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THE POLLUTI ON PREVENTI ON PROGRAM

The Pollution Prevention Program provides free technical assistance to
North Carolina industries and nunicipalities on ways to reduce, recycle
and prevent wastes before they beconme pollutants. Thi s non-regul atory
program located in the Division of Environnental Managenent, addresses
water and air quality, toxic materials, and solid and hazardous waste.
Designated as the |lead agency in waste reduction, the Program works in
cooperation with the Solid and Hazardous Waste Managenent Branch and
the Governor's Waste Managenent Board. The services and assi stance
available fall into the follow ng categories:

Information C earinghouse. An information data base provides access to
[iterature sources, contacts, and case studies on waste reduction

techniques for specific industries or waste streans. Information is
al so avail able through custom zed conputer literature searches. Wast e
reduction reports published by the Program are al so avail abl e.

Specific Information Packages. The staff can prepare facility or
wast e-streamspecific waste reduction reports for industries and
conmmuni ties. Information provided by the facility is used to identify

cost-effective waste reduction options. A short report detailing these
options is provided along with references, case studies, and contacts.

On-site Technical Assistance. The staff can provide conprehensive
technical assistance through facility visits. During an on-site visit,
detailed process and waste stream information is collected. The
information is analyzed, and a series of waste reduction options are
identified. A report is prepared detailing these options and includes
l[iterature, contacts, case studies, and vendor information.

Qut reach. The staff can give presentations on pollution prevention to
industries, trade associations, professional organizations, and citizen
groups. Dependi ng on the audience, these prograns range from an

overview of the State's Pollution Prevention Program to in-depth
di scussions of technologies for specific industries.

Chal l enge Grants. A matching grant program provides funds for the cost
of personnel, materials, or consultants needed to undertake pollution
prevention projects. Projects eligible for grant funds range from
characterizing waste streams in order to identify pollution reduction
techniques to conducting in-plant and pilot-scale studies of reduction

t echnol ogi es.

For information or technical assistance contact:

Pollution Prevention Program

Division of Environmental Managenent

N.C. Departnent of Natural Resources & Conmunity Devel opnent
Post O fice Box 27687

Ral ei gh, North Carolina 27611-7687

Tel ephone: 919/ 733-7015
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SUMVARY

Ful I -scale testing was conducted at the WIIlianms Water
Treatment Plant to evaluate alum recovery. Tuo tests were

conducted, one in August and one in Septenber. Tpe obj ective was
to determne the dewaterability of the solids remaining after

alum recovery on sand drying beds and to evaluate the effective-
ness of the recovered alum as a coagulant in the water plant and
for phosphorus renoval at the wastewater plant.

Some of the key results are sumarized bel ow

Alum Recovery = 75%
Dr\é Wi ght Sol i ds
eduction = 35 - 40%
Acid Demand = 0.67 tons acid/ton alum dissol ved

Recovered Al um

Concentration = 2 - 3%
Cost of Recovered
Al um = $50 - $70/ton
The sl udge which remai ned after alum recovery was pol yner
condi tioned and applied to the drying beds. It was estimated

that the existing 20,000 sf of sand bed area would be sufficient
to dewater the acidified sludge. This conpares 40,000 to 60,000
sf needed to dewater the normally produced alum sl udge.

The water treatnment plant was divided in two split treatment
nodes, with one-half the plant using recovered alum and the other
half using commercial alum  Apout a 10% hi gher TOC was obtai ned
in the finished water of the recovered alumside. 5| other
fini shed water paranmeters were essentially equal. It was
concluded that the recovered alum could be successfully used as a
coagul ant at the water plant on a one or two recycle basis and in
conjunction with a monitoring program

The recovered al umwas al so successfully used in jar tests
for phosphorus removal at the wastewater plant. | was shown
that recovered alum directly acidified sludge and commerci al
alum were all equally effective in reducing phosphorus.
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The process is a viable nethod of reducing sludge handling
requirenents. The recovered alum can be used at the water plant
and at the wastewater plant. The chem cal cost of the recovered
alumis about half that of comercial alumalso adding to the
attractiveness of the process. It is recommended that the City
proceed in a prelimnary design report to define operational
alternatives and the associated inplenentation costs and that
further study be conducted on the effects of recovered alum and
acidified sludge on the performance at the wastewater plant.



1.0 | NTRODUCTI ON

Full scale testing was performed for the recovery of alum
from the sludge produced at the WIlliams Water Treatment Plant in
Durham N C.  The testing was performed by Environnental Engine-
ering and Technology, P.C. with the assistance of the Gty of
Durham Division of Wter Resources. The purpose of the testing
was to:

1. Verify the pilot plant results which had been
previously conducted

2. Devel op design criteria for full-scale inplementa-
tion

3. Test the effectiveness of the recovered al um
for reuse on a full-scale

4, Test full-scale sludge dewatering of the
solids remaining after alum recovery

b. Determ ne chem cal requirements and key econom ¢
parameters assorted with alum recovery
Alum recovery and dewatering of the resulting sludge were proven
successful earlier at the WIllians Water Treatnment Plant in
bench-scale testing. The results of bench-scale testing were
presented in the "Al um Recovery" Engineering Report dated
November, 1984.

1.1. Basic Concept

When alum sludge is sufficiently acidified with sulfuric
acid, alumnumions are released fromthe sludge in the formof a
dilute liquid alum This alum can be recovered and reused. In
this case the alum could either be reused for coagulation at the
water plant or for phosphorus renoval at one of the Cty's
wastewater plants. The sludge that remains after alumrecovery
woul d be | ess volum nous and nore concentrated, and may be nore
easily dewatered on drying beds. Overall cost savings would be
experienced in that |ess commercial alum would have to be
purchased, and the required size of the sludge handling facili-
ties would be reduced.




2.0 SUWARY OF PILOT SCALE RESULTS

The results of the "Alum Recovery" Engineering Report dated
Novermber, 1984 were the basis for the full-scale testing proce-
dures, described in Section 3.0 herein. Section 2.0 presents a
Summary of that report.

| mportant factors needed to evaluate the effectiveness of an
alum recovery system include the overall economcs, the quantity
of sludge reduction achieved, the overall percentage of alum
recovery and the dewaterability of the remaining sludge.

2.1. Sludge Settleability/Alum Recovery

The ability of the sludge to settle after acidification was
tested during the pilot tests.

Approxi mately 50 percent of the original sludge volune was
recovered as alum supernatant after acidification and settling.
Also, the decant and filtrate fromthe remaining sludge can be
recovered upon placement on the sand drying beds. Conservatively
50 percent of the remaining sludge volume applied to the drying
beds is recoverable as alum  Summing these, 75 percent of the
original sludge volume can be recovered as alum

The reduction of solids due to acidification was estinated
to be approximately 30 percent by weight.

2.2. Sludage Dewaterability

Testing was performed on the dewaterability of the sludge
when applied on drying bed nedia. It was concluded that the
dewaterability was not significantly enhanced by either the
addition of polyner before acidification or the raising of the pH
to 7.0, and neither of these were recomended for inplenmentation
in the full-scale testing. However, polyner addition after
acidification did enhance sludge drying and was reconmended for
use during the full-scale testing.

The acidified, thickened sludge should be between pH 3 and
4 when applied to the sand drying beds. This allows routine
disposal of the dried sludge cake and allows for further extrac-
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tion of recovered alumfromthe drying bed as decant and filt-
rate.

Sludge sanples were tested for dewaterability at various
pHs with and wthout polymer conditioning. |t was reconrended
that for full-scale testing, the pH of the acidified sludge be
raised to 3.5 and polymer be added prior to application on the
sand drying beds.

2.3. Use O The Recovered A um

The recovered alum proved successful in jar tests in
reduci ng the zeta potential and renoving turbidity at the
Wlliams Water Treatnent Plant.

Jar tests at the Northside Wastewater Treatment Plant were
conducted for the renoval of phosphorus. It was concluded that
phosphorus, both total and ortho-phosphorus, could effectively be
renoved if the recovered alum was added near the end of the
aeration process.

3.0 FULL-SCALE TESTING PROCEDURES

Two separate full-scale tests were perforned at the WIlianms
Water Treatnment plant: the first test during the week of August
12, 1985; the second test during the week of Septenmber 23, 1985.
The preparation for each test was very simlar and the procedures
described bel ow can be considered the same for each test unless
ot herw se not ed.

3.1. Raw S udge

For each test raw sludge was drawn off fromthe water
plant's sedinmentation basins into a 77,000 gallon sludge holding
tank. Batch fill-and-draw with decantation was used to thicken
the sludge. The sludge was thickened by this procedure to its
maxi mum concentration that could be reasonably obtained by
gravity.

3.2 Day 1
Bench-scale acidification was performed prior to full-scale



implementation to estimate the acid requirenents. The pH of the

sl udge batch was then |lowered to approximately 2.0 by adding
sulfuric acid. Sulfuric acid (commercially 93% concentration)
was fed into the suction side of the sludge punps by a portable
chem cal punp. Plastic tubing was installed to carry the
sulfuric acid from 55 gallon druns to the sludge punps. To
provide m xing the sludge was transferred between the sludge
hol ding tanks while the acid was being added. the acidified
sludge was allowed to settle overnight.

3.3, Day 2

The recovered alum supernatant in the sludge holding tank
was punped into a 5000 gallon portable tanker truck and into the
adj acent second sludge hol ding tank.

The batch of acidified sludge used in the Septenber test re-
quired one full day to allow the supernatant to separate from the

solids. For the first test overnight settling was sufficient.

3.4. Day 3

The pH of the thickened sludge remaining in the first sludge
hol ding tank after decanting of the alum supernatant was raised
to approximately 3.5. This was acconplished using the existing
caustic (sodium hydroxide) feed system Pl astic tubing was
installed to transport the caustic by gravity from the feed
system to the suction side of the sludge punps. A yaive at the
suction piping connection was used to throttle the caustic flow
as needed. The sludge was circulated in the sludge holding tank
while the caustic was being added to ensure m xing.

The pH adjustnent was closely nonitored using a portable pH
meter while sanpling the sludge fromthe punp di scharge pipe.
The actual volune of caustic could not be measured in the field
utilizing the existing feed system poueyer, required caustic
dosages were developed in the | aboratory and were used for test
conparison and econonm c eval uation



3.5. Day 4

Pol ymer was added to the thickened sludge to inprove
dewaterability (as is the normal practice) as the sludge was
applied to the sand drying beds. Capillary Suction Tests
(CST's) were perforned on sanples of sludge to aid in estab-
lishing the best polyner dosage.

During the August test the polymer utilized was Magnifloc
1986N which is a non-ionic polynmer that was being used by the
plant for the current operation. For the second test a series of
pol yner screening's were conducted and a cationic polymer, Nalco
727 was chosen. The sludge was applied to the sand drying beds
at 2 to 2.5 Ib/sf. This was acconplished by adjusting the bed
area by using a sand bermin order to achieve the desired |oading
rate.

3.6. Day 5

The treatnent plant was divided into two halves: one half
operated as usual using conventional purchased alum the other
hal f using the recovered al um

The recovered alum was punped from the 5,000 gallon portable
tanker to the rapid mx basin. Plastic tubing was installed from
the tanker to the suction side of the punps and from the punps to
the mx basin.

3.7. \Mstewater Plant - Phosphorus Renoval

The recovered alum was tested for the renoval of phosphorus
at Durhami's Northside Wastewater Treatment Plant. Jar testing
was performed to conpare the recovered alum from the water
treatnment plant, the commercial alum (50% conc.) normally used at
the wastewater plant, and a high-iron "Swedi sh" alum which was
al so being considered for use at the wastewater plant. The
"Swedi sh" alum was 7 percent alumnum and 3 percent iron

The jar testing procedure utilized 10 mnutes of rapid
mxing (80 rpm, 20 mnutes of slow mxing (20 rpm) and 30
mnutes of settling.



Ful | -scale tests on phosphorus renoval were conducted by the

wastewat er plant personnel. These tests were conducted only in a
prelimnary manner and results of that full-scale testing are not

included in this report.

4.0 RESULTS AND ANALYSI S

Three factors are inportant in the inplenentation of the
al um recovery system

1. Sludge Characteristics and Reduction
2. Dewat erability
3. Al um Recovery and Reuse

Each of the three factors are covered in a separate section
bel ow.

4.1, Sludge Characteristics and Reduction

Table I shows the volunes and solids concentrations of the
two tests which were conducted. The first sludge appeared to
have a hi gher organic content. It was very dark black with a
characteristic anaerobic odor. The first sludge was thickened to
about 2.4% solids concentration and the second to 3.35% solids
concentration.  Upon acidification of both sludges, but particu-
larly the first, a very strong hydrogen sulfide odor resulted
Bench-scal e testing was perforned to eval uate nethods for
elimnating the odor should it becone a continual problemin
final inplenmentation. A raw sludge sanple was oxidized with
different concentrations of hydrogen peroxide, chlorine and
aeration. The sanples were then acidified and evaluated for odor
release.  Odor suppression after acidification was best obtained
when the raw sludge was treated with 2.5 ng/l chlorine prior to
acid addition. \Wile further work would be needed to define
dosage conditions, and to evaluate the possible effects of THM
recycle in the recovered alum consideration should be given to
providing provisions to allow for chlorine feed




TABLE |

| NI TI AL CONDI TI ONS/ PARAVETERS OF RAW SLUDGE

Test 1 Test 2

(August) ( Sept enber)
f} 7.13 6. 64
c')—‘un”e al .
Sol i ds 59 ) 10, (2)02 77’3083
Sol i ds (# 14. 000 21,510

TABLE ||
ACI D TREATED SLUDGE

Test 1 Test 2

(‘August) ( Sept enber)
Eleso4 (93% cont.) Added (gal.) 24 &0
Ton Acid Ton/ Al um D ssol ved 0,67 0,68
olids (total # remaining) 6, 600 15, 610

% Solids Reduction 53 57



Table Il shows the effects of acid addition to the sludges.
The first sanple was lowered to pH 2.1 with 550 gallons of 93%
sul furic acid and the second sanple to pH 2.0 with 825 gallons of
93% sulfuric acid. The acid demand in each case was 0.67 tons of
acid per ton of alum dissolved. This corresponds to 2.0 noles of
H,SO, per mole of alumnum dissolved, exactly that predicted from
the earlier pilot plant studies and conpares to the theoretical
demand of 1.5 noles. About one-half of the excess acid demand is
accounted for by the ferric sulfate which was produced and al so
usable as a recycled coagulant. It was also possible to accura-
tely predict the acid demand by conducting a |aboratory titra-
tion. It appears that full-scale operation could be done by
using laboratory titration to determne the acid demand.

Al'so shown in Table Il are the resulting solids characteris-
tics. The August test reduced the solids from 14,000 pounds to
6,600 pounds, or a 53%reduction. The Septenber test reduced the
sl udge from 21,500 pounds to 15,600 pounds, a 27% reduction.
This was one of the areas of the test that obtaining accurate
information was difficult. This was particularly true of the
Septenber test where transfer of sone of sludge into the alum
hol ding tanks was necessary in order to do naintenance on a
val ve.

A theoretical calculation of the expected solids reduction
was done for each test based on the alum num content of the
sludge. This showed that the first test should have had a 42%
solids reduction and the second test a 39% solids reduction. The
t heoretical average annual solids reduction is 37% Based on
these calculations, and the results of the two tests, an assunp-
tion of 35% to 40% average solids reduction for a full-scale
system woul d appear reasonable.

4.2. Dewaterabhility

Table Il showed that for Test 1 there was 6,600 pounds of
sludge remaining to be dewatered. Test 2 had 15,610 pounds.
However, as indicated some of the solids of Test 2 were |ost

!



since they had to be transferred out of the sludge holding tank

The net solids available for dewatering in Test 2 was therefore
12,580 pounds. Table IIl shows that for Test 1 there was 22,000
gal l ons of sludge at 3.6% solids concentration (6,600 pounds of
solids) and for test two there was 29,000 gallons of 5.2% solids
concentration (12,580 pounds of solids). The first step in
preparing the sludge for dewatering was to raise the pHto 3.5.

The range of sodium hydroxide required to raise the pH in the two
tests was 80 to 100 pounds of NaOH per ton of solids neutra-
l'ized.

As the sludge was punmped from the sludge holding tank to the
drying bed, polymer was added to condition the sludge and aid in
water release. For the first test a nonionic polymer was added
to the sludge. That polymer was only able to reduce the CST from
288 set to 130 sec. The dose that was utilized was 11 | b of
pol ymer per ton of solids. For the second test a cationic
pol yner was used which reduced the CST to |ess than 20 sec. A
dose of 38 |b of polynmer per ton of solids was used.

For the first test the available drying bed area of one bed
was divided in half which resulted in a solids |oading rate of

2.6 pounds per square foot. For the second test, one conplete
drying bed was used which corresponded to a loading rate of 2.4
pounds per square foot. Figure 1 shows the drainage plus

decanting which resulted for each test. The first test resulted
in 36% of the applied volune being renmoved by the underdrains or
decant pipe. For this test the polyner had clearly not worked
properly. A good separation of solids and liquid was never
obt ai ned and the decant had a carry over of fine solids. The
second test had 53% of the applied volume renoved by the drainage
and decant system The decant was very clear and the polymer was
much nore successful. After 10 days of drying for the second
test depth measurements and suspended solids analysis were
conducted at three points in the drying bed:



TABLE |11

DEWATERI NG PARAMETERS

(% (Se%b_gr)
Vol ume Applied to Bed (gal) 22. 000 29,000
pH after Neutralization 3.6 3.5
Solids (% 3.6 5.2
Solids (# to bed) 6, 600 12, 580
# NaOH Ton Solids Neutralized 83 103
Pol yner Noni oni ¢ Cationic
Pol ymer Dosage (# polyner/ton solids) 11 38
Drying Bed Area Required (sq ft) 2575 5150

Bed Loading Rate (#/sq ft) 2.6 2 4
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Cor r espondi ng

Sl udge Depth Percent Solids Loading Rate
[ nches Concentration Itﬁsf
1.5 18.5 1.5
2.5 16. 6 2.2
5.5 14. 3 4.2

The 5.5 in depth sludge was near the inlet end of the sand drying
bed while the 1.5 in depth was at the far end of the bed. Also
shown on the Table are the corresponding calculated sludge
loading rates at the different estimates from the inlet.

Based on the results of the second test, it was estinated
that 18,000 to 20,000 sf of sand bed area would be required to
treat the sludge produced at the WIllians Plant using alum
recovery. Since the existing area is about 20,000 sf, no new
sand beds should be required.

4.3, Alum Recovery and Reuse
4.3.1. Alum Recovery and Quality

Previ ous study at Durham as shown that essentially all the
alum numis dissolved by Iowering the pH of the sludge to 2.0.
Therefore, the percentage of alum recovery obtained is primrily
dependent upon the amount of |iquid which can be renoved from
the sludge after acidification. Wth the systemutilized at
Durham alum can be recovered fromthe sludge hol ding tanks and
from the sand drying beds. Table IV shows the volume of |iguid
al um whi ch was obtained fromeach test. The overall volunetric
recovery obtained from each test was approxinmately 75%  Recovery
of liquid fromthe sand drying beds in the first test was |imted
by the inefficiency of the polyner. In the second test, about
28% of the total alum recoverable was fromthe drying beds. This
is a sufficient quantity of alumto justify building a systemto
coll ect the underdrain and decant fromthe drying beds for alum
reuse.

Tabl e V conpares the nmetal concentrations of the recovered
alumto the commercial alumused at Durham  ALSO shown is the

9



TABLE IV

RECOVERED ALUM PARAMETERS

Total Sludge Volune (gal)

Vol ume Al um Supernatant (gal)
Vol ume Alum From Beds (gal)
Total Alum Vol une (gal)

% Al um Recovery

Al 'um num Concentration (ng/l)

# A um Recovered

70, 000
48, 000
7,000
55, 000
79
2,000
8, 860

77,000
41, 000
16, 200
57,200

74
2,700
13, 850



TABLE V

RECOVERED ALUM QUALITY

Commercial  Alum Recovered Alum Test 1
Met al ma/1 ug metal/mp Al my/1 ug nmetal/my Al
Cd ND 0 ND 0
Cr 9.5 0.2 0.6 0.3
cu 0.1 0. 002 0.6 0.3
Fe 1,160 18.4 292 146
Na 57 0.9 6.5 3.3
K 5.6 0.1 6.1 3.0
Vh 1.7 0.03 255 127
Ni 0.1 0.002 0.06 0.03
Pb 1.5 0.02 0.03 0.02
Zn 1.1 0. 02 1.7 0.90
Ca 6.3 0.1 2.8 1.4
kp 12.5 0.2 5.5 2.7
| 63, 000 ol 1,970 T
S 14.2 0.2 8.5 4,2
Ba 0.5 0.01 0.3 0.1
ﬁ? 0.4 0.01 ND 0
3.0 0.05 1.1 0.05
Se ND 0 ND 0
Hg 0.001 0 0. 002 0

ND = below detection limt



concentration of metal in the alum divided by the alum num

concentration, expressed as ug metal per nmg aluninum |t can be
seen that fairly consistently the level of netals fed to the raw
water would be higher for the recovered alum than for comrerci al
alum for the same alum num dose.  However, except for iron and
manganese, the dilution factor reduces the netal value to bel ow
MCL | evels even if no renoval ocurred in the treatnent process.

In the case of iron, the predoninate formwould be ferric iron
whi ch shoul d actually be a coagulant aid rather than a netal of

concern.  The manganese |evel should be nonitored carefully to

assure rempval in the treatment process. These |evels also point
to the concern that the metals could build up if continua

recycle were used. A nonitoring program should be maintained in
conjunction with the use of recovered alumas a potable water

coagul ant.
4,3.2. A um Reuse at the Water Pl ant

The plant was split into two halves with recovered alum
utilized on one side and commercial alumon the other. t.q¢¢
were conducted on normal operational parameters, metals, TOC and
THM

Table VI-A (Test 1) and VI-B (Test 2) show the operating
results for some of the paraneters routinely nonitored as water
quality indicators. The finished water quality net all standards
and was essentially the sanme for both sides. However, cl oser
analysis reveals sonme differences. The settled water turbidity

was consistently higher on the recovered al um side. It is not
clear whether this is due to a difference in the alumor the
performance of the two sides of the plant. |t appears that the

recovered alum dose was |ower than ideal which wuld account for

the turbidity differences. The recovered alum side also showed a
consistently lower filtered chlorine residual. ¢ js not Iikely
that a difference in organic or netal concentrations can account
for this. By looking at Test 1 (Table VI-A), filter a and d
performed the same for recovered and commercial alum however,

10



TABLE VI-A
WATER PLANT PERFORMANCE COVPARI SON

Rec = Recovered Al um
TEST 1, AUGUST, 1985 conm = Commercial Al um
15 PM 8- 16 AM 8- 16 PM 8 - 17 8 . 18
R8ec Comnm Rec Comm Rec Comm Rec Comm Rec Comm
Filter Res. Chlorine ny/l
- Free 2.0 3.8 2.3 3.8 2.2 3.6
- Tot al 2.2 4.1 2.5 4.1 2.4 3.9
Filt "a" 61% 4.2 3.1 4.3 2.3 4.0
- Filt "b . 2.5 0.6 3.9 0.3 2.4
- Filt "c" 0.6 3.5 0.5 3.7 0.3 3.1
- Filt "d" 3.5 3.4 3.6 3.5 2.6 2.3
pH - Filtered 6.1 6.1 6.2 6.1 6.0 6.1 6.0 6.1

Mxing Basin 6.1 6.0 6.2 6.2 6.3 6.2 6.1 6.3 6.3 6.1

Zeta Potenti al -10 0 -13 -9 - 16 -8.5 -11 -9 - 11 -8.5
Alkalinity ng/L
- Raw 24 24 24 24 22 22
Filtered 10 10 10 10 12 12
Turbidity ftu
- Settled 1.4 1.0 1.8 0.90 2.1 0.92
- Filt "a’ 0.10 0.05 0.15 0.05 <0.05 <g.ps 0.25 0.10
- Filt "b" 0. 15 0. 05 0. 20 0.05 <0.05 <g.ps 0. 25 0. 10
- HIt "¢ 0.15 0. 05 0.15 0.05 <0.05 <p.o5 0. 20 0.10
- Fit "d 0. 10 0. 10 0.15 0.10 <0.05 <p.o0s 0.25 0. 10
Filt Term THM s 0.195  0.196 0.230  0.201 . 0.227 .
Filt Color <5 <5 <5 <5 <5 ° li’é
I t Odor 0 0 0 0 0 0 0 0 0 0
t my/ | 0.01 <0.01 <0.01  <0.01
Settled Mh 1.20 0.88
Filt Fe <0.05 <0.05 <0.05  <0.05

TOC 4.4 3.6 3.8 3.2



TABLE VI-B
WATER PLANT PERFORVANCE COMPARI SON

Rec = Recovered Al um
TEST 2, SEPTEMBER, 1985 comm = Commercial Al um
10/ 2 AM 10/ 2 AM 10/3 AM 10/3, PM 10/ 4
Rec Comm Rec Comm Rec Comm Rec Comm Rec Comm
Filtered Res. Chlori
~Free T EYS L, 13 42 1.3 26 28 33 0.6 21
- Total 1.8 3.1 1.6 4.4 1.3 2.6 2.9 3.4 0.7 2.3
pH
- Filtered 5.3 5.5 5.4 5.9 5.2 5.5 5.2 5.4 5.0 5.6
- Mixing
Basins 5.5 5.6 5.6 5.9 5.5 5.6 5.5 5.9 5.7 5.3
Zeta Potenti al -10 -8 -75 -9.2 -12.5 -5.5 -10.2 -10 -10 0
Alkalinity
- Raw 16 16 16 16 17 17 17 17 15 15
Filtered 1 3 3 3 2 4 2 3 2 4
Turbidity
- Raw 8.5 8.5 9.0 9.0 8.4 8.4 8.4 8.4 8.5 8.5
- Settled 4.0 3.0 2.0 3.5 2.0 4.5 1.6 4.0 2.5
- Filter "a" 0. 45 0. 45 0.45 0.10 0.50 0.20 0.30 0.25
- Filter "b" 0. 45 0.45 0.50 0.15 0.65 0.25 0.35 0.30
- Filter "c" 0. 45 0. 40 0.55 0.20 0.60 0.20 0.35 0.25
- Filter "d" 0.40 0.40 0.15 0.40 0.25 0.30 0.30
Filtered Color <5 <5 <5 <5 <5 <5
Filtered Odor 0 0 0 0 0 0 0 0 0 0
Mn
- Raw 200 200 260 40
- Filtered <10 <10 30 20 40 <I0
- Settled 700 400 820 540 760 420
Fe

_ Settled 560 160 600 140



filters b and ¢ had much |ower chlorine residuals on the reco-
vered alum side. It is probable that either less chlorine
was fed to those filters or those filters exhibited a chlorine
demand which had nothing to do with the type of alum being used.
As expected the settled manganese value was higher for the
recovered alum side, but the filters were effective in absorhbing
and oxidizing the nanganese. Table VI| shows the finished water
metal s and indicates no difference between the recovered alum and
the comrercial alum sides of the plant.

For the second test, extensive data were collected on
finished water total organic carbon (TOC) and total trihal one-
thane formation potential (TTHVFP). The results are shown in
Figures 2 and 3. The TOC and resulting TTHWP are consistently
hi gher for the recovered al um side. The aver age val ues are as
foll ows:

TCC TTHVFP

my/ | g/ |
Recovered Al um 5.4 214
Commercial A um 5.0 200

The results are within 10% of each other, put the recovered alum
is statistically higher. This is either due to a carry over of
organi ¢ conmpounds with the recovered al um which could not be
renoved by coagulation, or reflects a less than ideal alum dose
on the recovered alum side.

Overall, the recovered alum produced a finished water
essentially equal to that of conmercial alum |f the recovered
alumis used on a once or twice recycle system and blended with
commercial alumto nmeet the total alumrequirement, npo adverse
inpacts are anticipated. A nonitoring program to assess results
I's recommended.

4.3.3. A um Reuse at the Wastewater Pl ant

Jar testing results to simulate the use of recovered alum
for phosphorus removal are shown in Table VIII and Figures 4 and
5. Test 1 conpared commercial alum recovered alum and "Swedish"
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TABLE VII

METALS - WATER TREATMENT PLANT PERFORMANCE

COMPARISON

TEST 1, AUGUST, 1985
all units #b/l

Rec = Recovered Alum
= Commercial Alum
FINISHED WATER
8/16 8/17 8/18
Raw :

Metal water Rec Comm Rec Comm Rec Comm
cd <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0
Cr <5.0 <5.0 <5.0 <5.0 <5.0 <5, <5.0
Cu <5.0 <5.0 <5.0 <5.0 5.8 <5.0 5.7
Fe 310 <50 <50 <50 <50 <50 <50
Na 5,450 5,570 5,800 5,780 5,800 5,760 5,800
K 1,830 1,850 1,840 1,980 1,880 1,970 1,910
Mn 840 10 40 40 40 40 <lo0
Ni <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0
Pb <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0
Zn <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0
Ca 5,550 5,600 5,400 5,600 5,500 5,550 5,400
Mg 2,650 2,650 2,700 2,700 2,600 2,600 2,650
Al 1,400 400 400 400 400 400 400
Si 5,000 4,600 4,800 4,950 4,800 4,500 4,200
Ba 85 30 35 30 30 35 45
Ag <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0
As <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0
Se <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0
Hg <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5



TABLE VI |

PHOSPHORUS REMOVAL  STUDI ES

Test 1
Raw Sewage -- Lick Creek Wastewater
Tot al Ot ho-

Al um Added Dose (ng/l) __pH  Phosphorus Phosphor us
None - Bl ank 0 7.5 5.6 5.3
c Al um 100 1.4 1.1
Iﬁ%/’%%ﬁ? 160 8 g 0.6 0.6
200 6.4 0.3 0.3
LE Al um 0.7 0.4
ity 18 88 0. 0.2
200 6.3 0.2 0.2
sh' A umt 140 6.8 0.6 0.4
o |\rgrr1n i 220 6.4 0.3 0.3
280 6.4 0.3 0.3

. ) Test 2
Aeration Basin Effluent -- Northside WAstewater

None - Bl ank 0 7.3 8.9 7.2

Recovered Al um

(2.7% al um incl, %OO -9 68 %%

resi dual solids) 1%‘8 8:% 0.6 0.5
180 5.9 0.5 0.3
200 5.7 0.2 0.1

* Dose is equivalent alum dose = 1.4 alum dose
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FIGURE 4
LICK CREEK HHTP JaAR TESTING RESULTS
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MORTHSIDE WWTP JAR TESTING RESULTS
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al um for phosphorus renoval of raw sewage collected at the Lick
Creek Wastewater Plant. Since the "Swedish" alum contained such
a large proportion of iron which also acts to remove phosphorus
an equi val ency was cal culated to account for the iron. Essen-
tially no difference in performnce existed between the three
sources of alum

For Test 2 the recovered al um was not separated fromthe
resi dual sludge solids before use for phosphorus renoval. It
appears that acidified alumsludge could be directly used for
phosphorus removal at the wastewater plant. This would elininate
the need for solids separation at the water plant when the al um
Is to be used at the wastewater plant, but would of course
transfer the solids handling and dewatering burden to the
wast ewat er pl ant.

5.0 ECONOM C EVALUATI ON

An eval uation of the conplete economcs of installing an
al um recovery system depends upon where the alumis used, how it
is transported and the capital requirenents. These options will
be evaluated and costed in the prelimnary design report. At
this point it is inportant to evaluate the results obtained and
t he associ ated chem cal demands to see if the alum can be
econom cal |y produced, considering chenical demands.

For production of alum acid is required to dissolve the
al um num and sodi um hydroxide is required to raise the pH of the
sludge prior to dewatering. It can be assumed that the polyner
costs are about the same with conventional sludge treatnent or
alum recovery. The follow ng assunptions are considered reason-
abl e:

Sul furic Acid : Demand 0.67 ton/ton alum dissol ved

cost = $75/ton
Caustic Soda : Demand = 100 Ib/ton solids neutralized
cost = $135/ton

Al um Recovery : 75%
12



The cost for sulfuric acid had to be estimated from | ocal
suppliers. obviously this nunber could be higher or |ower when
bids are received. Using these assunptions, the chemical costs
woul d be about $70/ton of alum recovered. This conpares to the
City's current price of $112/ton of alum |f all of the alum can
be recovered, for exanple if the alumplus residual solids were
fed together at the wastewater plant for phosphorus renoval, then
the price of the recovered alum drops to about $53/ton.
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