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- ...Appendix.A .contains .a.copy of the laboratory logbook. . ... .. ... . ..

1.0 INTRODUCTION

This document summarizes the treatability study activities conducted at the HALLIBURTON NUS Laboratory
located in Pittsburgh, Pennsylvania. These activities were conducted in support of the Rocky Fiats

stabilization project. The activities conducted consist of the following:

Polymer Testing

. Chiorination Testing

+ Dewatering Tests  ~ - .
+  Clarfication Testng

e Buchner Funnel Fillration Testing

. .Belt Filter Press Testihg',
Several miscellaneous tests were aiso conducted in an attempt to improve dewaterability of the sludge.
This document consists of four secﬁdns. Section 1.0 is this brief introduction. Section 2.0 describes tﬁe

testing procedures and provides summaries of the treatability test data. Section 3.0 provides discussions

of the results. Section 4.0 provides conclusions based on the resuits and recommendations for future work.
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2.0 TEST PROCEDURES

2.1 MATERIAL PROCESSING

Prior to conducting any tests with the Solar Pond sludges, it was first necessary to process the sludges,

thereby duplicating anticipated field conditions. The process flow sheets shown in the Design Basis Memo
Q” .

for Pond Sludge Processing (Brown & Root, 1991) called for the pond siudge to be processed through a

hydrocyclone. The underflow (+325 mesh solidé) was estimated to be 30 to 35 ber;ent solids. The

overflow (-325 mesh solids) went to a ciarifier for clarification/thickening. The estimated feed concentration

to the clarifier was 3 to 5 percent, while the clarifier underflow was estimated to be equivalent to the solids

in the solar ponds. The cyclone and clarifier underflows would then be combined, producling a feed

“material for high pressure dewater_ing of approximately 30 to 35 percent solids. This particle separation -

was duplicated in thé laboratory by siéving the sludges through 10, 100, 150, and 325 mesh sieves. The
sieving was conducted for siudges from Pond 207 A, 207 B North, 207 B Center, and 207 B South.

Approximately 8 gallons of each sludge was sieved. ‘The material that was retained on the 10 mesh sieve
was nominal and consisted of grass, asphait, and twigs. The following weights were recorded for the

greater than 10 mesh material:

Boesit et e el S T T e L T PP

¢ Pond 207 A -27.29 grams'
* Pond 207 BN - 88.75 grams
e Pond 207 BC - 64.64 grams -
« Pond 207 BS - 5.69 grams

Upon completing the sieving of the sludges, the minus 325 mesh material was analyzed for percent solids.
The percent solids analysis was conducted by collecting 50 mi of homogenous sample of the minus

325 mesh slurry and then fiitering it on Watman 40 filt

r with a Buchner Funnel. The residual filter
) .

cake and filter paper were then dried in an oven a 116: C.
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The results of the percent solids analysis for the minus 325 mesh material are as follows:

« Pond 207 A - 4.1 percent

s Pond 207 BN - 5.3 percent

+ Pond 207 BC - 1.3 percent

° Pond 207 BS - 5.9 percent ,
The minus 525 mesh material served as the feed material for polymer screening tests, bulk tests, and

thickening tests. ) . . : e
Following the selection of a polymer to aid gravnty settling of the minus 325 mesh solids (see Section 2. 2)
the remalnlng minus 325 mesh material was flocculated and gravnty settled The thickened solids were then
combined with the plus 325 mesh solids to produce the feed matenal for hlgh pressure dewatering tests.

The final volumes and percent solids of the sludges are as follows:

Thickened _
—Pond —Sludge Volume —Percent Solids
207A 4750 mi | 35.4
207BN 2865 ml 31.8
207BC ‘ ‘ 4365ml 12.6

_..207BS | . ... 3015 mi 36.7

- vem e s mn B mfes. pmien mesesaanas smeem S Aams 11+ 1 s A ass AT P e s b Wmmatn v S e A b &+ D e e mei% T meeans et oA % o aen e s mraree o 4ianens

2.2 POLYMER TESTING

Tests were conducted on both chlorinated and nonchiorinated sludge (minus 325 mesh) to select a
flocculant that would aid settling and thickening of the solids. Because of the limited volume of sludge
available for testing, an exhaustive evaluation of alf available poimers was not conducted. Instead, one

vendor (betz Laboratories, Inc.) was selected to test the polymers within the vendor's product line.
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2.2.1 Nonchlorinated Sludge

Prior to initiating the polymer testing approximately 500 ml of each pond sludge (minﬁs 325 mesh) was

placed in graduated cylinder and allowed to settie overnight. The thickened sludge depths following

approximatley 8 hours are as follows:

Pond
207 BN
207 8BS

207 BC

207 A

Settled Solids Supematant  Total Depth
2.125" 30" 5.125"
6.81" 0.38" 7.125"

- 3875" 325" 7.425"
7.125"

2.75"

4.375"

=

Review of the above data indicates that the minus 325 sludge from Pond 207 BS did not settle, whereas

minus 325 mesh sludge from the other ponds settled to 39 to 54 percent of the original volume.

The polymer testing was conducted by Mr. G. Gailey of Betz Laboratories, Inc. [n general, the tests were

conducted by placing 400 mi of a particular sludge in three 500 ml beakers. The beakers were then

simultaneously mixed (40 rpm) to homogenize the sample. Different polymers were added to each beaker

at similar dosages. The sludge was thoroughly mixed for 1 minute at 74 rpm and then for 2 minutes at 40

_.rpm.__The sludge was visually evaluated to determine if flocs were formed at the applied dosage. fno

flocculation was observed, then éddih‘onal polymer was added to each beaker. This procedure was

continued until an optimum polymer and dosage were selected. Table 2-1 summarizes the results of

polymer testing using nonchlorinated sludge.

/\.
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TABLE 2-1

SUMMARY OF POLYMER TESTING
(Non Chlorinated Sludge)

! Total Polymer Addition
: Run 1 Polymer Feed :
Pond No. Poly-er( ) Concentration ppm Pound Neat Polymer/ Result Comment
i 1000 b Solids
2078C 1 3315 Anionic 0.1% 26.4 2.0 stight floc formation
] 3325 Anionic 0.1% | 26.64 2.0 slight floc formation
1 3360 Cationic 0.1% ! 36.1 2.0; small flocs formed
2 3354 Cationic 0.1% | 36.1 3.0 Marginal floc formation
2 3398 Cationic 0.1% ¢ 36.1 3.0 Marginal floc formation
3 3360 Cationic 0.1% 24.6 2.0 Good floc formed * Polymer of choice
i because of lower dosage
3 3398 cationic 0.1% 36.1 3.0 Good floc formed stight scum on top of
. : : supernatant
4 3392 Cationic 1.0%. 697.7 60.0 No floc formed
2078S 1 3375 Cationic 1.0% | 49.6 1.8 No floc formed
1 3398 Cationic 0.1% 47.6 20.4 No floc formed 20 m\ added 3 0.1% and
. 1.0% | L 49.6 1.8 No floc formed 2 ml added 3 1.0%
) solution
3 3360 Cationic 0.1% | 47.6 1.8 No floc formed
t
2 3392 Cationic 1.0% | 1397.8 58.5 No floc formed
207A 1 3398 Cationic 0.1% Large ' smatl flocs formed Good settling
. ! Dose
1 3315 cationic 0.1% | Large small flocs formed Minimal settling
} Dose :
1 3360 Cationic 0.1% 69.8 2.2 Fine floc Settled better than
‘ 3398
2 3325 Anionic 0.1%’ ‘ Not No floc formed Did not work
i Measured . ,
2 3375 Cationic Not -No floc formed Did not work
) ; Measured




TABLE 2-1

SUMMARY OF POLYMER TESTING
(Non Chlorinated Sludge)

PAGE TWO
i Total Polymer Addition
Run M Polywer Feed i
Pond No. Polymer’ Concentration pom Pound Neat Polymer/ Result " Comment
. < : 1000 b Solids
207A 3 3392 Cationic 1.0% | 243.9 7.4 small floc Moderate settling
3 3392 Cationic 1.0% 365.5 1.1 small floc-
2078BN 1 3360 Cationic 0.1% | 36.1 ST Good floc
3 3398 Cationic 0.1% - 120.3 47 Good floc
2 3392 Cationic 1.0% 124.0 .29 Good floc Rapid settling
2 3392 Cationic 1.0% 62.0 14 Flocs did not form
2 3392 Cationic 1.0% 99.2 .23 Good floc

M an polymeré are products of Betz Leboratories, Inc.

Note: Test run numbers with the same number were conduct:_ed simulateously.

v
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2.2.2 Chiorinated Sludge

Several observations were made which suggested that there was significant biological activity present in
the sludges, including a septic odor and the observation that when the sludge was left in a sealed
container, the material expanded and seeped from the botties, probably because of gas generation from

biological activity.

To confirm that biological activity existed in the sludge, three 50 ml aliquots wére collected and placed in

sealed contamers One sample was treated with calcium hypochlonte one sample was stored at 4°C, and

" one sample was stored at ambient temperature. The samples were observed the following day The

sample that was stored at ambient temperature showed Ieakage from the container, while the other two

samples showed no evidence of leakage. This observation sdggesi that biological aéﬁvity occurred in the

samples.

The above observation, combined with the inability of Pond 207 BS sludge to settle, which was believed
to be affected by the presence of microorganisms, resulted in the decision to chiorinate the slu&ge. The
sludge was chlorinated with granular calcium hypochlorite (65 percent caicium hypochlorite). Further
discussion of chlorination testing is provided in Section 2.3. All of the polymer testing was redone using

sludge' samples that were chlorinated.

e T i ek A T Dem s e avbe ceecra e -

The polymer tests conducted on the chiorinated samples were conducted _by -c-ollecting 200 ml of sludge

and adding a dosage of polymer. The material was then mixed by hand using a glass stirring rod. The

results of the polymer tests on chlorinated sludge are summarized in Table 2-2.
2.3 CHLORINATION TESTING

As explained in the earlier sections, a decision was made to chlorinate the sludges to improve settleability.

To determine the correct concentration of a chlorinating agent necessary to kill the microorganisms, an

' experiment was set up to add several dosages of calcium hypochlorite and analyze the samples for

standard piate count and residual chlorine.

26
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TABLE 2-2

SUMMARY OF POLYMER TESTING

(Chlorinated Sludge)

Total Polymer Addition o
Polymer feed | : .
Pond Polymer(1) Concentration pom Pound Neat Polymer/ Result Cowment
: 1000 b Solids
207A 3360 Cationic 1.0% 37.3 2.2 "Flocs formed
2078S 1192 Anionic 1.0% 498.1 37 No reaction
3360 Cationic 1.0% ] 2.9 1.9 Formed flocs
3360 Cationic 1.0% 49.8 3.8 Formed flocs
3360 Cationic 1.0% 37.3 2.8 Formed flocs Formed best floc
2078C 3360 Cationic 1.0% ‘ 12.5 2.0 formed flocs flocs did not settie well due to
| ' ’ foam from mixing. After
: approximately 15 minutes all
material floated. The material
; then settled after further
; shaking.
3360 Cationic 1.0% i 49.8 8.0 Formed flocs After 1/2 hour some material
i floated
;
3360 Cationic 1.0% ] 24.9 . 4.0 Formed flocs Flocs settled well
2078N 3392 Cationic 1.0% | 7.t 3.5 Very little floc
; formed
3360 Cationic 1.0% ] 49.8 2.3 Formed good flocs
i
2078/0!, s, | 3360 Cationic 1.0% i 49.8 4.3 Formed floc Some material floated because of
a_ﬁ; C ; ; - foam resulting from mixing.

H AlL
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lymers are products of Betz laboratories, Inc



A chiorine solution was prepared using 25 grams of calcium hypochiorite (65 percent) with 225 ml of

deionized water. This is equivalent to a 7.2 percent solution of caicium hypochiorite.

For each pond, 400 m! of "aseceived" sludge was treated with chlorine solution. The chlorine solution
was added to achieve three different concentrations (i.e., 6500, 12,300, and 18,500 ppm) The sludge and
chlorine solution was mixed for 15 minutes and then sampled for chlorine residual and plate ooun_t. .

Additionally, each raw sample was analyzed for percent solids. The resuits of the chiorination tests are

- summarized in Table 2-3.

2.4 SETTLING TESTS -~ -

Settling test were conducted to determine the rate at which the sludge settled and the rate that the sludge

thickened. The first test is referred to as a Bulk Settling Rate (BSR) Test and the latter is a Thickening

Test. The results of each test are oompared to determine which test resuit is the controlling factor for the

- design of a clarification/thickening unit.

2.4.1 Bulk Settling Rate Testing -

The BSR testing was conducted on sludge from Pond 207 A and Ponds 207 B North, Center, and South.

All of the sludge for this testing was sieved to minus 4325_1,me,sh,.,,fl?esti,ng was conducted on sludgethatwas

untreated, sludge that was oxidize& wnth calciumlhyb.(.)éhlorite. and sludge that was oxidized with calcium
hypochlorite (65 percent) and flocculated with pblymer (Betz 3360). Polymer was added at the optimum
dosage as determined from the earlier polymer tests. Al of the BSR tests were conducted using sludge
that was diluted with the appropriate pond water at a 1 to 5 dilution. This dilution was necessary to allow

discrete settiing of the individual particles as required by the test method.

The BSR tests were conducted by first placing the sludge, at the appropriate dilution, in a 1000 mi

graduated cylinder. The sludge was then mixed using a rubber stopper on a glass stirring rod to provide

a uniform mix. A stop watch was used to measure the time required for the bulk of the sludge to settle. -~~~ =~ -

2-8
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TABLE 2-3

SUMMARY OF CHLORINATION TESTING

Selected Dosage Calcium

Hypochlorite
Calcum
. X Hypochlorite i Residual
Pond Solids Dosage Plate Count Chlorine PP (b/1000 Lbs Dry Solids

207A 8.5% 0 mg/l 2000 colonies/ml NA 16,700 120 (bs.
16,700 mg/1 4 colonies/ml 27 mg/\
- 11,100 mg/L 11 colonies/ml” 22 mg/t
) 5,900 mg/L 19 colonies/ml 32 mg/l

2078BN 14.9% -0 mg/sL 2000 colonies/mli NA 11,100 40 Ibs.

’ 16,700 mg/l - "~ 3 colonies/ml 2000 mg/L ) a

11,100 mg/\ 2 colonies/ml 34 mg/L
5,900 mg/l 3 colonies/mt 4900 mg/ L

2078c | 4.1% 0 mg/t 440 colonies/ml NA 5,900 70. lbs.
16,700 mg/1 2 colonies/ml - 12 mg/t
11,100 mg/1 1 colonies mi 12 mg/L
. 5,900 mg/l.. 10 colonies/ml 22 mg/l

20785 6.3% 0 mg/L 160 colonies/ml m | 11,100 100 Lbs.
16,700 mg/l 6 colonies/ml 16 mg/t
11,100 mg/L 3 colonies/ml 14 mg/L
5,900 mg/\{ 61 colonies/ml 344 mg/l

Composite 8.5% 0 mg/t 1800 colonies/ml NA 11,100 120 Lbs.
20 H 16,700 mgsL 4 colonies/ml 1800 mg/1
Ponds 11,100 mg/L <} colonies/ml 1100 mg/{
) 5,900 mg/l 2 colonies/ml 800 mg/L

b Composite was blended using equal volumes from each pond.

GLIIE s e saatin Ahrvmen o Smvmm e E
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Times were recorded as the sludge settied past the 800, 600, and 400 mi marks on the graduate cylinder.

The data was then used to determine the design overfiow of a clarification unit required to adequately settle

the sludge. The following formula was used:

BSR(ft/hr) = c¢ x 60 min/hr
min. x (Cylinder calibration cc/ft)

where, cylinder calibration for 1.0 L cylinder = 883 cc/t.

The BSR and design overflows are summarized in Table 2-4. The design overflows are based on a flow -

- rate of 315 gpm from the hydrocycione to the clarifier.

During the BSR testing it was observed that siudge from Ponds 207 B North and South had a tendency
to float as opposed to settle. This observation was attributed to géses bécoming entrained in the sludge

" during mixing when calcium hypochlorite was added.

For each pond, samples were analyzed for percent solids and bulk densities after the sludge was allowed

to settle for 30 minutes in the graduate cylinder. These results are summarized below:

Pond Sol Bulk Densities®
207 A 9.5. percent —

. - 207 BN . "_79percer;tﬂ S 115(SG) e e Pt et S e e
207 BC 2.4 percent —
207 BS —_ —
207 B (combined) 5.4 percent -—

* Bulk densities are reported as specific gravity.

All of the analyses for percent soiids and bulk density have not been completed.
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H TABLE 2-4
‘ZSllﬂARY OF BULK SETTLING RATE TESTING
Polymer Design 1 - |
Chlorinated Addition: BSR Overflow Rat%( ) !
Pond Name (Yes/No) (Yes/No) : (ft/hr) (gal/day-ft“) Comments
2078 North N N ‘ 12.23 413 Very cloudy supernatant - sludge
: . somewhat agglomerated
N N 10.80 468 Very cloudy supernatant - sludge
) ¢ somewhat agglomerated
Y N : 3.83 -'1320 Very clear supernatant
Y N 4.29 1178 Very clear supernatant
Y A\ 18.32 - 276 Clear supernatant - good floc
Y Y 19.19 263 | Clear supernatant - good floc
2078 South N N N/A N/A Material not settling after 5 min. -
i color change from green to brown
Y N ! R/A N/A Color change from green to brown -
! material not settling after 5 min. -
' lots of foam
N Y ‘; N/A N/A Most material floated - supernatant very
i cloudy - flocs in liquid
N Yoo N/A N/A 50 mt floated/300 ml settled - less
material floats with every run
N Y ‘ 2.61 2099 Supernatant had pin flocs
N o 42.92 18 3 ml of polymer added - slow settling
} rate -
N Yy o 6.80 . 744 Good floc, but poor settling
N v N/A N/A S ml of Polymer added - 250 ml
floated/100 ml settled
N Y N/A N/A Most material remained suspended - less
! material floated
Y Yy o N/A N/A Immediate floc formation. - Within 45
! min. everything floated
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TABLE 2-4 :
SUMMARY OF NLK SE‘l'll.lﬂG RATE TESTING
PAGE 2 |
: Polymer , Design 1
: Chiorinated Addition : BSR overflow I!ati( )
Pond Name (Yes/No) (Yes/No) ; (ft/hr) (gat/day- ft Comments
2078 South Y N 1 ‘N/A N/A Flocs formed - Yellow supernatant's pH
) ) went from 9 to 7
Y N i N/A N/A ‘ Cloudy supernatant formed - very fluffy
: ' sludge - pH of 7
Y Y ! N/A N/A Very clear supernatant - very fluffy
b flocs
Y y ! N/A N/A Material flosted
207A N N ; 7.88 641 Supernatant very turbid
N N ‘ 7.52 672
Y N 9.77. 517 Somewhat cloudy supernatant
Y NS 8.19 617 Good floc formed
Y Y 27.64 183 Clearer supernatant - floc settled
: ‘ quickly
2078 Center N N a N/A N/A Material not settling after 5 min.
Y N 2.61 1940
Y N 2.93 1726 Pin floc in supernatant
2078 Composite N Y 58.24 87 Supernatant only blue/green color
N N E 4.99 1013 Supernatant blue/green
Y N 5.26 961
Y N 4.10 1233
Y Y , 17.17 294 Supernatant clear with some suspended
: floc - some floc floated.
; :
Y \ 15.68 - 322

(1) gased on-a flow of 315 gpm.




2.4.2 Thickening Tests

The thickening tests were conducted for each pond using minus 325 mesh material. All of the sludge was
oxidized with 65 percent calcium hypochiorite and flocculated with polymer (Betz 3360) at the optimum
dosage as determined from the earlier polymer testing.

The test was conducted by placing 1000 ml of sludge in 8 1 L graduated cylinder and measuring the

decrease in volume over a 24 hour period. The graduate cyl'inder was equipped with a rake mechanism

- which rotated between 10 and 30 rpm. Additionally, a similar test was conducted without the rake

~ mechanism to serve as a control for each pond. The results of the thickening tests are reported as square

feet, which represents the area needed to provide the necessary capacity to thicken the sludge, .Th'e

" - results are as follows:

207 A | | 3,920 ft2
207 BN ' 11,255 ft.2
207 BC ’ No Data
207 BS 8,960 ft.2

. .No.data are reported for.Pond.207.BC because the sludge thickened too rapidly.to collect data points. This..............

would suggest that this pond would not be a limiting factor for the design of the thickener.
2.5 SLUDGE DEWATERING TESTS

Sludge dewateririg tes& were conducted using a Bdchner funnel, the Denver Equipment Piston Press, and
the Larox Pressure Filter. During the initial dewatering tests the Denver Equipment Piston Press was used;
however, once it was determined that the siudge was not readily dewaterable as is, the Buchner Funnel

was used as a qualitative screening device to test the effect of various additives on the dewaterability of

the sludge. It was observed that if sludge mixed with a particular additive was successfully dewatered or

213




unsuccessfully dewatered on the Buchner funnel, then similar results would be found on either of the

pressure filters.

All dewatering tests were conducted on combined sludge. The minus 325 mesh material was oxidjzed with
65 percent calcium hypochlorite and flocculated with Betz 3360 polymer. This sludge was allowed to settle
for approximately 4 hours; the supemnatant was then decanted off the sludge uéin’g a vacuum. This sludge
was then combined with plus 325 mesh material, which was also chlorinated with calcium hypochlorite.
The sludge was combined at a ratio of 0.28 to 1.0 (quantity of minus 325 mesh material to quantity of plus
325 mesh material). Thi§ préproce;sing and recombination of sludge simulated what was to occur in the
actual process train. ' . ' | | "

3 %Wm Q}AC{CJJL‘)

2.5.1 Buchner Funnel Tests

Initial testing quickly indicated the sludge could not be successfully dewatered without the addition of
additives to enhance dewaterability. The sludge appeared to blind on the filter paper, possibly due to the
large amount of fine particleé. Because of the difficulties encountered in dewatering the sludge, a Buchner

funnel was used as a qualitative screening mechanism for various additives mixed with siudge.

Several additives were unsuccessful in improving dewaterability, including Betz 3360 polymer, lime plus

... polymer, diatomaceous earth, sand, and dilution with deionized water. .

There were several additives, which were moderately successful, including lime addition to a pH of 11 with
a reaction time of approximately 1.5 hours. Lime addition to pH of 10 after treatment with chiorine dioxide

was also moderately successful.

The addition of lime/cement, limefflyash (Type C), and limefflyash/cement were successful in dewatering
the sludge from Pond 207 A, 207 BN, BC, and BS. The combination of lime/cement/flyash appeared to
be the mbst successful dewatering mixture based on a visual observation of the cake and the dewatering
rate. Once the optimum mixture was determined, several additional tests were conducted to determine the

effect of decreasing the quantity of cement and flyash. The results indicated that the filtration rate
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decreased as the quantity of additives decreased. Percent solids analysis were conducted and filtrate
volumes were measured for select filter cakes. The Buchner funnel dewatering tests are summarized in

Table 2-5.

Additional testing conducted on the Buchner funnel consisted of dewatering each pond siudge using the

optimum mixture of lime/flyash/cement and collecting the filtrate volume. The filtrate was then filtered

' through a .45 rr_\icron filter and analyzed for the TCLP metals and pH. This data would represent the

quantity of dissolved metals present in the filtrate from é dewatering process.- These results -are

summarized in Table 2-6. ; -

The laboratory Piston Press is a device designed to measure the fiitration characteristics of sludge at
pressures up to 2000 psi. The pressure is supplied by an air driven ram pump. The ram is driven by
compressed air at approximately '90 psi. The pressurized water is fed to the press through a ﬂexib!e
hydraulic hose. The press consists of a steel cylinder with internal dimensions of 7.874 inﬁhes long by 3
inches in diameter. One end of the cylinder contains a hydraulic port which delivers pressure to the intemal
piston. The other end of the cylinder has an end cap which is screwed on and off to fill or remove sample.

The Piston Press was used for dewatering tests when initial thinking was that the sludge was amenable

~-to-dewatering.- Initially,-testing-was-conducted with Pond 207 -A-and 207-BS sludge "as is." The material -~~~ -~ - -

was observed to blind the filter cloth (preventing the flow of water) probably because of the large number
of fine particles and/or the presence of an organic slime layer around the discrete particles. After the initial
test with the Piston Press, it was realized that the material was not dewaterable without some type of

pretreatment. As a kesult of this finding, relatively few tests were actually c_o_nducted with the Piston Press.
Additives such as Type C‘Flyash and cationic polymer were used to improve filterability. Both additives

failed to increase the filtration rate of the sludge. The results of the Piston Press dewatering test are

provided in Table 2-7.
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f TABLE 2-5. _
WY OF BUCHNER FUNNEL DEUWATERING IESTS
Run Sludge Run Filtrate - Cake Percent
Pond No. Voluse - Additives . Time Volume Solids Comments
7 -
2078C 1 200 ml 2000 mt 1X polymer (3360) 143 min. Not measured Poor dewatering
2 100 mt 100, ml DI water ; 33 min. Not measured . NA Poor dewatering despite good
4 ml 1% polymer (3360) ] floc formation
3 200 ml - 2.15 g Ca(OH) : 5 min. Not measured ! N'A pH = 9.5. Slight improvement
7 mt of 1% po%ymer (3360) : N over previous runs
150 ml Dl water ; f
4 100 mt | 100 ml DI water { 4 min. Not measured . 50.8% Good filtration
2.15 g Ca(OH) . ’
22 g Portland Cement :
5 100 mt 100 m! DI water b 15 min. Not measured NA
-22 g Portland Cement
6 200 ml | 4.3 g CatoW) { 9 min. Not measured 50.8%
44 g Portland Cement )
2078S 1 100 mt 100 mt D1 water : 18 min. ‘Not measured NA pPoor filtration.
6.4 g Diatomaceous Earth
2 100 ml | 100 ml DI water 4 min. Not measured - 62.9% = 12
2.15 g Ca(OH) ¢ : ) Good filtration
29.3 g Type C Flyash
3 --- 14.9 g cement ‘ i 2.50 min. Not measured - : 64.9% Materials added to mixture
. 100 ml DI water : from 2078S, Run No. 2
2078c | 1 100 ml 100 ml O water - | 4 min. 28 mt NA sample still wet
240 g sand C
2 100 ml 100 ml DI water | 4 min. 35 ml NA sample still wel ° €
40 g sand i
3 100 mt 100 ml DI water % 4.50 min. 140 ml NA =12
' '2.15 g Ca(OH), 5 sample filtered well
29.3 g flyash ;
14.9 g cement :
4 100 ml 100 ml DI water i 5.50 min. 170 ml ©OUNA L pH B 12
2.15 g Ca(OH), . :
17.6 g flyash i
14.9 g cement J

T
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TABLE 2-6 ;
PL
TCLP METAL ANALYSIS ON FILTRATE ~N
Analysis pond 207A Pond 207BN Pond 207BC Pond 207BS

Arsenic <0.1 mg/l 0.3 mg/l 0.5 mg/L 0.4 mg/l
Barium 0.056 mg/\ 3.7 mg/l 3.3 mg/\ 3.6 mg/l
Cadmium <0.02* mg/t 0.026 mg/t 0.032 mg/1 0.011 mg/l
Chromium <0.05*mg/1 0.54 mg/l 0.421 mg/L 0.47 mg/l
Lead <0.05 mg/! 0.12 mg/l 0.08 mg/\ <0.05 mg/l
Selenium <0.1 mg/i; 0.4 mg/t “0.1 mg/\ 0.1 mg/l
Silver 0.03 mg/t 0.10 mg/Ll 0.67 mg/t <0.01 mg/1
pH 11.9 11.9 11.8 11.9

¢ Elevated detection limit due to sampie matrix interference.
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TABLE 2-7

, SUMMARY OF DEUATERING TESTS
i DENVER EQUIPMENT PISTON PRESS

_ Test - Sludge i Run Filtrate . Cake -
Pond No. Volume Additives . Pressure Time Volume Thickness Comments
207A 1 550 mt None :1500 psi 25 min. 3t mt --- Poor filtration, 1/8" material
Increased to 2000 was not dewatered.
psi after 17 min. '
2 550 ml None 1500 psi 18 min. 34 ml --- Used Whatman 41 filter paper -
: Increased to 2000 C Poor filtration.
psi after 15 min.
3 275 ml 20% dry wt. ?;1500 psi 8 min. 30 mt 1c™ Only small part of material
Type C flyash dewatered.
(19.259) !
4 500 ml 30 ml 1500 psi 15 ‘min. 2 mt No cake was formed, poor
of 1% Polymer filtration.
(3360) : .
S 450 mt None E‘ISOO psi -150 min. 260 ml 374" Still some water present sbove
: ' filter cake.
2078S 6 400 ml None {1500 psi 60 min. 70 ml 3/16" Atl studge not dewatered.
2078C 7 200 ml 50 ml 11500 psi 150 mt 3/16m - Some sludge not dewatered.
1X Polymer 1 ’
(3360)

© e st 2 arma b iy o oo srr e etpmns i e sun [



The Larox Pressure Filter (LABOX PF 25 LABORATORY FILTER) is a laboratory filter which simulates the
filtration, pressing, and drying operations performed in a full-scale filter. The pressure filter has a filtration

area of 25 cm®. The fiiter cloth used for testing was constructed of polyester and had an air permeability

of 4.6 f*/fPemin.

The Larox Pressure Filter was used for dewatering tests primarily after various additives were successfully
screened on the Buchner funnei; therefore, the majority of the testing was relatively successful. ' The
primary additives Were lime, ﬂyqsh, and cement which were tn‘ed in various combinations. However, lime
was always added to a pH of a;aproximately 12. A surhmary of these d‘ewatering tests is provided in Table

2-8.

The testing consisted for the most part of varying pressure, run time, and fill cycles to provide adequate
design information for Léréx to size a full-scale unit. The most successful mixture for dewatering consisted
of lime, flyash, and cement. This mixture was used on all pond sludge and found to produce a suitable
filter cake based on percent solids and visual observations. Additionally, a filter cake from each sludge was

sampled and submitted for TCLP extraction and metal analysis. These results are provided in Table 2-9.

... 2.6 _MISCELLANEOUS TESTS

Upon discovering the difficulties in dewatering the pond sludges, several other tests were conducted in an
attempt to improve the dewaterability of the sludges. The following three tests were conducted:

¢ Centrifuging the sludge

> Sonication of the sludge

* Shearing the sludge

The centrifuge test was conducted by taking 37 ml of Pond 207 BC sludge and placing it in a centrifuge

tube. The sludge was centrifuged for 5 minutes at 3000 rpm. The following visual observations were

noted:
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TABLE 2-8
SUMMARY OF FILTRATION TESTS
‘ LARGX FILTER
Run st ) . Filtration Filtrate Cake Cake Percent
Pond Mo. Volume Additives Pressure |, Time Volume Thickness Solids Comments
2078S 1 150 mt None 195 psi 20 min. 20 ml --- --- Only 1/16" of material dewatered.
2 150 ml 3.2¢9 Ca(OH), 195 psi ‘ S min 100 ml 172" 70.1% Good filtration, cake was 1/2% thick.
33 g cement .
3 450 ml ?5¢g Ca(oH), 195 psi | 50 sec. 125 ml o 59.1% Added in two layers, first = 150 mi,
99 g cement : 195 psi  {i 5 min. second = 75 ml. Top of cake was a
‘ little wet.
4 450 ml 9.5 g Ca(OH), 78 psi : 52 sec. 150 ml ) 1-1/8% 62.1% - Material was added in three layers
99 ml cement 78 psi |+ 170 sec. : (150 ml, 50 ml, 50 ml); the first two
195 psi |; 6 min. were at 78 psi and the last at 195 psi.
5 450 ml 9.7 g Ca(OH) 195 psi | 4 min. 75 mt 374" 57% Cake still wet. Added 150 mt in one
: 132.2 g flyash ! layer.
6 450 mt 9.7 g Ca(OH) 78 psi 50 sec. --< 1-1/8" 64.7% Cake still soupy. First layer = 150 ml
132.2 g flyash 195 psi 6 min. Second layer = 50 mt
7 600 ml 13 g Ca(OH) 78 psi S0 sec. 120 mt 1-1/74" 76.7% First layer = 150 mt
175.5 g flyssh 195 psi | 6 min. Second Layer = 50 ml
89.1 g cement :
8 600 ml 13 g Ca(OH) 78 psi 50 sec. 1-1/4v 69.5% Sludge added in two layers; the first
175.5 g flyash 78 psi 1 min . was 150 ml, and the second was 50 mi.
89.1 g cement 195 psi 4 min. The pressure was increased to 195 psi
after the second layer was filtered at
78 psi for 1 min.
-2078C 9 600 ml 13g Ca(ON)z 78 psi S0 sec. 90 ml 1-1/8" 70.8% Sludge added in two layers; the first
175.5 g flyash 78 psi | 60 sec. was 150 ml, and the second was 50 mi.
89.1 g cement 195 psi | 4 min. The pressure was increased to 195 psi
i after the second layer was filtered at
; 78 psi for 1 min.
10 600 mt 13 g Ca(OH), 78 psi ’ 50 sec. .90 mt 1-1/8» 69.6% Sludge added in two layers; the first
175.5 g flyash 78 psi | 60 sec. was 150 ml, and the second was 50 ml.
89.1 g cement 195 psi | 3 min. The pressure was increased to 195 psi
i after the second layer was filtered at
: the 78 psi for 1 min. :
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TABLE 2-8 !
SUMMARY OF FILTRATION TESTS
LAROX FILTER

PAGE TWO ;
;
Run Sludgs Filtration | Filtrate | Cake | Cake Percent
Pond No. Volume' V). Additives Pressure Time Volume Thickness Solids Comments
2078C 1 600 ml 13 g Ca(OH), 195 psi 5 min. 80 mt 7/8% 76.0% Added 1 layer of 150 ml.
175.5 g flyash .
89.1 g cement
207A 12 | 600 ml 13 g Ca(OH), 78 psi 50 sec. A Poor filtration.
25.7 g flyash 195 psi 6 min.
50.5 g cement
12A °| : 600 ml 13 g Ca(0OH), 78 psi 50 sec. 100 mt .| 1-1-/4" 70.5% S{udge added in two layers; the first
175.5 g flyash 78 psi 50 sec. was 150 ml; the second was 50 mi. The
89.1 g cement 195 psi 6 min. pressure was held at 78 psi for 50 sec.
i then raised to 195 psi for 6 min. on
the second layer.
2078N 13 600 ml 139 Ca(OH)Z 78 psi 50 sec. 80 mt “1-1/40 75.4% » Sludge added in two layers; the first
: 175.5 g flyash 78 psi 50 sec. was 150 mi; the second was 50 mt. The
89.1 g cement - 195 psi 6 min. pressure was held at 78 psi for 50 sec.
then raised to 195 psi for 6 min. on
the second layer.
14 600 mt 13 g Ca(0HK), 78 psi 50 sec. 80 ml 1-1740 764 .9% Sludge added in two layers; the first
175.5 g flyash 78 psi 50 sec. . was 150 ml; the second was 50 ml. The
89.1 g cement 195 psi 6 min. pressure was held at 78 psi for 50 sec.
’ then raised to 195 psi for 6 min. on
the second layer.

1 Not all of the initial sludge volume was added to the I.a:rox filter.
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! TABLE 2-9

‘ }
' TCLP ANALYSIS OF DEMATERED SLUDGE CAKE
i
. 1
oL
Regulatory
Value for the FO06, FO0O7, :
RCRA Characteristic and FOO09 ’ Pond 2078 Pond 2078 Pond 2078
Compound of Toxicity LOR Standard Pond 207A North Center South

Arsenic 5.0 mg/l <0.1 mg/l - %0.1 mg/l <0.1 mg/{ <0.1 mg/\
Barium 100.0 mg/1 aadl B 2.8 mg/L 2.4 mg/l 5.4 mg/\ 5.0 mo/t ||
Cadmium 1.0 mg/l 0.066 mg/l : <0.005 mg/L <0.005 mg/l <0.005 mg/l <0.005 mg/\
Chromium 5.0 mg/l 5.2 mg/! 0.16 mg/l 0.19 mg/( 0.16 mg/l 0.14 mg/l
Lead 5.0 mgst 0.51 mg/! 0.05 mg/! 0.05 mg/L <0.05 mg/l <0.05 mg/\
Mercury 0.2 mg/l i <0.002 mg/t <0.0002 mg/1 <0.0002 mg/\ <0.0602- ma/1
selenium 1.0 mg/t <0.01 mg/l <0.1 mg/L <0.1 mg/t <0.1 mg/\
silver 5.0 mg/l 0.072 mg/\ i <0.01 mg/! <0.01 mg/! <0.1 mgsl <0.01 mg/1
pH 1.5 1.4 11.5 . 1.4
Nickel 0.32 mg/t NA NA' NA NA -

NA: Not Analyzed.

7
{

the LDR limit for nickel in the Solar Pond Characterization results.

H

3

i
i
{
:
H

Note: Nickel is least sotuble at a pH of 10.5 and is less than 0.32 mg/L at a pH'of 11.5. Additionally, the raw sludge from 207 A, 207 BN,

BC, and BS were below




* 10.5 ml of air/gas was expelled during the centrifuging
» 4 ml of liquid was present

* 13 ml of fine-grained material was present

2 ml of coarser material was present

The sonication test was conducted by placing 75 ml of Pond 267 BC sludge in a beaker which was then
placed in a water bath in a sonication cleaner. After 3 minutes, the siudge showed no visible effects from

the sonication. The sludge was then sonicated for an additional 13 midutes- There did not appear to be

any significant difference in the physlcal charac’tenstm of the sludge, although some degassing did occur.

The siludge was also somcated on a high energy sonicator, which is used for chemical extractlon of soils
and sludges. The sluc_!ge was sonicated for 6 mlnutes with no apparent effect on the sludge.

The shear tési Was ool:mducted by placing 200 ml of Pond 207 BS sIUdge in a beaker and mixing the sludge
with a blender (rpm approximately 1'0,000 to 12,000) for § minutes. The sludge was visually observed to
increase from 200 mi to 400 m! from entrained gases. The sludge was then placed on a Buchner funnel
to determine if the filterability of the sludge was improved. After 16 minutes of filtration time the sludge

was still wet and only 17.5 ml of filtrate was collected.

2.7 BELT FILTER PRESS TESTING

.. Belt filter press.testing was conducted.by Messrs J. Jones and W. Chung of Roediger.. The purpose of this..._.

qualitative testing was to determine if the sludge is amenable to beit press dewatering. The test was

conducted on sludge from Pond 207 A and combined sludges from Ponds 207 BN, BC, and BS. Testing

~ was conducted on chlorinated and nonchiorinated sludge.

The test procedure consisted of mixing polymer with sludge to form flocs, which were dewatered on a
coarse screen by rolling the sludge back and forth, simulating gravity dewatering on a full-scale belt press.
Once the free water was removed, the sludge was placed on a section of beit cloth, which was folded over

and squeezed by hand to remove additional water. At the completion of the dewatering step, the cloth was

visually observed to determine if the cake would separate from the filter cloth.
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The testing was conducted using a cationic polymer supplied by the Roediger personnel. The polymer was
a Stockhausen product (Praestol 644 BC) which was used at 0.2 percent solution. The Betz 3360 potymer
which had previously been used in the treatability study was tried; however, it appeared to have lost its

activity due to age and was not used again.

The initial percent solids of sludge from Pond 207 A was 5.4 percent, and for sludges from combined
Ponds 207 BN, BC, and BS was 9.5 percent. Table 2-10 summarizes the resuits of belt filter press testing.
The data indicate that chlorination with calcium hypoéhlon'te improved the dewatering. Chlorination visually
improved the flocculation of the sludge The sludge with polymer addition and chlorination was dewatered

to 28.6 percent and 36.0 percent solids for combined Ponds 207 BN, BC BS and 207 A respectvely

2-25
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TABLE 2-10

SUMMARY OF BELT FILTER PRESS TESTING

PERCENT SOLIDS
POND CHLORINATION POLYMER GRAVITY PRESSURE
DEWATERING DEWATERING

2078 N,C,S NO YES V. 1% 21.0%

NO NO ) o

YES YES 16.0% 28.6%

207A NO YES 20.4% 29.2%

YES YES 29.1% 36.0%

M Test was not successful;

no samples collected.'

b o s+ oA atre o

2-26




3.0 DISCUSSION OF TESTING RESULTS

3.1 MATERIAL PROCESSING

Several observations were made from the extensive handling of the sludges. The first observation is the
amount of plus 10 mesh material in the 207 A, BN, BC, and BS Ponds is relatively insignificant. The

amount of plus 10 mesh material ranged from 2.8 x 10° to 1.8 x 10™ percent by weight. This material

_ consisted of grass, twigs, and 'as'phalt (i.e., material that may have been blown into the pohds from the

berms). . Although this material does not appear to be & typical waste, it must be considered a RCRA
hazardous waste because of the mlxture rule as deﬁned in 40 CFR 261 3. This matenal is listed for the

same hazardous waste |dent1ﬁcat|on numbers ‘as the Solar Ponds.

The second observation is the sludge consists primarily of very fine sized particles. It is estimated that
there are 4 times more solids less than 325 mesh than plus 325 mesh based on the quantities of material

after sieving.

The sludge was a very thick paste when thickened to between 30 and 40 percent solids. This material had

a consistency similar to catsup.

SO0 5SS VOB U NPT SR PPN e R e

The sludge from all of the ponds had a strong odor similar to sewage. The presence of biological activity
is a result of sewage being dumped into the solar ponds historically. As a result of sewage present in the
sludges and waters, disinfection might be required as part of the treatment process to comply with
acceptance criteria specified by the Nevada Test Site. The NVO-325 states that waste can not be
accepted if pathogens are present. Disinfection also improved the settling and filtration charactenstrcs of

the sludge.
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3.3 __CHLORINATIONTESTING = . ..

3.2 POLYMER TESTING

As indicated earlier, various polymers were tested for both nonchlorinated and chlorinated sludge. Because
of the need to chiorinate the sludge for disinfection and improved material handling, only the results of the

polymer testing with the chlorinated sludge will be discussed.

Testing indicated that a cationic polymer was successful in promoting flocculation of the four solar pond
sludges processed to minus 325 mesh. The polymer selected was a Betz product qesignated 3360. The

following dosages were selected:

2074 75 . 2.23 1bs./1000 Ibs. dry solids -
207 BN 100 2.31 Ibs./1000 Ibs. dry solids
207 BC - 580 " "4.00 Ibs./1000 Ibs. dry solids
207 BS | 75 2.79 Ibs./4000 Ibs. dry solids

Dry solids are based on the percent solids results of the minus 325 mesh material. The percent solids for

Ponds 207 A, BN, BC, and BS are 3.5, 4.5, 1.3,and 2.8, respectively.

Initial handling of the 207A and 207B-N/C/S sludges (-325 mesh material) revealed that the material would L//

not settie ih a timely fashion. This observation was more pronounced for sludge from 207B-S. The poor

settling characteristic-was believed to be related to biological activity in the sludge. A decision was made
to chlorinate the sludge to kill the biomass. The chlorinating agents evéluated were sodium hypochloﬁte
(at 5 percent) and calcium hypochlorite (at 65 percent). These Were chosen due to their availability.
Because a large volume of sodium hypochlorite (at 5 percent) would be required compared to a relatively

smaller volume of the more concentrated calcium hypochlorite, testing proceeded with calcium hypochlorite.

~ After the addition of calcium hypochlorite, the sludge was observed to settle at a faster rate than =

nonchlorinated sludge. The addition of pblymer further optimized the settling rate of the siudges. The

3-2
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optinium settling of the siudge was found to be a combination of the chiorinating agent followed by polymer

addition.

As testing progressed, an observation was made which indicated that when calcium hypochlorite was
added to pond water, a precipitate was formed. The precipitate was believed to be either calcium
hydroxide or caicium sulfate (gypsum). The precipitate was weighed and found to be approximately 3
percent of the weight of water. Because of the concem of producing additional solids that would require
solidification, additional chlorinating agents were evaluat_ed. ‘The following reagents were evaluated:

Chlorine Dioxide

* Hydrogen Peroxide

. Nitrogen Trichloride

» Sodium Hypochlorite
Sodium Chlorite

The following briefly describes the resuits of the evaluation.

Chlorine Dioxide, ClO, (at 5 percent): One test was conducted to qualitatively evaluate the perfoﬁnanoe
of chlorine dioxide. Because of the difficulties and health hazards of generating concentrated chiorine

dioxide gas in the laboratory, a dilute solution was made for testing using Anthium Dioxide (International

Dioxide Inc.). A large dilution was'required to approéch the theoretical concentration needed due to the
solubility of chiorine dioxide in water (0.3 percent solution). After oxidation, a change in the physical

characteristics of the sludge was observed. The material color changed from greenish blue to yellowish

. white. After oxidation, the pH was 2.

Hydrogen Peroxide, H,0, (50 percent): Limited qualitative testing was performed. Upon addition, no
reaction occurred for approximately 20 minutes. When the exothermic reaction occurred, substantial gas
evolution and foaming were.observed. No visible oxidation of the biue dye in the pond water was

observed.
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Nitrogen Trichlorige, NCl,: Initial testing revealed unfavorable solubility characteristics with lower

temperatures. This material is relatively insoluble at temperatures below approximately 70°F.

Sodium Hypochiorite, NaCIO (15 percent): Qualitatively evaluated in laboratory. No visual sign of biomass

degradation and no change in physical characteristics after 2 hours. No apparent reaction.

Sodium Chiorite, NaClO, (31.25 percent): Qualitatively evaluated in laboratory. No visual sign of biomass

degradation and no change in physical characteristics after 2 hours'. No apparent reaction.

In summary, the onl)} material evaluated in the Iaboratdry that was_successful was calcium hypochllorite. |

However, this material must be given further consideration before being used for further treatability studies

: 'or remediation because of the production of preéipitate. Chlorine dioxide was somewhat successful;

however, this material is not appropriate for further testing in the laboratory for the following reasons:

1. The method of addition is by addiﬁg the material in a liquid form by using an activator, which
requires additional tap water. The concentration is limited by the solubility of chlorine dioxide
in water (0.3 percent). This requires the addition of significant quantities of water to approach

the required oxidant concentration.

2. ltis not feasible to produce chlorine dioxide gas in the laboratory at the quantities requiredto

oxidize approximately 1200 gallons Aof-sludg_e and water from all of the pondé.

Although chlorine dioxide does not appear appropriate for the laboratory, it is readily applicable for
remediation. Gas generation can be produced under controlled conditions, which are both safe and

practical.

Chlorine gas is another oxidant that can be utilized safely in the field but has limitations in the laboratory

similar to those of chiorine dibxide.




Ozone is a third oxidant which can be safely produced in the field under controlled conditions. Unlike
chlorine gas and chlorine dioxide, ozone can be safely produced in the laboratory using a laboratory-scale

generator. Operations must be conducted in a hood to avoid exposure to laboratory personnel.
3.4 SETTLING TESTS

Two different tests were conducted to determine the settling and thickening characteristics of the sludges

from the Solar Ponds. These tests were oonqqcted_to determine if the area required for sludge clarification -

. or'the area required fof.sludge thickening was the limiting factor for sizing a clarifier.

3.4.1 Bulk Seftling Rate Tests

The bulk settling rate tests indicate that the "as received” sludge settled very slowly and was not at a rate

acceptable for a full-scale remediation system. To enhance the settling rate the sludge was chlorinated

with calcium hypochiorite and/or flocculated with polymer (Betz 3360).

. The results of these tests indicated that addition of calcium hypochlorite was necessary to improve settling

characteristics. However, in some instances, the siudge from Ponds 207 BN and BS tended to float

following chlorination and polymer addition. This phenomenon appeared to be a resuit of gases, genemted

- during the .oxidation reactions, entrained inthe floc. . e

The addition of polymer improved settling characteristics of the nonchlorinated sludge and the chlorinated

sludge. In all cases the chiorinated sludge with polymer addition produced the best settling characteristics.

The pond sludge that settled at the slowest rate was 207 BN. The bulk settiing rate was determined to be
18.32 ft/hr which is equivalent to a design overfiow rate of 1645 galfé-day. Based on the design flowrate
of 315 gpm from the cycione to a cfarification unit, the clarification area required is 276 ft2. This area is
equivalent to a 20 ft diameter clarification unit or an inclined plate separator with the approximate

dimensions of 19'x 17'x 9'(H x L x W).
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3.4.2 Thickening Tests

The thickening tests were conducted to determine the area required to produce @ more concentrated
sludge. Tests were conducted on sludge that was chiorinated with calcium hypochiorite and flocculated
with cationic polymer. The resuits from the thickening tests indicated that significantly more area was

required to thicken the siudge as compared to clarification.

The_ sludge from Pond 207 BN required the largest area for thickening. The area was determined to be
épproximately 11,255 f2. A thick’ener with a diameter of 120 ft would.be required to thicken 207 BN sludge
at a flow rate 6f 315 gpm, or 5 inclined plate separators, each with approximate dimensions of
21'x 22'x 13', would be reéuired. This is a relatively large area and is not practical because of space

limitations.'
3.5 SLUDGE DEWATERING TESTS

The dewatering tests determined that the sludge cannot be dewatered "as is" without treatment to improve
the physical characteristics. Thé sludge from all of the Solar Ponds contain a significant amount of fine
particles similar in size to silt and clay material. Typically, clay-like material is somewhat difficult to dewater.

In addition, the presence of sewage appears to have enhanced biological activity in the ponds, which also

_causes difficulties when dewatering this type of a sludge. The difficulties encountered when attemptmg to

dewater the sludge may be a result of the fine particles becommg surrounded by blomass which results

in a matrix that blinds itself during pressure filtration.

The test results suggest that all of the sludges are similar in nature with regard to dewaterability.
Additionally, the results indicate that tests conducted using the Buchner funnel, Denver Piston Press, and
the Larox unit provide similar conclusions (i.e., a sludge mixed with a particular additive will or will not be
dewaterable on all three devices). Because of these observations, the following discussion will be generic

in nature with. regard to specific pond sludge and the device on which the sludge was tested.




Upon determining that the siudge was not dewaterable "as is,” various materials were mixed with the
sludge in an attempt to improve the dewaterability of the sludge. The first additive tried was Type C
Fiyash. This was added as a bulking agent, to improve the drainage of free water and to prevent the
sludge from binding. At a dosage of 20 percent dry weight of the sludge, dewatering was unsuccessful.
Several other bulking agents were mixed with the siudge such as diatomaceous earth and sand. Neither

of these additives were successful in improving the dewaterability of the sludge.

Catior_wic polymer was added to the sludge to improve- the dewaterability by forming flocs. The polymer

'sucoessfully formed flocs, resulting in significant'amounts of visible free water in the sludge. When the -

.ﬂocced material was dewatered, it compressed and blinded, thereby preventing the free water from

draining. Polymer addition was also tried in combination with the addition of lime to a pH of 9.5. This test

indicated a slight improvement when compéred'to the test with only ‘polymer added but still was not -

considered successful.

A dewatering test was condthed with lime addition to pH of 11 after a reaction time of 1.5 hours. This
test provided results that indicated the sludge was dewaterable without the addition of flyash and cement
but at one half the optimum dewatering rate. Tests were also conducted with lime/flyash mixed with siudge
and cement/lime mixed with sludge. Both mixtures indicated that the sludge could be suéoessfully

dewatered with these additives. The optimum mixture appeared to be lime/ftyash/cement when mixed with

___.sludge. In all of the latter tests lime was added to a pH of approximately 12. For the optimum mixture,

the approximate quantities of sludge and additives are as follows (on a dry weight basis):

o

Sludge at 35 percent solids = 2000 Ibs.
s Hydrated lime = 96 Ibs.

+ Type C fiyash = 1307 Ibs.

» Cement = 673 Ibs

Another test was conducted which proved to be moderately successful. During this test, sludge was first

oxidized with chiorine dioxide then lime was added to a pH of 10.
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\’ The common factor in all of the tests which were successful, or demonstrated that the sludge could be
dewatered, was the addition of lime. Improvement was enhanced by the addition of flyash and/or cement

following the addition of lime.

3.5.1 Equipment Filtration Rates

_This section summarizes the equipment required to process 10 tons per hour of dry solids based on
iaboratory tests. -.These equipment sizes are based on the testing conducted by each vendor and vary
substantially because the testing was significantly more sucoessful during the Larog( testing. The si.:cce;e
of the Larox unit was a resuit of extensive testing on a Buchner funnel to determine the optimum additives
and the quantity of materlal to be added to allow successful filtration. " ”

The most successful test conducted by Denver Equipment was on Pond 207 BC Sludge with the addition.
of lime and cement. Based on this test, Denver Equipment indicated that twelve 3-meter, 500-series tube

presses would be required to process 10 ton of dry solids per hour (See Denver Equipment Test Report
in Appendix B).

The most successful test conducted by Larox was with the addition of lime, flyash, and cement at the

quantities mentioned previously. This mixture was used for all three pond slt.ldges with similar success.
» Based on these results Larox mdlcated that a cyde tlme of 11 mlnutes would result in a f lter cake wrth
70 percent solids at a capacity of 42.0 lbsmz-hour This rate would require two Larox PF19 ﬁlter presses
each with a filter area of 2034 ., w27 /)( 202 ‘//" % ;Z—,:,,., 2 4.27 770 (/D/’”D/f" 7‘)/?
(i ) d -

3.5.2. TCLP Results

TCLP metals analysis was conducted for each pond sludge after dewatering with the Larox pressure filter
using the optimum admixture formulation. The formulation consisted of lime, cement, and flyash. The
metals results shown in Table 2-9 are compared to the constituents of RCRA characteristic wastes for
toxicity and to the Land Disposal Restriction (LDR) values for the metal constituents of F006, F007, and

F00S. The results indicate that all values are less than the regulatory values. The sludges were not
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analyzed for nickel but should not be present at levels above regulatory values because the solubility of
nickel is at a minimum at pH 10.5. The pH value of the TCLP leach is approximately 11.4, which suggests

that nicke! will not be soluble in the leachate solution.
3.6 BELT FILTER PRESS TESTING
The belt filter press testing proved to be successful. The percent solids achieved in laboratory testing (28.6

percent to 36.0 percent) is considered to be relatively high for belt presses and should increase when the

siudge is dewatered on an actual belt press.

A significant observation was made during the testing. The sludge cake at approximately 30 to 35 percent

solids did not appear pumpéble and must be handled as a solid. The s‘ludge cake appearance is diﬁerent
than that of the combined siudge which was used for the pressure filtration testing, even though the percent
solids were similar. It is believed that sludges used for the pressure filtration tests were pumpable and

could be handled as a slurry.

The observation that the sludge cake from the filter press is not pumpabie has significant consequences
regarding the placement of the dewatered sludge cake into one of the B-Ponds for temporary storage. No

acceptable methods of extracting the sludge from the ponds exist because the material can not be pumped.

. Other methods would be required to remove sludge from the pond or_other methods of temporary storage

would be required. Additionally, because the siudge is not considered pumpable, belt press dewatering
may not be compatible with pressure filtration because of .the inability to fill the Larox unit by pumping.
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4.0 CONCLUSIONS AND RECOMMENDATIONS

)

Based on the results from testing to date, this section will provide conclusions and recommendations for

future treatability study work.
4.1 SLUDGE THICKENING

Sludge thickening tests were conducted on the minus 325 mesh material that had been hand-sieved to
simulate the particle separation to be accomplished by the hydrocydone. The minus 325 mesh material
was estimated to exit the hydrocyclone at3to5 percent solids, therefore, requiring thickening prior to being

recombined with the plus 325 mesh material.. Both sizes would be recombined pribr to pressure ﬂltraﬁon.

After the completion of the testing, a decision was made to eliminate the hydrocycione since it may not
work properly due to the nature of the sludge. As a result of eliminating the hydrocycione, the thickening

test results are no longer applicable to this design. However, the data is useful to provide information

pertaining to physical characteristics of the sludge.

The following conclusions summarize the sludge dewatering tests:

. The minus 325 mesh sludge settied at a quicker rate after chlorination with 65 percent

calcium hypochlorite.

e The minus 325 mesh sludge flocculated better after chlorination with 65 percent caicium
hypochiorite.
. A Betz cationic polymer (3360) was found to be an effective flocculating agent for Ponds

207 A, BN, BC, and BS. The optimum dosage for flocculation ranged between 50 and 100
ppm (2.23 to 4.00 pounds of neat polymer per 1000 pounds of dry solids).
. The percent solids after settling for approximately 4 hours approached the densities in the

ponds and faﬁged fnoml 9 to 21 percent.

4-1
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’”) . The sludge required a larger surface area for thickening when compared to clarification.

The limiting pond for each parameter was 207 BN. The area needed for clarification is

© 275 f€ and for thickening is 11,255 .
" 4.2 CHLORINATION TESTS

Oxidation of the sludge with 65 percent calcium hypochlorite was beneficial for sludge handling as well as -
disinfection of the sludge for pathogens likely to be present from dumpmg of sewage into the ponds. Of A
the chlorinating agents tested in the laboratory, calcium hypochiorite is the most practical for dlsmfectlng

the sludge. The following conclusnons summanze the chiorination testing:

«  “Calcium hypochiorite (65 percent purity) dosages ranged from 40 to 130 pounds per 1000
pounds of dry solids.
. The addition of calcium hypochlorite to pond water génerates a precipitate, which is

b ity T Lo

approximately 3 percent by weight of the water.

4.3 PRESSURE FILTRATION DEWATERING TESTS

The pressure dewétering test results are not signmhtly affected by the decision to eliminate the
.. hydrocylone; however, this data should be qualified somewhat. The recombination of plus 325 mesh. . _ . . .
material with minus 325 mesh matén’al was dbne ai a rétio of a;;broiimately 1.0to 0.4,‘respecﬁveiy. The |
sludge contains a larger quantity of minus 325 mesh. material compared to the plus 325 mesh material, at
a ratio of approximately 4 to 1. The presence of this additional amount of fine-grained material may have
adverse effects on the filtration vrates. Additionally, the pressure filtration tests were con.ducted with siudge
with an i?\itial percent sblids of approximately 35 percent, ‘which must be duplicated by equipment other tr;an

the hydrocycione and the clarifier. The following conclusions summarize the pressure filtration tests:

. The "as is" sludge is not amenable to pressure filtration because the sludge blinds on itself.

. The addition of lime improves the filtration rate of sludges.
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h . The addition of flyash and cement, following pH adjustment with lime, improves the
filtration rate.

. The optimum dewatering formulation included the addition of lime to a pH of 12, followed
by the addition of Type C flyash and cement in a 1:1:0.5 ratio of dry solids:flyash:cement.

. The optimum dewatering formulation also successfully achieved the LDR requirements for

F006, FO07, FO09, and the TCLP requirements for the characteristic of toxicity.

4.4 BELT FILTER PRESS TESTING

The belt ﬁlte} press testing was conducted to answer the question of whether this type of filtration is a

viable option for dewatering. The following conclusions summarize the results of belt filter press testing:

. The solar pond sludges can be dewatered effectively with a belt filter press to percent

solids ranging from 30 to 35 peroeﬁt.
. The filter cake from the belt filter press does not appear to be pumpable. This means that
J the cake must be handled as a solid instead of a slurry.

4.5 RECOMMENDATIONS FOR FUTURE TREATABILITY STUDY WORK

e e Based .on the.-results .of the preliminary treatability.study.-testing to. date,. and the characterization data ............-.

summarized in the Waste Characterization Report (HALLIBURTON NUS 1891), recommendations for future

treatability work are as follows:

Based on characten‘zaﬁo_n data, Pond 207 C and the Clarifier contents will require oxidation to treat cyanide
and possibly tetrachloroethene. These contaminants require treatment so the waste will meet the LDR
requirements necessary for acceptance at the Nevada Test Site. The sludge from 207 A and the B series
ponds will likely require treatment to disinfect the material, thus killing pathogens as required by the Nevada
Test Site (NVO-325, 1991). The existing data aiso suggests that sludge handling is improved (i.e., settling

" and dewatering activities) following oxidation.

b
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Itis recommended that the oxidation be pursued with ozone first, because of the ease of generating ozone
in the laboratory. If ozone is not successful, then caicium hypochlorite should be tried. If calcium
hypochlorite is successful, the dosage can be converted to a dosage for chiorine gas or chiorine dioxide

for remediation.

After completion of the oxidation testing, siudge dewatering will require further evaluation. Design'

parameters for a belt filter press should be determined by a vendor conducting tests in the Pittsburgh
laboratory.  Concurrently, Larox should retum tb the laboratory to determine if pressure -filtration is
'oompatible‘ with sludge from the"belt filter press. Tests evaluating lime, cement, and flyash are still
necessary to produce a filter cake at approkimately 60 percent solids with the pressure_ﬁltér. If these

materials are still required, then factorial experiments shouid be qonducted to evaluate the appropriate

' operatirig range for the successful formula used on the Larox pressure filter. 'Testing would'then continue

with a similar approach as described in the Treatability Study Work Plan for durability and LDR

requirements.

At the conclusion of the dewatering tests, factorial experiments should begin on the cement formulation.
If pressure filtration is not a viable option, cement formation testing should begin at the percent solids
obtained by the belt press and should follow Phase | as described in the existing work plan
(HALLIBURTON NUS, 1991). The initial center point of the factorial experiment should begin with the

.. formulation developed for_the pressure filtration tests. . Testing would continue as described in.the work.. ...

plan. It is believed that a successful formuiation will be developed quickly based successful results from
the TCLP data from the pressure filtration filter cake.

Testing for the clarifier and 207 C will be conducted in a similar fashion as described in the work plan.
Input from work conducted at the HALLIBURTON Services Laboratory in Duncan, Oklahofna, may resuit
in some modifications to the scope and possibly reduce requirements for the testing in Pittsburgh,

Pennsyivania.
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LAROX
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November |1, 1991

5
M. Wa.yn, Hondarnon
Brown & Kooz,
1500 Cizy Wast Blvd

Housgeton, |ITX 77042

SUBYECT: | Test Ffliratfon Report
Inquiry No. 01459/0

Dear Waymae:

Enclosad|f{s our Teat Filtration Reﬁart describing tests performed on your Recky
Flats Pont.reu Slurry.

'rnt:: indicate that .your slurry ean 'bc mceufully devatersd on the ILAROX
FILTER. m mic:u:c as low as 23.2% was achieved nt:h capacities as high ag
50.93 1bg/£el s hr, A

Thank you for latting LAROX test your shry. Ve look forward to further
coopera.t on on t:his projece. '

Haggerty
Sales Engineer
KIH:bn
Encles

c 1499/0 - Customer Ffle
SW-LT-MG-BRW-KH-DG-MT-KPO-Tesr File
J.J. Helsto/LAROX OY

[

i .
$730 Pannorr Woods Drive, Columbia, MD 21044 ¢ Phone (301} 381-3314 « Teiex 7108422170 larox colb & PAX (304) 384 449C
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APPENDIX B

LAROX AND DENVER EQUIPMENT REPORTS
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117080V 24 “S1 0 11:20RM BROWN & ROOT £33 Larox Inc. >.2:2003/007

U1459/0 1

IEST RFRORT
TEST DATE October 24, 1991
CLIENT Brown & Root/Hallfiburton NUS

Housteon, IX
LOCATION Eall{burcon NUS
. Plreaburgh, FA
MATERIAL TO - '
BE PILTERED Rocky Flats Pondcrate
1. GENERAL - Tests were conducted using a LABOX PF 25 Laboratsry Plltar

with a filtration asrea of 25 ca’. The LABOY simulates the
flltration, pressing, and drying operations performad in 2
full-scale filter. =~ : : ‘ ‘

The tasting apparatus consists of the following:

" A Filear Chambex - donph:o with polypropylens undsrdrain,
f{lter cloth, pressing piston and nscessary feed ports.

B. Piltegy Cloth . Type 71-220§-L1, gmly ter, waight - 30
0z/yd%, air permeability - 4.6 fro/ft4, min.

c. Closing Devices - Pneumacically driven, complets with
nacessary manifolds and regulators for pressurizing air.

. The purpose of testing is to detsrmine the optimum operation
of thae I14ROX FILIFR om your specific ' sluxry. This is

and datermining the affect on the operation (capacity,
moistuxrs cocntent, results, etc.) of the fL{lter.

Testing iz performad by first pouring slurry into a chamber.
Then, using tha presaing piston to squeezs water from ths
slurry forms a solids cake, TFer thosa Tests xequiring
vashing, the cake {38 washed and re-pressed. The formed caks
{s then air dried. The filter chamber is opaned and the cake
18 zemoved for wveight and moisturs messurement. Residual
moisture vas determined by air drying a small sanpla of ths
caks overnight. : :

2. PROPERTIES 2.1 Slurry
(A1) - Brown in coler
: .. . . < slurry will remain ia suspensien with mixing and
recircularion '

2.2 Caka
- 1.25%" maxinmum thickness
- brevn in color

9730 Pm-T-' Wooas Drive. Cotumbic, MD 21044 . Phane (301) 3813344 « Telex 71C461247C larox coib o Fax (304) 3814480

e e S --accomplished- by varying the -stages in each filtration cyele-—- - -+




TS o N

LLIU~

P A

s
I
‘k,\/ - =58

-

j .
I

LAROX

EEE N -

Larox Inc. . =

5 2004/007

-

N

2.3 Filcrate

- N0 cAYTyovexr

|

|

|
a.zeuu,fs &Y

teats)

composicion;

Puzping
Pressing I
Aixr Blowing
Discharge

minutes,

- glear with tint

estimates ounly:

Total Cycle Time

30%, capacity 42.0 lbs/ftr

- the filtering properties of the clo:h aza good
- the cake wvashes easily from the cloth
« The ceke discharges easily from the cloth

(all tasta)

2.4 Fllzer Cloth
3.1 NMoisture
23.2 and 43.0% (all cests)
3.2 Capacitcy
£0.93 and 20.02 lbs/f
3.3 Cycle Ima »

tha following s for

11.0 minutes*

as follows:
» hr.

% final cycle time can be selected based on
| required cake moisture and filter capacity.

s 3

~ ¢ycles tested p:oducad milcures that vnxiod between
- oycles tasted produc é capacities that var{ed batveen

- cycle time varied b.m-n 9.0 md 14.0 ninu:n (all

~ recomnended cyecle t:i.na £or dinensioning the production

unit will wary accordingly dapending om naterial
prelininary

Tescs indicara that from the recoumended cycle time of 11.0

results should be cake mofstura @

(1) pesules shown sre based ou all combipations of varisbles tesced and do

not represent optimm performance.
optizum performance.

|
|
|

See recommendsd cycle tims for

|
9730 ’c?uxorrWood( Drive, Catumisia, MD 24044 « Pnone (304) 3843314 ¢+ Telex 7108422870 larox colb « FAX (1) 3814400
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4. STMMARY The objectives of these tests were to obtain a cake with the

highest selids content possible, to produce clear filrtracts
and te estimate the capacity and productien capabilities of
the LAROX FOIER.

The lab tests wers conducted in order to obsezve hew vall the

1AROY FOLTER will perform {n this applicatien. Vaxious

.paterial compositions wers Tested, ‘Thesa dncluded
. combinarions of the raw sludge wirh tha addition of lims,

‘ cament and fly ash at various concentxatiens. All of tha

| ‘ material compositions would ba applicable except for the xaw

' slurzy without any additives. ' 4

. Once the process parameters are moTe defined, IAROX will be -
happy to perform additional' testing or extxapolats the dat:

from these tests and provide filter sizing accordingly.

Overall, the LAROY FILTER produced & vezy dry and easily
handled caks (maistura content zs low as 23.2% vas achioved)
_ vith good capacity. This appears to be an excellent
- application for the LAROX FILIER.

PREPARED| BY K

3,
e

\—

i ] .
9730 Pamxo"'ﬂ Wooas Orive, Cotumpia, MD 21046 « Phone (301) 3843344 o Telex 7408422870 lorax colb « RAX (304} 2814490




/1o <or I0TY 4 277081080 ; ¢ 7
Larox Inc. =, T.2008/007

_n “dw T TR, ik e M,

[ ——— -

LLZO0KNGY ge "217 "1 288R B3RN0 178007 €366

-

o Tost mmi et [Joas [Ja2s O] TesTALTRATION NO{ T Pege [

1 CUSTOMBR -
"\) 2 mougn'r [ minerais fogasult Olsipand paper  [Jonomiess ; Cotner Claes everteat
’ 3 , COiovoloe no invoios Ostat hed
4 ampenucln desoription:
§ Sarean snalysis: — mesh  Specific wrizce arex Lbss/Fil
6 Cake wnAing: Drlao washing Dw be washed wash liquld: .T.mmmm —F e *C
7 Miter aldﬁ' Place
8 d ——— ‘
§ TEST NO p) 2 & | 5 [ - [+
10 Duriion o . pumping min / L S _& { - _‘_____32__1
1 ‘ L prossing _ min_ | 20 | S Lo g4 1 & N 2|
12 mhlnq min v pr— m— - - — —— ca—
13 !l pressing mn w— - PR ——— - Py — - A
14 ’ drying " min / / | ] ! A [ ]
13 disenharging min 2 4 : - > 3
16 Towltimé used. ma 2L |78 24 1d 1 /& lde | &F
17 | :
18 Feed prassurs psl @ ber O 2 { EL 19Ce m .o o o
19 Precsure & prass watar o8l & b;_m__ﬁ& .
20 wash water ' psi O bar OJ ' : :
21 ' drylng sir pai4ber O 1 73,8 | 728 &~ — = |
22 |
23 Quantity &f  slurry gatQ 10
20 ' ! wash water gal D 10 ’ ' :
a8 | fivaw e @7 IRopra 058 (123 1oyy 0.7y 098, ¢ /R 105¢ |
38 wasgh fiitrata got 0 10} - :
27 Airflow | i/t min 0 my/m? min O3 :
K/ 28 .
w‘§ _ 29 Temperature of sturry . FOcOlam
30 wash water s cQO
a1 fiitrate/wash firate~ *F 3 O
32 - arying wr *FO *cO
13 A
34 bH of surry 2 12 sty
35 filtrate
. . 38 ) WAST watsr -
ar - | wash filtrate
as i
ag Solias in | sturry % w/w
« ! filtrate oz/gel I mpn O
4 - - {1 . washfiitrate az/gat QO mgn 0
42 Slurry dedsity wgat 0 N0
44_Cake thickness . nehi@® mmO | — |1, € [0 1242 1638717, /5 | §.,z,g 2
48 Caks weight 18 & O 470 1742 (122 4 93 |9 T
fs6 D cglichs — ol 159 .‘a.#_m L&D 106 1T, 5
47 Molsture Ih caxe . % wrw [ F = € Lnf 19,9 43,8 32 % |20, 5
48 Dry solicslin cake w Ol e R |y agq [£,72 A Y6 [ K.4C 10,187 0
<9 ) . [ :
30 Caoaclty | R @ kg/mm Q) | —— za.gg_mz._MF,g,c! 27.2) 136 2 ﬁﬁ
S1 Capacity | ' ... gavtime 0 umm O : : :
32 Wash water congumption gat/ton DS 1 mn 08 g ’
$3 Washing result’.
54 o S,
} $s Ciom 2380, [ L
' 58 lnput | - '
57 Remarxs | oA 2.2 (e Lo o la o M - ol oYY b{nf_
M"‘i Aa.pmpmgm.fﬂ‘

3 lorrg (DNt i fans e 21 (13 A cdot 40 m| aadl drisndd ofsremy
! ")*l:"‘,‘f"":ff}f piatali co (1Wnd Gl o 70 porg 3o !

2% Sluerra C1SDMY ¢l ime (1 Sm) e H2cemant Lu-ﬁ Bepump o 190 pol 6 r S0 50, H

M. tlanwi, 2’0’ L




;
3

————— = - S et T i, e eI My (1o €U 2009 < 417881080 ; » B
URNGUTDe rBE T a3AR BAAUN 1 AT osas Larox lac. =.2.2007/007
0 Test fitar | Qe [Joss Qs O ] resTALTRATION NG| ) Page| ]
' CUSTOMER mr— .
2 INDUSTRY minersts Elo«mun Osupand mper  [Jenem ‘Clomer  [Jres ovenear
3 i Invoica no invaice Dawx ‘ M:
ﬁ 4 Suuoanﬁof,\ description:
4 Soreen analysin: ; mesn Apecific suriade arsx Lbes/me?
6 Cake wuhflng: Dno waghing Olo be washed wash liquia: Tompormurng o *f____¢C
7 Fiter slas:|
8 ! Pace -
8 TEST NO. 2 -] X l2 IR 14 1S | /w |
10 Duratten of pumoping min 2 - il a & | a S
11 t prasaing min o~ Q < L lct | Lo (¥
12 washing min - - - - - - "
13 Il pressing min - o - - - - - -
14 drying min N 4 / 1 ik |
18 i " dissharging min k] A 3 | 2 | 4 A
16 Total timelusad min | (8 8 10 12 12 |12, | /4
17 | ) .
18 Feed prassute psifd bar D | 7% ity
18 Pressurs of  pross water pol LGar O | 157, mpemiii
20 | wash wates pal J bar O
‘3 | orying air paiQoar 8 | 23, %
22 )
23 Quantity &t slurry cat3 (0O
24 ] wash water gu 18 : :
29 | fivee gu i 10 o, § 2 b1 — a8y 1298 12,1%
26 | wash fllirate - gqu 10 ‘
27 Alrflew | /e min O mimd min O
28 |
28 Temperatire of slumy 30O
30 | wazh water r0 cO
3 Tutrates/wash fitrats  *FO0 € Q
a2 drying uir v cO
s .
34 pH of slurry
38 Gltrate
~ 36 wish weter - e -
k14 wash flirate
38 {
390 Solidain | sturry %N w/w
0 j tiivate az/gat Q mgn 0
«1 o weah fitrate ovon 0 mgn O :
42 Surry density wea Q ¢n0 ' :
T —T
44 _Caxe (hickness inch@ mmO {, /210,438 2 — 12.385 1,40 1/,42
45 Cake weignt b 0 446 (0.9 B0 — ) 2073 J1ditde
& 7y Se/fecky 70,7 F‘g.g [2¢. 86 | — [%6.5 (95,4 744
47 Moisture In cake %ww (39,3 {20 &/ [29.B b X { 1)
48 Ory solids in cake o & 17.2¢ .35 -, b . 1 Beof
48 : | . : ,
50 Caoacity | viene @ kgrmn O oy /P [od 10 [ RS 32,47 4%, 3] 38
S1 Capacity | gavmned /e Q - ‘
52 wash wewr consumption gaifton 0SJ mn0SQ |-
53 Washing resut
34
35 Clotn
$8 Input | - 5 r :
57 Remarks | & |y E H-F sk & |o-g $-&
e I ‘ [ ~ .AS !
::,“? pumpat 22 ot Bl LY PN T AT XL DY TS
Fe= u:;: 4::3!::“ "?:MM"'.‘.',,‘ FPL WO, OV | n\wbt"' Qo T




DENVER EQUIPMENT REPORTS




DENVER TEST ‘
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CDMP ANY DATE November 4, 1991

COLORADO SPRINGS, COLORADO U.S.A. - AUTHOR T. Saunders

SUBJECT; Piston press tests conducted in Pictsburzh on

Rocky Flats pond sludge

LOCATION: _Pittsburgh, PA
DATE(S ): __October 22-23, 1991
RECEIVING NUMBER:__w/a
ORDER NUMBER: _0i-195137
AFD NUMBER: '
" PRODUCT LINES AFFECTED: __Tube Press

REPORT FOR: __ Halliburton NUS

661 Anderson Drive
Pictsburgh, PA 15220

ATTENTION: Rich Ninesteel

All reconnendations and opinions expressed in this regort are based on results
obtained in the testing loboratory of the DENVER ELIIPMENT (IMPANY ond opply
only to the treatnent of material conforning to the sanple subnitted by the
subject conpany. The reconnendations for procedures, Including flovsheets,
reagent uses and other operating details set forth In this report are belleved
to be available for conmercial usege and, In our opinion, will not infringe on
any unexpired U.S. patents known to us.Hovever, ve have not nade on infringenent
search directed to these reconnendations and therefore do not assune any
responsibility for this opinion.
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SUBJECT

This report is for the piston press tests conducted in
Pittsburgh on Rocky Flats pond sludge.

INTRODUCTION

- Piston press tests were conducted in Pittsburgh on October 22

and 23, 1991. Four samples of Rocky Flats pond waste material
were available for testing. Tom Saunders from DECO, Rich
Ninesteel, Tom Sinare, and Mike Speranza of Halliburton NUS,
Pittsburgh, and Karen Talbert of Brown & Root, Houston, were -
present on October 22. Wayne Henderson of Brown & Root,
Houston, joined the group on October 23, 1991. '

The samples as tested were chlorinated sludge with the )
consistency of pudding. Each of the samples contained ‘

entrained gas, possibly as a result of the chlorination, or as
entrained air. ' '

The test objectives for the‘piston press tests were:

Obtain filter cakes containing 50 to 60%
solids from each of the sources
Determine filter rates at high pressures

Obtain cost effective filter rates to
filter 10 ton/hour ,
Investigate filter cake characteristics

Test schemes which were discussed or attempted include:

Filtration as received .
~"Additionof-fly-ash as a-filter aid -+ -~ = e o

Addition of a flocculent, Betz 3360

Ultrasonic pretreatment

pPH adjustment with lime

Addition of diatomaceous earth and fine

silica as filter aids
Cement addition
Addition of lime and cement.

Centrifuging the material followed by Holo-Flite™ drying was
discussed. Vacuum filtration, specifically with pan or belt
filters, was also discussed.
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‘downstream from the filters.

RECOMMENDATIONS

The gelatin consistency of the feed material to the Piston
Press was not anticipated. Typical feed to a Tube Press is a
low viscosity slurry greater than 20% solids, which will fill
easily through Smm feed holes. Conditioning of the feed will
be regquired as proven by the successful test "J" to which lime
and cement were both added to the feed sample.

In preapplication work for the Tube Press, a trials test is
generally run which is a small Tube Press to further verify
the operation under plant conditions. Due to the nature of
this application, such testing is not feasible. Because of
this, conservative sizing of Tube should be undertaken to
guarantee that enough capacity is avallable to fllter all

material required.

Consistency of feed is also important with the Tube Press.

" Due to the nature of the ponds being reclaimed, it is-
-+ ,anticipated that the feed will not be consistent. Therefore,

additional tests should be conducted. Samples drawn from
different parts of the ponds should be tested with the Piston
Press using the best method of conditioning to obtain the
longest filter time required. The sizing of equipment should
be based on this sample.

Spare Tubes should also be included in the design so that when
maintenance is required on one Tube, it can be shut down and
spare Tubes be put into operation.

DENVER EQUIPMENT COMPANY can make available the Piston Press
for Halliburton NUS to conduct additional tests on their own.

..Based. on-the. success.of. this test with the addition_of_cement,. . _

a review of the process flow diagram should be undertaken to
verify the initial selection of the equipment. It may be
possible to take discharge product from the Tube and put it
directly into a containment vessel that could allow
compression of the slurry which will harden into a block.
This process, would eliminate the need for cementing process

OBSERVATIONS | | |

Test objectives were met in only one case. Adequate filter \
rates were obtained after dilution, 1:1 with water, pH : J
adjustment with lime, and addition of cement, 1:3 cement to ‘
solids. This last test produced a filter cake with a moisture /
content of 25%, much lower than the 40 to 50% target. A |
filter rate of 1650 lb/hour observed during this test would |

2
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require 12 tube presses to treat the projected 10 tons/hour.
Filter rates were very slow on untreated material. Most of
the time in Pittsburgh was spent in attempting various methods
of improving this rate. Eventually a combination of dilution,
addition of lime to raise the pH, and the addition of type II
cement was successful in producing reasonable filtration
rates.

The piston press filter cake with the addition of lime and
cement was compact and brittle enough to readily discharge
from a tube press. '

DISCUSSION

The piston press test runs were conducted by preparing a
slurry and filtering it at pressure in a piston press. Data
collected included: - . .

Filtration rate
Filtration time

Filtrate volume

Sample temperature
Sample pH _

Filter cake thickness
Filter pressure ‘
Material moisture in/out

Filtrate quality was evaluated, and filter cake
characteristics were noted.

Moisture analyses was conducted by  NUS personnel.

.Ten_tests were conducted. Most were aborted before completion
due to extremely slow filter ‘rates. - Two tests,-E.and.J,. were. _

completed and the test data sheets are included at the end of
this report. Table 1 summarizes the test schedule.
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Table 1: Test Schedule

[ —
Test | Sample | Press Additives
No.
Al 207A 1500 none
B 207A 1500 Whatman 41
2000 Paper
C 207A 1500 20% add on whatman 41
Fly Ash paper
D 207A 1500 | Betz 3360 ’
. Cationic
Polymer
E 207B | 1500 |
- North
F 207B 1500
-~ South .
G 207B 1500 | .25 gm/liter
Center o Betz 3360
H 207B 1500 | Dilute S0 to Ultrasonic
Center 200 with Treatment
water .
I 207B 100 Dilute 200 to | Ramp
Center 500 400 ml add 4 Pressure
1000 ml 1% Betz
) - 1500 3360
weeell o J -l 207B- -} -1500- dilute_ 100 to t . . o
Center 200 with W
water
5 (vol) Lime
20 (vol)
\ cement
4
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When using piston press test results to predi

: ct
pe;formance and to size tube filter presses, thetgillowi
points should be noted: ng

10

Tube presses are currently supplied in
standard lengths of 1.8 meters, 2.4
meters, and 3.0 meters. The areas of each
of these sized are as follows:

1.8 meter 0.84 m?
2.4 meter 1.15 m?
3.0 meter 3.75 m?

Maximum operating pressure for the tube
presses are as follows: -

1.8 m 200 series 2000 psi
2.4 m 200 series 2000 psi
3.0 m 500 series 1500 psi

" Turn around time, tp,, includes the slurry

£filling period, cake compression period at
the end of filtration, and the cake

discharge period. It is suggested that a
value of 120 seconds is used if no better

data is available.

The following limits are suggested when
making output rate predictions:

Cake thickness 2 Ccm max
0.3 - 0.5 cm min

Cycle time 4 minutes min

Filter cake moisture contents at any T

specific pressure usually agree within 1%
between the piston press and the tube
press.




Pilter Press Tests

‘place by a threaded collar.

Test Cake Cake Filter Cake Filter Filtra-
Press Thickness | Moisture Time Descrip~ || Clarity tion
(psi) - (in) (%) (min) tion (ppm) Rate .
’ lb/hr
E .75 21.9 6600 Fibrous cloudy 92
' Not :
complete
J .156 23.6 90 “Brittle cloudy 1651
ISCHJIPLIEJJT'EHESCHRIPTTCHQ‘

The piston press is a device for measuring the filtration
characteristics of suspensions at pressures up to 345 bar
(5016 psi).

The apparatus consists of a machined cylinder made of mild
steel, with internal dimensions 0.2 meters (7.874 inches) 1long
X 0.0763 m (3 inches) diameter. The bore is chromium plated
and ground to true dimensions. One end contains an hydraulic.
port. The other end is threaded and the end cap is held in
Inside the cylinder is a free
piston sealed by '0'-rings.---The-end cap.is sealed by a flat
rubber ring which also retains the filter cloth.
cloth is supported by a backing cloth on a perforated plate
which conducts the filtrate to a central drain port. The
press is mounted on an axle which allows rotation in the
vertical plane. Locking pins are used to stabilize the press.
in either vertical position.

Hydraulic pressure is supplied by an air driven ram pump fed
from the building water line. The ram is driven by compressed
air at approximately 90 psi. The pressurized water is fed to
the press through a manifold containing a relief valve, a
gauge, and a flexible hydraulic hose to deliver pressure to
the test unit.

The filter =~~~



: TEST UNIT SPECIFICATIONS

Piston Press
Ssize of unit

Material contact parts

Sample volume (Maximum)

3 inch diameter

Mild steel piston
Chromed cylinder

500 cc¢
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) Date 10/23/91 Denver Charlestown Piston Press
Halliburton NUS
Customer Operating Test Run E
Conditions
psig Pressure
Sample 207B North :
gm/cc Pulp Dens
2.410 gm/cc Seolids Density
30 & Pulp Sclids
Tested by: Deg F Feed Temp
THS 0.0094 c¢p Filtrate Viscosity
’ 10.00 dry tph Feed Rate
240 dry tpd Feed Rate
Filter Pressure ] 1500 psig TIME VOLUME
’ . (sec) (cc)
Pulp Volume _ " 450 ml
Pulp Density .+ 1.2000 gm/ec - . 10 16
Pulp Solids - 31.80 % scolids ' 30 26
Pulp Temperature ) 73 deg F , 60 34
. Pulp pH 7.0 120 SO
~ o ) 180 52
Filtrate Volume . ' 260 ml : © 240 59
Filtrate Density 1.0000 gm/ml 300 66
Filtrate Viscosity 0.9375 ¢p - : . 360 72
Filtrate Clarity cloudy mg/liter - 480 82
: sS40 86 .
Filter Cake Thickness 0.750 inches 600 90
Filter Cake Moisture 21.90 % 900 108
3 " Filter Cake Density .1.6193 gm/cc 1110 118
“33 Filter Cake Volume 86.87 cc 1200 122
Filter Cake Quality fibrous not complete 1500 136
Filter Cake Wet Weight 140.68 gm 1800 146
Filter Cake Dry Weight 109.87 gm 6600 260
Total Filtration Time 6600 sec
L Tube Press Filter Rates :
T S s i e e 82 KGN ... 3 m 500 series tube press rate

92 #/hr T - e e

192 3 meter 500 series tubes required

v Optimum rates are reported for cake thicknesses between the
upper limit of 2 cm for efficient discharge from the tube press,
and the lower limit of 0.3 cm for efficient cake release from the
cloth. . '

Rates are adjusted for fill volume equivalent to 500 cc .in the
tube press if the cake thickness does not exceed 2 cm.




Date 10/23/91

~—

Denver Charlestown Piston Press
Halliburton NUS

Customer Operating Test Run J
Conditions
| . 1500 psig Pressure
. 100 sample 207 Center
| 100 Water : 1 gm/cc Pulp Dens
: 5 Lime 2.410 gm/ce Solids Density
20 Type II Cement 17 % Pulp Solids
Tested by: Deg F Feed Temp
THS 0.0094 c¢p Filtrate Viscosity
’ 10.00 dry tph Feed Rate
240 dry tpd Feed Rate
Filter Pressure 1500 psig TIME VOLUME
. - - (Bec) (ece)
Pulp Volume 225 ml
Pulp Density 1.0750° gm/ce ' 5 S0
Pulp Solids 16.55 % solids 10 70
Pulp Temperature 73. deg F 15 84
Pulp pH - 12.0 : 25 100
30 110
Filtrate Volume 17¢ ml : 50 140
Filtrate Density 1.0000 gm/ml 60 154
. Filtrate Viscosity 0.9375 cp 75 170
. Filtrate Clarity ? mg/liter 90 172
Filter Cake Thickness 0.156 inches
Filter Cake Moisture 23.58 %
Filter Cake Density 2.,1987 gm/cc
a Filter Cake Volume 18.07 cc
il Filter Cake Quality fibrous
: Filter Cake Wet Weight 39.73 ¢m
: Filter Cake Dry Weight 30.36 gm
Total Filtration Time 90 sec
Tube Press Filter Rates
e - e - . 749  kg/hr 3 m 500 series tube press rate
1651 #/hr L A L R e
12 3 meter 500 series tubes required

* Optimum rates are reported for cake thicknesses between the
upper limit of 2 cm for efficient discharge from the tube press,
and the lower limit of 0.3 cm for efficient cake release from the

cloth. -

Rates are adjusted for £ill volume equivalent to .500 cc in the
tube press if the cake thickness does not exceed 2 cm.
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APPENDIX C

—} BULK SETTLING RATE AND THICKENING TEST DATA
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BULK SETTLING RATE DATA
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THICKENING TEST DATA
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