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Abstract

This study focused on the coal gasification facility serving the Holston ‘
Army Ammunition Plant in Kingsport,‘Iennessee. Objectives wére to characterize
the wastewater pfpduced by the,gasification facility, and to evaluateltechnology
for treating the waste in preparation for dischafge>to the environmént.

Most wastewater was recycled for scrubbing and cooling the product gas,
with the excess requiring disposal ‘found to be an average of only 1,170 gallons
per day (55 gallons per ton of coal, as received, and 366 géllons per million
cubic feet of piuducl gas). Chemiéal characterization of the untreated waste-
water was based on approximately 40 éamples. Analysis indicated that the
waste was warm, high in alkaline material,.gspeciaily ammonia, high in organic
material, especially phenols, and also contaminated with other substances. Sul-
fides and thiocyanates were esgecially high in concentration.

It was found that pretreatment could be accomplished by stripping (air in-
jection) at high pH, removal of grease and oil (by pH suppression and light
aeration) and neu;raliéation. Equations were devéloped to describe the firsf
ftun steps.

Biological treatment through activated sludge was found to be successful,
but effected only a moderate degree of treétment, and was troubled with frequent
process upset. Attempts to improve treatment efficiency and Rtabilit? included
stabilized influent concentration of bhiochemical oxygen demand (little improve=
meﬁt),'chemicai precipitation in the aefation tank (abparently beneficial),
and chemical precipitation of the biological effluent (very effective in removing
high suspended solids). The data indicated the need to study aerated waste
stabilization ponds as an alternative to activated sludge."Joint treatment of
small amounts of coal gasification wastewater mixed with settled municipal

sewage also was successful. Biological reaction kinetics were studied for ‘

ii



Abstract
Page 2
activated sludge.

Evaluation of the application of granular activated carbon suggested

that this could be an effective practical means of tertiary treatment.
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Chapter 1

Introduction

.On‘July 24, 1978,»the United States Department of Enérgy,‘through the Pitts-
burgh Energy Technology Center, entered into Special Research Agreeﬁent AS2278ET-
00234 with East Tennessee State-Univeréity. Appendix A includes a copy of the
most peftinent provisions of the contfact.

.Genefally, the contraét provided for a study of wastewater .from the coal
gasifiéatioh plant serving the Holston Army Ammunition Plant, Holston Defense
Corporation, Kingsport, Tennéssée. Specific objectives included:

1. Characterization of the wastewater flow, physical characteristics,
and, especially, chemical characteristics.

2. Evaluation of control technology for proce831ng the wastewater prepara-

tory to discharge to the environment, including:

a., pretreatment

b. by-product recovery -

c. emphasis on biological treatment, espec1a11y by the actlvated

" sludge process, and considering several treatment alternatives,
levels of pollutant parameters before and after treatment, loading
and design parameters, and investigation of treatment kinétics.

The Hqiston4Coal Gasification Plant

Figure 1 is a schematic diagram of the Holston Coal Gasification Plant.

The Annual Report for this study, dated Jui§7'1979.(89) provides a thorough de-
scriptidn of the plant. Fof the present, only basic data on the Gasification
Plant and ite operation will be noted:

Year of coqstructiop:“ 1942

Number of Gasifiers: 12

Plant nominal capacity: 132Atons per day of coal; 19 million standard cubic

feet per day of product gas.
Plant “peratipn: 2 gasifiers; 22 tons per'day of coai, 3.2 million standard
cubic feet per day of product‘gés.

~ Operation of the Coal Gasification Plant was reported to be nearly constant
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over the course of time. However, routine operation involves placing individual
gasifiefs in service and ouf of service, as necessary to keep two units in opera-
tion at any giveﬁ time, as.weil'as subjecting gasifiers to "burn-out" in order .
to remove accUmulations of combustible hatéfial. Table 1 gives fhe history of
thésé activities during the period of this study, as taken from plant operation

records.



Table 1

History of Opefation of Gasifiers at Holston Army Ammunition Plant

Gasifier Number

2

10

For Period of Study

Date
4/8/80
4/9/80
5/12/78"
9/1/78

10/5/78
12/13/78

4/13/79

6/6/79
9/5/79

12/11/79.

4/9/80

1/27/18

12/11/78

4/11/79
6/7/?9
9/13/79

12/13/79.

4/9/80

8/25/78 -

i073/78

4/9/79

6/15/79

4/7/78

9/1/78

'12/15/78

6/14/79

9/7/79

49/13/79

Activity

Placed in
Placed in

Burn-out
Taken out

-Placed in

Burn-out
Takeir out
burn-out
Placed in
Burn-out,

service
service
of service
service
of service,

service .
returned

to service

Burn-out,

returned

to service

Taken out
burn-out

Taken out
burn-out
Placed in
Burn-out,
service
Taken out
burn-out

" Placed 1n

Burn-out,
service
Taken out
burn-out

Burn-out,
service

of service,

ol scrvicve,

service:
returned to

-of service,

service -
returned to

of service,

returned to

Taken from service,

burn-out
Placed in

service

Taken from service,

. burn-out

Taken from service,

burn-out
Placed in

service

Taken from service,

burn-out
Placed in
Burn-out,
service

service
returned to’

Taken from service




Cpal for the plant is obtained under 1oﬁg-term contract.A_It is a metéll—
urgical grade fﬁel, used in piéces~about 2 to 4 inches in size. Begihning about
May 1{'1979, coal~began to‘be receivéd %rom é new source, and, though similar to.
coal previouslyAusea in many charaéteristics, was thought by plant pefsonnel to
yieldfinqreased grease and oil in the wastéwater{ .Table 2 provides four analyses
of the coal,  considered by plant staff to be typical of-the ﬁumerous analyses
actually performed.

Two decanters, each serving a side of six gasifiers, receivé all process
Qéters from the coal gasification plant, but go£ cooiing water. One decanter‘is
used ﬁo ser&e-the two gasifiers in operation‘at any given time, and functions
eésentially-as a ;ettling tank, removing exéess grease and oilAfrom the wastewater
" as préparafion for recycling the wastewater for écrubﬁing and cooling the product
gas. Datéion the sysfem are as'foilows: |

Decéﬁtef dimensions: . 47 feet long by 8 feet wide by~11 feet 1iquid depth

(eacﬁ).' |

Decanter gapécity: 31,000 gallons-(each).

Decanter heating: steam heater used to maintain 60°C.



As Received:
Moisture, %

BTV/1b.

Dry Basis:

"Volatile '
Matter, %

Fixed Carbon,
%

Ash, %
Sulfur, 7%

BTU/1b.

Table 2

Analyses of Coal Used at

‘Holston Coal Gasification Plant

Daté of Delivery of Coai

4/3-4/14,

8/14-8726, 9/18-10/2, 3/19-4/1,
1978 1978 1980 . 1980
2.9 2.9 A 3.7
13,910 14,290 13,640 13,830
40.1 40.0 - 38.5 38.2
55.6 57.6 56.4 57.1
4.3 2.4 5.1 4.7
0.8 0.6 1.0 0.7
L% ,330 14,720 14,260 14,360




Recycle pumps: Thrée, having rated capacities.of 200 gpm, 375 gpm, and 375
gpm. Presenf capacit&Aqot knqwn.
Decanter'detentioﬁ:l 0.68 hour,,baséd*on>pumps‘dperating at 80%.of rated capacity.
Evaporators: Two units, each~horizontal‘cylindéfs;‘9 féet in diameter by 20 feet
iong.
Evapdratdr operation: -Excess wastewater overfiowé thé decanter into the evaporator
sump. Wastewater is evapdrated, ;&pically three times per
Qeék in winter, one time pe;‘week in summer, with the
evaporator concentrate (about 2/3 of original volume)
returned to evaporator sump. 4From sump, wastewater is
pumped back to the decanter as necessary to make up for
water loss when accumulated tar is pumped from the decanter,
about once every two days.
Amount of wéstewater actually evapofated:' Estimated at 7,200 ggllons per'week
in winter, 2,4d0 gallons per Qeek iﬁ summer, and an annual
average of 4,800 galléns per week (685 gallons per day).
Additionally, some ﬁater is removed witﬂ the grease and oil accumulations pumped
from the decanter. Table 3 records fhe amodnts pumped during most of the period
of study._ Plant personnel estimated that the material cqﬁtained 10%Z of water, and
had a density of 9.5 pounds per.g#ilon. This would mean an increase of approxi-
mately 485 gallons per day in the annual average amount of wastewater produced,
for a total of 1,170 gallons per day. It is to be noted that this compares well
with the 1,100 to 1,200 gallons pet day which tybically would be added in the

form of steam and as moisture iun ‘the coal.



Table 3
Amount of Grease and 0il Pumped From Decanter

Amount Pumped

Month _ (1b.)
July, 1978 136,999
August, 1978 : 119,030
September, 1978 | - 137,328
October, 1978 | ' 137,872
November, 1978 ' 146,435
December, 1978 | | 145,475 )
January, 1979- 158,301 |
Februagy, 1979 127,905
March, 1979 147,712
April, 1979 152,939
May, 1979 , ‘ 153,920
June, 1979 ‘ 137,503
July, 1979 155,552
August, 1979 119,048
September, 1979 o 128,713
nncobér. 1979 'i49,783
November, 1979 144,131
December, 1979 | 124,869
January, 1980 - 114,261
February, 1980 ' 133,956
March, 1980 . 119,257
April, 1980 . 155,446
May, 1980 126,764
Range 114,261 - 158,301
Mean . 137,965
S.D. R 13,548

n 23



CHAPTER 2

Review of the Literature

A number of gasification techniques are among the various co;l conversion’
prbcesses that are atAvariouslstages of development (35). ‘Though it has béen
suggested that watér pollution from gasification plants may be manageéble (2),
there‘éiso are indications &hat problems with watef pollutidn could opdur unless

adequate precautions are taken. This chapter notes the general characteristics

of coal gasification wastewater, and concentrates on a survey of possibilities

for its management.

The Wastéwatef

Wastewater arising from coal gasification processes has several general
sourcés, including water formed by condensation of steam, water formed by .
chemical reaction, water from the quenching of slag and residue and theif're—
moval as slurry, waterAuswd~fnr cooling, watef used to scrub the product gases
for removal of'contaminants,,comprgssion condensatés, and water of dehydra-
tion (57). ’ . ;. . o | . o

The quantity af.process'wastewater may be moderate compared with flows
from large municipalities. Study done at.the Pittsburgh Energy Technology
Centér (PETC) indicated "condensate production“ fanging.from 1.37 to 1.96 1b. -

of water per 1lb. of coal, on a moisture-and-ash-free basis (74). For a gasifi-

* cation plant with a capacity of 10,000 tons/day of coal, this would indicate a:

wastewater flow of 3.3 to 4.7 million gallons per day (mgd). Goldstein and

Probstein provided estimates of water,ébnsumption for synthetic natural gas -

plants in two locations, and, based on a facility with 250 million scf/day
capacity, indicated values of 3.80 and 5.50 mgd (26). This analysis considered

a size of plant which has been discussed for commercial application.

Data on the chemical characteristics of coal gasification wastewater can
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be found iﬁ various sources. Generally, poilutant levels vary with the coal
conversion processes thét is used (66), the particular coal and its quality
(lower grade coais Fending‘to produce more contaminants) (66), reactor tempera-
ture and residence time (lower values being associated with higher levels of
contaminants) (66), the reactor type,. the '"coal injection geometry" (48), ahd
more. Table 4 summarizes selected data on the chemical characteristics of
coal gasification wastewater.

The matter of toxic substances'in'the:wasteﬁater has beeh studied, and,
despite the development of considerablg data, a full evaluation has not been
presented. UGenerally, numetrous trace organic compounds can be fouud, as well

as many trace elements (23,24,39,44,56,62,64,70,75).

ALTERNATIVES FOR- WATER POLLUTION CONTROL
The major general alternatives for water pollution control from coal
conversion facilities include:

1. Refinement of production process - Optimization of production

processes well may include development of means for keeping pollutants
out of the wastewater. The refinement of the Synthane process is a

good example of what may be done (45).

2. Reuse of Wastgwatet and Materials - The major possibilities fqr
materials recovery seem to be phenol, separated by solvent extraction,
and ammonia, removed by a type of stripping. Howevef, ammonia‘reéovery
may or may not be economical, and the recovered . phenol might be use-
able mainly as fuel, unless there was extensive, costly re{iuing, Re-
use of wastewater for scrubbing product gas might require only rather
simple removal of suspended solids (especially oil and grease) by
settling and skimming, possibly supplemented by chemical precipitation,

flotation, and sand filtration (61). Some wastewater would remain,
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Table 4

Chemical Characteristics of Coal Gasification Wastewater

Source . Year Parameter Value
Forney et al. (22) 1975 . Phenols _ 200-6,600 mg/1
Thiocyanates | . 21-200
'4SQ$pende§ Solids 23-600
BOD (5 day) 2,500-22,000
cop - 1,700-43,000
Ammonia . 2,500-11,000
Cyéﬁides | 0.1—0;6'
pH o ". 7.9-9.3
PETC (70) ‘ 1976 TOC o 8;odq,mg/1'
COD" | 18,000
Phenols | A 3,500
PETC (74) 1977 . Ammonia 7,255 mg/l
Total Suifur , 185
sulfide _ 10
Phenols 2,120

CcoD : 22,200
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requiring treatment and disposal, though the‘quantity would be reduced.

This recycle may bé widely applicable to coal gésification}plants.

Additionally, with highér order treatment, wastewater could be recycled

for other purposes.

3. Joint Treatment with Municipal Sewage - At first examination; treatment
of coal conversion waste in muqicipal plants would.seem to have advant-
ages (l4). 1In a commgnity‘of substantial size, the coal conversion
yastermight be a minor part of the total load on the treatment faciiities.
Municipal waste w0ulq4providg dilution and nutrients. However, design
of the facility would havé to be based un luclusion of the anl conver-
sion wastewater, so that, for example, adequate aeration could be pro-
vided and an alternative to chlorine used for disinfection (to avoid
formation of chlorinated organics,Aespecially‘chlorophénols) (61).

4. Separate Treatment - Generally, it appears realistic that at least

some coal conversion wastewater of significant pollutant levels will
require treatment. However, a substantial body of literature indicates

that this may be accomplished.

Pretreatment

Equalization Tanks - Various biological treatment processes operate most

effectively at constant 1o;dihg. Thus, if variations in the rate of flow are
expected, an influent equaiization tank, sized to pérmit felati?ely‘constant
flow, would be useful (61). Additionally, if variations in chemical character-
istics are likely, the tank will aiso serve the function ol mdintaining constancy
of chemical composition. Study might well be focused on the improvement in
quality which might occﬁr in‘long storage in an equalization tank, and ﬁow this
could be enhanced.

Removal of Ammonia Nitrogen - Significant amounts of hydrogen sulfide and .

ammonia are found in refinery wastewater due to the breakdown of organic sulfur
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and nitrogeh compoynds‘that,may bé removed by air stripping (10). Ammonia
D cstripping in combination with lime precipitation is considered to be the most
low cost method in many situations (20).

The major product of ammonia stripping'processes is ammonia. Ammonia re-
covery as fertilizer includes recovery of ammonia nitrogen in the form of common
fertilizers such as ahmonium sulfate and'aquaiammonia, which can be sold or used
as by—product.' Ammonia removal and recovery require that the ammonia be in the
form of a dissolved gés. This meané that the wastewaters must be at a high pH
to acédmplish conve;sionyfrom ammonium ions to dissolved ammonia gas (37).

The major objection to ammonia stripping;~dischérge'of ammonia to the air,
may be overcome with an ammonia removal and récovery method. The process in-
cludes an ammonia stripping unit and an ammonia absorption unit (37). Both of
these units are essentially sealed from the outside‘aig but are connected by
appropriate ducting. "The stripping unit recycles the gas stream rather than
using outside air in a single-pass manner. Most of the ammonia discharged to
the gaé stream from the stripping unit is absorbed in the absorption unit, pro-
ducing a much more highly concentrated solution than.the original wastewater.
Ihe absorbing liquid is maintained at a low pH to convert any-absorbed and
dissolved gas to ammonium idns (37). This effectivelyk;gtains the ammonia that
has been absorbed aﬁd also has the effect of maintaining the full driving force
for absorbing the ammonia,since dissolved ammonia does not build up in the
absorbent (37).

An introductory investigation concerned removing nitrogen in supernatant
from anaerobic digestors (20). With this method, carbon dioxide was removed by
air, and lime was used for alkalization, after which ammonia was stripped by.
air. The ammonia was then absorbed in diluted sulfu;ic acid so air pollution

' effects would be lessened.

Ammonia stripping in- the pilot plant was conducted at approximately pH 11
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and a temperature of 18°C. This resulted in 75 percent ammonia nitrogen re-

‘moval, with the ratio factor F = 2,100 (2‘0). This is the ratio between the ‘ .

qﬁantity of air supplied pef time unit‘and‘the quantity of .liquid supplied in
the same time unit. An anti-scum agent (defoamer) wés used during the stripping
process; The effect of temperature on the.theoretical yield for this pilot
plant is shown in Figure 2. |

Anothgr stu&y involving ammonia stripping was conducted at the National
Enviroﬁmental~Research Center in Cincinnati, Ohio, in-1973. This investigation
was conducted using large cooling towers with grids to promote airflow for
‘better efficiency‘in the ammonia stripping process. The effect of intluent
ﬁastewa;er pH on ghe efficiency of removal of ammonia was determined with
wastewater temperature averaging 76°C1 Influent wastewater pH was varied at
pH 9.7, 10.5, 11.3, énd pH 11.7. The efficiency of removalAwas dependent upon
pH, with the highest removal (86?2%) obtained at pH 11.7 (7). However, the-
decrease in efficiency of removal from pH 11.7 to 10.5'was only apprqximately
6 percent. The deéfeasé in inlet pH frém 11.7 to 9.7, howevef;.produced a
marked decrease‘inAtotal efficiency, from 86.2 to 51.8 bércent (7).

Study at the Pittsburgh Energy Technology Center showed that high tempera-
ture air stripping could,rémove'78 percent of free ammonia. : Reﬁoval of fixed
ammonia (8) required more severe conditions, including raising the pH to 11 (67).
. Nuefeld, Drummond, and Johnson noted that rem6§al of excéss ammonia was a
' necesséry pért of pretreatment, and used air stripping on a batch basis to reduce
the ammonia concentration from 10,000 mg/l.to 500 mg/1l. Concurrent with this,

alkalinity was reduced by some 80 percent (48).

Removal. of 0Oils, Tars and Greases - Study at the Pittsburgh Energy Tech-
nology Center showed that depression of pH, pius addition of alum, effectively
reduced both suspended and dissolved tars (69). When H,S0, was used for the pH

suppression, and alum added as a coagulant, oils, tars and greases were reduced
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by 50 percent, and soluble total. organic carbon (TOC) by 20 percent. It now
appeafs that appropriate pH reduction, even Qithoﬁt coagulant, reduces oils,
tars, and greases. Filtration was then used (48), though dissolveq aif flota- -
tion was an alternative treatment. Subsequently, the waste was neutralized (11).
In anofhgr process, Luthy and Tallon (40) usedjlime to precipitate CaCO3, which
was found to reduce oil and grease. The lime also helped raise the pH to |

facilitate the striﬁping of ammonia.

Biological Treatment

Several pnssihilities exist!

1. Waste Stabilization Ponds - The pbssibility of such treatment was

suggested by the lo& pollutant concentrations found in water from the
légoon»which received coal gasification wastewater athorgantown;
Other study also notedxfhe possibility of iagooning, and considéred:
it'worthy of attention (6;).

A treatment facility might-be similar to the following:

a. Natural Aeration Stabilization Pond - Based on arb%trary
values of four months detention, a water depth of 5 feet,
and a flow of 5 mgd (for a 250 million scf/day gasification
p}ant), approximately 370 acres of stabilization pond would
be needed. However, actual design values would need to be
determined. Although such a large area probably would not be
available at most sites, perhaﬁs it.would 5eApossible to
increase pond depth and lusseﬁ detention time. Additionally,

e it might be possible to obtain some incidental treatment during

storage in edualization tanks, suggeéted asghaving.detentions
as long as 30 days.in particular cases (6l).

b. Stabilization Pond With Mechanical Aeration - Based on arbitrary

values -of 10 déys detention, 10 feet depth, and a flow of 5 mgd,

\




approximately 15 acres would be required for the gasification
plant described above (250 million scf/day). Actual design
yalués for coal gasification wastewater are not presently
known.

Fixed Position Biological Contactors - .These are exemplified by trick-

ling filters, long thought to offer relatively good resistance to over-

load and to be less readily harmed by toxic substances. Wei and Gold-

stein suggested that there might be advantages to combining a trickling. .

filter with activated sludge, including the incidental benefit of cool-
ing of the heated process water. . However, forced ventilation could be
neéded in the trickling filter (66). Other possibilities include re-
volving disc biological.contactors.A This entire subjeét remains to be
studied in greater detail.

Activated Sludge - This process has been the subject of intensive study

regarding application to coal gasification wastewater. Study has

indicated considerable success in tfeating such wastewater by activated

sludge (3); Some process details iﬁclude: |

a. Loading - Study done at'the'Pittsburgh Energy Technology Center
showed that éération detention of some six days forlundiluﬁedAwasfe
produced comparabie treatment to thét obtained with.diluted feed
and 24 hour'detention (22). Using diluted feed, a detention of one
day (4), and food/microorganism ratios of 0.67 -and 0.83 mg TOC/mg
MLVSS/day, remdvais were over 50 percent for TOC and COD, and over
99 percentffof phenols - (71).. Actual loads mayfﬁéfd;fferent.
Later study yielded removals of 70 percent for TOC and 94 percent
for BOD;

b. Reaction Kinetics - Several authors have published works utilizing

similar biokinetics models. In Water Quality Engineering For

17
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Practicing Engineers, Eckenfelder gave a mathematical model for

detefmininglkinetic cons;ants_fqr removal of organic substances
through biélogical treatment (19).

.Several studies have been péfformed on sewage, but few
references a?e available for kinetics'of wastewaters from coal
gasificatibn plants.A One study was dong on the kinétiCS of acti-
vated sludge treatment of "Synthanef fluidized bed gasification
wastewater by Ronald D. Neuféld, Charles J. brummoﬁd, and Glenn E.
Johnson (48). Aqother study was done on a wastewater slmllar to |
vthat to be used in. this study. The éﬁthors, Richard G. Luthy aud
James T. Tallon, published their results in July, 1978 (40).

‘The binlogicai.reéction kinetics model used in this study was:

that pfesented’by Metcalf and Eddy in Wastewater Engineerihg:

Trgatment, Disposal, Reuse, 1979'(42). " To calculate KS, the

rate cogfficient, and k, substrate removal rate coeffiqient, the

following equation was utilized:

o Tk ' (1)

X8 = Kg(s71) + k71

where: -S_= influent substrate concentration, BOD, mg/l

S = effiuent substrate concen&ration, BOD, mg/l
XK'= cell concentration in aeration chamber,
Mivss, mg/l
@ = hydraulic. detention time in the'aerétidn tank
(vbluﬁe/flow rate),.days'
-This equation exhibits éhe linear form of:

Y- mX+ B , (2)

where: m = slope of a line graphed from this equation

[=~]
1]

y-intercept of that line
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This makes it cqnvenient-to graphically determine Kg and k.
This linear fo?m is alsoluseful in detefmining Y, the

biological yield coefficient, and’kd, the decay coefficient,

according to the following fbrmulg: |

o "t = 15075 _ i,

c X8 (3)

where: 6.= mean cell residence time, days
A study by Luthy and Tallon (1978) produced a yleld co-
':efficient of 0.11 and a decay coeff1c1ent of 0. 02/day. It
was stated in the report that the degay coeffic1ent'seemed
Area;onabie,$ut the yield cogffiéieht'was loWer'than expeéted (40).
A similar study performed b§ Neufeld, Dfummond, and

Johnson showed a yield coefficient of 0.37 1b. VSS/1lb. BOD

and a decay coefficient of 0.033/day (48).

c. Aqtivated Sludgé Modificaﬁioné'— Most;studyAﬁas centered on approxi-
'métions to coﬁpletély‘mixed‘activated ;lﬁdge, with 1ihited considera- -
tion of othef'poSsibilitiesa' -

(15’ Two-Stage - This has beén ﬁhe major modification s;udied, but

generally has been found}to have little value for coal conver-

sion waste (71 72)

'(2)‘ High Purlgy Ongen - Although usually a larger fac1lity is re-
quired to-justify use df'high-purity oxygen ihstead of air, the
avaiiability'of oxygeh‘for other purposes at many coal conversion

plants eﬁhénceé prospects for use. A possible advantage would
be increased oxygen transferl(é6), facilitating maintenance of
~ the higher MLVSS levels'sémetimes specified for coal conversion

wastes.



' (3) Return Sludge Aeration - This was noted to be of some value

by Cooké and G;aham, thoﬁgh their,data were considered too
limited to be definitive (14).

Other points might be mentioned regarding acfivated
sludge. Nutrient addition would include at least phosphate:
.(66). Acclimated microorganisms.aré essential, though mutant
bacteria may show promise. Solids handling and disposal re-
quire additional study (47,61).

4. Anaerobic Biological Treatment - Study at the Pittsburgh Energy Tech-.

nology Ceuler shuwed TOC and CUD reduced by 4U percent, phenols by 50
percent, and color reduced somewhat (72,73). Subsequent study showed
(41) up to 804peréent reduction in COD using bench-scale anaefobic

contact digestors. In related study, long-term (at least 45 days)

anaerobic treatment made wastewater more amenable to biological treatment.

Chemical Precipitation
One of the problems encountered in the study of goal gasification wastewater
treatment has been that, after biological oxidation inlthe activated sludge nnits,
the ettluent suspended solids and volatile suspended solids are relatively high.
The wastewater, upon withdrawal from the activated sludge units, still contains a
considerable amount of organic material. Some of this material is in the fnrmbof

microorganisms carried out with the effluent, and.,has an adverse effect on treat-

n_at by leéssening cell retention. Additionally, therealso remains some organic

material that could be toxic or even c&%ginogénic. m&%ﬁhéﬁ.been suggested that,
to remove these organic materigls;féépivégeg%;arbon shouialbéiﬁpilized.' The
problem with activated cgfbon lies in?fhe fact that it is eaéiii?clogged by sus-
pended solids material, which reduces the effectiveness of adsorption by the

granulated activated carbon. Thus, some means has been néeded which could

20



effectively reduce the suspended matter in the wastewater before it was passed
through the carbon filter. Chemical coagulation seemed to be a promising method
for this suspended solids removal.

This method of solids removal seems feasible because the major constituents
of the suspended solids. are bacterial. This has been deduced from the fact that
very few suspended solids are added to the units in thé coal gasification waste-
water.

It has been found that bacteria have a charge‘at the sol membranelinterface.
This charge is anionic orlhegative in nature; this allows the bacteria to be
amenable to-chemical coagulation (with coagulants such as‘fetric.chloride'and
aluminum sulfate) because in solution a positive ion species such as Al+3 or
Fe+d will exisg. This positive charge will allo& the colloid (bacteria) to be
destabilized. The destabilization-may occur in two different fashions,

(1) charge neutralization; and (2) enmeshment .

In relation to the use of a polymer as a coagulant, an anionic. (or negatively-
chargéd),polymer is usually necessary; along with an alkaline sﬁbsﬁance, such as
limeé The floc in the colloid polymer susﬁénsionlis usually formed by inter-
pérticle bridging. The use of an anionic polymer plﬁs a bﬁffer seems.most
satisfactory in high colloid concentrations, although the réasOhs.for this are
not understood. |

Efforts have not been successful in iogating literature that specifically
relates to the chemical‘coagulétion of‘coal gasification wastewater. Most of
the literature addressed the use of the ferric.and aluminum salts, and.also
polymers, in the general case. Current literature suggests that four different
conditions exist in a hydro-colloidal suspension. These are: - (1) high'colléia
concentration - high alkalinity; (2) high colloid céncentration - 1ow‘alkélinity;4
(3) low colloid'concenﬁratiqn - high alkalinity; (4) low colioid concentration -
low alkalinity (65). In regard to treated coal gasificacion wastewater, the

effluent exhibits the characteristics of high colloid concentration and'high
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alkalinity (buffer capacity)(65). None of the available literature déalt with

the property of high organié chemical-conceﬁtration. .These organic chemicals

may afféct the use of the inorganic chemical céagulants, but it is even moré"‘

likely that they may reéct with the long chain'polymers. This ééuld be a

positive inte;action (suchAas increased chain length to allow for more pafticle/

colloid bridging), or it may hinder the polyme? by breaking the chain (which .. .

could produce floc too small to settle). - RS
" It has also been established ;hat,with thé use of polymers, an optimuﬁidoée e

ic oesentizl (4%). When the iron o;.aluminum §a1ts are used in doses greater

then the .optimum dose, ‘usually no harm is done‘except that éxceSS‘metal hydroxide

speéies may be brecipitated out whén the:KSp (solubility}product éonstant) is -

exceeded (50). When the pol}mer_dose is'increased_béyond the optimum one, re-.

stabilizaﬁion can occur in which the collqids afeArehéuspendedfinto‘thersqi;"

vent t43). This has especially'been_evident when bacteria are the colloidal

particles in the hydfo—colloid<compleX'(605. Thé reaction bétween.the ¢olloid

and polymer seems to be stoiciometric in'né;ure,

Tettia;y Trcatment

L3 “

Discoloration is a femaipipg‘problemi Altho;gh chemiéal oxi&ation h;s been
suggested (49,68), activated carbon may be lé;s costly (61). TérgiaryAirgatment
might be accomplished by sand fiitra;ion,‘tollowed by granular aQLivgtéd éafbén.
in columns. The activated carbon alsy reduces TOC,:phenol and bdofad.Aithnﬁgh
carbon adsorptuion has been studied for introdugtory treatment, or complete treat-
ment (28,67),and is evidently effecfive in these roles, it has af least as much
prdmise as a tertiary treatment (4). |

Various treatment schemes utilizing g:anular.activated'carbon bave béenl
~tested-on process effluents from coai éaéification operations. In pildt“biahi

testing, it has been observed that up to 99% of the phenolics, TOC, and CODy,

were removed upon direct application of activated carbon in a fixed-bed reactor
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to condensates from éoking and'gasification_blants (36): Howeve?,'these-high'
efficienciég‘were obtained with adsorbate 1oédihgs of 85 Kg,cérbon/m3-condensa£e
and a maQimum throughput of 300 liters/hour.
Commercial designs .suggest a -70% carbon conversion for the gasification of
coal in ailarge scale operation. Thus, for each pound of coal gasified, 0.3
pounds of solid waste remain. . Char adsofptién, which utilizes this solid residue
(char) to adsorb céntaminan;s‘from the gasifier's liquid waste, has-been investi-
gaﬁed (i?).' Typical chafs and wastewaters from the S&nthane~précess.were'used
in this chdy.; Aver#ge char surface area frﬁm the Synthane Process Development :
Unit was 330 hzlg, or abou;_onejthird«the surface area of activated carbonms.
‘ At a loading raéé of ten pounds of condenéate thféugﬂbut per pound of char, phenol’
removal g#ceeded 997 (approximately 3 mg/l<pheﬁol in the effluent) while COD and
TOC removals werevapprogimately éOZ (1,500 and 680 mg/l in the effluent respect~-
iVély) : . o |
Aqtivated siudgeiprdceéées are preferabie to pﬁysical—chemica; processes
due to higher éreatment efficiehciesland ease of control (5). Yet effluent
levels of phenolics, BOD,'and TOC exceed alléwable limits, so that further treat-
ment will be reQuired if discharge into ﬁhe ehvironMent is anticipated. : iy
.It ;ppears.ghaf no siﬁéie operation will schessfully treat the gasification
4 wastewéters, éad, atygﬂe same.time,.ge économicéi: Oné possible solution to
this probleﬁ i;lgﬁg'apélication bf activated carbon to ;hé.aerobicaily oxidized
Wastewagegs. ' The use of éctivéted cérbén is not only simple and convenient (52),
but aiso tﬁe.cos; of its apbiication is rélatively low as coﬁpared to other

advanced treatment schemes (15)(



Chapter 3

Methodology

Sampligg_

After the early stages of the study and the development of procedures,
samples were collected at intervals of app;oximately one month. Samples were
obtained near the discharge endAof the decanter in service, using a séodp
attached to a long handlg. This sampling point was selected since it combines
virtually all wastewater, is accessible, appears to contain well-mixed liquid,
and. being subsequent to settling, provides maximum consistency in sample
characteristics. Thé location was furtlhier identificd ac being at the Holston
Defense Corporation, Coal Gaslfication Tacility, Building 10. Sample was placed
into two or three tinjcoated, steel containers, using a funnel. Note that other
containers; especially glass bottlies having éapacity of about one gallon, also
were used, early in .the study.

The temperature of the wastewater was measured immediately upon collection,
and preservation procedures were used for samples for special purposes (cyanidg,
sulfide, and thiocyanate). Routine procedure also provided for inquiry to be
made regarding plant production, amount of cval used, variation in operation,
and the presence of any special .conditions. AHowever, the answers were always
the same, since the plant was in stable'operation. Upon arrival at the labora-
tory, sample pH was determined immediately.

Table 5 gives sampling data.

Small-scale 5tudies of Pretroatmuul

Small-scale Studies of the Removal of Ammonia-Nitrogen - Test procedures

were used to evaluate the removal of ammonia nitrogen as a function of pH,

temperature, air flow rate, and length of time of treatment. The general tech-
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Table 5

Data on Sampling Wastewater at the
.Holston Coal Gasification Plant

Sample . Date Amount Wastewater
Number Collected Collected - Temperature
1 10/10/78 3 liters 56 °c
2 10/17/78 2.5 55
3 10/24/78 2.5 57
4 10/31/78 - ’ 57
5 11/7/78 - ] 57
6 11/15/78 5.3 55
7 11/21/78 - 56
8 11/28/78 - 54
9 12/5/78 13 55
10 12/18/78 11.5° -
11 1/9/79 20 52
12 1/16/79 7.5 : 53
13 1/22/79 10 53
14 " 1/29/79 25 54
15 2/5/79 22 -
16 2/12/79 20 ‘ 54
17 2/20/79 25 55
18 2/28/79 - -
19 3/5/79 40 55
20, 3/26/79 20 : -
21 4/2/79 - -
22 4/9/79 20 -
23 4/17/79 - -
24 4/23/79 . 32 -
25 5/1/79 - -
26 5/14/79 30 -
27 5/21/79 30 -
28 7/21/79 30 -
29 8/13/79 . 40 . 54
30 9/19/79 57 54
31 10/15/79 40 . 57
32 11/8/79 40 -
33 11/26/79 - 40 45
34 1/7/80 40 53
35 2/21/80 40 ' 54
36 4/2/80 44 56
37 4/25/80 35. 56
38 5/23/80 - 33 58
Range Year 1 2.5-40 52-57
Total 2.5-57 45-58
Mean Year 1 17.9 54.9
Total 25.9 54.6
S.D. Year 1 11.1 1.5
) Total 14.5 2.5
n Year 1 19 16
Total 30 25
Year 1 20 55

Mode

Total 40 34
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“nique was to maintaiﬁ three variables Eonétant at levels expected to be generally
satisfactory, while systematically varying the value 6f the fourth parameter.

As soon as sample arrived at the laboratory, iﬁ was preserved by lowering the

pH to 2.0 using concentrated H2564, and sFored in a closed container kept

refrigerated at 40C.

The apparatus. for these tésts is shown in Figure 3. Sample was poured into
a closed flask, and this was placed in a watef bath controlled at a pre-set
temperature. The flask contained 50 ml of'presefved raw sample, plus three
drops of defoamer (0.5% dilution byAvolume of Nalco 71—DS); Air was injected
from an installed air sourcé; and measured by an ;ir—flow meter (rotameter).
After treatment under the conditions prescribed'forAthe particular test, the
‘ammonia nitrogen concentration was determined, so that the percent reduction in -
ammonia nitrogen could be cglculated. Exact conditions included:

1. Study of aeration rate: Aeration rate was varied at 5, 10, 15, and 20

liters of air per minute per liter of sample, while pH was held at 10,
temperaturec at 70°C, and time at 30 minutes.

2. Study of temperature: Temperature was varied at 50, 60, 70, and ‘80°C,
while pH was held constant at 10, time at 30 minutes, .and aeration rate
at 15 liters/minute/liter of sample. ‘

3. Study of pH: The pH was varied at 9.0, 9.25, 9.5, 9.75, 10.0, 10.5,
and 11.0, while time was held constant at 30 minutes, aeration rate at
15 liters per minute per liter of sample, and temperature at 70°C.

4. Study of length of treatment time: Leﬂgtb of treatment time was
varied at 15, 30, 60, and 90 minutes, while temperature was held con-
stant at 70°C, aeration rate at 15 liters/minute/liter of sample, and
pH at 10,

After each test, the pH of the sample was lowered to 2.0, using HZSOA?
and it was kept refrigerated at 4°C until analyzed, which gemerally was within
24 hours. Note that each test was done in duplicate.

Small-scale Studies of the Removal of Grease and 0il - Somewhat similar,

though less extensive tests were performed in an attempt to evaluate the con-

ditions related to removal of grease and oil. Again, the general procedure was
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to hold one parameter constant, while varying others. The grease and oil
concentration remaining after each test was determirned, in order that the per-
cent reduction could be éalculated._ The specific conditiohs studies were:

1. pH: The pH, in successive tests, was lowered to 3.0,'2.5, 2.0, and 1.5,
while settling time was kept constant at 16 hours, and aeration not used.

2. Aeration rate: Aeration rate.wés varied at 0.4, 1.0, and 1.5'1itefs
' of aly per minute per liter of sample, while pH was. kept constant at 3.0,
and length of time of treatment at 30 minutes.

- Pretreatment of Batches of:Wastéwater For Use
Ao Influent tn Binlngiral Treatment Units

Removal of Ammonia Nitrogen - The wastewater initially was treated tu remuve

~ammonia nitrogen by an air stripping brocedure. Alfhough various apparatus was
used early in the study, the final gquipﬁent~dsed for strippihg Qas the modified
,botgom portion of ‘a hot water heater; the tdp having been cut awa& to petmitluse
under an enclosed exhaust hood. "Figure 4 shows fﬁis equipmént.' Capacity of the
unit was approximately 40 gallons. Air was used from an iﬁstalledléoﬁrce; and
delivered through flexible tubing (1 inch diameter); tﬁrougﬁ a high-capacity
air flow meﬁer'(ropameter) to perforatéd tubing located near tﬁé bottom of the
ténk.

Using.lovN NaOH, the pH pf the wastewater was raised to approximately
9.75 or greater. 'The pKa'of‘ammonié is‘9.75. -Usually, wastewater in thé stripp-
ing céntainer was héated to'approximately 70°C, after which aeration, at.the'réte
of some 10 .to 15 liters pf air per minute per liter of sample, was applied.
Heating and‘aeration were cdntinued for 30 to 60 ﬁinutes, during which the
temﬁeréture generally fell éonsiderabiy? perhaps to*SOOC (due to low heating
capability). To minimize foaming during the stripping, four, 5 ml portions.of
concentrated Nalco;antirfsam, 7i;D5,vwere added to the‘wasteﬁaggr.' An improQ
vised cover also was used to minim;?e spla;tering.A‘A typical batch Qas

approximately 30 to 40 liters in initial volume.
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Figure 4
Equipment for Stripping Ammonia
from Batches of Wastewater for Influent to
Biological Treatment Units
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Removal of Grease and 0il - After the stripping, the wastewater was treated

with a mixture of 207 concentrated H3PO4 and 807 concentrated HZSOA’ to lower

the pH to 2.5 to 3.0, and also to provide nutrient phosphate for subsequent bio-
logical treatment. At this point, the wastewater was placed in a specialized
settling chamber having a capacity of 44 liters, as shown in Figure 5. Air was
then applied at a rate of 0.4 to 3 liters per minute per liter of sample, using
an installed air source and measurement of air flow rate by a rotameter.
Various solids,precipitated by the acidification, and especially grease and oil,
were agglomerated by the turbulence, raised to the surface by flotation, and
removed by gentle skimming.

Remaining solids in the acidified sample were removed by sellliug Lo the
44 liter plexiglass container for 24 to 36 hours. Subsequently, fractional
portions were collected from the chamber, using a draw off located at its bottom,
with the first fraction containing most of the settled solids, and the next
fraction being clearer liquid. Each portion then was filtered through coarse
paper filters to remove remaining solids. Fractions were combined, and treated
with 10 N NaOH to adjust the pH to 7.0. Finally, the neutralized sample was
placed in four liter, closed, polyethylene containers, and refrigerated at

40°C until used.

General Operation of Laboratory
Scale Biological Treatment Units
The major biological treatment devices used were two Horizon Ecology '"Bio-
Oxidation Systems." These are laboratory scale units, each with a Lolal capacity
of 7.5 liters of liquid. Each system incorporates an air pump, air flow meter,
wastewater pumps, aeration tank with interchangeable settling well, as well as
diffusers and appurtenances. Recirculation of settled solids is induced by

wastewater currents caused by the air injection. Air flow can be varied up to




Figure 5
Settling Chamber Used in Removal
of Grease and 0il
from Batches of Wastewater
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a maximum of 0.25 cfm, influent can be varied up to 14 gallons per day, and
suspended solids, contained in the mixed liquor, may be removed at a fixed rate
of 100 ml per minute. Figures 6 and 7 are diagrams of the apparat;s and the
control coﬁsole respectivély. Figure 8 shows the apparatus, as used in the study.
Units were started by adding a small amount of mixed liquor, brought frozen
from laboratory-scale activated sludge units treating Synthane wastewater at the

Pittsburgh Energy Technology Center. The Annual Report for the first year of

study (89) gives details of early operation. However, Figure 9 shows the varia-
tion in the amount of pretreated waste in the flow, with time, during the period
of this study. The Bio-Oxidation units drew waste from an influent reservoir,
with a capacity of 32 gallons, serving each unit. The reservoir serving Unit 1
was seeded with a small amount of waste activated sludge, supplied with diffused
air using an aerator, and operated as an aerated pond with a hydraulic detention
of two weeks. A similar, 32 gallon effluent reservoir also was used for each
Bio-Oxidation unit.
Détails of the basic operation of these activated sludge units was as
follows:
1. Addition of pretreated wastewater - For each Bio-Oxidation unit, a
measured amount of pretreated wastewater was diluted with enough
tap waLer Lo provide 7.5 liters for each day's feeding. The amount of
pretreated wastewater added generally was greater fur Unit 1 than linit

2 throughout the second year uf study becanse of the higher loading
potential made possible by Unit 1's additional aeration pond.

2. Use of defoamer - A defoamer, Nalco 71-D5, was found necessary to limit
foaming to an acceptable level. Until the end of September, 1979, one
milliliter of a 0.5 percent dilution of defoamer was added to the in-
fluent dilution for the units for each 10 milliliters of prelLieated
wastewater in the mixture. In November, 1979, the amount of defoamer
added per 10 milliliters of pretreated wastewater was decreased by
one tenth of Lhe original amount each day to determine the minimum
cunrentration of defoamer required to maintain low foaming conditions.
It was found that a concentration of 0.7 milliliters of defoamer per
10 milliliters of wastewater was a practical minimum. Defoamer conditions
were thus maintained at this level through the end of the study.

3. Hydraulic detention - Each laboratory scale activated sludge unit had
a capacity of 7.5 liters.
Since each unit received 7.5 liters per day of diluted wastewater,

detention times were approximately 24 hours. This value fluctuated somewhatkgyg
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CONNECTIONS FOR AIR SUPPLY
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SYSTEMS CONTROLS (FROM TOP TO BOTTOM)

A) EFFLUENT AND INFLUENT OH/OFF AND FLOW CONTROL
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Figure 8
Bio-Oxidation Systems in Use
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to such conditions.as occasional tubing blockage, but daily mainten-
ance kept the detention time relatively constant. -

Aeration rate - The aeration rate into the aeration'tanks of both
activated sludge units was maintained at approximately 500 milliliters
of air per minute. - The aeration rate for the.aerated pond serving’
Unit 1 was maintained between 1,500 and 2,000 milliliters per minute.

" The aeration rates were checked and adJusted each week.

Sludge reserve ("bank") - Ten to fifteen liters of waste activated

"sludge were kept in a 20 liter glass carboy referred to as the sludge

reserve, or 'sludge bank", to be used when needed by the units. The
sludge bank was constantly aerated at a rate of approximately 2,000

milliliters of air per minute, using a small aerator. The sludge bank

was fed 75 milliliters of pretreated wastewater per day, -and was

‘augmented by approximately 50 milliliters per week of waste nixed

liquor from the aeration chamber of each unit.
Each week the aeration was turned off for one hour to allow
settling. Three liters of .supernatant were drawn off to rid the

‘system of wastes liberated by the microorganisms in the system.

Approximately two liters of tap water also were dripped back 1nto the
system slowly - over a period of a few days during. each week.

Addition of sludge topbiological treatment units - At various times,

low solids levels in the activated ‘sludge units required that sludge
be added to the aeratidn tanks to maintain effective treatment. The .
general procedure involved suspending the'Wasting of sludge, perhaps
for several weeks, to evaluate recovery.. Subsequently, if necessary,
influent would be stopped and aeration turned off, in order to permit
settling, for approximately one hour. Then, the appropriate amount

. of supernatant was drawn off, and an equivalent volume of liquid -

added from the sludge reserve. Additions from the sludge reserve -
included: ' ‘ '

“Volume (liters) .added to-

475179 . 0.5 1.5
4126/79 0.5 0.5
10/19/79 3.0 -
11/27/79 2.0 | ‘pl,o,
3/5/80. - 1.0 0.5,

5/26/80 - 1.0 , 0,5



7. .Analyses and measurements used ‘for routine operation - The pH and
dissolved oxygen concentration were measured once each week in the
aeration tank of each activated sludge unit, as well as in the

_ aerated pond preceding Unit 1.  See Table 6. .‘Additionally, flow
rate and aeration rate also were measured each week, and adjusted
to maintain proper levels of these parameters. Though. temperature
was expected to be relatively ¢onstant, -1t was measured, as
appropriate. For regular operation, influent and effluent biochemical
" oxygen demand were measured, as well as solids levels (suspended,
volatile suspended, and settleable) for -the mixed liquor: Numerous :
other analyses were performed, as appropriate. '

Study of Alternatives For .
Biological Treatment

The major alternatives considered for biological treatment were ao follows:

1..‘Activated sludge, without modification - The study of biological treat-
Ament in the first year was limitcd to basic operation of the laboratory
scale: activated sludge units without modifications to. stabilize treat-
ment. The basic operation in this mode already has been described
'Various loads were tried, the characteristics of the pretreated-waste-‘

water in the influent.varying,‘especially early‘in the study when gamples

"were collected from the Holston Coal.Gasification Plant rather freﬁuently

(approximately every week). The effectiVenoss<of treatment uaa}évaiuated

by determining the levels of various parameters in the influent and
effluent. Conditions related to process‘upset were observed.

2. -Activated sludge preceded by aerated waste stabilization pond - This

was studied as one means of stabilizing treatment in the activated
sludge unit. However, anzartificially aerated waste stabilization pond>

also might have potential as the major means of biological treatment

used. Basicvinformation on the unit has been given already. A hydraulic

detention of two weeks was obtained by maintaining a‘liquid_depth
Acorresponding to a capacity of 105 1liters. The pond was started by

adding a small amount of waste activated sludge to the liquid which

38
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‘was in a 32 gallon c&ntainer. A sﬁéll aerator prqvided 1,50b'£0ﬁ2,000_m1 per
minute<of air to the waéfewatér.iﬁbtﬁé:poﬁd'through';hdifquer. The influent to
Biological Trgatﬁeﬁt Unit l,»ﬁas drawﬁ‘fféﬁ'mid-depth of tﬁe pqnd; Operation of
the pond Wa; monitorea<by meaéuriné?teaéﬁAﬁeek,-thé'diséoived'oxygen concgntration;
pPH, aﬁdﬂair,flow,'aé weil aé by ‘analyzing sgmplés of-iﬁfluept-éndAefflueﬁt for
several poli;éahﬁxpérémeters.; Influent was.take; to bé the p;etréated;wastewater
‘diluted with tap water, with défoémer éiready added.; Eff1uent-waé tékeﬁ to be .

" the pond tontehts, sampled-at mid-depth. .



Table 6 -

lDissolved Oxygen and pH in
Biological Treatment Units

Dissolved Oxygen (mg/1) pH (units)

o : Unit 1 Unit 1 Unit 2 Unit 1 Unit 1 Unit 2
. Date . Pond Bio.. Bio. Pond Bio. Bio.
10/12/78 . - 7.1 - - - -
10/13/78 - 8.5 9.5 - - -
10/24/78 - 8.0 8.6 - - -

. 10/27/78 - 8.4 8.4 - 7.1 7.1
10/31/78" - 8.7. 8.7 - - -
11/3/718 - 8.6 8.2 - - -
11/7/78 - 8.3 - .
11/10/78 - 7.4 7.6 - - -
11/14/78 - 7.5 7.9 - 7.1 7.3
11/17/78 - . 8.5 8.1 - 7.3 7.2
/288 - - 1.8 #.13 - 7.1 7.9
C11/28/78 - - - - 7.2 7.4
- 12/1/78 ' - 7.2 5.0 - 7.0 7.0
12/5/78 o 7.4 7.9. - 7.0 7.1
12/8/78 - 6.7 7.5 - 7.4 7.4 .

12/12/78 - 7.4 7.1 - 7.3 7.1 -
1/5/79 - 7.3 7.2 - 6.4 6.4
1/25/79 - 6.5 7.2 - 7.5 8.5
2/6/79 - 6.5 7.0 - 7.3 7.0

2/13/79 - 6.5 6.8 - 7.2 7.0
317719 . - 6.8 6.8 - 7.3 7.3
4/9/79 - 7.0 7.1 - 7.3 7.5
/277179 - 7.3 6.8 - 6:9 7.1
5/3/79 - b.8 - - 7.0 7.0

5/21/19 . - 8.2 7.4 - - - -
5/29/79 - 8.1 8:3 - - -
6/28/79 - 7.5 6.5 - - -
7/11/79 - - 7.9 7.0 - - -
10/5/79 7.8 8.9 5.3 6.8 7.1 7.0
10/9/79 -1 7.4 3.2 6.2 7.0 6.9
10/18/79 6.1 7.9 2.0 6.7 6.7 6.3
10/23/79 0.2 6.2 . 3.2 6.6 /.1 . 6.Y
11/6/79 8.9 8.2 1.4 7.0 7.0 6.7
11/13/79 8.7 9.2 8.4 7.3 7.2 7.0
11/19/79 4.3 7.4 2.5 7.1 7.5 6.6
11/27/79 5.7 3.6 3.0 7.0 7.2 6.5
1/3/80. 0.9 0.5 2.6 6.5 6.8 6.8
1/9/80 8.0 6.4 0.8 6.8 7.1 6.6
1/15/80 7.8 8.0 8.4 7.0 6.8 7.1
1/23/80 S 7.4 7.1 7.8 6.7 ‘7.0 7.1
1/30/80 9.2 5.2 8.5 7.0 . 7.2 7.0
2/8/80 9.0 9.0 8.0 6.8 7.2 7.0

7.7 4.9 6.8 - 7.0 7.4 7.3

- 2/15/80
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Activated sludée with sfabiliied influent coﬁcenpratioq-of B.0.D. - Late
in the first yéér:of sthdy,'this mode of operation was attempted in
ordgr to simulate the effect of some ;echnique dampening variations in
the concentration of poliutants*in thé wastewater. Examples of ways
ﬁhat such variation' could be réduced would include high recycle and
perhaps use of an equalization‘ﬁank.- In this procedure;‘wastewater was
diluted aé necessary Fo provide ‘a constant inferﬁt e;ncgntration of
BOD, initially selecfed as 500 ﬁg/l. Loading rates were.calculatéd, and
levels of Various éqllutant'parameters wére determined in 5éth the
biological influcnt and cfflucnt:

Chemical precipitation in aeration tank - During the period of study

of this alternative, Unit 1 was operated as usual, except that alum
was dosed to the aeration tank. The dose was expressed as mg of alum
per day per liter of aeration tank vplume. This volume was taken to

be 7.5 liters. The alum doses used were as follows:

) Alum Dose
Period (mg/day/liter)
1/16/80-1/29/80 20
1/30/80=2/19/80 10
2/20/80-6/30/80 A 5

The effluent from the bioiogical greatment unig was provided with
supplementafy settling, in addition te thét o;cufring in the settling
well of the unit. 1In particular, solids levels (suspended and volatile
suspended) were measured in the effluent. Additionally, loadings were
determined, and influént and effluent cuuuuuLgaLions measnred.

Activated sludge, with effluent chemical precipitation - Unit 1 was

operated in the usual manner, except that the effluent was subjected
to chemical precipitation.. Small scale studies provided general informa-

tion on the coagulant to be preferred (FeCly, rather than alum),and the
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approximate dose needed. The general procedure was as follows:

a) The effluent from Unit 1 was collected for one week ‘rising a 32
. gallon plastic container (approximately 50 liters collected).

'b) The volume of effluent was ‘measured to. determine the amount of

coagulant to be added.

c) The effluent in the container was then stirred with sufficient
agitation so that when the ferric chloride was. added, thorough
mixing would occur. ~

d) The ferric chloride was then added at a dose of 250 mg/l to ‘the
wastewater, during the stirring procedure.

e) After complete mixing had been accomplished (approx1mately 5 to
10 minutes), the mixture was slowly stirred in order to promote
flocculation. Some 15 minutes was allowed for this process

f) After the flocculation, the suspended matter was allowed to settle
for approximately two hours.

g) The settled solids were then drawn off - from the bottom of the
- container (approximately 10% of the wastewater volume was removed
"as sludge). :

h) " The collected solids were reintroduced to the activated sludge
unit in equal daily increments. The remaining sludge was added
to the sludge reserve.

i) Suspended solids analysis was used to determine the effectiveness
of the precipitation procedure. . Samples were taken before and
after coagulation to determine suspended solids and volatile sus-
pended solids.

'j) The effluent from the coagulation container was neutralized w1th

1.0 N NaOH to be utilized in further analy31s.

Joint treatment with municipal sewage ("cometabolism') - For this phase

of the study,'a specialized apparatus was assembled. lncluded were. an
aeration tank (glass jar), with a volune of 3 liters at the fill line,
and_a'subsequent settling tank, having-a liduid volume of approximately
3 liters. . An. aquarium aerator was used to supply air through a
diffuser,'and a nagnetic stirrer helped to maintain the biological floc
in-suspension. lnfluent to the aerationetank was primary'effluent,
collected as needed from theAJohnsonfCity Brusthreek‘Sewage lreatment

Plant, with the appropriate content of pretreated coal gasification

. wastewater. Feed was. provided by a peristalic pump, set to deliver 3. .
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literg in about 20 hours, for a degéntion of 0.83 day (20 hours).
Prefreated waétewater was'rgfrigerated at 49C until used.: Start up

of the unit involved addition of mixed 1iquorlfrom the aeration tank

of the Bfush.Creek Plant, supplemented by a small'gmount of activated
sludgé from the coél.gaéification sludge reserve. The-schédule of addi-
tion of wastcwater was és follows:

% of Total Wastewater

Date Primary Effluent Pretreated Gasification
3/5/80 © 100 0

4/7/80 ‘ 99,98 n.02

4/14/80 99.96 0.04

4/22/80 99.94 0.06 -
4/28/80 99.9 0.1

5/5/80 99.8 0.2

5/12/80 99.7 0.3

The air flow to the aeration tank was 2,000‘m1/miﬁute, with an additional
. 1,350 mi/minﬁte being used in the airlift provided to return secoﬁdary
settling solids to the aeration tank. Operational tests included
dissolved oxygen, pH, Eempefa;ure,.suspended solids, and volatiie sus~
pended solids, all on the mixed liquor, as well as tests on both ﬁhe

influent and effluent to estimate the degree of treatment being provided. -

Biological Reaction Kinetics
Thé4basic technique used was to determine values of the relevant basic data
for the same point in time. The basic data which were gathered included the

following:

Item of Data ' Model For Determining
MLVSS (X,mg/l) ' A Perform test for nonfilterable volatile
' ' " residue ‘on mixed ligquor
Cell detention,l “ Multiply MLVSS, in mg/l, by 7.5 liters.
(8., days) - Divide product by total mg/day.of volatile

suspended solids removed, including that in
sludge that was wasted, and that in effluent,
as based on tests for volatile suspended .
solids and volumes. R :



Item of Data ‘ L : Model For Determining
BOD of the Influent and . Determine 5-day biochemical oxygen demand
Effluent (S, and S, ~ on influent and -effluent.

respectively, in mg/l)

Hydraulic'Detention ' ' Divide aeration volume, 7.5 liters, by flow

ec, days) . rate, in liters per day, based on measurement
of amount delivered in. a measured time.

It is essential to the effective use of this procedure that the cell
retention be controlled, that it be maintained at each selected value for a
sufficiently long time to obtain stable conditions in the effluent and that mul-
tiple data points may be obtained. Subsequently, the procedure is as follows:

- 1. The basis is the equation:

X8 =K

Ns (L y+ 1
S9°S kS Tk

Here, Kg is the rate coefficient, and k is the substrate removal rate coefficient.

Using linear graph paper, .y = X 9 is blotted on the vertical axis, versus
x = s on the horizontal axis. Following linear regressioun, k, and thus k, is

found as the y intercept, and'Ks, and thus Ks; is found as.the slope.

k
2. The basis is the equation

1 =Y.S0’S - ky

8, TXe ‘

Here, Y 1is the biological yield coefficient, and kd is thehdeeay coefficient.
1

Using linear graph paper, .y = ecais plotted on the vertical axis, versus

X = SO;S on the horizontal axis.
X0 ‘

Following linear regression, k

d is found as the y intercept, and Y as the slope.
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Tertiary Treatment>

Tests have been conducted to determine the feasibility of utilizing

. tertiary activated ca:bon.adsofption in the treatmgnt.of wéstéwater produced
during cpal gaSification. Thése comments focus on'determining critefia for
optimizing equilibrium adsorption. |

Effluent from the Biological Oxidation Unit 2 was used as the. primary
source of wéste,sample in this study. To evaluate the degree of adsorption,
total organic cérbon (ToC) analysesAwere performed.

The waste‘Sample was initially invesrigated, to detéfminc if changes iu pH
altered, to a significant extent, the solqbility of various components theréin.
Parameters employed to detetﬁine if precipitation occurred with changes in pH
included total résidﬂe (TR), non-filterable residue (NFR); and TOC. .

'Subsequent_tb this breliminary work;.actual adsorption testing was performed.
The contact time required for the estabiishment of eqﬁilibrium conditions be-
tween fhe4carbun aﬁd tﬁé waste sample was determined. :Next, tesps.wefelconducfed,
té determine the effect of waste sample pH on the activated carbon's adsorptinn
capacity. Equilibrium adsorptién isotherms (carbon dosage tesls) were then
Qeveloped‘to bérmit caiéulation of the equilibrium adsorption capacity.

Concurrent ;ith these studies, tests were performed to measure the effective-
ness of various mefhods of preservation of. filtered éffluent from Biological .
Nnxidation Unit 2,

Waste samples were collectea from the effluent stream of Biological Oxida-
tion Unit 2. Fot eéchnof the tﬁree equilibrium tests.(qontéct;time, pH variaﬁce,
and carbon dosage); a sufficient yoiume of sample wés éollected to allow triplica-
tion of the particular procedure using the same yuuality of waste sample.’ The

TOC, TR, and NFR of the waste sample were measured at collection. The bulk waste



samples were theﬁlfiltered through fine pore Gelman glass fiber filters to
remove éuspended'material;

Waste samples were;genérally used within 48 hours of the completion of
" collection. Wastewater sampie not immediately used was stored in 5 galion cans
at approximately 4°C, and s;mple tﬁus stofea'was_allowed to gchieve room ﬁempera—
ture equilibrium prior to tesging. |

Calgon Filtersqrb 300 acfivated carbon was used in the adsorption tests.
Physical characteristics pf this(carbon have been>brovi&ed by Célgon Corporation
and are listed in Table 7.

'The-carbon was prepared by washing with hot tap water to remove fines.
These fines aécpunted for less than 1% (by weight) of the carbon. The carbqn'was
- then dried'at 105°C for 72 h;urs and’cooied in a aesiccator. Particle sizé |
diStriBugion of the desicéatéd.carbon'was determinéd'using'U.S.‘Standard Sieves.
"The resulgs of fhis determiﬁation ape[liSted,in Table 8. Terxpedite thg 6nset
of’equilibtihm; a blendér was used to grind the.carﬁéﬁ small enough ﬁo paés

through a #325 U.S. Standard Sieve (O.44/‘m).
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Table 7

48

Physical Characteristics of Calgon Filtersorb ‘300

Characteristic

Surface Area (N5, BET Method)

Apparent Density

Particle Density (Hg Displacement)
Real Density (He Displacement)
Pore Volume (Within Particle)

Voids in Densely Packed Column:

Unit . Value
mé/g 950-1050
g/cc' 0.40
'lb/ft3 30
g/cc 0.75
g/éc 2.1
gc/g 0.85

v 36

Table 8

Particle Size Distribution of Washed Carbon

U.5. Standacd Particle Size . % of Sample -
‘Sieve Number (mm) T (x)

x» 0 x> 2.00 30
1'#.10) x > #14 2.00 x > 1.41 40
414 x > #18 141> x >1.00 20

N8y x > #25 L.00> x >U.707 7.
1257 x 070> x 3
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TQCAdeterminations were performed by the Tennessee Eastman Company, Kings-
port, Ténnessee. therally, treated samples weré analyzed within 8 hours of
carbon contacting. Sampléé were stored at 4°C in tightly capped vials until
analysis. |

The proéedure for preparing the treated sampleg for TOC analysis involved
removing‘inérganic carbon'by aéid'sparging. Typically, a 25 ml portion of sémple
was ‘treated with 2-3 dfops of 50% HCl. Pre-purified nitfogen gas was then applied
for.aﬁpréxiﬁatelyAthree minutes to purge carbon dioxide'from the éample.

Two Model—9lS‘Beckman Total Organic Carbon AnéiyZers with Beckman Model
215B Infrared Analyzers were used in the analyses. One was céiibrated in the
range 0-2000 mg/l TOC, and the other in the raﬁge 0-100 mg/l TOC. Any sample
containing‘less,thaﬁ 100 mg/1 TOC was.énalyzea on‘the TOC calibréted in the
1err ranée. |

Purified oxygen at a flow rate of 150 cc/min served as the carrier gas in
- both analyzers. - Duplicate injections of 20/‘1 éf sample were used to determine

an average ﬁeakAheight.'

Préliminary‘pﬁ Tests - Since tests to define the optimum pH for adsorption:
were anticipated; it was necessary -to determine the effect.of pH adjustments on
the TOC, TR, and NFR>pf the waste sampie. .The pH of eight, 200 ml éliquots‘éf
waéte sample was varied froﬁ 4 to li'in increments 6f 1.0 bH units usihg 0.1
N HéSO4 and 0.1 N NaOH. Since less ﬁhan 2 ml of acid or base weré required for
. each adjustment, tno diiution‘correctiqn was pérformed. :Samples were theﬁ agi-
tated in capped 3OO ml BOD bottles for 60 minufeé. After agitation, 50.0 ml of

each treated sampie were analyzed for TR and 25.0 m1“for NFR.

Preservation Test - A test was developed to determine the effect of various .

methods of breservation on.the TOC concentration. A ;hreé—liter portion of waste
sample was filtered and divided into three one-liter aliquots. One aliquot was

. stored at rvom temperature in a Parafilm—coveréd amber bottle. The sgcond aliquot



was stored in a'ground glass container at 4°C. The third aliquot was treated
to contain 40 mg/1 HgC1< and likewise stored in a ground glass container at
4°Cc. At timed intervals, 50 ml portions were removed from each éohtainef;

filtered, 'and analyzed for TOC.

Contact Time Equlibrium Test - The<purpqse of.this test was to determine
‘the extent.of adsorption with respect to the time the sample was in conta;t with
the actiyatéd carbon. From a plot'of TOC versus contact time, the point at
'which'equilibrium is est’aﬁlished was estimated.

Into each pf'eight 300 mi-BOD bottles, 1;000 gramlof prepared activated
carbon was énalytically weighed. Then, 200.0 ml of filtered waste samplé wet'e
volumetrically measﬁred}into each of the botples. Thé containers were thén
agitated, and, at spgcifiea'intervals, treatedzsamples Qere removed, fiitered
. through Gelman glass fiber filteré to remove carbon particles, and storéd in
polyethylene cappgd vials at 4°¢ uhtil analysis.

This procedure was performed in triplicate.

- pH Vafiance Equilibrium Test - This test was conducted to determine the
optimqm.bH (or range.of pH values) fbr maximiéing tHe adsorption capacity of
the carbon;

| Generally, 0.5000 gram of ‘prepared carbon was weighed inﬁo each of eight
300 mi_BOb bottles. The pH of 200.0 ml aliquots of filtered Qaste sample was
adjustgd from 4 to 11 in increments of 1.0 pH unit using O.? N HZSO4 ana |
0.1 N NaOH.  The waste samples were added to the bottles énd agiLated fof the
time period'previously determinéa. AfLer reacting, the carﬁqn‘waé separated
by filtration and the treated Samples‘ﬁrepared for analyéis; |

" This proceddfe Was t:iplicatéd.

Carbon Dosage Test - To esliimate the ultimate capacity of the carhon for

- the adsorbable components in the waste sample, carbon dosage tests were performed.

.In this test, varying amounts of carbon were used to treat constant volumes



of waste sample. From 0.01 to 1.00 gram of prépared_carbon«was.analytically
weiéhed iﬁto sevén, 500 ml BOD bottles. The waste samplé pH.was adjusted as
defined in the previbﬁs test. Waste samplé in 200.0 ml‘a1i§u0t5~was added to
the seQen—éontainers. An additioﬁal BOD bottle containiné 200.0 mi of waste
sample served as a'blank. The céntainers Qere agitated un;il equiiibrium was .
achieved. Treated sampléé'were removed,'filtered, and stored aé‘desqribed
‘above.

This procedure was performed four times.

Analytical Methods
Analysis was instituted promptly in the'project iaboratory at East Tenn-

essee State University. The procedures used were those specified in Standard

Methods For the Examination of Water and Wastewater (1), l4th edition, using

adaptations described by R. C..Luthy in Manual of Methods: Preservation and

Analysis of Coal Gasification Wastewater (38). prevéf,'adapted methods were
used for sulfidesvand thiocyanates. General descriptions of proceddres—used
are as follows:

1. Alkalinitz-— The procedure utilized was potentiometric titration to -

'a pre-selected pH. Because of the turbiduty and color present in the wastewater,

) it was hét.possible to use the cqldr'indiégtor endpoint for titfation, The‘pre-
séiééted pH of the endpoint was 4.3.A A So‘ml‘sample wasAtitrated with a étand;
érd:0.0Z N H,S0, solution until the eﬁdpoint pH was reached. The amount of

aikalinity was then calculated usiné thé: amount of‘éample, amount of titrant:;i

uSed; and the normality of the acid, with a multiplicationAfactor‘of 50,000. Q?

ml of acid X N X 50,000 = alkalinity .
ml of cample mg/l

2. Ammonia Nitrogen.— The samples were preserved by adding sulfuric acid

to é pH of less than 2. The sample flasks were steamed until there was. no

[N
EARA |
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ammonié}presenﬁ. The sambles,'in 35 ml portions, were filtered through a fine
glass fiber filterf ABorate buffer solution (25 ml) was addedAto the:sample, and
the pH was adjusted to 9.5 with 6 N NaOH. The.sample was then distilled with the
Kjeldahl apparatus‘(See Figufe 10). The distillate was then-collected below a 50
ml portion 6f boric acid indicator solution in‘a 500 ml Erlenmeyer flask. After
300 mi'were collécted, the ouflet tube wés ﬁlaced above the collected distillate,
~and the condeser was éllowed to steam for five minutes. Tﬁe samples were then
tit;ated'with 0.02 N H,S0, solution until they turned from a green to a péle
lavender color. ‘A blank was alsn carried through all of the above steps.

.mg/l NH3=N = (ml'HZSOA for sample) - (ml H9SO,.for Blank) X 280

ml of sample

3. Biochemical Oxygen Demand - BOD is,ah_émpirical bioassay determination

of the amount of dissolﬁed oxygen coqsgmed in a 5 day period as a résult of
'stabilization under standafd éonditions. A deionized dilution water is first
6btained.A Ihen'l ml per liter aliquoﬁs.ére added of pﬁosphate buffer solution,
fefric chloride solution, magnesium sulfate solutioﬁ, and calcigm:chloride solu-
tion. Diluti6n water'and several control blanks are then setAﬁpnbefore gdding
seed to. the dilution water. _SampiesAare then added to the BOD'bottles; and
diluted with seeded dilution watér to'300 ml. 'Initial dissolved oxygen (D.O‘)‘
tesfs are méde on all samples. After five<days incubatioﬁ at 20°c, thc.final D.O.
is read on allithe:samples. The D.0. uptake is.then Calculétéd for the seed

. blénks-and dilution water bianks. The values for,the seed blank and dilution
wéter blanks are ;hen added together and uséd as a correction factpf against’
feécﬁ sample dilution. Thié correétion faqqu is then subtracted from tﬁe final
'ﬁ.O. of each'sample Ailﬁtion. |

BOD - 5 _ Final D.0. - Correction Factor X 100

(mg/1) % of sample in bottle

,_Figuré 11 shows a member of thé'project staff, Miss Donna Reed, performing_a

test for biochemical oxygen demand.



Figure 10
Kjeldahl Apparatus for
Distilling Ammonia Nitrogen Samples
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Figure 11
Miss Donna Reed, a Member of the
Project Staff, Performs Tests
for Biochemical Oxygen Demand
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4. Cyanide - The sample was first preserved by romnving oxidizing agents
with ascorbic acid. Then the sample was treated with lead nitrate to. remove sul-
fide. Nest, the pH of the solution is raised to 12.0 to 12.5 with concentrated
NaOH. A sample of the preserved solution was placed in the cyanide distillation
apparatus (Figure 12), and an air purge was applied. The sample was then
acidified and refluxed, which caused HCN to be liberated. The HCN gas was
collected in a NaOH scrubbing solution. The concentration of the cyanide in the

NaOH solution was determined by a colorimetric procedure.

5. 'Dissolved Oxvgen - A YSI standard meter was used. With the electrode
immersed in the liquid being studied, the dissolved oxygen concentration is read
diréctly on the meter scale. See Figure 11. Note the instruments for recording
temperature and atmospheric pressure, necessary for calibration, in this photo-

graph.

6. Grease and 0il - A sample was acidified to a pll of less than 2. A
boiling flask was tared, after being dried and stored in a dessicator. Fluoro-
carbon was added to the sample bottle in the amount of 30 ml. After being trans-
ferred to a separatory funnel, the funnel was shaken vigorously for approximately
two minutes, and the layers allowed to separate. The solvent layver was filtered
into the tared flask, and the process repeated twice using fresh solvent each
time. The solvent was then distilled‘off. The flask was cooled in a dessicator
for 30 minutes and then weighed. The residue weight was divided by the sample
volume, and the amount of grease and oil determined in mg/1.

7. pH - pH was determined using & Fisher pH meter with a combination
electrode, which was immersed in the sample solution. Figure 13 is the instrument
used in the study.

8. Phenols - The direct photometric method was utilized for this determina-

tion. A 500 ml sample was preserved with 5 ml of copper sulfate solution and the



Figure 12
Distillation Apparatus Used for Cyanide
Determination (Exhaust Hood Required)
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Figure 13
Meter for Determining pH Used
in Study

i
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pH was adjusted to 4.0 with H4PO, solution. Approximately 450 ml were distilled

from the total volume, and distillation was stopped. Then 50 ml of phenol free
water were added to the remaining 50 ml and then 50 ml more were distilled into
the previous 450 ml. Then 100 ml of the distillate or a suitable portion contain-
ing not more than 0.5 mg of phenol were diluted to 100 ml in a 250 ml beaker. A
phenol free water blank was also prepared. The blank and samples were treated by:
(1) adding 2.0 ml NHACl solution and adjusting with concentrated ammonium hydroxide;
(2) adding 2 ml 4-amino antipurine solution, mixing, adding 2.0 ml of potassium
Terrcyanide solution and mixing againj; (3) after approximately 15 minutes, the
amino phenol dye is read in a Spectrophotometer at 510 NM. The values obtained
were then compared against a standard phenol calibration curve, and the phenol
concentrations calculated. Figure 14 shows the spectrophotometer used for
rountine determinations in this study.

9. Residue Determinations

a. Total residue — A 25 ml sample was put in a 50 ml weighed beaker.
The sample and beaker were weighed again. The water was then
allowed to evapurate at 103 105°C. The heaker then was allowed to
cool in a desiccator, and weighed again. The difference in weight
between the sample weight and the dried weight determined the total
amount of solids present in the sample, cxpressed as mg/l of total
residue.

b. Volatile Residue - The residue obtained from the total solids
analysis was then fired at approximately 550°C in a muffle furnace.
After the 100 ml beaker had cooled, it was weighed again. The
difference bLetween the total solids and the amount of residue not
volatilized determined the volatile residue.

c. Non-filterable Residue - An aliquot of well mixed sample was passed
through a glass [iber filter using vacuum. The filter was then
dried at 103-105°C until constant weight was obtained. The initial
filter weight was then subtracted from the weight of the filter,
plus the sample, and the amount of solids retained by the filter
after drying was thus obtained in mg/l.

d. Volatile Non-filterable Residue - The filter that was dried in the
non-filterable residue procedure was fired at 550°C for approximately
15 minutes. It was then cooled and weighed again. The difference
between the weight of the filter before firing and the weight after
firing determined the volatile material present in the non-filterable
residue sample, expressed as mg/l.
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Figure 14
Spectrophotometer Used for
Routine Determinations
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10. Settleable Solids - A one liter portion of the contents of the .

biological reaction chamber (aeration tank mixed liquor) was obtained and allowed
to settle for one hour. The volume occupied by the sludge at the end of this
period was then recorded, as provided in the standard method.

11. Sulfide - A 200 ml sample was stirred, and 2 N zinc acetate and 6 N
NaOH added to preserve the sample. The sample was then filtered through a fine
glass fiber filter. Next, there were added 150 ml of distilled water, 3 ml of
6 N HCl, and an amount of 0.025 N iodine solution that was in excess of the
amount of sulfide thought to be present in the sample. All of the preceding
were added in sequence to a 250 ml beaker. The filter paper was placed in the
beaker along with the reagents, and then stirred gently for about five minutes
to show that the iodine was not completely consumed. Starch solution indicator
was added, and the sulfide solution titrated with .025 N sodium thiosulfate
solution until the blue color disappeared. ‘The amount of this sulfate solution
was then subtracted from the amount of iodine solution added. This was then
multiplied by a factor of 400, and, divided by the amount of sample in mililiters,
this gave the sulfide concentration in mg/l. See Appendix B for details of this
procedure, as adapted for use in the present study, where an amperometric titra-
tion was used.

12. Thiocyanate - The procedure used was a modified version of the

spectrophotometric method given in Standard Methods For the Examination of

Water and Wastewater (1). See Appendix C for details of the method, as adapted

in this study for coal gasification wastewater.

13. Total Organic Carbon - A Beckman carbon analyzer was used for this pro-
cedure. The samples were filtered through a glass fiber filter to remove sus-
pended matter. A carbon standard was then injected into the analyzer in both the
total and inorganic carbon sides of the instrument. Then waste in the amount

of 20 microliters for each sample was injected into the sample ports. The
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standard peaks were calculated to determine their area. The total carbon was
then calculated for each sample as a simple ratio against the standard. The same
technique was used for ‘the inorganic sample peaks. The difference between the
peaks was calculated, which yielded the total organic carbon value for each

sample. Figure 15 shows the instrument used in the study.



Figure 15
Total Organic Carbon Analyzer
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Chapter 4

Results For Characterization of Untreated Wastewater

Tables 9 through 11 list levels of the Qarious chemicaliparameters which
_ were found. Comments on these data are aslfollows:
pH: Generally, pH was relatively stable during the first year of étgdy'
(range of 7.8 to 8.3), but showed slightly lower values during the
" second -year (rangeAwas 6.9 to 8.3 for the total study period). The
graph in Figure 16 shows this trend, the explanation for which 1s hot
clear. | A |
Alkalinitz: The rangé fof the first year of study (1,362 to 2,008 mg/l) -
also was the range for:thé total study period. From Figure 17, it |
can be seen that the trend in levels of alkalinity was only somewhat
similar to that for pH. - Tﬁe<linear cprreiation coefficient was foﬁqd
to be 0.13, which is not significant at the 907 confidence leveL;
Alkalinity,Aas with bH, has a relatively small staﬁdard‘deviation (oﬁly
- 9.6% of tﬁe meaﬁ, based on the entire period of stﬁdy, versus 4.2% for
4i>H)‘.' | |

Ammonia Nitrqggn: Levels during the second year continued the trend observ-

able‘ in the first year of study (seé Figure‘ls).. However, during the
second year,higher levels were reached. ‘The highest level was nearly
250% of.the average value. Thus, the standard deviation was.relatively
high, 1,470 mg/llfor the entire stﬁdy, which was 45.9%Z of the mean of
3,201 mg/1.
‘Bigghgmiggl_ggxggn_ngmgnd (5 day): vLevels in the ﬁretreated wastewater

showed considerable variation, the standard deviation of 2,561 mé/l

| forAthe‘eﬁtire stud& béing'33.8% of-the mean of 7,581 mg/l. Va?iability
was lessAering the'éecond year of the studyAthan during the fitst yéat.

In part, this may reflect better standardization of the pretreatment
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Date

10/10/78
10/17/78

10/24/78
10/31/78

11/7/78
11/15/78
12/5/78
12/18/78
1/9/79
1/16/79
1/22/79
1/29/79
2/5/79
2/12/79
2/20/79
2/28/79
3/5/79
3/26/79
4/9/79

4/17/79

4/23/79
5/1/79
5/14/79
5/21/79
“7/21/79
8/13/79
9/19/79
10/15/79
11/8/79
11/26/79
1/7/80
2721780
4/2/80
4/25/80
5/23/80

. Range
Year 1

Total
Mean

Year 1
Total

N0 NN N 001 NN ~0C 00~ 00~ 00000000 0000 000 000 0000 000 00~

Chemical Characteristics of ‘Untreated Wastewater:
pH, Alkalinity, BOD-5, Ammonia Nitrogen, TOC, and COD

- pH Alkalinity

(mg/1) .

i

2,008
1,650
1,638
1,688
1,699
1,807
1,362
1,362
1,546
- 1,490
1,600
1,520
1,546
1,500
1,584
1,475
1,500
1,684
1,832
1,760
1,877
1,663

L

VOOV COPOVORNNHHOOOOONW h-makgba

1,700
1,670
1,828

(=]

W

1,404
1,664
1,664
1,578

~J
0 O 00 0
W

w

1,362 -
2,008
1,362 -
2,008

8.03 1,627
7.90 1,631

"Table 9

L

Ammonia .
BOD(Mg/1) Nitrogen TOC coD
(Pretreated) ~(mg/1) (mg/1) (mg/1)
5,290 - - -

14,130 - - -

12,690 - - -

. 12,240 - - -

12,960 - - -

5,612 - - -

6,230 - - -
3,640 - -

4,838 .- - -
7,320 1,961 - -
6,790 2,250 - -
6,898 2,189 - -

. 5,500 2,083 - -

4,848 1,907 13,730 -
7,120 1,926 71,000 -

. 7,840 . 2,020 - -
6,770 - - -
7,948 2,929 - 19,500
6,350 3,179 - 19,500
9,953 3,609 - 49,132
9,500 - - - -
9,493 3,095 13,600 31,904
T 3,135 - -
6,747 - - -
6,400 - - -
6,710 3,463 - -

. 6,403 3,388 - -
6,688 2,716
7,853 2,175 - -
5,383 2,781 - -
5,919 1,743 - -
8,95 4,919 - -

- . 7,812 - -

- 5,940: - -

3,640 - 1,907 - . 13,600 - 19,500 -
14,130 3,609 71,000 49,132 °

3,640 - 1,907 - 13,600 - 19,500 -
14,130 7,812 71,000 49,132
7,907 2,524 32,777 30,009

7,581 30,009

3,201 32,777
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Year 1 ©0.14 163 : , 2;926 615 - 33,102 14,026
Total _‘0.33, 153 2,561 1,470 33’10,2 14,026
N |
Year 1 24 22 22 12 3 4
Total 32 29 31 21 3 4
Mode : '
Year 1 8.0. - - - - -
- Total 8.0 - - - - -



Table 10

Chemical Characteristics'of:Uhtreated'Wéstewatér:
"Residue Determinations

Date ~ Total Residue . Nonfilterable Residue

TR TVR T NFR UNFR ~
(mg/1) - (mg/1) - (mg/1) - (mg/1)

10/10/78 16,630 - 40 -

10/24/78 16,870 16,840 220, ~ 160

10/31/78 28,350 28,150 - 150 70

'11/7/78 14,780 11,470 140 60

11/15/78 18,670 18,540 150 80

Range 14,780 - 11,470 - 40-220 ©  60-160
28,350 28,150 ,

Mean 19,060 18,750 140 92.5

s.D. 5,733 6,953 4.4 45.7°

N 5 4 5 4



Table 11

Chemical Characteristics of Untreated Wastewater:
Sulfide, Thiocyanate, Grease and 0il, and Phennls

Date Sulfide Thiocyanate Grease and 0il Phenols
(mg/1) (mg/1) (mg/1) (mg/1)
1/23/79 - 160 - -
2/12/79 829 700 - i
3/5/79 - 235 - 1,700
4/9/79 - 452 697 -
5/1/79 - Lo - 1,800
5/14/79 - 402 - -
5/21/79 - 784 624 -
6/20/79 - 653 - -
7/2/79 - 706 - -
7/10/79 - - 2,443 -
7/21/79 - 601 6,535 -
8/13/79 - 860 - -
9/19/79 - 922 - 2,061
10/15/79 - - - 1,707
11/8/79 - 879 1,009 -
11/26/79 1,757 - = =
1/7/80 . ~ - - -
2/21/80 - - 1,508 o
4/2/80 8,857 . - 335320 1,868
4/25/80 8,166 - - . -
5/23/80 7,270 - 4,161 2,410
Range ;
Year 1 - 160-784 624-2,443 1,700-1,800
Total 829 - 160-922 624-6,535 1,700-2,410
8,857
Mean
Year 1 - 512 14255 1,750
Total 5;376 613 25537 1,924
S.Ds
Year 1 - 234 1,030 71
Total 3,784 251 2,059 272
n
Year 1 1 8 3 2

Total 5 12 8 6
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procedure. Figﬁre 19 shows the variation of the data on biochemical
oxygen demand with time. Some aspects of the variation in data are
similar to those for the ammonia nitrogen data. However, the linear
correlation coefficient was only 0.37, which was not significant at
the 95% confidence level.

Total Organic Carbon: Additional data were not gathered on the total organic

cérbon (TOC) content of the untreated waste during the second year of

study. The main reason for this was that untreated sample tended to

degrade the catalyst in the instrument.

Chemical Oxygen Demand: Despite repeated attempts, a procedure for chemical
oxygen demand that was satisfactory for the wastewater under study was
not developed. The data listed in Table 9 , therefore, must be con-
sidered preliminary.

Residue: Major findings, all in the first year of the study, were:

1. Total residue had a mean of 19,060 mg/l, and a standard deviation
of 5,733 mg/1.

2. Volatile residue comprised most of the total residue, having a mean
of 18,750 mg/1l (98.4 % of the mean for total residue),and a standard
deviation of 6,953 mg/l.

3. Nonfilterable residue had a mean of only 140 mg/l and a standard
deviation of 64.4 mg/l, and was 66.1% volatile material.

Sulfide: To derive meaningful data, it was considered necessary to develop
a modified procedure for sulfide, one more appropriate to the wastewater
under study. See Appéndix B. The three most recent valueé (8,857;
8,166; andb7,270 mg/1l) were considered the most reliable. The mean of
these was 8,098 mg/l, with a standard deviation of 796 mg/l (9.8% of
the mean). For qomparison;four replicate determinations of sulfide in

the sample collected on 11/26/79 showed a standard deviation of 51 mg/l,
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which was 2.9% of the mean of 1,757 mg/1.

Thiocyanate: A modified procedure also was developed for thiocyanate. See

Aﬁpendix C. In this case, also, the most ‘recent data, gathered during

‘the second year of the study, were considered,the most,reliable. These

data showed a mean cf 816 mg/1, and a.standard deviation of 145 mg/l

(17.8% of the mean).

Grease and 0il: Data were characterized by a'rahge:of 624 to 6,535 mg/l.

Variability was especiaily greatlin data gathered during the second

year of the study. The mean for the entire study was 2,537 mg/l with

‘a standard deviation of 2,059 mg/l (81.2% of the mean) .

Phenols: Concentrations of phenols ranged from'1;700 to 2,410 mg/l. The

mean for the entire study was 1,924 mg/l, and the standard deviation

was 272 mg/1 (14.1% of the mean).

Cyanide: Cyanide. was measured in three samples:

Date : CN(mg/1)
10/15/79 0.2.
11/8/79 0.9
11/26/79 2.8

The mean of these values was 1.3 mg/i; compared with a standard deviation of

1.3 mg/l.

Chloride: Several analytical techniques were tried, though a full basis for

comparison was not developed.

Appendix D discusses the analytical tech-

niques. Data for the chlorlde content of the raw waste were:

Date ' Cl(mg/1)
177780 94,300

4/25/80 12,373

73



Chapter 5

Results For Study of Wastewater Pretreatment
" Removal of Ammonia Nitrogen.

Most detailed study of the removal of dmmonia nitrogen was>performed during
the first year of the study. Table 12 presents data from smalllscale studies in
which air from an instal;ed, pressurized source was injected.into‘the untreaten
wastewater. éonditions studied included pH ranging from 9.0 to 11.0, tempera-
ture ranging from 50°C to 80°C, aeration rate ranging from 5 to 20 liters of air
per minute per 1iter of sample (i/m/l), and stliippiing timc ranging from 15
minutes to 90 minutes. Under various combinations of eonditions, the removal of
ammonia nitrogen ranged from 28.2% (pH of 9.0, 30 minutes, 70°C, and 15 1/m/1) to
97. 4/ (pH 10.0, 90 minutes, 70°C, and 15 1/m/1).

Using the data from small scale’ studies, multi-variant linear regression

yielded an equation which‘includedithe‘effect of all four of the variables

studied:
y=3008x1+105x2+194x3+0318x4-33215
y = removal of ammonia nitrogen (%)
x] = pH (unlts)'

x9 = Leémperature of eolution being stripped (7C)
x3 = aeration rate (1/m/1)
X4 stripping time (minutes)

It appeared that ammonia nitrogen could be removed te well beyond the level re-
quired to protect biological treatment processes, and pueaibly to cssentlally
any extent desired.

‘Infnrmntion obtained from the smell'ecale studies was used in refining the
stripping process. Table 13 summarizes information on the stripping of ammonie '
nitrogen in batches latge enough to use as influent in the atndy of Biological
treatment. Note that data for the samples coliected 7/21/79 and 8/13/79 were

not included in this study. It is clear that, although the formula above gives
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Table 12

Small-scale Studies of the Stripping of Ammonia Nitrogen

Stripping Conditions Ammonia Nitrogen -
pH Time Temp. Aeration Raw Treated Removal
(min.) (°c) (1/m/1) (mg/1) - (mg/1) %

9.0 30 70 15 : 3,179 2,283 28.2
9.25 " " " ' " 1,674 - 47.3
9.5 " " " " 950 70.3
9.75 11 11} " . . X ‘ll 674 78.8
10.0 " "o " " 588 81.5
10.5 " " oo " 226 93.0
11.0 " " " " 243 92.3
9.0 30 .70 15 3,612 2,250 37.0
9.25 " " " . " 1,695 53.1
9.5 [1] " 11} 11" 974 73.0
9.75 " " " ) "o 703 80.5
10.0 " " " " 567 84.3
10.5 " " " " 214 94.0
11.0 " " "o " 258 93.0
10.0 30 -50 15 3,179 1,261 60.3
" " 60 " " 893 - 71.9
" " 70 " " - 481 84.9
" " 80 " " - 187 94.1
10.0 30 50 15 3,179 1,299 59.1
" .on 60 " . " 852 73.2
" " 70 ‘ " " o 519 83.6
1 " 80 " " . 207 93.4 .
10.0 30 70 5 ' i 3,179 1,223 61.5
" " " - 10 ' " 778 . 75.5
" " " 15 " 338 89.4
" " " 20 - " 163 95.0
10.0 30 70 5 3,179 1,270 60.0
" " " 10 " 766 75.9
" " " . 15 " 359 88.7
" " " 20 " ‘ 154 °  95.1
10.0 15 70 15 3,179 822 74.1
"o 30 ' "o " M 543 82.9
11] 60 ) 1" 1" " 223 93.0
" 90 . ” . 1" n ) 68 97 .9
‘10.0 15 70 15 3,179 867 72.7
" 30 11} 11} " 573 81.9
" 60 " " " - 249 92.1

" 90 " " " ’ 8.3 9-/'1‘



Table 13

Stripping of Batches of Wastewater For Influent

in Studies of Biological Treatment

Stripbing Conditions

" pH Time . Temp. Aeration
Date (units) (min.) (C) (1/m/1)
1/22/79 10.0 30 60 8
1/29/79 10.0 30 60 9
2/5/79 10.0 30 55 9
2/12/79 10.0 30 65 . 9
2/20/79 10.0 30 60-45 8
2/28/79 10.0 30 60 15
3/5/79 . 10.0 30 62-55 10
4/9/79 10.0 A5 70 15
4/18/79 10.0 30 70 15
4723779 10.0 45 /U 15
5/14/79 10.0 05 70 10
5/21/79 .10.0 45 70 15
9/19/79 10.0 30 60 9.3
10/15/79 9.75 40 65 9
11/8/79 9.75 60 70 15
11/26/79 9.75 30 70 . 15
1/7/80 9.75 30 70 . 15
2/21/80 9.75 30 65 15
4/2/80 9.8 60 70 4
4/25/80- 9.7 60 60 10
5/23/80 10.1 60 61 9.5
Range .
Year 1 - 30-45 52.5 - 8 -
70 15 .
Total 9.7 - 30-60 "52.5 - 4-15-
: S 10.1 70
Mean
Year 1 10.0 15 63.4 11.5
Total 9.92 39.0 64 .4 11.4
S.D.
Year 1 - 7.4 6.5 3.1
Total 0.13 12.0 5.7 3.4
n .
Year 1 12 12 12 12
Total 21 21 21 21
Mode
Year 1 -10.0 30 70 15
Total 10.0 30 70 15

Ammonia Nitrogen

Raw .

(mg/1)

1,961
2,250
2,189
2,083
1,907
1,926
2,020

- 2,929

3,179
3,809
1,095
3,135
3,463
3,388
2,716
2,175
2,781
3,743
4,919
7,812
5,940

1,907 -
3,609
1,907 -
7,812

76

Pre- Re- Expected
treated moval Removal
(mg/1) ) (%)
1,149 41.4 56.7
- 1,210 46.2 58.7
1,095 50.0 53.4
689 66.9 63.9
560 70.6 48.8
773 59.6 70.3
809 60.0 59.0
496 83.1 85.6
543 82.9 80.8
944 73.8 05.6
. 526 83.0 75.9
407 87.0 85.6
01,190 65.6 59.2
938 72.3 59.6
734 73.0 82.8
630 71.0 73.3
476 82.9 73.3°
1,348 64.0 '68.0
1,372 72.1 63.0
2,752 64.8 60.1
1,670 71.9 72.2
407 - 41.4 - 48.8 -
1,210 87.0 85.6
407 - 41.4 - 48.8 -
2,752 87.0 85.6
767 67.0 by.7
967 68.7 68.4
277 15.7 13.6
537 12.3 11.4
12 12 12
21 21 21
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a reasonable estimate of . the reduction in ammonia nitrogen to be expected
(correlation coefficient is 0.697, significant at the 99.9% confidence level),

that there are differences.

.Removal of Grease and 0il

AxlimitedAserieé'of small-scale tests was performed to estimate appropriate
condiéions for rémov;i of greaéeband 0oil. Results are shown in Table 14. It
~was deduced from these data that the injection of a small amount of air at the
low point in the sﬁppﬁéssion of the pH could greatly increasé the removal of
gréasé and oil. These data were used as the basis.fbf the development of a
preliminary equation §Ummarizing the effecf of the.several parameters (muiti-
variant regression), and_for the pretreatment of larger batches of wastewater.

.Table 15 summarizes available data on full-scale grease and oil removal
for use as biological‘treétment influent. Note that, after an early high degree
removal (96.7% for the sample collected on 7/21/79); results were less satisfactory,
and conditions were graéually modified to ;mprove the rempval of grease and oil.
Thué; aeration rate was increased to 3 liters/minute/liter of sample, aeration
time raised to 45 minutes, and pH suppression modified to 2.6. .The result was
a grédual increase in the removal of grease and oil, from the 33.0 percent for

the sample goliected on 11/8/79, to 73.4% for the sample collected on 5/23/80.
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Table 14

Results of Small Scale Tests For Estimating Parameters
For Removal of Grease and 0il

} Removal Conditions . Grease and . 0il

: ) Time Aeration ~ Untreated Treated Removal
pH (min.) (1/m/1) (mg/1) - (mg/1) (%
3.0 ° 960 0 624 538 13.8
2.5 960 0 624 490 21.5
2.0 960 0. 624 393 - 36.2
1.5 - 960 0 624 237 62.0
3.0 30 0.4 2,443 289 88.2
3.0 30. 1.0 2,443 371 84.8
3.0 30 1.5 2,443 312 87.2

Result of multi-variant linear regression using above data:

y = 185.87 - 31.86 x; - 0.0842 x, - 1.066 Xq

where: y = removal of grease and oil (%)
Xy = pH at low point

X, = treatment time (minutes)

: x3 = aeration rate (1/m/1)
" multiple correlation coefficient = 0.9929



‘Table 15

Résult of Full Scale Grease and 0Oil Removal For Wastewater
to be Used as Biological Influent

Removal Conditions Grease and 0il
Time Aeration Untreated Treated Removal
Date pH (min.) . (1/m/1)° (mg/l) (mg/1) (%) -
4/9/79 2.5 960 0 697 563 19.2
5/21/79 2.5 960 0 618 507 18.0
7/21/79 3.0 30 0.4 6,535 214 96.7
11/8/79 3.0 30 . 0.4 1,009 676 33.0
2/21/80 3.0 30 0.4 1,508 672 55.4
4/2/80 3.0 30 0.4 3,320 1,099 66.9
4/25/80 3.0 45 3 - 432 -
5/23/80 2.6 45 3 4,161 1,105 73.4.
Range .
Year 1 - - - 618. - 507 - 18.0 -
L v 697 563 : 19.2
Total -~ 2.5 - 30 - 0 - 618 - 507 - 18.0 -
3.0 960 . 3. . .6,535 . 1,105 96.7
Year 1 2.5 960 (R 658 535 18.6
Total. 2.83 266 3.45 2,550 659 51.8
S.D.
- Year - - - 56 40 0.8
Total 0.243 428 6.80 2,225 310 26.7
n .
Year 1 2 .2 S22 2 2: 2
Total 8 8 A 8 . 7 8 7
Mode C :
Year 1 960 0 - - -

2.5
Total 3.0 30 0.4 - - -



Removal of Other Substances in Pretreatment

Limited data are available for several substances that are significant as
pollutants, including:

1. Sulfide: For the sample collected 5/23/80, results were:

Location Sulfide (mg/1) , Removal (%)
Untreated 7,270 -
Stripped 1,633 77.5
Entire pretreatment 1,113 - 84.7

For combarison, in the sample coileétéd 4/25/80, the originél sulfide
of 8;166 mg/l wao rcduced to 586 mg/l, for a ‘total of $2.9 removal,
with no breakdown available as to where the removal occurred.
Evidenfiy, relatively high degree removal of suifide is obtaiﬁ;d, and
this is mainly due to stripping, the first process.

2. Phenols: Data were summarized as follows:

Raw A Pretreated Removal
Date - (mg/1) (mg/1) %
8/13/79 .- 2,010 -
9/19/79 2,061 1,527 25.9
4/25/80 ’ 1,868 .+1,622 ' 13.2
5/23/80 2,410 1,470 39.0
Mean 2,113 1,657 ‘ 26.0
S.D. 275 243 12.9
n 3 4 3

3. Thiocyanate: Data were as follows:

" Raw - Pretreated " Removal

Date B/l e/l A
©1/23/79 160 182" -
1/30/79 - - 186 -
2/12/79 700 ' 86 87.7
3/7/79 235 294 . -
4/10/79 452 . 371 17.9
- 5/23/79 - 938 , -
"7/21/79 - ' - 601 L T
8/13/79 860 o - o -
9/19/79 : 922 ' 1,145 : -

11/8/79 879
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Data are not éxtensive enough to be definitive. In several samples for
which both a raw and a pretreéted result”were available, there was an
‘increase in fhibcyanate in pretreatment. This could have‘beenrdue to‘
several mechanisms,-inclgding'reaction between sulfide and cyanide. .In
any event, fhere apparently was little removal of thiocyanate in pre-
treatment, and there even may have been an increase in some cases.

4. Biochemical Oxygen Demand: Only a small amount of data are available

to show the effect of pretreatment on biochemical oxygen demand:

Raw - Pretreated Removal

Date - © (mg/l) - (mg/1) (%)
7/21/79 - - 12,800 6,747 . 43.8
2/21/80 9,145 5,919 35.3
5/23/80 8,700 . - -

‘Evidently, there can be substantial reduction in biochemical oxygen
demand, wﬁether.by volatilization, precipitatioﬁ, or another mechanism.

5. Alkalinity: Data on the change in alkalinity in pretreatment are as

follows:

_ Raw Pretreated - Removal
Date - (mg/1) © (mg/l) _ (B
10/24/78 - - 2,008 1,815 ' 9.6
10/31/78 : 1,650 : 1,388 - 15.9
8/13/79 1,700 676 60.2
9/19/79 © 1,670 520 68.9
11/8/79 1,828 : 656 64.1
2/21/79 1,404 540 61.5
4/2/80 : 1,664 1,450 ~12.9
4/25/80 1,664 . ..°.1,326 20.3
'5/23/80 1,578 1,488 5.7
Range’ 1,578 ~ 2,008 520 - 1,815 5.7 - 68.9
Mean : 1,685 1,095 35.5
S.D. - 165 493 27.2

no- 9 ‘ 9. 9
Some of the results, such as the low degree of removal of alkalinity in
recent samples, are difficult to explain.
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Sludge Production in Pretreatment

' Table 16 lists the total teduction in volume in pretreatment. Apparently,
some 18.9%Z reduction in volume (standard deviation was 12.2%) may be expected
. in pretreatment. There are several explanations for this loss, including the
stripping operation (mainly volatilization of water and organics), the grease
and oil removal_(maihly removal of settled solids and floating material), and

neutralization (mainly settled material). A limited breakdown is available:

: Loss in Volume _ , Made -up
Stripping Grease and 0il Neutralization by Redgents

Date (%) (1) (%) (%) Total
11/8/79 5.8 5.0 15.0 (0.8) 25.8
1/7/80 - 2.5 - (2.6) 13.9
2/21/80 - 9.0 - (3.8) 28.8
4/2/80 18.9 2.3 4.7 (5.4) 25.9
4/25/80 11.8 3.2 10.3 (6.7) 25.3
5/23/80 14.7 5.3 9.7 (11.5) 29.7
Range 5.8-18.9 2.3-9.0 4.7<15.0 0.8-11.5 13.9-

' : 29.7
Mean 12.8 4, 9.9 5.1 24,9
S.D. . 5.5 ' 2.5 4.2 3.7 . 5.7

n 4. ‘ 6 4 6 G

Thus, the greatest loss in volume appeafed to be in stripping, followed by

neutralization, and, again, followed by the grease and oil removal.



‘ , Table 16
Decrease in Volumeé in Pretreatment

Date ’ Total Decrease
()
10/10/78 2.0
10/24/78 5.2
10/31/78 1.9
11/7/78 3.3
12/5/78 2.3
©12/18/78 12.5"
1/9/79 23.5
1/16/79 "'13.0
1/22/79 47.9
1/29/79 41.4
2/5/79 37.8
2/12/79 _ 18.4
2/28/79 ' 12.8
3/5/79 - 14.4
4/2/79 "21.0
4/9/79 ' . l4.0
4/23/79 12.5
5/1/79 - 17.5
5/14/79 .8.7
5/21/79 : : ~31.5
11/8/79 25.8
11/26/79 - 19.6
1/7/80 : 13.9
'2/21/80 , 28.8
4/2/80 " 25.9
4/25/80 : 25.3
5/23/80 . A : - 29.7
Range = . :
Year 1 _ 1.9 - 47.9
Total . 1.9 - 47.9
Mean : .
Year 1 o . o 17.1
Total 18.9
S.D. » :
Year 1 - 13.4
"Total _ 12.2
E' -
Year 1 - 20

Total ‘ 27
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Chapfer 6

Results For Study of Biological Treatment

‘Activated Sludge Without Aerated Waste Stabilization Pond
Taﬁles 17 through 26 p;ovide-daﬁa for thelactivated sludge unit opefated
without a preceding aérated waste stabilization pond. The mode of operation is
further identified‘as follows:

1. Operation as activated sludge without modification: Unit 1, from

beginning of study, through June 6, 1979; and Unit 2, from beginning of
study through Juné 6, 1979, and from January 1, 1980, fhrough end of
gtﬁdyi '

2. Operation -as activated'slhdge with stabilized influent level of BOD:

Unit 2, from June 7, 1979, through December 31, 1979.
Activated Sludge With Aerated
Waste Stabilization Pond
Tables 27 through 35 provide data for activated sludge Unit 1, preceded by
an aerated waste stabilization pond, with operation in several modes:

1. Operation as activated sludge, without modification of the Bio-Oxidation

Unit, but with a preceding aerated waste stabilization pond:' Unit 1,

from June 7, 1979, through January 16, 1980.

2. Operation as activated sludge, with chemical precipitation in the aeration

tank: Unit 1, beginning Januaryvl7, 1980, and extending through June 30,

1980.
 Activated Sludge With Effluent
Chemical Precipitation
Data from small scale. tests aiready héve begn ;eported. Data obtained ‘in
these studies generally showed poor removal of suspended solids from the effluen£}
Thege déta are not repeétéd hére since précipitation of larger volumes of wasté;

water revealed a totally different picture, with much greater removal of suspended
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solids. Data from the larger-volume precipitation are as follows:

Trial No: 1 2
Date: ‘ : 6/17/80 6/24/80
Volume Precipitated: 48 liters 50 liters
Coagulant: : FeClj ' FeClj
Dose: , 250 mg/1 250 mg/1
pH: Raw: 7.0 7.0
Precipitated: 3.2 3.1
Suspended solids:
Raw: © 142 mg/1 75 mg/1
Precipitated: 7.3 mg/l - 9.3 mg/l
Reduction: 94.9% ' 87.6%
Volatile Suspended Solids: .
Raw: 106 mg/l 55 mg/1
Precipitated: - 3 mg/l 4.3 mg/l
.Reduction: 1 97.2% 92.2%
Turbidity:
Raw: . 470 NTU 48.0 NTU
Precipitated: 19.0 NTU . 27.5 NTU
Reduction: 59.67% 42.77%
Sludge Production: 4.3 liters 4.5 liters

'The sludge collected was neutralized with 1 N NaOH, with 75% being returned to
the aeration tank of Unit 1 in'small, daily portions, énd the balance'being placed
in the sludge reserve.
Joint Treatment With
Municipal Sewage (Cometabolism) -

Table 36 shows temperature, pH, aﬁd dissolved ox&gen concentrapions in the
joint treatment unit, Table 37 shows solids levels in the aeration tank, Table
38 shbws the effect of treatment on émmonia nitrogen, Table 39 lists data 6n

biochemical oxygen demand, and Table 40 lists data on several other pollutant

parameters.

Biological Reaction Kinetics
~ Several efforts were made to develop data on biological reaction kinetics,
including:

1. Assembly of existing,data - Data were assembled, although, data for c?ll"

detention and hydraulic detention were incomplete. Results were:

~a. Basic data for estimating parameters of biological reaction kinetdics:
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Cell Influent Ef fluent : Hydraulié

Detention . BOD BOD - MLVSS _Detention
Unit Trial (8., days) (So» mg/1) (s, mg/l) (X, mg/l) (9, days)
1 1 5.8 186 58 - 692 1
2 8.1 . 81 48 1,008 1
3 10.3 111 , 44 1,324 1
4 10.6 35 - 25 1,182 - 1
5 10.5 159 91 965 1
2 1 11.6 49 43 914 i
2 9.2 183 47 975 1
3 7.8 265 .18 1,035 1
4 10.6 342 032 1,205 1
5 15.6 " 322 - 42 . 71,392 1

b. Processed data forlcalculating'Kg and k In che equation:

= = Kg 1  +1 ¢
SgS < < T
y= 2 ___ x = "f%’
Unit . Trial - ' Sy = S
1 1 5.41 0.0172
2 30.5 . 0.0208 .
3 19.8 0.0227
4 118.2 . 0.0400
5 14.2 0.0110
2 1 152.3 0.0238
2 7.17. 0.0213
3 4.19 . 0.0556
4 3.89 0.0313
5

4.97 ' 0.0238

Linear regression yielded the equation:

X6 =453 1)+ 23.9
SO_S 453 (3

Thus, Kg was tound to be 19, and k was determined as 0.042. The

Lorrelacion coefficient in this case was 0.11, which is significant
at less than the 50% confidence level.

c. P;ocessed data for calculating.Y and dein the equation:

1 So S - k.
= Y .
8. Xe d




Unit . Trial
’ 1 1
2
3
4
; 5
2 1
2
3
4
. 5

_: So 5
Yy = % X=x8
0.17 0.185
0.12 0.0328
0.097 0.0505
0.094 0.00846
0.095 0.0704
0.086 0.00657
- 0.11 '0.139
0.13 0.239
0.094 0.257
0.064 0.201

Linear regression yielded the equation:

1 = 0.0665 _So°S
6. X8

+ 0.0981

Thus, Y was found to be 0.067, and ky was determined as -0.098.
The correlation coefficient in this case was determined as 0.22,

which is significant at less than‘;hé'SOZ confidence level.

2. Use of data various measures to improve quality of data (especially

cell detention and hydraulic detention) - Results were:

a. Basic data: .

87

Cell Influent ‘Effluent Hydraulic
: Detentionn = BOD BOD MLVSS Detention
Unit Date Trial (6, ,days) (Sq,mg/1) (S,mg/1) (X,mg/1) (8,days)

1 4/10/80 6 . 11.1 231 35 748 1.07
4/17/80 7 6.8 137 100 1,212 0.74
4/24/80 B8 6.8 185 119 1,292 0.40
5/1/80 . 9 12.2 172 81 1,192 1.36
5/8/80 10 16.8 190 122 1,216 1.74
2 - 4/10/80 6 33.7 414 51 1,580 1.36
4/17/80 7 19.4 374 146 1,684 0.94
4/24/80 8 13.6 378 87 1,556 0.50
5/1/80 9 19.7 412 67 2,156 1.04
5/8/80 10 137 1,860 1.15

b. Processed data for calculating Kg and k in the equation:

X8

(o]

—_ . = Ks 1 1 '
= = (=) + = :
S -8 K (S) k



>
@
W =

“Unit Date Trial y = So S X =

i  4/10/80 6 4.08 0.02857
: 4/17/80 7 24.24 0.01000
4/24/80 8 14.36 0.00840

5/1/80 9 17.81 0.01235

5/8/80 10 31.12 0.00820

2 4/10/80 6 5.92 0.01961
4/17/80 7 6.94 0.00685

4/24/80 8 2.67 0.01149

5/1/80 9 6.50 0.01493

5/8/80 . 10 20.18 0.00730

Linear regression yielded the equation:

X 9
SO‘S ‘ |
Thus, Kg was found to be -33, and k was determined as 0.043. The

correlatlon coefficient in this case was 0.53, which is signiflcant
at the 90% confidence level.

=759 (é) +23.1

Processed data for calculating Y and kg in the equation:

S5”S
.'l_ =Y _0____..._ - k .
B, X8 d
1 So_S
Unit Date Trial y =0, x = X6
1 . 4/10/80 6 0.090 0.245
4/17/80 - 7 0.147 0.041
4/24/80 8 0.147 0.070
5/1/80 9 0.082 0.056
5/8/80 10 0.060 0.032
2 4/10/80 6 0.030 0.169
4/17/80 7 0.052 0.144
4/24/80 8 0.074 0.375
5/1/80 9 0.051 0.154
5/8/80 10 0.034 0.050

Linear regression yielded the equation:

% = 70.0713 5575 4 .0862
c X 8

Thus, Y was found to be 70.071, and k4 was determined as 70.086.

The correlation coefficient in this case was found to be 0.19, which
is significant at less than the 507% confidence level.



3. Use of further measures to improve quality of data, including effluent
precipitation and return of .a portion of solids to the aeration.tank -
Results were: ' . '

a. Basic data:

Cell - . Inf. Eff. : ‘ " Hydraulic

' Detention BOD BOD MLVSS - Detention
" Unit . Date . Trial (8¢ ,days) . (So,mg/1) (S,mg/1) (X,mg/1) (8,days)

1 5/15/80 11 7.5 - 254 17 . 1,084 1.12
5/22/80 12 7.4 261 151. A V) 1.04

6/12/80 13 3.9 - 267 145 880 0.66

6/19/80 14 ©13.0 510 . - 232 676 2.26

2 5/15/80 11 . 58.4 209 ' 71 - 1,644 1.36
5/22/80 12 9.7 125 . 60 816’ 1.25

6/12/80 13 28.3 294 - 144 1,020 . 1.37

3.25

6/19/80 14 . 26.0 - 376 292 1,016

b. Processed data for calculating Kg and k in equation:

X6 = Kg 1 1
So-S e & i .
: . X8 , 1
Unit ~ Date . Trial y = S5 8 x'=s
1 5/15/80 11 - 8.86 0.00855
5/22/80 12 6.73 0.00662
6/12/80 -~ 13 4.76 0.00690
6/19/80 14 5.50 0.00431
2 5/15/80 11 16.20 0.01408
5/22/80 12 15.69 0.01667
6/12/80 13 9.32 0.00694
6/19/80 14 39.31 . 0.00342

Linear regression yielded the equation:

xe

==212 1y 4+ 15.1
So~5 s ‘

Thus, Kg was found to be "13.9, and k was determined as 0.066.

The correlation coefficient in this case was 0.09, which is sign-
ificant at less than the 50% confidence level.

c. Processed data for calculating Y and ky in the equation:




Unit

Date Triél
- 5/15/80 11
5/22/80 . 12
6/12/80 13
6/19/80 . 14
5/15/80 11
5/22/80 - 12
6/12/80 13

6/19/80 - 14

[=NeNeNol O OO0

.133
.135
.256
.077

.017
.103
.035
.038

Linear regression yielded the equation:

Thus, Y was found to be 0.88, and kd was determined as 0.00063.

1
A

<

= 0.876 s, S

X6

- 0.000633

cocooo
[\
—
o

[=Ne NNl
-y

o

~J

The correlation coefficient in this case was found to be O. 72
which is sign1f1cant at the 95% confidence level

Combining all of the data listed thus far yielded the following:

Equation

X8
S - — = 706
Sy~ S : (

|+

= 0.0894 S
¢ X

l) + 9.79

S

o S + 0.0826

]

Correlation

'Coefficient

0.25 (significant

at 80%)

0.16 (cignificant
. at more than 5U%)

Values of

Constants

Kg = 71
= 0.10

= 0.089
kq ==0.083

The correlation may be improved slightly if the first data which were

Equation

X 0

* 2 =532 (1
e Q)

1

= = 0.109 S -S .
6. o

+ 19.1

Xe

+ 0.0731-

assembled from existing information ,are excluded:

Corrclation

Coefficient

0.32 (significant at

80%)

0.17 (significant at

‘more than 50%)

Values of

-Constants

K, = -28
k = 0.052
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Table 17
BOD Data for Activated Sludge without Modification -

Unit 1 ) Unit 2
Inf.BOD Eff.BOD Reduction " Inf.BOD Eff.BOD Reduction
Date (mg/1) (mg/1) (%) . (mg/1) (mg/1) (%)
12/1/78 288 72 68.4 187 111 40.6
12/8/78 257 4 98.4 206 7 96.6
1/9/79 138 9 93.5 148 12 91.9
2/5/79 758 130 . 82.8 - 379 67 82.3
2/19/79 - - - - - -
2/26/79 - - - - - -
3/2/79 906 145 84.0 695 92 86.8
3/9/79 1,370 782 42.9 917 807 12.0
. 3/26/79 877 228 74.0 696 . 510 26.7
4/10/79 677 298 56.0 376 214 43.1
4/20/79 - - _ - - - -
4/21/79 602 411 31.7 307 176 42.7
4/26/79 - 732 344 53.0 361 114 68.4
- 4/30/79 - C - - - - -
'5/1/79 - - - - - -
5/5/79 1,138 . 578 49.2 564 222 60.6
5/11/79 1,183 550 53.5 565 153 72.9
5/12/79 - - - - - -
5/16/79 - - - - - -
5/17/79 - - - - - -
.5/21/79 681 402 40.9 444 192 56.8
5/23/79. - - - - - -
5/25/79 - - - ) - - -
5/29/79 - - - : - - -
6/6/79 589 160 . 72.8 503 151 70.0
Unit 1 was operated with
preceding aerated waste
stabilization pond after
6/6/79, until end of
study. .
7/4/79 320 82 74.4
7/13/79 554 157 71.7
7/21/79 396 238 39.9
7/27/79 448 176 60.7
8/3/79 : 434 252 41.9
8/31/79 305 71 76.6
9/22/79 109 18 83.4
9/28/79 ' 533 79 85.2
10/5/79 : 471 136 - 71.2
10/12/79 © 487 180 63.0
10/19/79 487 144 70.4
11/2/79 ' 502 216 57.0
11/8/79 495 - 212 57.2
11/15/79 . 402 96 76.1
11/29/79 - 506 156 69.2
5

1/4/80 212 16 92.



(Table 17 continued)

1/10/80 AR T ' ©'215 ¢ - 18 - 91.6

'1/17/80 : : 155 59 61.9 .
1/24/80 126 4 96.8
1/31/80 - . o 296 31 89.5
2/7/80 , ' 306 - 34 88.9
2/14/80 S - 246 .23 - 90.7
2/21/80 . . . 257 55 78.6
2/29/80 o 170 21 87.6
3/6/80 , : 49 43 12.2
3/13/80 : o - 183 47 74.3
3/20/80 _ 265 18 23,2
3/27/80 T 342 32 90.6
4/3/80 . : : 322 - 42 . 87.0
4/10/80 414 51 87.7
4/17/80 : ' , 374 146 3
4/24/80 . o 378 - 87 -77.0
" 5/1/80 : ‘ _ 412 67 83.7
5/8/80 243 137" 43.6
5/15/80 , 209 71 '65.9
5/22/80 ~ o 125 60 51.6
6/12/80 ' : . 294 144 51.0
Range Year 1 138~  4- 31.7- 148~ 7- 12.0-
: 1,370 782 98.6 917 807 96.6
Total 138-  4- 31.7 - 109- 4- 12.0-
» 1,370 782 98.6 917 807 96.8
Mean Year 1 728 294 64.4 457 192 . 62.3
Total 728 294 64,4 361 122 68.7
S.D. Year 1 356 232 20.6 212 200  23.9
Total 356 232 20.6 - 170 133 21.0
n Year 1 14 14 14 16 16 16

Total . 14 14 14 51 51 51



Table 18 '
TOC Data For Activated Sludge Without Modification

Unit 1. : Unit 2

Inf.TOC  Eff.TOC  Reduction Inf . TOC Eff.TOC Reduction
Date (mg/1) . (mg/1) (%) (mg/1). (mg/1) (%)
2/19/79 464 1,495 - 302 865 -

2 2/26/79 7,207 .. 395 94.5 5,045 182 96.4
4/30/79 833 . 650 22.0 550 321 41.6
5/12/79 855 . 735 14.0 570 388 31.9
5/17/79 745 760 - 744 630 ' 15.3
5/23/79 610 526 13.8 495 375 24.2

©5/29/79 605 505 16.6 525 330 37.1
1/4/80 Unit-1 was operated with a 249 . 257 -

-1/10/80 preceding aerated waste 193 179 7.3
1/15/80 stabilization pond after this 205 ' 122 40.5
1/22/80 time, until end of study. 216 128 40.7
1/31/80 ' 263 124 52.9
2/5/80 ‘ 279 137 50.9
2/26/80 : 288 207 28.1
3/12/80 ' 291 150 48.5
3/20/80 . - 301 146 51.5
5/8/80 ' . , 333 226 a 32.1
5/22/80 ‘ 328 | 231 29.6
5/28/80 - : . : 366 197 46.2
Range " : ' .

Year 1 464 - 395 = 13.8 - 302 - 182 - 15.3 -
: . - 7,207 1,495 94.5 5,045 630 96.4
Total 464 - . 395 - 13.8 - 193 - 122 - 7.3 -

7,207 1,495 94.5 5,045 630 96.4
Mean ' ’ o

Year 1 1,617 724 32.2 1,176 442 41.1
Total - 1,617 724 32.2 608 273 39.7
S.D. ‘ :

Year 2,469 364 35.0 1,711 230 28.7
Total 2,469 364 35.0 1,085 191 - 19.4

n

Year 1 7 7 . 5 7 7 6

Total 7 7 S 19 19 17



T

Table 19

COD Data For Activated Sludge Withouf Modification

L]

Unit 1 ) . Unit 2
“Inf.COD Eff.COD Reduction Inf.COD  Eff.COD Reduction
Date (mg/1) (mg/1) (%) (mg/1) (mg/1) (%)
4/10/79 - 12,700 - - 22,400 - )
" 4/20/79 .- 8,900 - - 17,900 -
5/1/79 3,400 1,700 50.0 800 800 )
5/11/79 3,000 2,600 13.3 1,700 600 64.7
5/16/79 4,700 - 3,200 31.9 2,600 1,400 46.2
5/25/79 1,700 ‘ 850 50.0 1,700 1,500 11.8
Range 1,700 - 850 - 13.3 - 800 - 600 - 0 -
4,700 12,700 50.0 2,600 22,400 64.7
Mean 3,200 4,992 36.3 1,700 7,433 30.7
S.D. 1,236 4,725 17.5 735 9,958 30.0
4 6 4 4 6 4

94



Table 20

Data on Phenols for Activated Sludge without Modification

Unit 1 ' . Unit 2
Inf.Phenols Eff.Phenols Reduction Inf.Phenols Eff.Phenols Reduction
Date (mg/1) _ (mg/1) ) (mg/1) (mg/1) | ) .
5/1/79 175 125 28.6 125 50 60.0
5/11/79 - - - 125 50 60.0
5/17/79 135 90 33.3 110 53 51.8
Unit 1 was operated with a
preceding aerated waste sta-
bilization pond after this, "
until end of study.
10/25/79 - 404 1.51 99.63
11/2/79 N 113 60 46.9
11/8/79 122 21 82.8
11/14/79 124 25 79.8
11/21/79 119 47 60.5
1/16/80 66 - 0.65 99.02
"1/23/80 49 1.52 96.9
2/5/80 22 0.39 98.2
2/12/80 45 0.32 99.29
2/19/80 44 0.38 99.14
2/28/80 53 0.41 99.23
3/20/80 . 57 0.05 99.91
3/26/80 52 0.12 99.77
4/11/80 16 0.09 99.44
4/23/80 69 0.70 99.0
5/8/80 15 0.67 95.5
5/27/80. 24 0.16 99.33
Range Year 1 -~ 135- 90- . 28.6- 110- ‘50~ 51.8-
175 : 125 33.3 125 53 60.0
Total - '135- ' 90- 28.6 15- 0.05-.. 46.9-
175 T 125 ¢ 33.3 404 : 60 99.91
Mean Year 1 155 ° 107.5 31.0 120.0 51.0 57.3
Total 155 107.5 31.0 87.7 15.6 86.3
S.D. Year 1 28.3 24.8 3.3 8.7 1.7 4.7
Total "28.3 24.8 3.3 84.5 22.7 19.1
n Year 1 2 2 - 2 3 3 3
: Total 2 2 2 20 20 :
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Table 21 .
Ammonia Nitrogen Data For Activated Sludge:Without Modification.

Unit 1 ’ Unit 2

Inf.NH3"N Eff'NHBfN Reduction  Inf. NH3 "N Eff.NH3 N Reduction
Date .  (mg/l1) - (mg/1) RN (mg/1)" _ (mg/1) @)
4/11/79 - 53.0 56.0 - 68.0 83.0 -
4/27/79 74.2 50.5 31.9 $26.7 32.6 -
5/3/79 92.0 89.0 3.3 38.6 -41.6 -
5/11/79 115.0 84.0 - 27,0 20.0 50.0 -
5/18/79 78.4 100.4 - 72.8 61.6 15.4 -
5/25/79 - 156.8 498.4 - 100.8 84.0: 1607
"10/1/79 e . 91.5 . 100.8 - , - <
10/10/79 Unit 1 was operated with a - 83.1 81.2 . - 2.3 .
_10/15/79 ‘preceding aerated waste : = 87.3 .-
10/23/79 stabilization pond after this 66.7 75.1 -
10/30/79 . time, until end of study. 65.3 69.1 -
11/8/79 | S 37.3 47.6 -
11/14/79 - 45.7 56.9 -
11/20/79 ‘ ’ 46,7 51.8 -
1/16/80 ' 34 38 -
1/25/80 _ | L 38 . 46 -
2/1/80 : 41 44 -
2/7/80 . 10 15 -
2/15/80 : 42 46 -
2/22/80 - 56 44 21.4
2/29/80 , , 45 45 0
3/6/80 . ) 75 73 2.7
3/25/80 88.7 80.3 9.5
4/1/80 65.3 .95.2 _—
4/15/80 ) ' 79.3 85.9 -
4/22/80 - 67.2 63.8 5.1
4/29/80 ' ~ 65.0 07.4 -
5/5/80 . _ - 10.3 6.2 39.8
Raige ‘
Year 1 53.0 - 50.5 - 3.1 - 20.0 - 32.6 - 15.4 -
156.8 498.4 31.9 100,8 - 84.0 16,7
Total - 53.0 - 50.5 - 3.3 -+ 20.0 - 6.2 - 2.3 -
: 156.8 498.4 31.9 100.8 100.8 39.8
Mean ' '
Year 1. 94.9 146.4 120.7 54.5 © 58.8 16.1
Total 94.9 146.4 20.7 54.8 60.4 12.5
5.D.- ' o .
Year 1 36.6 173.5 15.3 - 31.2 21.4 0.9
Total 36.6 173.5 15.3 24.3 23.9 12.6
N -
Year 1 6 6. 3 6 6 2
Total 6 6 .3 27 28 9



A ‘ Table 22
Thiocyanate Data For Activated Sludge Without Modification

‘Unit 1 Unit 2

- iw.TTTTTTEEE.. . Reduction  Inf. "EEf. " Reduction
Date (mg/1) (mg/1) (%) (mg/1) (mg/1) %
4/10/79 - < ] ‘ - - . &1 -
5/23/79 - 30.6- - C- 39.0 -
5/25/79 . -~ 44,3, - - o -
7/6/79 - - - .~ 45.0 35.4 21.3
7/17/79 - - L= 43,7 60.0 -
10/2/79 Unit 1 was operated with a 71.6 - 20.9 - 70.8
10/12/79 preceding aerated waste 70.2 48.7 30.6
10/26/79 stabilization pond after this 75.1 - 59.0 21.4
: time, until the end of theé study. L ‘
Range _ - £l - - 43.7 - L1 - . 21.3 -
"' 4.3 . 75.1 60.0 70.8
Mean - 25.3 S 61.1 37.7 36.0
5.D. - _22.1 - 15.4 21.2  23.6

n. - 3 .- 5 7 4



Dace

10/31/78
11/7/78
11/15/78
12/6/78
12/11/78
12/18/78
1/8/79
1/15/79
1/23/79
1/30/79
2/8/79
2/12/79
2/19/79
2/26/79
3/7/79
3/18/79
4/2/79
4/10/79
4/17/79
4/23/79
5/1/79
5/7/79
5/14/79
5/21/79
5/29/79
6/5/79
6/14/79
6/26/79
7/10/79
7/23/79
7/31/79
8/8/79
9/28/79
10/4/79
10/10/79

10/25/79

10/31/79
11/7/79
11/14/79
1/4/80
1/14/80
1/28/80
2/7/80

Table 23

Mixed Liquor Solids for Activated
Sludge without Modification

744

Unit 1 Unit 2
Sett. Sett.
MLSS MLVSS Solids MLSS MLVSS Solids :
(mg/1) (mg/1) (mg/l) S.V.I. (mg/l) (mg/1l) (mg/1l) S.V.I.
340 160 15.5 45.6 150 80 8.6 57.3
530 400 21.5 -40.6 380 260 10.1 "26.6
640 440 30.5 47.7 330 210 20 60.6
536 432 52 97.0 384 288 38 99.0
486 380 58 119.3 290 214 42 - 144.8
760 658 64 " 84.2 452 360 54 119.5
1,680 . 1,557 74 44.0 560. 46K AR 12i.4
1,980 1,520 86 43.4 660 500 76 115.2
2,620 2,095 88 33.6 1,215 965 56 46.1
2,524 1,898 78 30.9 1,401 1,056 68 48.5
- 2,305 1,797 88 38.2 1,675. 1,075 76 " 45.4
1,729 1,160 60 34.7 1,895 1,267 78 41.2
1,879 1,113 60 31.9 2,173 1,198 76 35.0
2,030 1,314 60 29.6 1,854 1,115 76 41.0
2,453 1,525 64 26.1 2,218 1,436 72 32.5
1,770 1,165 39 22.0 1,788 1,142 48 26.8
2,154 1,452 30 13.9 1,826 1,208 44 24.1
2,173 1,408 30 13.8 1,755 1,031 80 45.6
1,450 990 40 27.6 1,650 1,140 64 38.8
1,700 1,140 68 40.0 1,890 1,240 76 40.2
1,740 1,300 68 39.1 2,020 1,380 100 49.5
1,970 1,370 . 86 43.7 2,010 1,340 100 49.8
2,120 1,310 A 26.4 2,000 1,410 108 54.0
1,880 990 26 13.8 1,630 1,140 80 49,1
1,720 980 48 27.9 1,/60 1,220 64 36.4
- - 48 - - - 62 -
Unit 1 was operated - - 88 -
with a preceding 1,140 630 - -
aerated waste sta- 1,400 720 54 38.6
bilization pond 1,100 844 38 34.5
after this time, - 956 624 56 58.6
until end of study. 1,072 740 41 38.2
" 1,184 1,028 56 47.3
1,068 976 80 74.9 .
1,172 960 78 . 66.6
776 640 - 44 . 56.7
808 692 36 44.6
- 868 696 - 30 34.6
584 528 28 47.9 -
1,356 1,080 45 33.2
960 888 64 66.7
1,616 1,592 100 61.9
720 48 - 64.5

98



(Table 23 continued)

2/12/80 : 830 744 54 65.

2/18/80 ' ' 1,104 896 60 54,
2/26/80 , 1,016 804 64 63.
3/3/80 : - 1,016 888 64 63.
3/21/80 1,108 1,044 76 68.
4/10/80 CL o 1,640 - 1,580 102~ 62.
4/17/80 1,764 1,684 100 56.
4/24/80 : 1,684 1,556 72 42,
5/1/80 2,192 2,156 88 .40,
5/8/80 : 1,996 1,860 88 44,
5/15/80 ' 1,820 1,644 100 54,
5/22/80 : 864 816 30 34,
6/12/80 * S 1,126 1,020 20  17.
6/19/80 1,248 1,016 30 24,
Range Year 1  340- 160~ 15.5- 13.8- 150~ 80- 8.6- 24,
‘ , 2,620 2,095 88 119.3 2,218 1,436 108
Total  340- 160- 15.5- 13.8- 150-  80- .8.6- 17.8-
2,620 2,095 88 119.3 2,218 2,156 108
Mean Year 1 1,647 1,142 . 55 40.6 1,352 892 64 57.2
Total 1,647 1,142 55 40.6 1,276 978 62 53.9
S.D. Year 1 691 503 -21 25.0 681 436 25 33.
Total 691 503 21 25.0 559 435 25 25,
n Year 1 25 25 26 25 27 27 28 25

Total 25 25 26 25 55 55 56 54

OO~ W IHFONNAO O W —~
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Table 24

BOD Loads for Activated- Sludge
without Modification

.Unit No. 1 Unit No. 2

Lb.BOD/Dag Mg BOD/Day " Lb. BOD/Day Mg BOD/Day
Date ' per Th.Ft per mg MLVSS per Th.Ft3 per mg MLVSS
10/31/78 10.2 1.02 " 10.2 2:12
"11/7/78 19.6 " 0.82 } 19.6 1.26
11/15/78 32.3 “1.18 32.3 2.47
12/11/78 15.8 0.67 . . 13.0. 0.97
12/16/78 ©15.8 0.59 - 13.0. 0.72
- 12/18/78 15.8 0.39 . 13.0 0.58
1/15/79 13.3 0.14 . , 5.1 "~ 0.16
1/23/79 10.0 0.076 7.6 0.13
1/30/79 24.2 0.20 10.1 0.15
2/8/79 45.9 0.41 23.0 0.34
2/12/79 .- - 45.8 0.67 25.8 0.33
2/19/79 45.8 .0.66 29.8 0.40
3/7/79 - . 65.2 - 0.68 56.3 0.63
4/2/79 54.8 0.60 - 54.8 0.73
4/10/79 54.8 0.62 - - 34.3 0.53
4/17/79 54.8 '0.89 _ 27.4 0.39
4/21/79 - 37.6 0.55 : 19.2 0.25
4/26/79 . 45.7 ~0.61 22.5 0.28
5/5/79 71.0 0.84 : 35.2 0.42
5/11/79 73.8 0.89 - 35.13 0.41
5/21/19 42.5 0.69 . 27.7 0.39
6/6/79 36.7 , - o . 31.4 -
7/6/79 Unit 1 was operated with a- 20.0 0.47
7/13/74 preceding aeraled waste 34.6 -
1/23/179 otabilizatioi puud alter 25.8 0.49
7/31/79 this time, until end of 27.5 0.71
9/28/79 study. » 33.2 0.52
10/5/79 : T 29,4 . 0.48
\0/i12/719 - - 30.4 0.50
-10/19/79 : 30.3 U.63
11/2/79 o 31.3 0.73
11/8/79 . 30.8 0.74
11/15/79 25.0 0.75
1/4/80 ‘ : _ 13.2 0.20
1/10/80 13.4 0.22
1/17/80 4 - 9.7 0.15
- 1/24/80 : - 7.9 0.09
1/31/80 ' 18.5 0.22
2/7/80 19.1 0.43
2/14/80 - 15.3 0.31
2/21/80 : S . 16.0 0.30
2/29/80 10.6 0.20
3/6/80 : 3.1 0.05
4 0.19"

3/13/80 : 11,
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(Table 24 continued)

3/20/80 R a '  1s.

5 0.26
3/27/80 . 21.3 0.28 -
4/3/80 : , : . 20.1 0.23
4/10/80 . - 25.8. 0.26
4/17/80 : - ' 23.3 0.22
4/24/80 123.6 . 0.24
- 5/1/80 . 25.7 . 0.19
. 5/8/80 - 15.2 0.13
5/15/80 . ‘ 13.0 - 0.13
5/22/80 ‘ ‘ . 7.8 0.15
'6/12/80: ' 18.3 '0.29
Range Year 1  10.0- - 0.076- ' 5.1-" 0.13-
_ : 73.8 1.18 - - 56.3 2,47
Total 10.0- © 0.076- 3.1- 0.05-
: ©73.8 1.18 56.3 . 2,47
Mean Year 1  37.8 0.63 25.1 0.64
Total 37.8 0.28 22.0 © o 0.46
S.D. ~ Year 1  20.0 _ 0.63 13.3 0.60
Total 20.0 - 0.28 10.9 0.44
n Year 1 22 21 . <24 22

Total 22 21 55 - 53



Table 25
COD and TOC Loads for Activated Sludge Units without Vodlflcation

Unit No. 1 Unit Nc. 2 ]
: Mg TOC/ : Mg TOC/
Lb.COD/Day Mg COL/Day - Lb.7”0C/Day Day per .Lb,COD/Dag' Mg COD/Day Lb.TOC/Day Day per
Date per Th.Ft3 per mg MLVSS per Th.Ft3 mg MLVSS = .per Th.Ft per mg MLVSS per Th.Ft3 mg MLVSS
4/30/79 - ' - . 5z.0 0.65 - - 34.3 0.40
5/1/79 209.9 . 2.59 - : - 52.5 0.61 - : -
5/11/79 -85.8 - - - 106.2 - - -
5/16/79 291.9 3.84 - - 159.2 1.91 - -
5/17/79 - - 46.5 0.64 - - 46.4 0.57
5/23/79 - - 38.1 0.62 - - 30.9 0.43
5/25/79 106.2 1.73 - - - 106.2 1.44 - -
5/29/79 - ' B 3.7 0.62 . - - 32.8 0.43
1/4/80 Unit 1 was operaced with a preceding aerated 15.5 - 0.23
1/10/80 waste.stadilization pond after this tlme,. 12.0 - 0.20
1/15/80 until end of study. 12.8 0.22
1/22/80 13.4 0.17
1/31/80 16.4 . 0.20
2/5/80 17.4 . 0.31
2/26/80 18.0 - 0.36
3/12/80 18.2 0.30
'3/20/80 -18.8 0.29
5/8/80 20.8 0.18
5/22/80 ©20.5 0.40
5/28/80 32.8 0.42
Range Year 1 85.8- A 1.73- 37.7- 0.62~ 52.5- 0.61- . 30.9- 0.40-
. 291.9 3.84 52.0 .. 0.65 . 159.2 1.91 46. 0.57
Total  85.8- 1.73- 37.7- 0.62- 52.5- 0.61- 12.0-- 0.17-
" 291.9 3.84 52.0 - 0.65 - 159.2 1.91 46. 0.57
Mean Year 1 173.5 2.72 42.6 0.63 106.0 1.32 36.1 0.46
Total 173.5 2.72 4.6 0.63 106.0 1.32° 22.6 0.32
S.D. Year 1 95.9 1.06 €.9 0.02 43.6 0.66 7.0 0.08
: Total 95.9 1.06 €.9 0.02 43.6 0.66 9.8 0.12
n Year 1 4 3 4 4 4 3 4 4
Total 4 3 4 4 4 16 16

201
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: Table 26
. 'Effluent Solids Data for
Activated Sludge Unit 2 without Modification

, . ss vss
Date ' . = (mg/1) - - (mg/1)
9/28/79 80 56
10/4/79 . - 108 ‘ 100
10/10/79 : 48 39
10/25/79 ' 136 132
11/7/79. 120 ' 80
11/14/79 204 180
1/14/80 116 ' 116
1/28/80. : 30 24
2/7/80 " 184 60
2/12/80 172 . 124
2/18/80 184 72
2/28/80 92 32
3/3/80 : 208 68
3/21/80 ‘ 140 ' 136
4/10/80 80 - 64
'4/17/80 . -80 80
4/24/80 92 56
5/1/80 . ‘ 152 112
5/8/80 92 72
5/15/80 ' 48 ’ 36
5/22/80 o 120 ' 104
6/12/80 : 60 48
6/19/80 ' 148 ’ 124
Range : 30- 24~

208 180
Mean 117 83
S.D. 51 40
n 23 : 23



Date

7/4/79
7/13/79
7/21/79
7/27/70
8/3/79
8/31/79
9/22/79
9/28/79
10/5/79
10/12/79
11/2/79
11/8/79
11/15/79
11/29/79
1/4/80
1/10/80
1/17/80
1/24/80
1/31/80
2/7/80
2/14/80
2/21/80
2/29/80
3/6/80
3/13/80
3/20/80
3/27/80
4/3/80
4/10/80
4/17/80 .
4/24/80
5/1/80
5/8/80
5/15/80
5/22/80
6/12/80

9/22/79-
1/10/80-

1/17/80- .
end

Total

Table 27

BOD Data For Activated Sludge Unit 1 Preceded by
Aerated Waste Stabilization.Pond

BOD Reduction
Pond Inf. Pond Eff. Act .S.Eff. Pond Act.S. Total
(mg/1) (mg/1) (mg/1) %) (%) %

- 455 287 - 36.9 -
764 552 234 27.7 57.6 69.4

- 326 228 - 30.1 -

- 638 481 193 24.6 59.9 69.7
687 - 200 - - 70.9

- 108 28 - 74.1 -

- 114 46 - 59.6 -
630 - 272 - 56.8 - -
2,153 94 56 95.6 40.4 97 .4
493 Y0 1ol 81.7 - 79.5
726 197 181 72.9 8.1 75.1
697 262 184 62.4 29.8 73.6
738 92 146 87.5 - 80.2
1,308 292 196 77.7  32.9 81.1
327 128 96 60.9 60.9 70.6
426 172 48 59.6 59.6 88.7
416 158 37 62.0 76.6 91.1
231 16 36 93.1 - 84.4
228 - - - - -

© 427 129 43 69.8 66.7 89.1
387 196 36 49.4 81.6 90.7
451 134 37 70.3 72.4 91.8
437 117 37 73.2 68.4 91.5
449 186 58 58.6 68.8 87.1

- 81 48 - 40.7 -
405 111 44 72.6 60.4 89.1
360 35 25 90.3 28.6 93.1
518 159 91 69.3 42.8 82,6
513 231 35 55.0 89.2 93.2
223 137 100 38.6 27.0 55.2
628 155 119 75.2 23.2 81.1
507 172 81 66.1 52.9 84.0
270 190 122 29.6  35.8 54.8
747 254 117 66.0 53.9 84.3
493 261 151 47.1 42.1 69.4
414 267 145 35.5 45.7 65.0
630 - 108 - 28 - 24.6 - 30.1 - 69.4 -

764 552 287 27.7 74.1 70.9
327 - 90 -~ 46 - 56.8 - 8.1 - 70.6 -
2,153 292 196 95.6 60.9 97.4
223 - 16 - 25 - 29.6 - 23.2 - 55.2 -

518 267 151 93,1 89.2 93.2
223 - 16 - 25 - 24.6 - 8.1 - 55.2 -
2,153 552 95. 89.2 97.4

287

=)}
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Table 27 = continued

BOD D " Reduction

‘Pond.Inf. Pond.Eff. Act.S.Eff. Pond Act.S. “Total
Date (mg/1) (mg/1) (mg/1) %) (%) _(Z)
Mean . .
7-8/79 696 384 195 26.2 - 51.7 70.0
9/22/79- 833 171 S 117 72.8 41.6 - - - 80.8
1/10/80 ‘ : o : _ : .
1/17/80- 427 157 72 62.3 - 54.3 82.1
“end ) o : A' ’ o '
Total 571 195 106 63.1 50.9 80.5
S.D. , , : ‘ , :

.. 7-8/79 . 64 175 88 2.2 18.0 - 0.8
9/22/79- 568 . 80 ‘ 61 13.8 . 19.8 8.7
1/10/80 : - ' ‘

1/17/80- 134 70 42 17.4 - 19.8 - '12.5
end o , 1 . }
Total 364 121 72 19.1 19.6 11.3
n : 4 ‘ '

7-8/79 3 -5 6 2 5 3
9/22/79- 9 10 9 9

1/10/80 - '

1/17/80- 19. - 19 .19 18 18 18
end : '

Total =~ 31 34 34 .29 30 29

Note: July through August was considered to be a period of start-up for the
aerated pond. Beginning 1/17/80, a chemlcal coagulant was dosed to the aeration”
tank of activated Sludge Unit 1.



Date

1/4/80

1/10/80
1/15/80
1/22/80
1/31/80

2/5/80

.-2/26/80
3/12/80
3/20/80
5/8/80

5/22/80

5/28/80

Range

Mean
S.D.

n

Table 28

. TOC. Data For Activated Sludge Unit 1 Prcceded by

Aerated Waste Stabilization Pond

Reduction

K 10C , stior

Pond.Inf. Pond Eff. Act.S5.Eff. Pond Act.S Total

(mg/1) - (mg/1) (mg/1) (%) (%) (%)
- 206 176 - 14.6 -
- 198 307 - - -
- 199 185 - 7.0 -
- 162 157 - 3.1 -
- 162 153 - 5.6 -
- 178 174 - 2.2 -
390 202 175 48.2 13.4 55.1
446 185 184 58.5 0.5 58.7
413 195 204 52.8 - 50.6
551 254 281" 53.9 - 49.0
540 417 319 -22.8 23.5 40.9
527 296 325 43.8 = 38.3
390 - 16?2 - 153 - 22.8 - 0.5 - 38.3

551 417 325 58. 23. 58.
478 221 220 46.7 8.7 48.8
70 72 67 12.7 7.8 7.9
6 12 12 6 8 . 6
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' Table 29 :
Data on Phenols For Activated Sludge Unit 1 Preceded By
Aerated Waste Stabilization Pond ---

Phenols Reduction
Pond Inf. Pond Eff. Act.S.Eff. Pond Act.S. Total
Date (mg/1) (mg/1) (mg/1) . (%) (%) (%)
"10/10/79 - 3.06 1.46 - 52.3 -
10/16/79 - 4,32 1.24 - 71.3 -
10/25/79 - 1.10 - - - -
11/2/79 - ' 4.32 1.47 - 66.0 -
11/8/79 -, 27 3.5 - 87.0 -
11/14/79 - : - 16 1.8 - 88.8 . -
1/16/80 - 4.28 1.86 - 56.5 -
1/23/80 - 2.00 1.63 - 18.5 -
2/5/80 - 4.21 2.40 - 43.0 -
2/12/80 - 21 0.48 - 97.7 -
2/19/80 - 22 0.29 - 98.7 -
2/28/80 61 7.60 0.58 87.5 92.4 99.05
3/20/80 81 0.11 0.11 99.86 0 99.86
3/26/80 80 16 0.038 80.0 99.76 99.95
4/11/80 108 0.34 0.13 99.69 61.8 99.87
4/23/80 95 16 0.19 83.2 98.8 99.80
5/8/80 87 0.23 0.12 . 99.74 47.8 99.86
5/27/80 89 20 0.47 77.5 97.7 99.47
Range 61 - 0.11 - 0.038 - 77.5 - 0 - 99.05 -
108 27 305 99.86 99.76 99.95

Mean 85.9 9.4 1.05 89.6 69.3 99.69
S.D. 14.5 9.0 0.99 9.9 30.2 0.33

n 7 18 17 7 17 7



Date

10/1/79
. 10/10/79
10/15/79
10/23/79
10/30/79
11/8/79
11/14/79

11/20/79

1/16/80
1/25/80
2/1/80
2/7/80
2/15/80
2/22/80
2/29/80
.3/6/80
3/25/80
4/1/80
4/15/80
4/22/80
4/29/80
5/5/80

Range’

Mean -

1=

Table 30

Ammonia Nitrogen Data For Activated Sludge Unit 1
Preceded by Aerated Waste Stabilization Pond

Ammonia Nitrogen

Reduction

Pond Inf. Pond Eff. Act.S.Eff. Pond Act.S. " Total

(mg/1) (mg/1)  (mg/1) z) - (%) - (%)

176.4 105.5 84.0 40.2 20.4 52.4
- - 98.3 97.1 - 1.2 -
- 98.5 101.3 -o- - -
- 99.9 114.8 - - -
- 91.5 100.8 - - -
- 80.3 86.8 - - -
- 84 97.1 S - -
- 77 121.3 = - -
- 46 48 . - -
- 49 .60 : - - -
- 52 62 - - -
- 12 16 - - -
- 54 63 - - -
- 59 68 - - -
- 62 68 - - - -
- 55 84 - - -
- 112 70~ - 46.4 -
- 110.1 112 - - -
- 157.7 121.3 - 23.1 -
- 112.0 122.0 - - -
- 110.9 133.3 - - -
- 11.1 11.2 - - -
- 1.1 - 11.2 - - 1.2 - -

157.7 133.3 46.4

(176.4) 79.0 83.7 (40.2) 22.8 (52.4)
- 35.3 32.9 - 18.5 -
1 22 22 1 4 1
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_Table 31 . e
Thiocyanate Data For Activated Sludge Unit 1 Preceded by
. Aerated Waste Stabilization Pond

,Thiocyanate e
Pond Eff. Act.S.Eff. " Reduction

Date - - (mg/1) - (mg/1) . (%)
7/6/79 59.8 53.6 1044
7/17/79 _ 79.1 - 77.4 2.1
10/2/79 83.4 52.4 37.2
10/12/79 72.0 . . 56.6 21.4
10/26/79 53.7 . 18.6 65.4
Range 53.7 - 18.6 - 2.1 -

83.4 77.4 65.4
Mean 69.6 51.7 . 27.3
S.D. 12.6, 21.1 ©25.0
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Table 32

o Mixed Liquor Solids For.Activated Sludge v
Unit 1 Preceded by Aerated Waste Stabilization Pond

, MLSS MLVSS Sett.Solids
Date (mg/1) (mg/1) (mg/1) S.V.I.
6/14/79 - - -28 -
6/26/79 1,020 550 - -
7/10/79 1,420 800 50. 35.2
7/23/79 616 384 28 45.5
-7/31/79 724 452 46 " 63.5
8/8/79 880 544 38 42.2
9/28/79 1,404 1,184 140 99,7
10/4/79 996 894 96 96.4
10/10/79 1,228 1,068 87 . 70.8
10/25/79 852 720 43 hA LY
10/31/79 964 764 30 31.1
11/7/79 787 548 24 - 30.5
11/14/79 444 336 - 16 36.0
1/4/80 788 720 34 : 43.1
1/14/80 1,096 992 50 45.6
1/28/80 1,776 1,536 2200 2113.0
2/7/80 1,396 1,224 104 74.5
2/12/80 1,042 882 96 92.1
2/18/80 1,320 1,048 . 56 42.4
" 2/26/80 936 788 43 45.9
3/3/80 .908 556 28 : - 30.8
3/21/80 '1,448 1,368 124 85.6
4/10/80 820 748 ‘ 52 63.4
4/17/80 1,312 ©1,212 48 36.6
4/24/80 1,472 1,292 44 29.9
5/1/80 1.432 1.192 40 27.9
5/8/80 1,264 1,216 30 23.7
5/15/80 1,228 1,084 30 24,4
5/22/80 722 712 _ 20 25.9
6/12/80 1,048 880 - 36 34.4
6/19/80 792 676 - 12 15.2
Range : : )
Year 1 1,020 - 550 - 28 - -.
1,420 800 50
. 616 - 336 - 12 .- 15.2 -
Total 1,776 1,536 > 20U >113.0
Mean
Year 1 1,220 675 39 - (35.2)
Total 1,071 : 879 56 50.4
S.D.
Year 1 283 177 . 16 -
Total 309 312 : 42 26.2
n o
Year 1 2 2 2 1

Total 30 30 30 29



Table 33.

BOD Loads for Activated Sludge Unit 1

Preceded by Aerated Waste Stabilization Pond

Date

7/4/79
7/13/79
7/23/79
9/28/79
10/5/79
10/12/79
11/2/79
11/8/79
11/15/79
1/4/80
1/10/80
1/17/80
1/24/80
2/7/80
2/14/80
2/21/80
2/29/80
3/6/80°
3/13/80
3/20/80
3/27/80
4/3/80
4/10/80
4/17/80
4/24/80

5/1/80 -

5/8/80

5/15/80
5/22/80
6/12/80

Range

Mean

e

Year 1
Total
Year 1
Total

Year 1
Total

Year 1
Total

Lb. BOD/Dag Mg BOD/Day .
per Th. Ft per Mg MLVSS
28.4 0.66

34.4 -
23.6 0.98
17.0 0.23
5.9 0.09
5.6 0.08
11.3 0.28
16.3 0.51
5.7 0.27
8.0 0.18
10.7 0.19
9.9 0.14
1.0 0.01
8.0 0.11
12.2 0.21
8.4 0.14
-7.3 0.17
11.6 0.27
5.1 0.08
6.9 0.08
2.2 0.03
9.9 0.16
14.4 0.31
8.5 0.11
9.7 0.12
10.7 0.14
11.9 0.16
15.8 0.23
16.3 0.37
16.7 0.30
28.4- -
34.4 -
1.0- 0.01-
34.4 0.98
31.4 (0.66)
11.8 : 0.23
4.2 -
7.2 0.20
2 1
30 29
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Table 34
TOC Loads for Activated Sludge
Unit 1 Preceded by Aerated Waste Stabilization Pond

Lb. TOC/Day Mg TOC/Day
bate " per Th. Ft- per mg MLYSS
1/4/80 12.9 0.29
1/10/80 12.3 0.22
1/15/80 12.4 0.19°

1/22/80 10.1 0.12 -
1/31/80 10.1 0.11
2/5/80 11.1 0.14
2/26/80 12.6 0.26°
3/12/80 11.5 “0.19°
3/20/80 - 12.7 0.15 .
5/8/80 15.8 0.21
5/22/80 26.0 0.59
5/28/80 18.5 0.39
Range 10.1- 0.11-

26.0 0.59

Mean 13.8 0.24

S.D. : 4.5 0.14

n ‘ 12 12
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Table 35 .
: Effluent Solids Data for Activated
Sludge Unit 1 Preceded by Aerated
Waste Stabilization Pond

ss - vss

Date (mg/l)‘A (mg/1)
9/28/79 : 68 . T 68
10/4/79 - 230 146
© 10/10/79 50 ' 42
-10/25/79 ‘ 144 - - 120
- 11/7/79 308 ‘ : 184
11/14/79 228 132
1/14/80 116 : 100
1/28/80 10 10
2/7/80 , 114 o 56
2/12/80 -508 . . 264
2/18/80 172 - - 24
2/28/80 144 120
'3/3/80 A 208 . - 120
3/21/80 ' 136 ) - 128
4/10/80 . ' - 96 72
4/17/80 148 . 132
4/24/80 126 . 76
5/1/80 . 230 132
5/8/80 . 152 : ‘ 124
5/15/80 : 180 : 160
5/22/80 114 - : 100
6/12/80 212 ' 148
6/19/80 196 116
Range . 10- 10- -
' 508 264
Mean . s 169 112
s.D. . . 100 - 55

g

A 23 | 23
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Table 36
Temperature, pH, and Dissolved Oxygen
" Concentrations in Aeration Tank of Joint
Treatment Unit

: Addition of C:.GC. Tcmperaturce (9C) pH D.D, (mg/1)
Period Waste (Vol.Z%) Range DMedlun Rauge Mediau  Range Median
3/5/80- 7.3 to 6.8 to

4/3/80 0 18 to 25 21.3 8.0 7.7 8.9 8.2
4/7/80- ’ , 7.6 to 7.9 to
4/11/80 0.02 20 to 22 21.0 7.9 7.7 9.4 8.1
4/14/80- 7.5 to A 7.1 to
4/21/80 0.04 15 to 25 18.8 7.8 7.7 9.0 8.7
4/22/80- - 7.2 to I 7.0 to
4/25/80 0.06 24 to 25 24.8 7.4 7.3 7.2 7.1
4/28/80- 7.4 to
5/2/80 0.1 20 to 21 20 7.6 7.5 - 6.8
5/5/80- 7.3 to 5.8 to
5/7/80 0.2 24 to 26.5 26 7.4 7.4 6.9 6.8
5/8/80~ :
. 5/9/80 n.? - - - 7.3 - 5.7
5/12/80- 7.1 to 3.1 to
5/17/80 0.3 20 to 28 22.3 7.3 7.2 6.0 6.0
5/19/80- 6.8 to 2.6 to
5/29/80 0.3 23 to 27 24 8.0 7.1 8.0 5.0
6/4/80- 6.9 to 0.3 to
6/13/80 0.3 22 to 24 23 7.5 7.1 5.9 4.0
6/14/80- 7.0 w ' 0.5 to
6/29/R0 0.3 22 to 25 24 7.6 7.1 7.4 0.0
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Table 37
Solids Levels in Aeration Tank
of Joint Treatment Unit

: MLSS ' MLVSS
Date . (mg/1) (mg/1)
4/9/80 30 15
4/16/80 438 301
4/18/80 451 365
-4/23/80 672 278
4/25/80 689 260
4/30/80 893 474
5/2/80 964 ‘ 413
'5/7/80 . 935 416

5/14/80 1,313 902



Reduction in Ammonia Nitrogen in

Date

4/11/80
4/16/80
4/18/80

4/23/80 .

Table 38

Joint Treatment Unit

NH3-N
Influent  Effluent %
(mg/1) (mg/1) Reduction
3.36 0 100 .
10.08 0 100
8.54 .0 100
8.96 0 100
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Table 39
Reduction in Biochemical Oxygen
Demand in Joint Treatment Unit

Bioéhemical Oxygen Demand

Aeration Influent Ef fluent %
Date - (mg/1) (mg/1) Reduction
'3/28/80 44.0 32.7 35.7
4/2/80 : 22.6 4.7 79.2
4/9/80 44 .4 19.9 55.2
4/10/80 ’ 60.5 38.9 35.7
4/16/80 118.7 : 34.8 70.7
4/17/80 131 ' 17.5 - 86.6
4/18/80 - : 104.8 : 37.9 63.8
 4/24/80 255 75 70.6
4/25/80 74.5 11.5 84.6
5/1/80 - . 345.8. 6.1 98.2
5/8/80 184.4 . 36.5 80.2
5/9/80 .. . 190.6 33.0 82.7
5/14/80 . 254. 4. 14.7 ' 94.2
3 17.1 92.2

5/16/80 } 220.



Date

7/2/80
7/3/80
7/3/80

7/3/80

Talble 40
Other Data fnr .ITnint Treatment Unit

In Influent (mg/l) In '
From ) From Effluent Reduction
Parameter Sewage C.G. Waste Total (mg/1) (%)
Phenols - 4.2 4.2 0.02 yy.5
Sulfate 28 21 49 85 -
Ortho- .
phosphate 18.0 3.4 21.4 16.1 24,8
Nitrate .
Nitrogen 1.5 0.6 2.1 8.5 -
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Chapter 7

Results of Study of Tertiary Treatment

Preliminary Tests

. Figures‘zo, 21, and 22 illustrate the effects of changes in pH on the
totél residue, nonfilte;able residue and TOC, respectively.

In.Figure.ZO,'a general trend is established and maintained in all three
trial runs, namely, littleAchange in total residue occurs between pH 4 and pH
8. However, abov; pH 8, a significant increase in total residue is. observed.
A 157 increase in total residue is showﬂ between pH 8 and pH 11. One possible
rationale for this phenomenon involves the formation of hydroxy compléxes
which under the mild thermal evaporation conditions ((105°C) fail to giﬁe up
tﬁeir water of hydration. One such candidate for these hydroxy complexes is
céicium.

- A similar plot. for noo filterable residue versus pH is illustrated in
Figure 21. ‘No clear trend is established in these data and the results of
this test are inconclusive.

Figure 22 suggests that a significant portion of the organic contaminants
in the waste sample may be volatilized during agitation. ‘'However, again no

clear conclusion may be stated.

Preservation Test

As illustrated by Figure 23 and Table 41, all three preservation samples
were marked by an initiél increase in TOC during the first 48 hours. This
phenomenon was also observed in bulk samples for the equilibrium tests. Since
the samples were filtgfed prior to preservation, little microbiological activity
would be expected. Formation of compounds somewhat more resistant to volatiliza-
tion during the TOC acid sparging procedure provides one possible explanation
for these results.

Aftér four days, all three preservation samples begin to show a generalized
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Figure 21

. Effect of pH-on Non-filterable Residue
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Figure 22

Effect of pH on TOC
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reduction in TOC, although minor variations were observed. Samples preserved
with 40 mg/1 HgCl, and 4°C'storage appeared to be the most stable with respect
to TOC, while untreated sample was more susceptible'to loss of TOC, although

only marginally so (<< 10%).

Table 41
Preservation Test Data
TOC (mg/l)
' ‘ Storage at 4°C

Date Untreated . Storage at 4°C : plus Hg Cl,
5/12/80 130 1 140
5/14/80 160 4 . 150 . , 170
5/16/80 120 ‘ 120 130
5/19/80 120 ‘ 140 130
5/21/80 130 130 ‘ 140
5/26/80 100 © 120 : 130
5/28/80 100 : ' 110 -

Contact Time Equilibrium Test
It was evident from Figure'24 and ‘table 42 that the vast majority (2>»95%).

of the adsorbable components were adsorbed within the first thirty minutes.

After this time, the plot 1illustrates a rapid asymptotic approach to equilibrium.

By the time the carbon had been in contact with the waste sample.for 2}5 hbur;,
equilibrium was achieved. | | | t

This rapid establishment of equilibrium was due'primarily to the_smali
particle si;e of the carbon used_(!Eid?&S/q)- Thus, the rate controlling step
in achieviné equilibrium (penetrationvof the adsorbate into the internal porous

network of the carbon) was significantly shortened.
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Table 42

Contact Time Equilibrium Data

TOC
Time ' o (mg/1)

Minutes Run 1 - Run 2 Run 3
0 130 170 170
30 '31 25 ‘ 27
60 : 28 , 27 25
90 - 27 | 27 23
120 | 25 24 29
180 .25 24 23
240 "~ 25 83 25
360 25 24 23

480 27 25 23

pH Vériance Equilibrium Test

Presented in Figure 25 is a plot of the percent of the maximum TOC adsorbed
versus fhe initial waste sample pH. Also see Table 43,  From this plot it
appeared that no advantage in adéorption would be gained by altering the waste-
water saﬁple pH outside of the range 6 to 8.

As anticipated, above pH 9 the percentage of adsorbate adsorbed dropped.
This result was thought to be due to the formation of anionic complexes which
were repelled by the slight negatiQe electrostatic charge on the carbon particles.

It should be noted that the anticiéated compétition for adsorption sites
betweeh hydronium ions and adsorbate in-the acidic samples was marginal, possibly
due to the acidic compoéition of the adsorbate (including carboxylic acids,

alcohols, and other substances).
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Figure 25

Equilibrium pH'Variance Plot
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Table 43

Equilibrium pH Variance Test Data

TOC -
(mg/1) -

pH Run 1 Run 2 Run 3

. Blank 100 . .100 - 140 -
4 10 10 42
5 18 28 26
6 14 . 13 30
7 20 17 15
8 14 15 21
9 20 23 23
10 20 23 24
11 25 56 31

Carbon Dosagc Test

The Freundlich equation is as follows:

X
Equation 1: M = K (C, N,

Where X represents tﬁe‘weight ot adsorbate adsorbed per urit weight of

m

carbon, Ce is the equilibrium adsorbate concentration in ‘the reacted
sample, and K and N are experimentally determined constants.

logarithms of both sides of Equation 1, a linear relationéhip may be

obtained:
X

' Edﬁation 2: Log (M) = 1/n (log Ce) + log K

Figure 26.illustra;es the Freundlich plot of the carbon dosagé_data.

Also s§e~Tab1e,445 The data are’ somewhat clustered:but do indicate a linear

relationship.

Ve

By taking;
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Run 1

Run 2

Run 3

Run 4

[eReoNoNoNoNal

Table 44

130

“Equilibrium Carbon Dosage Tests Data .

For all four (4) runs éombined:
N = 22

r = 0.97 A _
t—teétré 17.91 (for N=1 = 21)

log K = y-inteicept = 0.4270, K =

1/N = glope = 0,9143, n - 1.09
Equation is:

mg TOC = 2.673 (Toc,) (0.914)
ge’ _ '

X =K (¢) M/n
M

. : , toc »
Carbon Wt. - . (mg/1l) mg TOC
(g) ‘ : Equilibridim ' gc

Blank 88 -
0.0707 56 90.5
0.1005 45 85.6
0.3998 14 37.02
0.7003 9 22.56
1.0004 8 15.9
Blank 89 - - '
0.0397 68 . .105.79
0.0700 - 50 ©111.43
0.1003 44 89.73
0.4008 15 36.93
0.7001 9 22.85
0.9999 8 16.20
Blank 90 -
.0399 65 125.31
.0700 55 100.00
.1010 41 97.03
.3995 14 38.05
.7007 9 23.12
.9990 9 16.22
Blank 85 -
0.0403 64 104.22
0.0998 41 88.18
0.4005 15. 34.96
0.7000 - 11  21.14
1.0000 12 14.60

2.67



Linear régression was pérforméd on the data and a’coprelation coefficient of

0.97 was calculated, with aAt-scote - 17;9Aiﬁdicating a high (>99%, N - 1 = 215

level of certainty:gsséciated with thé estimate for the correldtion coefficient.
To estimate K?agd-ﬁ, leas; squares analysis was performed. The calculated

values were K = 2.67 and N = 1.09, thus Equation 1 becomes:

Equation 3:.

(mg_TOC adsorbed) = 2.67 (TOC ) 1/1.09.
gram carbon . e _
By substituting the initial sample T0C for TOCe, an estimate of the equilibrium

adsorption capacity is obtained. The initial TOC of 95 mg/l gives an equilibrium

adsorption gapaciﬁy of 174 mg TOC adsorbed per gram of carbon. Since the initial

TOC was ‘95 mg/i and 200 ml of sample were treated, for complete adsorbate removal,
one gram of carbon will remove all the TOC, theoretically, in 366 ml of waste
sample. Therefore, 0.273 pounds of carbon are needed to treat 100 pounds of

waste sample.
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Chapter 8

Discussion

" Untreated Wastewater
As already noted, the quantity of excess wastewater, requiring disposal,
was estimated as:

Amount evaporated: : 685 gal/day
Amount removed with grease and oil: 485 gal/day

Total 1,170 gal/day

The amount evaporated is estimated to vary plus or minus 507 (343 gal/day)
depending on the season. The amount removed with grease and oil has a standard
deviation calculated at 9{82 of'the mean (48 gal/day). Thus, the standard
deviation of the total flow may be estimated at 346 gal/day. .The 95% confidence
interval for ‘the meén flow then would be 502 to 1,848 gal/day. Although these
values are considered to be a reasonable representation of the wastewater produced
at the Holston facility, they are only approximate.

The mean flow noted above cor;espoﬁds to the following unit production of
'wastewa;erf

53 gal/ton coal (as received)
366 gal/million cubic feet of praduct gas

This quantity of wastewater correspondé to Y1,5U00 gal/day tor a coal gasification
plant producing 250 million cubic feet/day of product gas. Although this is far
lower than estimates for modern plants (26,74); several factors should be empha-
éized; | | | |
1. The Holston facility, with tétal flow estimated as 1,094,000’gai/day,
recycles (mainly for scrubbing‘aﬁd cooling product gas) all except 0.11%,
which 1is the express wastewater requiring disposal.

2._. Data on quantity of wastewater are necessarily incomplete, since

quantification was not.possible.fqr various additions of 1i§ﬁid (such -as
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from reactions in the gasifiers) and losses (such as from absorption in
residue and evaporation).
3. The plant studied apparently représents old technology.

The following summarizes data on concentrations of pollutants in the untreated

wastewater:
Mean Con- : - Lb
centration §.p. 95% C.I, Total Per Ton
Pollutant (mg/1) (mg/1) (mg/1) Lb/day Coal
Alkalinity 1,631 153 1,331 - 15.9 0.72
' 1,931
'BOD(pretreated) 7,581 2,561 2,561 - 74.0 3.36
' 12,601
Ammonia 3,201 1,470 320 - 31.2 3.24
nitrogen ' 6,082
TOC 32,777 33,102 O - 319.8 14.54
' © 162,500
cop 30,009 14,206 2,518 - 292.8 13.31
B 57,500
Total solids 19,060, 5,733 7,823 - 186.0 8.45
. . 30,297 ‘
Total volatile 18,750 . - 6,953 5,128 - . 183.0 8.32
solids ' 32,372 ‘
Suspended 140 64.4 - 14 - 1.4 0.064
solids ' 1266
Volatile sus- 92.5 . 45.7 2.9 - 0.9 0.041
pended solids _ 182.1
Sulfide 5,376 3,784 0 - .52.5 2.39
12,793
Thiocyanate 613 251 121 - - 6.0 0.27
. : 1,105
Grease & 041 2,537 ~ 2,059 0 - . 24.8" 1.13
- 6,573 ,
‘Phenols 1,924 272 1,391 - 18.8 0.85
2,457 .

Cyanide 1.3 1.3 0 - 3.8 0.013 0.00059
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Generally, the values noted for mean COnceptrations are.réasonable
(22, 70, 74). Although TOC and COD values noted in this study‘are high, it must
be noted that the concentrations of these parameters.waé not well determined here.
Concentrations of sulfide and‘thiocyanate foﬁnd in the presentAstudy also are
higher than those previously reported. Part of the explanation might be that im-
proved analytical methods were developed for these substances in the present study.
In the case of sulfide, however, the iméroved mefhod has not been fully validatéd.

Possible effects of the high degree of recirculation should be noted. It is
likely that some materials were being volatilized, which woﬁld,be one gxplanatién
for the moderate levels of ammonia nitrogen that were found. Conversely, some

materials would be concentrated to quite high levels, providing an explanation for

the indication of extremely high levels of chloride.

Variation in Concentration

That there is considerable variation in concentration is indicated by the
high value of the standard deviation in comparison to the mean in numerous cases.
The seeming relation between some variation in concentration and operation of the
gasifiers (placing in service, removing from service, and practicing burn-out),
has alreédy been described (89). However, wide variation in concentration is
Undesirable‘for treatment by certain activated sludge processes. Possibilities
for equalization of concentration include:

1. Use of an equalization tank - The volume required would have to be

sufficient to store high concentration flows so that they could be

mixed with lower concentration waste, or drained into the activated

sludge facility gradually. In order to maintain constant the level of
biochemical oxygen demand in the pretreaped waste, an equalization tank
with capacity équal'to 19 days flow would be required. Since tﬁe analysis’

which produced this estimate considered variation in level of the pollu-
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tant parameter, but could not consider variétion‘in flow, in

actuality a lérger equalization tank than this would be needed. ——
2. Recycle ; A high recycle rate makes any change in waste concentration

less substantial in terms' of apparent increase in actual concentration

- reaching the activated sludge facility.

Potential for Recovery

Aé important finding of tﬁis study i; that wastewater was recycled
successfully at thg Holston plant for scrubbing and cooling product gas, with
only minimal treatment (''settling" in the decanter). Potential for recovery of
chemical substances probabl} is limited by the quantities involved. At Holston,
ammonia nitrogen amounted to only some 30 1b/day, and phenols to only 20 1b/day.
For a plant producing 250 million cubic feet per day of product gas, this would
be approximately 2,400 1lb/day of ammonia nitrogen, and 1,500 1lb/day of phenols.
The value of the product, doubtlessly collected in an impure state, would need to
be compared with the cost of production. Inlthe case of ammonia, especially,
recovery doubtlessly will be necessary for reasons of air pollution control. Such
recovery, perhaps by absorption in acid solution, may be useful, even if produc-
tion of low-grade fertilizer with'limited'use is all that is possible, and even

if the recovery is not profitable.

Pretreatment
The equation describing the removal of ammopia nitrogen, as reported lasf
year, was found to describe stripping effectiveness in the relatively large batches
of wastewater that were treated. Nevertheless, this equation.is limited in that
it was totally empirical, not being based on fundamental, theoretical considera-
tions. Another problem is that the equation, as presented, was developed from data
gathered in the stripping of batches of wastewater. By contrast, a full scale

coal gasification plant doubtlessly would utilize a continuous-flow facility, such
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as a packed tower.

Limited data were gathefed from 'small scale bafch studies of the removal of
grease and oil. Linear regression was used to develop an equation that related
the degree ofAfemovallofbgréase and oil to treatment conditions, th the result
was a formula that was only approximate. An alternate formula, developed from
linear regression with the data from the treatment of large.batches of wastewater,
was as followg;

'y = 16.5x, ~0.0360xy + 6.75x3 + 11.9
y = percent removal of grease and oil, x]= pH, X; = treatment

time (minutec), and x4 = acration rate (liters per minuto per
liter of sample). The correlation coefficient was 0.80, which.
is significant at the 99% confidence level.

This equation, also,is totally empirical.

Another benefit to the pretreatment scheme used in this study was that other
substances also were reﬁoved from the waste. The most notable example was that
most of the sulfide was removed, with this occurring mainly in stripping. HoweQer,
pretreatment also brought substantial removal, some 257% to 50%, of phenols, bio-
chemical oxygen demand, alkalinity, and, doubtlessly, other substances. Interest-
ingly, the concentration of thiocyanate.increased on many occasions, during..pre-
treatment.

One notable feature of pretreatment was the substantial decrease in volume
which occurfed. The mean decrease in volume was 18.97%7, with a 957 confidence
interv;I of 0% to 42.8%. Of the decrease in volume, most (46.9%) took place
during the stripping. The balance occurred during the removal of grease and
oil (16.8%) and néutrali?ation (36.3%).' The volume reductions during grease and
oil removal,and during neutralization, probably.were mainly sludge, aqd amounted
to a méan of about 10% of the volume of the wastew;ter. ' This large volume of

sludge would present a considerable problem in handling and disposal in a full

scale coal gasification plant. -

The dose of reagents used in pretreatment in two recent occurrences was

as follows:



Date: 5/23/80 . 7/2/80
Stripping:

NaOH(mg/1) 40,500 31,500
Grease and 0il: ‘
H3P04(mg/l) 2,090 2,610

HZSOQ(mg/l) 10,300 12,900
‘Neutralization: ’
1,530 1,820

NaOH(mg/1)

These are extremely high doses by ordinary standards for dosing reagent. How-

ever, the quantity of wastewater produced in coal gasification is relatively

small.
of the required doses. Nevertheless, on the basis of

following amounts of these reagents would be required

An additional factor is that these values are only approximate indicators

the data of 7/2/80, the
each day:

250 CF per day

Holston
Plant Plant
NaOH 139, kg 10,900 kg
H,PO, 11.6 906
H250,, 57.1 4,460
NaOH (for 8.06 630
neutralization)

.Biological Treatment
The study of biological processes generally showed that successful treat-

ment could be obtained by all of the alternatives considered. -General effective-

ness of treatment was as follows:

Biochemical oxygen demand: Reduction averaged at least 60% for all
alternatives studied, but frequently was much higher, even over
90%.

Total organic carbon:
about 40% to 50%. :

Phenols: After initial operation, very.high degree reduction was
found, often well over 907 ,and even greater than 997%.

Ammonia nitrogen: Although pretreatment was shown to be quite effect-
ive in removing ammonia, activated sludge generally was poor. An
actual increase in ammonia nitrogen concentration was recorded in
most tests, with reduction, at best, being low (generally 30% or
less). A notable exception to this was joint treatment with muni-

Reasonable reductions were obtained, typically

cipal sewage , where the ammonia nitrogen was nearly totally removed.

Thiocyanates: 'Reductions were variable, ranging from an actual in-
crease during the treatment process, to approximately 70%.

In order to further compare the several alternatives for biological treat-

ment, the following gives effectiveness in reduction of biochemical oxygen
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demand:

Mean 957%
. Reduction S.D. " Confidence
Process (%) (%) Interval
Activated sludge,with- '
out modification
(Unit 1, first year
of study). 64.4 20.6 14 53.6~75,2

|=

Activated sludge, with ' » o
stabilized influent S .
concentration of BOD :

(Unit 2, 6/7/79-12/31/79). 66.5 13.4 15 59.7-73.3

Activated sludge, with

precoding aerated waste

stabilization pond (Unit

1, 6/7/79-1/16/80). 77.8 8.8 - 11 72.6-83.0
Activated sludge, with

preceding aerated waste

stabilization pond, and

chemical precipitation in

aeration tank (Unit 1, ,

1/17/80-6/30/80). 82.1 12,5 18 76.3-87.9

Joint treatment with
municipal sewage 73.5 19.9 14 63.1-83.9

It must be noted that numerous factors enter into the degree of treatment pro-
vided, faétors in addition to the type of biological treatment provided. These
would include the characteristics of the waste, the pretreatment, the load on

the biological treatment, and more. Nevertheless, the data guggested that acti— .
Qated sludge without modification produced only moderate treafment, and that the
treatment effectiveness that resulted was relatively variable, Stabilizing the
influent concentration of BOD apparently yielded only a small improvement in T
treatment effectiveness, though it may have stabilized the degree of treatment.

The addition of a preceding aeration pond ﬁay have provided significant improve-
ment, both in treatment effectiveness (especially when coagulaﬁt was dosg& in

the aeration tanks) and stability offtreatment. Emphasis must be placed on the

.need to utilize more controlled studies to verify these results.

The aerated waste stabilization pond preceding the activated sludge unit



appeared to enhancé treatment considerably. Not only was reduction in BOD rather
high and stable, but reduction in phenol was excellent (mean of 99.69%, standard
deviation of 0.33%), and reduction in TOC was better (mean of 48.8%, versus 39.7%
without the aerated pond). Nevertheless, several points should be notéd. The
aerated pond greatiy reduced the load on the activated sludge treatment units,
possibly preventing efficient utilization. Further, the aerated pond in itself,
produced substantial treatment, as exemplified b; the following:

% Reduction

Parameter Mean ) S.D.
BOD 63.1 19.1
TOC 46.7 12.7
Phenols 89.6 9.9

These results are comparable to those obtained for activated sludge without
modification, or even slightly better. The data could be interpreted'as showing
that aerated waste stabilization ponds are an effective alternative to activated
sludge, for the biological treatment portion of an integrated treatment scheme.
Certainly, it merits further evaluation in this regard.

An important group of problems was found associated with solids concentra-
tions. Generally, levels-of suspended sélids in the effluents were relatively
high, breventing the attainmeﬁt‘and maintenance of ﬁigh mixed li§uor suspended
solids concentrationé. "This condition limited cell detention to relatively low
levels. Thus,loads on the treatment units also were limited and high dilution of
pretreated wastewater was required. At this point, it is not certain that this
is an inherent limitation. If effluent éqlids can be controlled, higher levels.of
mixed liquor suspended solids maintained and cell decentibn kept satisfactorily

high, then considerably greater loads may be possible. Efforts to control solids

levels in the biological effluent included improved settling (totally unsuccessful),

chemical precipitation in the aeration tank (no improvement noted), and effluent

chemical precipitation (highly -successful). The last approach may be the most
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useful. Howe#er, high doses of coagulant were required (230 mg/1l of FeCly), and
the viability of microorganisms in the precipitated sludge remains to be
established.

Joint treatment with municipal sewage was rather successful. Ammonia nifrogen
was reﬁoved essentially entirély, BOD was réduced gy more tgan 80% (and often by
more than 90%) after the process had stabilized, bhenols were greatly reduced,
and the efflueﬁt was high in products of bxidat;on (sulfates and nigrates). " How-
ever, a maximum of ohly 0.37% by vélume of coal gasification wastewater was included
in the influent. Load was 0.28.mg BOD/day/mg MLVSS. The only neﬁative feature
noted was an increase in the discoloration of the effiuent. Thus, the alternative
of joint treatment was relatively successful, andAmerits further study.

Attempts to study the biological reaction kinetics were‘restricted by poor
aBility to control cell detention. ~Thus,‘the values which~were estimated for the

parameters of reaction kinetics have much less significance than desired, and

should be regarded only as general indicators.

Tértiary Treatment
The results for tertiary treatﬁent of the Siological effluent by granuiar
acti;at;d carbon already have been presented aﬁd diécussea. Generally, reasonable
results were obtained. Thé cér£on dosage‘test showed that, in theory, 0.273 pounds
of activated carbon would treat 100 pounds of wastewater. Incidental information
from this phase of the study was that the TOC could be reduced to a value pf
approximately 10 mg/l. Note, however, that '"breakthrough'" studies have not been

completed with this wastewater.

An Integrated Treatment Scheme
Although numerous alternatives are possible for the management of the waste-
water from a coal gasification plant, this study included only those presumed to

have the greatest poteﬁtial for success. The following integrated management and
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treatment scheme is offered as worthy of further development, based on the present -

study:

Process

Recycling of wastewater
for cleaning and cooling
product gas. - T

Stripping to

reduce ammonia
nitrogen. o

Recovery of ammonia nitrogen
as a by-product by absorption
in an acid solution.

Removal of grease and oil by
suppression of pH, light
aeration,. and settling.
Neutralization

Combination equalization tank

and aerated waste stabiliza-
tion pond.

Activated sludge.

Chemical precipitation of
‘effluent. '

Adsorption in columns with
granular activated carbon.

Comment

An important advantage of this is reducing-
the amount of wastewater requiring treatment.
At Holston, a simple decanter to reduce grease
and oil appeared sufficient.

A stripping tower probably would be used to
remove as much ammonia nitrogen as' possible,
leaving enough for nutrient for biological
treatment. :

This may be the best.possibility for by-product
recovery.

This is a very needful step in pretreatment.

Settling to remove -sludge will be necessary
in conjunction with neutralization.

The purposes of this are dampening variations
in levels of pollutants, and stabilizing
treatment effectiveness in an activated sludge
process.

' This must include aeration and subsequent

settling, plus operation with a sludge reserve,
The latter might be an aerobic sludge digester.

Coagulation of the biological effluent may

be necessary to avoid-high effluent solids,

and should be operated as necessary to maintain
satisfactory cell retention.



142

Limitations

This study had numerous limitations, which severely limit interpretation of

results.

1.

Particular problems include:

Poor control over confounding factors means that various results of
this study must be verified. That is, additional studies with careful
controls are required.

This study considered only the wastewater from the Holston Coal
Gasification Plant. It is unclear to what extent wastewater character-
istics and other conditions appropriate to this facility may be applicable
elsewhere. In fact, since Holston utilized old technology, much

found in ‘this study probably has only limited applicability elsewhere.

The present étudy was based on the use of laboratory-scale treatment
units, and small scale studies. The applicability of the data which
were thus derived tn full size farilities is highly questinnahle. Thus;
scale-up requires study. '



Chapter 9

Summary and Conclusions

Under contract with the U.S. Department of Energy, Pittsburgh Ene;gy Tech-
nology Center, study was performed on the wastewater from thé coal gasification
plant serving the Holston Army Ammunition Plant. Study of thisAsort has bécomé
of considerable interest, due to the mushrooming of coal conversion projects in
this region and the nation. Projects now are planned by the Tennessee Eastman
Company, in Kingsport, by the Tennessee Valley Authority, in Memphis and in North
Alabama, and by others. The general objectives of the study were two, to
characterize the wéstewater, and to evaluate control technology.

The characterization was performed by analysis of some 40 samples of un-
treated waste collected during the two years of the study. The evaluation of
control technology centered on gathering data from laboratory scale wastewater
treatment units, especially two unitized activatéd sludge plants. It is funda-
mental that research builds upon -the results of other workers, including,
especially, in this case, some at the Pittsburgh Energy Technology Center.
Additionally, analytical methods had to be adapted for the particular wastewater
that was studied, and various procedures developed.

\

Conclusions reached in this study included:

1. At the Holston gasification plant, wastewater after treatment in a decanter,
was satisfactorily recycled for cleaning and cooling the product gas.

2. Wastewater requiring disposal at Holston was only a small fraction of that
present in the system, with a mean of some 1,170 gallons per day, but
varying considerably with season of the year. This amounted to 53 gallons
per ton of coal, or 366 gallons per million cubic feet of product gas.

3. The wastewater was highly contaminated, but variable in levels of pollu-
tants. Important pollutants included organic material (mean BOD of pre-
treated waste was 7,581 mg/l, standard deviation was 2,561 mg/l), ammonia
nitrogen (mean was 3,201 mg/l, standard deviation 1,470 mg/l), volatile
solids (mean was 18,750 mg/l, standard deviation was 6,953 mg/l), sulfide
(mean was 5,376 mg/l, standard deviation was 3,784 mg/l), thiocyanate
(mean was 613 mg/l, standard deviation was 251 mg/l), grease and oil
(mean was 2,537 mg/l, standard deviation was 2,059 mg/l), phenols (mean
was 1,924 mg/l, standard deviation was 272 mg/l), and other substances.
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11.

12.

13.

14,

The variability in levels of pollutants appeared to be related to
aspects of operation of the production facility. Sulfide and thio-
cyanate levels frequently were higher 1n the wastewater studied than.
reported by other workers.

An equalization tank would be desirable to stabilize éoncentrations
of pollutants, and would need sufficient capacity to contain at least
several weeks of flow.

Stripping was capable of removing essentially any desired fraction of
the ammonia nitrogen in the raw waste, and could be deséribed by an
empirical equation that was developed. Afir pollution control require-
ments would generally necessitate removal of ammonia rrom emissions,
which could provide additional incentive for recovering ammonia as a
by-product.

The removal of grease and oil could be readily accomplished, mainly
by suppression of pH, supplemented by aeration for flotation:

The pretreatment procedure which was used also provided substantial
reductions sulfides, phenols, BOD, and alkalinity. -

Problems with the pretreatment procedure included the requirement for
high doses of reagents, and production of large volumes of sludge.

Biological treatment by an activated sludge process, without modification,

was found capable of providing substantial treatment, although results
were variable,with frequent process upsets, possibly related to varia-
tion in characteristics of the wastewater. Although organic materials,
and -especially phenols, were removed well, the reduction of ammonia
nitrogen and thiocyanates was poor. '

Diluting wastewater so as to provide a nearly constant influent
concentration of BOD had little value in raising the treatment
effectiveness, but appeared to yield a more stable degree of treatment.

The provision of an aerated waste stabilization pond prior to the
activated sludge unit appeared to improve both the efficiency and
stability of treatment. However, the pond probably reduced the
effectiveness of utilization of the activated sludge units.

Aerated waste stabilization ponds should be evaluated as an -alternative
to activated sludge in providing biological treatment of coal gasifica-
tion wastewater. '

Chemical precipitation in the aeration tank apparently improved and
stabilized treatment, but was not effective in controlling the high
levels of suspended solids in the biological effluent.

Joint treatment with municipal seawage provided effective treatment,
including reduction in ammonia nitrogen. A problem with this alterna-
tive.was discoloration of the effluent.
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16.

17.

Chemical precipitation with FeClj was effective in reducing the high levels
of suspended solids - in the biological effluent, and was considered to have
potential for controlling cell retention.

Limited study indicated that adsorption of granular activated carbon was
both effective and practical for tertiary treatment of the wastewater.

An integrated management and treatment scheme, as proposed, can provide

effective control'of the wastewater that was studied. -
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COHTRACT BLIWEEN
EAST TENNESSEE STATE UNIVERSITY o 153
AND |
THE U. S. DEPARTHENT OF ENERGY

THIS AGREENMEIT is effective the 15th day of July, 1978, between the

UILITED STATES OF AMERICA (hereinafter referred to as the “Government"); acting
through the DEPARTHENT OF ENERGY (hereinafter referred to as "DCE"), and the

EAST TEINESSEE STATE UNIVERSITY, a corporation duly organized and existing under the
laws of the STATE OF TENNESSEE w1th its principal office in JOHHSON CITY,

TEHNESSEE (hereinafter referred to as the "Contractor").

UITNESSETH THAT:

~UHFREAS DOE wishes to have the Contractor perforn certain research work, as
hereinafter prcv1ded and

WHEREAS, this agreement is authorized by the Deoartment of Energy Orgarlzatlon Act
and other applicable ]aw,

ﬂON, THEREFORE, the parties hereto agree as follows:
ARTICLE I - THE RESEARCH TO BE PERFORMED

(a) The Contractor shall, to the best of its ability, furnish persanrel,
facilities, equipment, materials, supplies, ard services, except such
as are furnished by the Government, necessary for the performance of
the research prcvided for in Appendix A anc shall perform the research
and report thereon pursuant to the provisions of the contract. It is
urderstood that Appendix A, a guide to the performance of this contract,
may be deviated from by the Contractor subject to the specific require-
mans of thls contract,

(b)‘ This work shall be conducted. under the direction of Dr. Albert F. Iglar
or such other menber of the Contractor's staff as may be mutually
satisfactory to the parties.

ARTICLE II - THE PERIOD OF PERFORMANCE

The period of performance under this contract shall commence on July 15,
1978 and expire on July 14, 1980. - Performance mey he extended for
tdditional periods by the mutual written agreement of the parties.

DOE i0-1077



ARTICLE II1 - COUSIDERATIO! 156

(2) In full consideration of the Contractor's performance hereurder, DOE shall
furnish the equipment, supplies, materials, and services, if any, listed in
Article A-1I(b) ard pay the Contractor the sum of $35,690.00, herein-
after called the "Support Ceiling"” which sum shall be subject to adjustment

as hereinafter provided.

(b) Payments to the Contractor shall equal the."Cumulative Support Cost" of the
performance of this centract, as the term "Cumulative Support Cost" is defined
in Article B-XXVIII; provided, however, and notwithstanding any other provision
of this contract, that the Government's monetary liability uncer this contract
shall not exceed the Support Ceiling specified in (a) above. DOE shall not pay
more than the Support Ceiling or an amount egual to the Cumulative Support Cost,
whichever is less,

(c) tihenever the Contractor has reason to believe that the amount of funds obligated
under this contract will be insufficient to permit the Contractor to continue to
perform for more than 30 days (or such other period as DOE may. from time to time
time establish by notice to the Contractor), the Contractor shall prcmptly
notify DOE to that effect. The Contractor shall be required to perforn under
this ccntract throughout the agreed-upon period of performance, and to bear all
costs which DOE has not agreed to pay; provided, however, that the Contractor
shail have the right to cease to perform the résearch prcvided for in this con= -
tract, upon writien notice to DOE to that eftect, &t any time when or after Lhe
Curlative Support Cost equals or exceeds the Support Ceiling.

(d) The Subport Ceiling specified in (a) above may be increased unilaterally by DOE
by written notice to the Contractor and may be increased or decreased by writter
‘cquChtnt of the parties (whether or not by formal modification to this contract).
In the ‘event the stated period of contract performance is extended, the Support’
Ceilinge will be revised to reflect any increased 00t suppecrt for the extended
perlof or periods.

(e) Upon termination, or expiration of the total period of performance, the Con-
tractor shall promptly refund to DOE (or make such disposition as DOE may in
writing direct) any sums paid by DOC to the Contractor under this contract,
through direct payment or under letter of credit, in excess of the Cumulative
Support Cost .incurred in performance uncer the contract.

ARTICLE 1V - GOVERIIENT PROPERTY

The following items of proper1/ procured or fabricated by the Contractor are hereby
listed as "Government preperty”:

NONE
ARTICLE V - APPEIIDITES
Aopendix A, Appendix B - General Provisions, Appendix C - Statement of Costs, and

Anpendiz D - Intellectual Property Provisions, are hereby attached to and made a
part of this contract.
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ARTItLE vl - CIVIL RIGHTS ACT OF 1964

“Contract Ko, LW- /8- 3= ¢L=UL s ‘
Paqe No. 3 . . 157

Contractor acre(s to comply with DOE's Regulation (Part 704 of Chapter Ill
Title 10, Code of Federal Regulations), as amended, effectuat1ng the provisions

of Title VI ‘of the Civil Rights Act of 1964.

IN WITHESS WHEREOF, the pqrts‘es have executed this document.

00F 100-1077

UNITED STATES OF AMERICA
BY: '

Contract‘Admini trator

(title)

Pittsburgh Enercgy Technology Center
. Uepartment.of Energy

EAST TERNESSEE 'STATE UNIVERSITY
BY_: fA g - "&*/pMM_wk_\.
Arthur. H. DeRosier; Jr. ’
| ———— -Pr-esfgﬂ;\,ll:c)

by Christopher L. Bramlett
Vice-President for Academic Affairs

.
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David L. Kite

» certify that I am the

(attester)
Director of Businesé Affairs of the Contractor named
“(title)
under this document; that - Christopher L. Bramlett

(signatory)

who signed this document on behalf of said Contractor was then

Vice-President for Acadehic Affairs and
Authorized to sign for the President . of said Contractor; that

(title)

this document was duly signed for and on behalf of said Contractor by authority
of its governing body and is within scope of 1ts legal powers.

IN NITHEﬁSf%%QK&GE, I have hereunto affixed my hand and the seal of .said Contractor.

Vi,
‘c;..‘ ,"\ ' l.... \ ’
g A} o ) ’ ; ;- - -
SR /(; ,////”1 £
RN f N —7 —_
b (seAl)
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APPENDIX A

Eér the Contract Period July 15, 1978 through July 14, 1980.
Article A-1 RESCARCH TO BE PERFORMED BY CONTRACTOR

(2) ‘The scope of work under this contract is unclassified and shall consist of
a study to evaluate methods of treating coal gasification process waste-
water, with regard to meeting requirements for water pollution control.
Detailed study will focus on the coal gasification facility at the
Holston Army Ammunition Plant in Kingsport, Tennessee, aracterizatiori
will be conducted on the wastewater to evaluate flow, chémical character-
istics, and physical characteristics. VWhile the study will somewhat
consider pretreatment, by-procduct recovery, and other matters, it will
focus on possibilities for biological treatment, especially by the
activated sludge process. The highly contaminated nature of this waste-
weter will necessitate investigetion of.specialized techniques, such as
joint treatment with municipal sewage, biological contact media, and

_other possibilities. In the actual treatability studies, levels of
major pollution parameters will be deiermined both before and after
treatment., Various loading and design parameters will be evaluated,
together with appropriate investigation of treatment kinetics.

(b) The scope of work shall include such other studies, investigations
and services as may be mutually agreed upon.

(c) The Principal lnvestigator(s) expects to devgte the following approximate
aownt(s) of time to the contract work: 100% of his time for 3 months.

hvticie A-11 UAYS NID HENIS OF PERFORIANCE

(a) ltems for which support will be provided as'indicated in A-111, below:
(1) salavies and Hages - ‘ §  21,755.00

(2) Equipment to be purchased or fabricated by $ 14,600, 00
the Contractor '
(i) TItem(s) expected to cost 51,000.00
' or more.
1. Total Orgenic Carbon Analyzer
2. 2 Bench-Scele Activated Sludge Units
3. Compositing Sampler '

(3) Travel

(i) Domestic $ 1,350.00
(ii) Foreign A $ -0-

(3) Other direct costs
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(5) Indirect costs for the period July 15, 1978 through July 14, 1979
shall be based on a precetermined rate of 51.1 percent applicable
to salary and weges, excluding vacations, holidays, sick pay and
other fringe benefits.

Indirect costs for the period July 15, 1979 through July 14, 198C

shall be based on a predetermined rate, together with its applicable
base shall be agreed to in writing, by the parties prior to the
initiation of ary work during said period. Said agreement shall not be
censtrued to increase the Support Ceiling specified in Article IlI of
this contract.

(b) Items, if any, significant to the performance of this contract, but
excluded from computation of Support Cost and from cons1derat1on in
proport10n1nﬂ cests:

HONE

(c) Tire or effort of Principal Investigator(s) including indirect costs and
fringe benefits contributed by Contractor but excluced from computation
of Support Cost and from consideration in proportioning costs.:

100% of'2.2 moriths

Article A-111

The total estimated cost of items under A-11(a) above for the contract period.
stated in this Appendix A is $57,957.00; DOE will pay 100 percent of the actual
costs of these iteins incurred during the contract periog stated in-this Appendix
A, subjcct to the provisions of Article 111 and Article B- XAVIII. The estimated
DOE Support Cost for the contract period stated in this Appendix A is $57,997.00.

Funding for the estimated DOE Support Cost will -be as follows:

(a) Estimated unexpended balance from prior period(s) $ -0-
(b) tiew funds for the current period $ __35,690.00 -
(c) Subject to their availability, additional funds $  22,307.00

‘anticipated for the current perioc

DOE AFP. A(PF)-1077



APPENDIX B

Sulfide Determination in

Coal Gasification Wastewater
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~ SULFIDE DETERMINATION'IN COAL GASIFICATION WASTEWATER

1. Sampling

Raw samples:

In BOD boftle; pléce 3 ml 2N Zn(CH3C00)2,.fillvwith sample water, and then
add 6 drops Qf 10N NaOH. Stopper with no air bubbles, and mix by rotatirg

back and forth about transverse axis. Then place the bottle in ice béth to

preserve.

Pretreated samples:

In BOD bottle,. place 5 ml 2N Zn(CH3CdO)2, fill'witﬁ sample water, and then
add 4 drops of 1 ON NaOH.. Stopper,Wifh iio air bubbles, and mix by ;uLaLiﬁg
‘back and forth about transverse axis.
Adding more NaOH in raw sample is explainable by tﬁe high concentration
of ammonié present there, which may act as a pH buffer. In pretreated sample,
" more Zn(CH3C00), is added\Pecauéé of the presence of_high concentrations of phos-

phate which can form Zn(H,;P0,) 9, zﬁﬂpo4, and Znj(P04) ;.

:g. Determination

Raw samples:

Carefully remove the supernatant from the uppér‘laféfibf solution inABOD
‘bottle. Add 50 ml acetone to the boétle, Mix and allow to gettle for 2 minutes:
Pour solution through glass fiber.filter; 'Then use another 20 mi of acetone,
wash the bottle with this, and pass. the iiquid through tﬁe filter.' Wash the
filter paper with an additiﬁﬁél 50 ml of acetone to insure that organic matter

has been removed. Air dry the filter paper.
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Pretreated samples:

With care, remove the supernatant from £hé upper layer of the soiﬁtidn in
the BOD bottle. bAdd 75 ml of 1.27% ammpnia.sQIutipﬁ (5 ml of ammonium hy-
droxide with 28.2% NH3, specific gravity'0.897 at 60°F, diluted to 100 ml with
water). .Stir for 2 minutes and then filter through glass fiber filter, fol-
ldwed bf washiné with an addi;ioﬁal 25:ml of ammonium hydroxide .solution.

The? use 50 ml of water éovwash the residue on the filter.

Further removing of intéfference:

Set up distillation apparatus as shown:

RUSED GLASS

/
Place the sample into A, apply a negative pressure, then add 3N ﬁNOj to
A by opening the valve on C. After. acid in.C has completely gome into A ‘8top

' ... the pump. " Then conduct N, to the system. The acid reduces the solubility of
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sulfide:
2t + s’Z_;_,.Hs |
A A . . | - 12 (g)
- HS is carried out by the N, and absorbed by 1.25N NaOH in B. The purpose of
.the Ny is to prevent the oxidation of sulfide:
s72 .+. 20" +0 $ + H,0
S 2T O (s) 2
'which was experienced in prévious experiments.
.The samples from this method contain a high concentration of NO3~, which
will cause negative interference in the iodometric method.
In the'lodometric method:
I, + s2 4 21 + 28
The NO3~ in the solution will react with I™:
4HT 4+ NO3T 4 319 NOL + 2Hy0 + I,
Therefore, other methods éhould be applied; in this case we use the
amperometric method.
The amperometric method of determining sulfide in the sample involves the

apparatus shown: -

RESISTER

BURET

CMILLINOLT WMETER
(QH METER)

% o€kl
Pr OROBE

© o] mAcNeTIC
! S TIRRER

In the titration excess PB(N03)2'was used. to react with the sulfide:




‘mv.

+2

Pb S+ s‘7- PbS
| ———7" BS sy
ppt2

The end point was determined by plotting the ml of titrant added against
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APPENDIX C

Method For Detérmination'of Ihiocyanate:in Coal Gasification
Wastewater Using a Modified Ferric Thiocyanate Spectro-

pho;oﬁetric Technique (9)
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Modified Ferric Thioéyanate Spectrophotometric Téchﬁidue

REAGENTS:

(1) 1:1 HNO

3" to 100 ml distilled water slowly add 100 ml concentrated,

HNO3.

(2)‘ Ferric Nitrate Solution - Dissolve 50 g of Fe(NO3)3 in 400 ml dié-

‘tilled water. Add 25 ml concentrated HNO3 and dilute to 1 liter.

(3) Standard Thiocyanate Solution - Weigh 1.3956 . g of NaSCN and dissolve

in 500 ﬁl}distilled’wétgr; Dilute to 1 liter. One ml of of this
.sqlutioﬁ contaihsli'mg'éCN;. Standardizé by Yolhard's Method.

TECHNIQUE: |

(1) Place a samble (whicﬁ will yield 1-10 mg/1 SCN~ ubon dilution) in a
volumetric flaék. |

(2) Acidify'using l:l'HN03.

(3) Dilufe to the mark with distilied water, If ﬁheré.is apparent tur-

| . bidity, filter through S&5 589 (or equivalent) paper.

(4) Read absorbence of the'"éolof" at 480 nm using‘distilled water at
zefo blank.

(5) To 45 ml diluted sample add 5 ml ferric ﬁitrate reagent.

(6) Rgad absorbencgjét 480 nm using a reagent. blank for zero absorbence.

(7) Use the following forﬁula:

, c

(A -B) ( 5 ) 45 = mg/l SCN~
m

where: A = absprbence from Step 6
B = éﬁsorbence from Step 4
C= original}SAmple‘volume (from Step 1) ‘
| D = final vélqme of dilufed sémple (from Step 3)
E ='Y—intércept (from the éalib;aticn'curve equation)

m = slope (from the calibration curve equation)
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Prepare the calibration curve as for the modified Standard Methods

procedure.
NOTES:
A series of eight determinations using this method took about 20 minutes

to perform.

This method presupposes that the analyst knows the approximate volume of
‘acid solution needed per sample aliquot and the approximate dilution

needed to obtain an anceptable optical density reading.



APPENDIX D

Studies of Chloride Levels
in

Coal Gasification Wastgwater
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.The analysis of the chlorides in the coal gasification waste liquor wés
compliéated by various interfe?ring-ions, which were to-be_removed by following
a procedure outlined by Lutﬁy. This consisted of raising and lowering the éH;
as well as oxidation with hydfoéenjperoxide and boiliﬁg to remove the then
vblatilg substances. Results ﬁeré inconsisﬁent, with considerable vériation‘
in replicate déterminations on the same sample. As;an example, three runs were
made with the same saﬁple on 2/5/80. The réshlts varied by 15;32 PPTf 'Combgred
with the geﬂerally perﬁissibie variétibn of 5 PPT, ﬁhe résults were uqécceptable.
Several other attempts were wade, Lut were uﬁauccg§sfnl dug Lu evident poiconing
of the eiectrdde.

After the eléctrode method faiied, an attempt was m;de to use colorimetric
reactions with potassium perménganate. Again, interferences made the‘end point
undetectable. The interfering 1ions reactea with the permanganate, and no colq:
change occurred, even with great excess of silver nitra;g titrant. |

The last method triéd was to raise the ﬁH Qith NaOH to about 10, and then'
dry the sample in an oven. The dried sample was then piaced in a furnace and
fired 80 as to remove all organics.' It was felt thgt any chlorides would be
lefp in khe resulting asﬁ. 1f consistent resqlts could be obtained, standards
would then be run to‘determine the amount of chléridé lost in the process.
Highly inconsisten;»results were obtained, and the process was discarded. One
sample indicated a value of 37.9 grams/liter, while a similar sample, whén
titrated, showed 12.4 grams/liter. It is doubted that the saméles could vary

8o much.
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