e load in the 40-60 mesh resin bed was concentrated in
the top 2‘in. of the bed. Based on the surface area of the filter, the
maximum |oad was 250 gm/sq.ft. Data on bed loading indicates that a bed
18 in. deé? is adequate for removing the boehmite.

Theré\is a wide variety of ion exchange resins available, and a
program to evaluate them would be excessively long and costly. It was.

- decided fo evalhafe +he use of a resin bed filter on the basis of The

information obtained to +hié time.
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7. PRECOAT FILTERS

Precoat filters are used in removing iron and copper corrosion products
to obtain ultra-high purity water, and considerable data has been pub-

lished on the various +ypes.5

In investigating +héir usefulness for
removing boehmite, both leaf type and element Typenfilfers were at

first considered. After consulting with several manufacturers of leaf-
type filters, it was concluded that this type could not be satisfactorily
backwashed without a water sluicing jet or vibrator. Since this might
substantially increase maintenance problems, only element type precoat
filters were investigated, -

As was previously sfafed{ t+he addition of a diaTQméceous earth pre-
coat to a sintered ceramic ele;enf, greatly improved its filtering ability.
There is the possibility of leaching silica and other materials from
diatomaceous earth, so only Solka-Floc was selected for further study.
This material is presently being used for filtration of condensate.
SeQeral companies have reported on extensive development work and have
shown that Solka-Floc is effective for removal of fine particles and is
backwashed effectively.

In view of the ex+ensivé development work done by others it was

not deemed necessary to initiate a prolonged investigation. Some experi-

ments were carried out by Allis-Chalmers and several filter suppliers.

7.1 Cellulose Precoat Filter. A purified, finely divided wood cellulose

precoat filter sold under the trademark, Solka-Floc by Brown Company was
tested with various back-up elements to determine its efficiency in

filtering boehmite.
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'#w,f”“yﬂ}wo Micro-Klean 2278-Ci{ filter cartridges were used for back-up
elements. Agshort initial run at 2 gpm/elemen+ and an influent concentration
~of 6.5 ppm quickly established +ha+ the back-up filter was aimost completely
ineffective ifor the removal of boehmite. Some BW-I100 Solka-Floc was added
to the waterr The boehmite concentration in the effluent quickly dropped
to zero showing almos+ a |00 per cent filter efficiency. The waTerlbeéame
too colored due to leaching froem the filter element to continue influent
and effluent readings. The test was continued until a pressure drop of
25 psj was rcéached. |
The elements were e*éﬁined and a 1/16- to 1/8-in coating of boehmite
was observed on the outside of the Solka~Floc precoat. AccqraTe loadup data
was not ob+aimed. However, a |/16-in cake corresponds to approximately
30 gm/sq.ft. :
A 6-in piece of Neva-Clog was placed in the under drain of the resin
support columh and precoated with Solka-Floc. Resin was not present in
the column. A short run indicated that the Solka-Floc precoat was aimos+
100 per cent éffective for .removing boehmite. Since it was impossibje to
obtain any load-up information, the run was dfsconTinued after establishing

the initial filter efficiency.

7.2 Industrial Filter and Pump Mfg. Tests. Industrial Filter & Pump Mfg.

Company was contacted with regard fo the filtration of boehmite using a;

)

Solka-F loc pgecoa+. .A sample of boehmite was furnished them. They ran -
tests at a constant pressure drop instead of a constant flow rate. For
this reason much of their information cannot be compargd‘fo Allis-Chalmers
tests. A combleTe report is not availablg,dﬁf¥ﬁgﬁg.WOrk. -However, They
indicated +ha+ the filter was approximafé1y;f06”per cent efficient with

'

o load-up of | /1&~in.
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7.3 Commercial Fil+er$ Corporation Tests. Commercial Filters Corporation

also agreed to run some +e$+s in their laboratory. The initial work with
uncoated ceramic elemen+§ has been previously discussed. A considerable
amount of work was done using the 25-u ceram%c element precoated. Dia-
tomaceous earth was first used as the precca+ with all later work using
BW-100 SolkajFIoc. Fiiter efficiency was determined by quantitative
analysis of infiluent and effluent sémp!es. Fiifer efficiency in all of
their tests was in excess of 99 per cent.

Load up was de*ermened by using the lnf:uen, and effluent concen-

,“‘./»A.,

~ trations +o defermtne +the amount of boehmite retained by the filter.

~Their results indicated that load-up, at 25 psi pressure drop and 3 gpm/

sq.ft. flow rate was in excess of 65 gm/sq.ft. This information was not
consistent with the other resuits.

Evaluation showed, however, that due to the high influent concen-
tration (approx. 200 ppm) used in these tests a major portion of the
boehmite settled out in the filter vessel and never reached the filter.
Actual locad-up was a cake approximately 1/16~in thick. . A complete report

is not available on the work done by Commercial Filters Corporation:”

7.4 Summar?. Thé net result for %he precoat filfér testing was to firﬁly*
establish that. Solka-Floc precocat ﬁés'essenfially 100 per centeffective |
for the fil+ra+iog of‘fhe:ﬁurcﬁased boehmite. Approximately 30 gm/sq.f+t.
is a reasonable load-up. .VarQing'flow rafesAfrovaf69‘+o approximately

3 gpm/sq.f+. did not appear to alter the results significantly. This

is contrary to what mlghf be expecfed However,‘i+ must be realized that
accurate load -up |nforma*rop was not obtained due to the difficulty of

y
separatung boehmite and Solka-F loc.
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A precoat filter combines backwash capability with an easily re-
placeable filter media. The filter can be operated remotely and the
waste sluiced to disposal. Since sufficient performance data on precoat
filter systems has been published to enablé deéign of a system for Path-
finder, no further tests were conducted.

8.  CONCLUSIONS

In ali, five types of filters were evalu?jedwf”hesulfs of each indiviéual
+és+ have been discussed in past,~iﬁmé;nnec+ion with the test descriptions.
A summary of the perTinenff;égul+§, and a comparison of each‘filfer +ype
will enable a conclusién to be made regarding the type of filter best
suited to the intended application, i.e., that of removing relatively

large quan+f+ies of aluminum corrosion product (boehmite) from a reactor
primary system. |

The Hi-Lo, wound-wire ftype element blu95‘rapidly with influent con-
centrations of 2.0 ppm and a flow rate sfarfing at approxima+ely 20 gpm.
No efficiency or load-up data was obtained. Observation of the filter
showed no buildup of a boehmite cake. |t would appear that the rapid
plugging was caused by discrete particles of boehmite Iodging in the
indfvidua} filter pores.

Backwasﬁing of the filter was somewhat effective when compared to
the clean filter; and 100 per cent effective when compared to the start
of the first run. The information is 1nsufficién+ to predfcf backwashing
effectiveness for long term operation.

Lower f}ow rates would undoubtedly prolong the operating cycle between

one backwash and the next. The cost of the necessary filter elements




requirgd to extend This cycte to a practical limit, for use jn the in-
tended system, would be prohibitive.

Results obfa}ned with the un-preccated ceramic elements closely
approgfmafed those of the Hi-Lo filter. The plugging mechanism appears
to be the same. Backwashing, however, proved to be ineffective. When
compared to other filters tested, performance of both fhe wound-wire
and ceramic +ype filters is .poor when removing boehmite from a wa+er'sys+em.

Testing of cotton cartridge filters was extensive. The filter
utilizes both the element depth and surface cake for removing particles,
as compared to the wound-wire element, which employs only a surface
mechani;m.

Tés+s showed type 19x10 - 2CV Fuiflo elements to be too coarse fo
effectively remove boehmite. The finer 27RIOCV element offers some im-
provement having an average:efficiency of 45 per cent. It is seen,
however, that a load-up of only |5 gm/element of boehmite is achieved
before the pressure drop becomes excessive. An average efficieﬁcy of
62 per cent was eventually achieved for the finest cotton wound elemen+l
(39R10CV), but a slight reduction in load-~up is also observed.

It is of interest to note that a reduction of flow rate to 1/2 gpm/
element from 2 gpm/element results in no improvemeni of either filter
efficiency or final load-up on a per elemenf basis.

Substantial improvement is seen in the performancé of t+he Cuno,
felted-type element. Tests show that the felted filter retains in excess
of 35 gm/element before pressure drop becomes excessive. This is more

than twice the load-up on the cotton wound element.
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Coméarison of typical cotton wound and felted elements when loaded
1o capaciTy:wffh boehmite and when loaded with rust products frpﬁ a
férrous éystem ¢how that felted elements removes 230 gm of rust pef elémen+
compared to -the 35 gm of boehmite per element removed by the same type
element.

One of the most significant observations made in +he test program
is brought out by this comparison, i.e., fhefe is very little porosity
associated with a boehmite cake. Instead of developing to a Thfck porous
layer, as ryst does, boehmite forms a thin gelatinous film which quickly
becomes a flow barrier.

As is shown in all of the pressure drop vs; Ioad—ub curves, little
can be gained by allowing pressure drop to increase abbve 25 péf. In
this range a very large increase in pressure drop is accohpanied by
little increase in.load—ﬁp.

In view of these results it may be stated that experienée with
cotton cartridge type filters in primarily ferrous systems is nQTA -
completely applicable to aluminum systems.

Considerable success was obtained using ion exchange‘resin as a
fiiter for boehmite. The collected boehmite could be removed from the
ion exchange resin by backwashing. Standard size resin was very sensitive
to flow rate and/or changes in flow rate. This problem was alléviafed
by a ﬁhange to a fine (40-60) mesh fesin. Max imum design flow for a
resin bed filter was found to be 5—6-gpm/sq.f+. The boehmite collected
by the standard resin was distributed through some depth of the bed where-
as the fine resin acted more as a surface filter. Filter efficiency is

seen to be excellent until breask-through of the boehmite.
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Backwashing of the standard resin was successful. The fine resin
backwashed much the same as the s+éndard resin. Some development work
mi§h+ be necessary to find the optimum procedure fcr backwashing the fine
resin.

| The quantity of backwash water and the large filtration area re-
quired are two drawbacks to the use of this type of filter; especially
wifh a system that has high flows (apprbximafely 250 gpm). for a
relatively clean system aﬁ ion exchangé filter would be vePy satisfactory.
However, for +heAsys+em under consideration it would be a second choice.

if we consider a ioQ flow system with allighf filtration load, the

resin bed filter becomes more desirable. A logical development for a
system also containing an ioﬁ exchanger would be the elimination of the
filter and‘using the ion exchanger as a filter also.

Ini+iélly, the precoat fil%ér was not considered. However, as testing
proceeded, it became obvious that an element Type.filfer, if used, would
require f;equenf renewal or replacement. A precoat fil+er pernmits this
change of filter media o be accomplished quickly and remotely, which
is particularly desirable for a radicactive water purification system.

Sglka—FIoc was selected as a precoat media for +es+ing. Work with
this material established that it was essentially 100 per cent efficient
for'+he removal of boehmite from water. This efficiency was confirmed by
oTheré.

Considerable experimental work using precoat filters with high
purify water has beén repor+ed.. it was not deemed.necessary to in-

vestigate the mechanics of operation of this type of filter.
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Load-up for a precqé+ filter wag obTéined indirectly Thréugh extra-
polation of data from cotton filter tests, and was es+ab|ished at éb-
proxima+e|§ 30 gm/sq.ft. at 25 psi pressure‘drop. Flow rate was varied
from | to 4 gm/sq.ft. This load-up corresponds to approximately a
1/16-in Thick coat. In a precoat filter a low Ioadfup is not as critical
as with cotton cartridges since the precoat may be changed easily and
quickly.

The tlow rate in a precoat filter may be varied over a wide range
with 1itt1& loss in filter efficiency. However, flow must be maintained
at some mi%imum rate to hold the precoé+ in poéifion; !

| All factors considered, the precoat filter seems most desirable for
use in a reactor water purification system where considerable flows and
a high filfraTion load are expected. Careful design will provide a
filter installation that is dependable and Eequires little main+enance.

All operations can be accomplished remotely. minimizing personai exposure

to reactor water.
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APPENDIX A CALCULATIONS AND DEFINITION OF TERMS

I. ~ Cotton Cartridge Tests - Outline of Method Used for Correlating

Filter Load with Efficiency and Pressure Drop.

I.1 Nomenclature

AP  Pressure drop (psi)
1 Denotes the particular time segment being considered
A, Measured area in particular time segment

K Conversion tactor from measured (inz) to (ppm?hours)

o

Grams load up at any time (hours) following start of test

Time in hours after start of test

4&‘

ﬁ; Avefage filter efficiency fhrough9u+ arbitrary time segment (%)

‘em

Average influent concentration (ppm)

E%U;Average effluent concentration {ppm)

A€, Average difference beTWeen influent and effluent concentration
in any time segment (7).

w Maximum load up in grams - as determined from weight measurements

1.2 'Pressure Drops vs. Load~Up - Procedure. Plofﬁalr Eééorded data

(concentration in and out, pressure drop) vs. running time in hours.
For arbitrarly selected time intervals, graphically integrate the
area between influent and effluent turbidity curves. This gives

values for (An)u Determine total area from T = o;+o T = end of test.

L2 :
Atotal =§ An " where %e = total running time of test.
T=0 ]
Assume that Ay i) is proportional to maximum load up W)

ATofaI ~ @ or Afofal-’ FW  where F is a proportional ity constant.
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Deferm|ne load up in grams (P ) for each hour (7).

F %Afi

Bzt W

Atofal
Y .
With gglues of (Pr) from above, AP points from curves in the first
step can be correlated for each value of (7).

AP may then be plotted vs.Py, i.e., pressure drop vs. load up.

Efficiency vs. Load Up ~ Procedure

Define:filfer.efficiency (7)) = {Jzﬂ%fﬁaﬂi;],Xloo
. ] n .

Determine average values for filter efficiency for each hourly

segmen% from data plots as follows:

n = i ",CW*} xi00 = A& yinp
7 €in . &,
. 1 - A
where A8, = KBhn_
AT

Since values for Py have already been established.. C% méy now be FZ
plotted vs.
ﬁn points . are-actually considered to fall hal way through each hourly

segment so as to represent an average for that segment.

Definition of Terms

Backwash - A reverse flow through a filter the purpose of which is to
| remove any collected solids or a combination of precoat and
solids,

Efficiency (Filter) - influent concenfra+|on - effluent concenfrafuon xlOO
' influent concentration
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or, ‘the percentage of the solids in the
filtrate which is removed as [t passes
through the fiiter.

Load. Up {maximum) - Quantify of solids that have been retained by

a filter when shut off conditions are reabhéd.

Load Up (Per Cent) -  Load Up al any Time X160
. ’ max imum Load up

Precoat Filter - One which uses a porous back-up ma+erial; coated
with a second material that acts as a fiiter. The
back up material is reused, while the coating material

is periodically replaced,
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