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Abstract 

This study focused on the coal gasification facility serving the Holston 

Army Ammunition Plant in Kingsport,· Tennessee. Object·ives were to characterize 

the wastewater produced by the .gasification facility, and to evaluate technology 

for treating the waste in preparation for discharge to the environment. 

Most wastewater was ·recycled for scru}?bing and cooling the product gas, 

with the excess requiring disposal ·found to be an average of oniy 1,170 gallons 

per day (53 gallons per ton of coal, as received, and 366 gallons per million 

cubic feet of pi:l)ducl gas). Chemical characterization of the untrer~t~t:l ~.raste~ 

water was based on approximately 40 samples. Analysis indicated that the 

waste was warm, high in alkaline material,.especially ammonia, high in organic 

material, especially phenols, and also contaminated with other substances. Sul­

fides and thiocyanates were especially high in concentration. 

It was found that pretreatment could be accomplished by stripping (air in­

jection) at high pll, removal of grease and oil (by pH suppression and·light 

aeration) and neutralization. Equations were developed to describe the first 

twn stPp~. 

Biological treatment through activated sludge was found to be successful, 

but effected only a moderate degree of treatment, and was troubled with frequent 

process upset. Attempts to improve treatment efficiency r~nrl st~bility included 

stabilized influent concentration of biochemical oxygen demand (little improve­

ment), chemic~l precipitation in the aeration tank (r~ppr~~ently 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 activ,ated 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 
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activated sludge. 

Evaluation of the application of granular activat~d carbon suggested 

that this could be an effective practical mean~ of tertiary treatment. 

; ; ; 
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Chapter 1 

Introduction 

On.July 24, 1978, the United States Department of ~nergy, through the Pitts-

burgh Energy Technology Center, entered into Special Research Agreement AS2278Et-

00234 with East Tennessee State·University. Appendix A includes a copy of the 

most pertinent provisions of the contract. 

Generally, the contract provided for a study of was~ewater from the coal 

gasification plant serving the Holston Army Ammunition Plant, Holston Defense 

Corporation, Kingsport, Tenn~ss~e. Specific objectives included: 

·1. Characterization of the wastewater flow, physical characteristics, 
and, especial~y, chemical characteristics. 

2. Evaluation of control technology for processing the wastewater prepara­
tory to discharge to the environment, including: 
a. pretreatment 
b. by-product recovery 
c. emphasis on biologic~! treatment, especially by the activated 

sludge process, and considering several treatment ~lternatives, 
levels of pollutant parameters before and after treatment·, loading 
and design parameters, . and investigation of trea"tment kinetics. 

The Holston Coal Gasification Plant 

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

The Annual Report for this study, dated July, 1979. (89) provides a thorough de-

scription of the plant. For the present, only basic data on the Gasificqtion 

Plant and its operation will be noted: 

Year of construction: 1942 

Number oj Gasifiers: 12 

Plant nominal capacity: 132 tons per day of coal; 19 million stand~rd cubic 

feet per day of product gas. 

Pl.:nn ()perati9n: 2 gasifiers, 22 tons per day oi coal, 3.2 million standard 

cubic feet per day of product gas. 

Operation of ihe Coal Gasification Plant was reported to be nearly constant 

1 
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over the ·course of time. However, routine operation involves placing individuat 

e gasifiers in service and out of. service, as necessary to keep two units in opera­

tion at any given time, as.weil as subjecting ga~ifiers to "burn~out" in order. 

to remove acci.nl)ulations :of combustible material. Table 1 gives the history of 

the~e acti~itied during the ~eriod rif this study, as t~k~n fro~ plant o~er~tioh 

records. 

3 



Table 1 

History of Operation of Gasifiers at Holston Army Ammunition Plant 

Gasifier Number 

1 

2 

8 

9 

10 

For .Period of Study 

Date 

4/8/80 

4/9/80 

5/12/78 
9/1/78 
10/5/78 
1'2/13/78 
4/13/79 

6/6/79 
9/5/79 

12/11/79. 

4/9/80 

1/27/78 

12/11/78 
4/11/79 

6/7/79 

9 I U/79 
12/13/79. 

4/9/80 

8/25/78 

10/3/78 

4/9/79 
6/15/79 

4/7/78 

9/1/78 
12/15/78 

6/14/79 
9/7/79 

9/13/79 

Activity 

Placed in service 

Placed in service 

Burn-out 
Taken out of service 

·Placed in service 
Bnrn-out 
Tdken put of service~ 

burn-out 
Placed in service 
Burn-out, returned 

to service 
Burn-out, returned 

to service 
Taken out of service, 
burn-out 

Taken out ol SL·rviu·, 

burn-out 
Placed in service· 
Burn-out, returned to 
service 

Taken out of service, 
burn-out 

Plm.:ed in servh:t! 
Burn-out, returned to 
service 

Taken out of service, 
burn-out 

Burn-out; returned to 
service 

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 service 
Burn-out, returned to 
service 

Taken from service 

4 



Coal for the plant is obtained under long-term contract. It is a metall­

urgical grade fuel, used in pieces about 2 to 4 inches in size: Beginning about 

May 1, 1979, coal began to be received ·froni a new source, and, though similar to. 

coal previously used in many characteristics, was thought by plant personnel to 

yield- increased grease an4 oil in the wast~water. Table 2 provides four analyses 

of the coal,· considered by plant staff to be typical of-the numerous analyses 

actually performed. 

Two decanters·, each serving a side of six gasifiers, receive all process 

waters from the coal gasification plant, but not cooling water. One decanter is 

used to serve the two gasifiers in operation at any given time,. and functions 

essentially-as a settling tank, ·removing excess grease and o~l from the wastewater 

as preparation for recycling the wastewater for scrubbing and cooling _the product 

gas. Data on t·he system are as foJ_lows: 

Decanter dimensions: 47 feet long by 8 feet wide by 11 feet li~uid depth 

(eac;h). 

Decanter capacity: 31,000 gallpns (each) . 

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

5 
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Table 2 

Analyses of Coal Used at 

.Holston Coal Gasifi~ation Plant 

Date of Delivery of Coal 
8/14-8/26, 9/18-10/2, 3/19-4/1, 4/3-4/14, 

1978 1978 1980 . 1980 

As Received: 

Moisture, % 2.9 2.9 4.4 3.7 

BTV/lb. 13,910 14,290 13,640 13,0JO 

Dry Basis: 

Volatile 40.1 40.0 38.5 .38.2 
Matter, % 

Fixed Carbon, 55.6 57.6 56.4 57.1 
% 

Ash, % 4.3 2 .. 4 5.1 4.7 

Sulfur, % 0.8 0.6 1.0 0.7 

BTU/lb. 1'4, :nu 14·, 720 14,2GO 14,360 



Recycle pumps: Three, having rated capacities .of 200 gpm, 375 gpm, and 375 

e .gpm .. Present capacity not known. 

Decanter detention: 0.68 hour, .based on pumps operating at 80% of rated capacity. 

Evaporators: Two units, each ·horizontal cylinders, 9 feet in diameter by 20 feet 

long. 

Evapdrator op~ration: Excess wastewater overflows the decanter into the evaporator 

sump. Wastewater is evaporated, typically three times per 

week in winter, one time per week in summer, with the 

evaporator concentrate (about 2}3 of original volume) 

returned to evaporator sump. From 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 wastewater actually evaporated: Estimated a:t 7,200 gallons per week 

in winter, 2,400 gallons per week in summer, .and an annual 

average of 4;800 gallons per week (685 gallons per day). 

Additionally, some water is removed with the grease and oil accumulations pumped 

from the decanter. Table 3 records the amounts pumped during most of the period 

of study. Plant personnel estimated that the material contained 10% of water, and 

had a density of 9.5 ~ounds per gallon. 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 typically would be added in the 

form of steam and as moisture iu ·the coal. 
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Table 3 

Amount of Grease and Oil Pumped From Decanter 

Month 
July, 1978 

August, 1978 

September, 1978 

October, 1978 

November, 1978 

December, 1978 

January, 1979 

February, 1979 

Narch, 1979 

April, 1979 · 

May, 1979 

June, 1979 

July, 1979 

August, 1979 

September, 1979 

Or. to her. 1979 

November, 1979· 

.December, 1979 

January, 1980 

February, 1980 

March 1 J9RO 

April, 1980 

Hay, 1980 

S.D. 

n. 

Amount Pumped 
(lb.} 

136,999 

119,030 

137,328 

137,872. 

146,435 

·145,475 

158,301 

127,905 

147' 712 

152,939 

153,920 

137,503 

155,552 

. 119,048 

128' 713 

.149' 783 

144,131 

124,869 

114,£61 

133,956 

119,257 

155,446 

126,, 764 

114,261 - 158,301 

137,965 

13' 548 

23 
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CHAPTER 2 

Review of .the Literature 

A nuinber of gasification techniques· ~re among the various coal conversion 

processes that are at various stages of development (3~). Though it has been 

suggested that water pollution from gasification plants may be manageable (2), 

there also are indications tha~ problems with water pollution could oc~ur 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 Wastewater 

Wastewater arising from coal gasification processes has several general 

sources, including water formed by condensation of steam, water formed·by 

chemic.al reaction, water from the quenching of slag and residue and their re­

moval as slurry, water usPrl· fnr cooling, water used to scrub the product gases 

fo~ removal of contaminants, compression condensates, and water of dehydra-

tion (57). 

The quantity of process wastewater may be moderate compared with flows 

from large municipalities. Study done at the Pittsburgh Energy.Technology 

Center (PETC) indicated "cpndensate production" ranging from 1. 37 to L96 lb. · 

of water per lb. 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. consumption 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 

9 



be found in various sources. Generally, pollutant levels vary with the coal 

conversion proces~es that is used (66), the particular coal and its quality 

(lower grade coals tending 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), and 

more. Table 4 summarizes selected data on the chemical characteristics of 

coal gasification wastewater. 

The matter of toxic substances in. the wastewater has been studied, and, 

despite the dev~lopment of considerabl~ data, a full evaluation has riot been 

presented. Uenerally, numerous trace organic compound!; c<~:n bl::! f1Juuu, as w~ll 

as many trace elements (23,24,39,44,S6,62,64,70,75). 

ALTERNATIVES FOR WATER POLLUTION CONTROL 

The major general alternative~ for water pollution control from coal 

conversion facilities include: 

1. Refinement of production process - Optimization of ptoduci::ton 

processes well may include development of means for keeping pollutants 

out of the ~astewater. The refinement of the Synthane process is a 

good example of what may be done (45). 

2. Reuse of \olastewater and Ma.terials - The major possibil~ties for 

materials recovery seem to be phenol, separated by ~olvent extraction, 

and ammonia, removed by a type of stripping. However,_ ammonia recovery 

may or may not be economical, and the recoveted.phenol might be use­

able mainly as fuel, tirtless there was extensive, cu~tly refining~ Re­

use of wastew~ter for scrubbing product gas might require only rather 

simple removal of suspended solids (especially oil and grease) by 

settling and skim~ing, 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 Va~ue 

Forney et al. (22) 1975 Phenols 200-6,000 mg/1 

Thiocyanates 2~-:-200 

Suspended Solids 23-600 

BOD (5 day) 2,500-22,000 

COD 1, 700-43,000 

Ammonia 2,500-11,000 

Cyanides 0.1-0.6 

pH 7~9-9.~ 

PETC (70) 1976 TOC 8,00Q.mg/l 

COD 18,000 

Phenols 3,500 

PETC (74) 1977 Ammonia 7,255 mg/1 

Total Sulfur 185 

Sulfide 10 

Phenols 2,120 .. 
COD 22,200 



requiring treatment and disposal, though the quan~ity would be reduced. 

This recycle may be widely applicable to coal gasification plants. 

Additionally, with higher order treatment, wastewater could be recycled 

for other purposes. 

3. Joint Treatment with Municipal Sewage - At first examination, treatment 

of coal conversion waste in municipal plants would. see~ to have advant-. 

ages (14). In a community of substantial size, th~ coal conversion 

waste might be a minor part of the total load on the treatment facilities. 

Mvnicipal waste would provide nilution and nutrients. However, design 

of the facility would have to be based 011 lu~.:lu~.i.OI'I of the coal convcr·~ 

sion wastewater, so that, for example, adequate aeration could be pro­

vided and an alternative to .chlorine used for disinfc.ction (to avoid 

formation of chlorinated organics, especially,chlorophenols) (61). 

4. Separate Treatment - Generally, it appears reali~tic 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 acco~plished. 

Pretreatment 

Equalization Tanks - Various biological treatment processes operate most 

effectively at constant loading. Thus, if variations in the rate of flow are 

expected, an infltient equaiization tank, sized to permit relaiively.constant 

flow, would be usefui (61). Additionally, if variations in chemical character­

istics are likely, the tank will also serve the functiuri ot m~intaining conato~cy 

of chemi~al composition. Study might well be focused on the improvement in 

quality which might occur in long storage in an equalization tank, and how 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 nitrogen compounds that may be removed by air stripping (10). Ammonia 

stripping in cbmbination with lime precipit~tion ls 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 fertiiizer includes recovery of ammonia nitrogen in the form of common 

fertilizers,such as ammonium sulfate and aqua ammonia, which can be soid or used 

as by-product. Ammonia removal and recov~ry require that the ammonia be in the 

form of a dissolved gas. This means that the wastewaters must be at a high pH 

to accomplish conversioti from ammonium ions to dissolved ammonia gas (37). 

The major objection to ammonia stripping, discharge of ammonia to the air, 

may be overcome with an ammonia removal and recovery method. The process in­

cludes an ammonia stripping unit and an ammonia absorption unit (37). Both of 

these units are esgentially seal~d from the outside ai~ but are connected by 

appropriate ducting. The stripping unit iecycles ~6e gas stream rather than 

using outsid~ air in a single-pass manner. Most of the ammonia discharged to 

the gas stream from the stripping unit is absorbed in the absorption unit, pro­

ducing a much more highly concentrated solution than the original wastewater. 

The absorbing liquid is maintained at a low pH to convert any absorbed and 

dissolved gas to ammonium ions (37). This effectively retains the ammonia that 

has been absorbed and also has the effect of maintaining ~he full driving force 

for absorbing the ammoni9,since dissolved ammonia does not build up in the 

absorbent on. 
An ·introductory· investigation concerned removing nitrogen in supernatant 

from anaerobic digestors (20). With this method, carbon 9ioxide was removed by 

air, and lime \vas used for alkalization, after which ammonia was stripped by 

air. The ammonia was then absorbed in diluted sulfuric 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 (20). This is the ratio between the 

quantity of air supplied per time unit and the quantity of liquid supplied in 

th~ same time unit. An anti-scum agent (defoamer) was used during the stripping 

process. The effect of temperature on the theoretical yield for this pilot 

plant {~ shown in Figure 2. 

Another study involving ammonia stripping was conducted at the National 

Environmental Research Center in Cincinnati, Ohio, in·l973. This investigation 

was conducted using large cooling towers with grids to promote airflow for 

better efficiency in the ammonia strippi~g process. The effect of intluent 

wastewater pH on the efficiency of removal of ammonia was determined with 

wastewater temperature averaging 76°C.. -Influent wastewater pH was varied at 

pH 9.7, 10.5, 11.3, and pH 11.7. The efficiency of removal was 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 approximately 

6 percent. The decreas~ in inlet pH from 11.7 to 9.7, however, produced a 

marked decrease in total efficiency,from 86.2 to 51.8 percent (7). 

Studv a~ the Pittsburgh Energy Technology Center showed that· high tempera­

ture air stripping could.remove 78 percent of free ammonia. Removal of fixed 

ammonia (8) required more severe conditions, including raising the pH to 11 (67). 

Nuefeld, Drummond, and Johnson noted that removal of excess ammonia was a 

necessary part of pretreatment, and used air stripping on a batch basis to reduce 

thP. ammonia concentration from 10,000 mg/1 to 500 mg/1. Concurrent with this, 

alkalinity was reduced by some 80 percent (48). 

Removal of Oils, Tars and Greases - Study at the Pittsburgh Energy Tech­

nology Center showed that depression of pH, plus addition of alum, effectively 

re.duced both suspended and dis solved tars (69). When H2so4 was used for the pH 

suppression, and alum added as a coagulant, oils, tars and greases were reduced 
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by SO percent, and soluble total organic carbon (TOC) by 20 percent. It n6w 

appears that appropriate pH reducti'on, even' without coagulant, reduces oils, 

tars, ·and greases. Filtration was then used (48), though dissolved air flot~- · 

tion was an alternative treatm~nt. Subsequently, the wa~te ~as neutralized (11). 

In anoiher process, Luthy and Tallon (40) used_lime to precipitate Caco3 , which 

was found to reduce oil ~nd grease. The lime. also helped raise the pH to 

facilitate the stripping of ammonia. 

Biological Treatment 

S'!ilv!ilral. rn~.c;i hi I i ti P.R P.xi ~t: 

1. · Waste Stabilization Ponds - The possibility of such treatment was 

suggested by the low polluta~t concentrations found in water from the 

lagoon which received coal gasification wastewater at Morgantown~ 

Other study also noted~'tpe possibility of lagooning, and conside'red 
•. 

it worthy of attentiori (61). 

A treat111ent facility might be similar to the followine: 

a. Natural Aeration Stabilization Pond - Based on arbttrary 

values of four months detention, a water depth of 5 feet, 

and a flow of 5 mgd (for a 250 million· scf/rlay gasification 

plant), approximately 370 acres of stabilization pond would 

be needed. However, actual design values would need to be 

nPtPrminerl. Although such a large area probably would not be 

available at most sites, perhaps it would be possible tu 

increase pond depth :md l,t:~~;~.,;:1, detP,nt"'i on t.i:mc, Additionally; 

it .might be possible to obtain some incidental treatment during 

storage in equalization tanksi suggested as~having detentions 

a~ long as 30 days in particular case~ (61). 

b. Stabilizatio~ Pond With ·Mechanical Aeration - Based on arbitrary 

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

----
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approximately 15 acres would be required for the gagification 

plant des~ribed above (250 million scf/day). Actual design 

values for coal gasification wastewater are not presently 

known. 

2~ Fixed Position Bioiogical 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 advatitages to co~bining a trickling 

filter with activated ~ludge, including the incidental benefit of cool-

ing of the heated process water .. However, forced ventilation could be 

needed in the trickling filter (66). Other possibilities include re-

volving disc biological. contactors. This entire subject remains to be 

studied in greater detail. 

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

regarding application to coal gasification wastewater. Study has 

indicated considerable success in treating such wastewater by activated 

sludge (3). Borne process details include: 

a. Loading - Study done at the Pittsburgh Energy Technology Center 

showed that aeration detention of some six days for undiluted waste 

produced comparable treatment to that 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, removals were over SO percent for TOC and COD, and ove·r 

99 percent for phenols (71) .. Actual loads may ~e ~iiterent . 
. . 

Later ~~udy yielded reciovals of 70 percent foi TOC and 94 percent 
' 

for BOD. 

b. Reaction Kinetics - Several authors have published works utilizing 

similar biokinetics models. In Hater Quality Engineering For 
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Practicing En&ineers, Eckenfelder gave a mathema~ical model for 

determining kinet"ic constants for removal of organic substances 

through b~ological treatment (19). 

Several studies have been performed on sewage, but few 

refer~qces are availabl~ for kinetics of wastewaters from coal 

gasification plants. O~e stu~y w,s done on the kinetics of acti-

vated sludge treatment of "Synthane" fluidized bed gasification 

wastewater by Ronald D. Neufeld, Charles J! Drummond, and Glenn E. 

Johnson (48). Another study was done on a wastewater slmllar to 

that to be used in. this study. The authors, K1chard G. LuLhy <tuu 

James T. Tallon, published their results in July, 1978 (40). 

The binlogical.reaction kinetics model uacd in this study was. 

that presented by Met~alf and Eddy in Wastewater Engineering: 

Treatment, D~sposal! Reuse, 197Y (42). To calcul~Le K5 , the 

rate coefficient, and ~. substrate removal rate coefficient, the 

following equation was utilized: 

xa 
s -s 

0 

= K cs-1) ·+ k-1 s 
(1) 

\vhere: S
0

= influent substrate concentration, BOD, mg/1 

S effluent substrate concentration, BOD, ing/1 

X - cell concentration in aeration chamb~r, 

MLVSS, mg/1 

a - hydraulicc detcnti.on t.ime in the aeratio'n tank 

(vblume/flow rate), days 

This equation exhibits the linear form of: 

Y - mX + B. (2) 

where: m slope of a line graphed· fiom this eqtia~ion 

B y-intercept of that line 
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This makes it convenient-to graphically determine Ks and k. 

This linear form is also useful in determining Y, the 

biological yiel,d coefficient, and kd, the decay coefficient, 

according to the following formula: 

e .--1 = 
c 

Ys -s -k _o __ - d 
xe (3) 

where: 9c= mean cell residence time, days 

-
A study by Luthy and Tallon (1978) ~roduced a yield c 0 .,.. 

efficient of 0.11 and a decay coefficient of 0.02/day. · It 

was stated in the report that the de~ay·co~fficient see~ed 

reasonab1e,but the yield coefficient was lower than expected (40). 

A similar study performed by Neufeld, Drummond, and 

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

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

c ~- Activated Sludge Modifications ·- Most: study has centered on approxi-

mations to co~pletely mixed activated sludge, with limited considera- · 

tion of othe~ po~~ib~lities: 

(l) Two~Stage - This has been the major modification studied, but 

generally ha~, been, fqU,tr~t:,_t.o have little value for coal conver'-
. . .. ·.: .. · 

sion wa~~~ dl ~ 72)> : 

· (2) ~i~h_-:-_~j!:~ity Oxy~~n - Alt~10ugh usually a large·r facility is re­

quired to justify u~e of high-pu-rity oxy~en instead of air, the 

av~ilability· of oxygeri for other purposes at many coal tonverjion 

plants enhances prospects for use. A possible advantage w·ould 

be increased oxygen transfer (66)' facilitating mainten-ance of 

the higher MLVSS leve1s·sometimes specified for coal conversion 

wastes. 
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(3) Return Sludge Aeratioq - This was noted to be of some value 

by Cooke and Graham, though their.data were considered too 

limited to be definitive (14). 

Other points might be mentioned regardirig activated 

sludge. Nutrient addition would include a~ least phosphate 

(66). Acclimated microorganisms are essential, though mutant 

bacteria may show promise. Solids handling and disposal re-

quire additional study (47,61). 

4. Anaerobic Biological Treatment - Study ~t the Pittsburgh Energy Tech~ 

nology. CeuL~•. ~l11.•w!:!tl TOC and COD reduced by 4U percent, ph~!wls by 50 

percent, and color reduced somewhat (72,73). Subsequent study showed 

(41) up to 80 percent reduction in COD using bench-scale anaerobic 

contact di~estors. In related study, long-term (at least 45 d~ys) 

anaerobic treatment made wastewater more amenable to biological treatment. 

Chemical Precipitation 

One of the problems encountered in the· study of coal gasifi~nti~n wRstPwat~r 

treatment has been that, after biological oxidation in the activateil sluileP·IInits, 

the ettluent suspended soiids and volatile suspended solids are relatively h~gh. 

The wastewater; upon withdrawal from the activated sludge units, still contains a 

considerable amount of organic material. Some of this material is in thP. fnrm t;~f 

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

n _ot by lessening cell retention. Additip~ally, t·~·e·:~;:::·~hso remains some organic 
. . . ·.:. ·:,·-'.~-: .\ , .... . ·.:· 

material rhat could be toxic o~ .even car,d.no.g·enic. ··r~.,: hi~ been suggested that, 
..... 

. . . . . . .._.. . . . . ~ 
to remove t.hese organic matert'als~activated carbon: should b~:4tilized. The 

problem with activated carbon lies in the fact that it ·is ea.sil)':·clogged by sus-

pended solids material, which reduces the effectiveness of adsorption by the 

granulated activated carbon. Thus, some means has been needed which could 
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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.~ethod of solids removal seems feasible becatise 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 the coal gasification waste-

water. 

It has beeQ found that bacteria have a charge at the sol membrane interface. 

This charge is anionic or negative in nature; this allows the bacteria to be· 

amenable.to chemical coagulation {with coagulants such ai fetric c~loride and 

aluminum sulfat.e) because in solution a 'positive ion species such as Al+3 or 

Fe+3 will exist. This positive charge will allow 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 polymei as a coagulant, an anionic· (or negatively­

charged).,polymer is usually necessary, along with an alkaline substance, such as 

lime. The floc in the colloid polymer susp.ension is usuafly formed by inter­

particle bridging. The use of an anionic polymer plus a buffer seems most 

satisfactory in high colloid concentrations, although the reasons for this are 

not undeq;tood·. 

Efforts have not been successful in locating literature th~t specifically 

relates to the chemical coagulation 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 exi~t in a hydro-colloidal suspension. These are: · (1) high colloid 

concentration -: high alkalinity; (2) high colloid concentr.ation - low alkalinity;. 

(3) low colloid concentration - high alkalinity; (4) low colloid concentratio~ -

low alkalinity (65). Iri regard to treat~d ~ual gasification 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 de~lt with 

the property of high organic chemical -concentration. These organic chemicals 

may affect the use of the inorganic chemical coagulants, but it ;i.s even more • · 

likely that they may react with the long. chain polymers. This could be a 

I 

positive interaction (such as increas~d chain length to allow for more particle/ 

colloid bridging), or it may hinder the ~olymer by breaking the chain (which •· .•. 

could produce floc too small to settle). ,; 

It has also been established that, with the use of polymers, an optimum- do.se 

ic oS~Qnti~l (&1). Wh~n the iron or. aluminum· salts are used in .dose• greater 

then the optimum dose, usually no harm is done except that excess metal hydroxide 

species may be precipitated out when the_Ksp (sol~bility product ~onstant) is·· 

exceeded (SO). When the polymer dose is increased beyond the optimum one, re'"'· 
'' 

stabilization can occur in which the colloids are re-suspended· into· the ·soi- • 

vent (43). This has especially been evident when bacteria are the colloidal 

partlcles in the hydro-colloid complex (6b). The reaction between the tolloid 

and polymer seems to be stoiciometric in ·nature. 

. . 
Ter.tiary Treatment 

. • 

Discoloration is a remaining· probletl!. Although chemical oxidation has been 

suggested (49,68), activated carbon may be less costly (61). Tertiary treatment 

might be accomplished by sand fi1tra~iori, tollowed by granular acLivated carbon 

in columns. The activated carbon al~u L~~u~~~ TOC, phenol and odor. Although 

carbon adsorptuioi). has been studied for in·trodu~tory treatment, or complete treat­

ment (28,67),and is evidently effective in these roles, it has at least as mueh 

promise as a tertiary treatment (4). 

Various treatment schemes utilizing granular activated carbon have been 

tested-on process effluents from coal ga~ification operations. In pildt. ~lari~ 

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

were removed upon direct apptication of ac.tivated carbon in a fixed-bed reactor 
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to condensates fr.om coking and· gasification plants (36). However, these high -

efficienci'es· were_ obtai-ned with adsorbate -loadings of 85 Kg c~rbon/m3 -condensate 

and a inax~lilum throughput of 300 liters/hour·. 

Commercial designs -suggest: a ,70% ·carbon _conversion for the gasification of 

coal in ·a- large scale- operation. Thus, f6r each pound of coal gasified, O.J 

pounds of solid waste remain. _Char adsorption, which utilizes this solid residue 

(char) td adsorb contaminants from the gasifier's liqtiid waste, has been investi­

gated (17). typical cha~s and wastewaters from the Synthane- pr~cess.were·used 

in this study. Average char surface area from the Synthane Process Development 

Unit was 330 ~2 /g, o~ about one7third-the surface area of activated tarbori~. 

At a loading r~te of· ten pounds of condensate throughput per pound of char, phenol 

removal exceeded 99% (approximately j mg/1 phenol in the effluent) while COD and 

TOC remova~s were approximately 90% (1,500 and 680 mg/1 in the effluent respect­

iVely)~ 

Activated: sludge· processes are preferable to physical-chemical processes 

due to higher treatment efficiencies and ease of c.ontrol (S). Yet effluent 

levels of ph~nolics, BOD, and TOC ~xceed allowable limits, so that further treat­

ment will be required if discharge into the environment is anticipated. 

It appears that no single operation will successfully treat the gasification 

wastewaters, and, at the same. time, be economic-al_. One possible solution to 

this ~roblem is the ·applicatioti of activated carbon to the aerobically oxidized 

wastewaters. The use of activated carbon is not only simple and convenient (52), 

but also the cost of -its a~plicatiort is relatively low as compared to other 

advanced treatment schemes (15). 
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Chapter 3 

Methodology 

Sampling 

After the early stages of the study and the development of procedures, 

samples were collected at intervals of approximately one month~ Samples were 

obtained near the discharge end of the decanter in service, using a scoop 

attached to a long handle. This sampling point was selected since it combines 

virtually all wastewater, is accessible; appears to contain well-mixed liquid, 

and. bej.ng subsequent to settling, provides maximum consistency in sample 

characteristics. The location wa1:; fuitlret· identified ac being at t!lP Hnl ston 

Defense Corporation, Coal Ga~lflcatiot1 fncility·t Butlding 10. S:1mpl P. was ~laceo 

into two or three tin-coated, steel containers, using a funnel. Note that other 

containers; especially glass bottlies having capacity 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 us~d for samples for special purposes (cyanide, 

sulfide, and thiocyanate). Routine procedure also provided for inquiry to be 

made regarding plant production, amount of coal used, variation in operation, 

and the presence of any special .conditions. However, the ~nswers were always 

the same, since ihe plant was in stable operation. Upon arrival at the labora­

tory, sample pH ~as determined immediately. 

Table 5 gives sampling data. 

Small-scale 3tudies of Prctrcatm~uL 

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, a.nd length of time of treatment. The general tech-
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Table 5 25 

Data on Sampling \.fastewater at the 
Holston Coal Gasificati?n Plant. 

Sample . Date Amount Wastewater 
Number Collected Collected· Temperature 

1 10/10/78 3 lit.ers 56 oc 
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 u.s. 
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. 3/26/19 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/B/79 40 
33 11/26/79 40 45 
34 1/7/80 40 53 
35 2/21/80 40 54 
36 l./') /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 

.!!. Year 1 19 16 
Total 30 25 

Mode Year 1 20 55 
Total 40 '4 



nique was to maintain three variables constant at l~v~ls expected to be generally 

satisfactory,. while systematically varying the value of the fourth parameter. 

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

pH to 2.0 using concentrated H2so4 , and stored in a closed container kept 

refrigerated at 4oc. 

The apparatus for these tests is shown in Figure 3, Sample was poured into 

a closed flask, and this was placed in a water bath controlled at a pre-set 

temperature. The flask contained SO ml of· preserved raw sample, plus three 

drops of defoamer (O.S% dilution by volume of Nalco 71-DS). Air was.injected 

from an installed air source~ and measured by an air-flow meter (rotameter). 

After treatment under the cond{tions prescribed for the part~cular test, t~e 

ammonia nitrogen concentration was determined, so that the percent' reduction in·· 

ammonia nitrogen could be calculated. Exact condi~ions included: 

1. Study of aeration rate: 
liters of air per minute 
temperature at 70°c and . , 

Aeration rate was vari~d at S, 10, lS, and 20 
per liter of sample, while ~H was held at 10, 
time ~t 30 minutes. 

2. Study of temperature: Temperature was varied at SO, 60, 70, and 80°C, 
while pH was held constant at 10, time at 30 minutes, .and aeration rate 
at 15 lite.rs/minute/liter of Sal11Ple. 

3. Study of pH: The pH was varied at .9.0, 9.25, 9.~. 9.75, 10.0; lO.S, 
and 11.0, while time was held constant at 30 minutes, aeration rate at 
lS liters per minute per liter of sample, and temperature at 70°C. 

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

After e9ch test, the pH of the sample was lowered to 2.0, using H2 so4 ~ 

and it was kept refrigerated at 4°C until analyzed, which generally was within 

24 hours. Note that each test was done in duplicate. 

Small-scale Studies of the Removal df Grease and Oil - Somewhat similar, 

though less extensive tests were performed in an attempt to evaluate the c·on-

ditions related to removal of grease and oil. Again, the gerieral procedure was 
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to hold one parameter constant, while varying others. The grease and oil 

concentratiort remaining after ea~h test was deter~irt~d, in order that.the per-

cent reduction could be calculated. The specific conditio~s studies wer~: 

1. . £!!: 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 ~ours, and aeration not used. 

2. Aeration rate: . Aera~ion rate. w~s varied at 0.4, 1.0, and 1.5 liters 
of air p~r minute per liter. of sample, while pH wa~ kept constant at 3.0, 
and length of time of treatm~nt at 30 minutes. 

Pretreatment of Batches of Wastewater For Use 

Ao Influ~nt to Binlnei~~l Treatment Units 

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

ammonianitrogen by an air stripping procedure. Although v.;~rious apparatus was 

used early in the study, the final equipment used for stripping was the modified 

.bottom portion ·of a hot water heater, the top having been cut away to permit use 

under an enclosed exhaust hood. ·Figure 4 sho~s ~his equipment. Capacity of the 

unit was approximately 40 gallons. Air was used from 11rt installed source~ and 

delivered through flexible tubing ( ·1 inch diameter)·,. through a high-capa~ity 

air flow meter (rotameter) to perforated tubing located· near the bottom of the 

tank. 

Using 10 N NaOH, the pH of the wastewater was raised to approximately 

9.75 or ·greater. The pKa of ammonia ::i.s 9.75. Usually, wastewater. in the stripp...: 

ing container was heated to approximately 70°C, after which aeraLion, at. the ·rate 

of some 10 to 15 liters of air per minute per liter of sample, was applied. 

Heating Rnn ~P.ration were cont~nued fo~ 30 to 60 minutes, during which the 

temperature generally fell considerably, perhaps to 50°C (due to low heating 

capability). To minimize foaming during the stripping, four, 5 ml portions of 

concentrated Nalco.a:nti-:-foam, 7l..;.D5, were added to the wastewater. An impro-

vised cover also was used to minimize splatt~ring .. A typical batch was 

approximately 30 tb 40 liters in initial volume. 
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Figure 4 
Equipment f or Stripping Ammonia 

from Batches of Was tewater for Influe nt to 
Biologica l Treatme nt Units 



Removal of Grease and Oil - After the stripping, the wastewater was treated 

with a mixture of 20% concentrated H3Po4 and 80% concentrated H2so4 , to lower 

the pH to 2.5 to 3.0, and also to provide nutrient phosphate for subsequent 6io­

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 rat~ 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 remuvetl Ly ::.eLLliug 111 tl e 

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 wlth a lola! capacity 

of 7.'> litPrs 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 
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Figure 5 
Settling Chamber Used in Removal 

of Grease and Oil 
from Batches of Wastewater 
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a maximum of 0.25 cfm, influent can be va r ied up to 14 gallons per day, and 

suspended solids, con t ained i n the mixed liquor, may be removed at a fixed rate 

of 100 ml per minute. Figures 6 and 7 are diagrams of the apparatus and the 

control console respectively. Figure 8 shows the apparatus, as used in the study . 

Units were started by adding a sma ll amount of mixed liquor, brought frozen 

from laboratory-scale _a ctivated sludge uni ts treating Synthane wastewater at the 

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

study (89) gives details of early operat ion. However, Figure 9 shows the varia-

tion in the amn11nt of pretreated waste in the flow, with time, during the period 

of this .study. The il.io 0Jtid a tion 11n i t. s drew wastP from an influent reservoir , 

with a capacity of 32 gallons, serving each unit. The rccorvoir sPrving 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 simil a r, 32 gallon effluent reservojr alyo was used for each 

Bio-Oxidation unit. 

Details of the basi c operation of these activated sludge units was as 

follows: 

1. Addition of pre treat ed wast ewater - For each Bio-Oxidaiion unit~ a 
measured ~mount of pretrea t ed wastewater was diluted with enough 
tdp WaLeL to provide 7.~ l iters for each day's feeding. The amount of 
pretrP.ated wastewater add ed gPnerally wac gre<~ ~Pr fu1 Unit 1 th;~n llni t 
2 throughout the second yea 1 uf 3tutly bern11s~ of the higher loading 
potential made possible by Unit l'Y additional aPration pond. 

2. Use of defoamer- A defoame r, Nalco 71-D5, was found necessary to limit 
foaming to an acceptable l evel. Until tbe end of SeptP.mber, 1979, one 
milliliter of a 0.5 pPrccnt dilut i on of defoamer was added to the in­
fluent dilution for the unit s for each 10 milliliL~rs of preLte~ted 
wastewater in the mixture . I n November , 1979, the amount of defoamer 
added per 10 milliliters of pre t reated wastewater was decreased by 
one tenth of the original ::~moun t e ach day to determine the miuimum 
~uorP.ntration of defoamer required to maintain low foaming conditions. 
It was found that a concentr at ion ot 6.7 millilitcrc of rlPfoamer per 
10 milliliters of wastewater was a practical minimum. Defoamer conditi~~s 
were thus maintained at this level through the end of the study. 

3. Hydraulic detention - Each laboratory scale activated sludge unit ha d 
a capacity of 7.5 liters. 
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Schematic Diagram of 
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Source: Horizon Ecology Co. (33) 
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PARTS OESCRI~TION 

1) CONNECTIONS FOR AIR SUPPLY 

2) AIR SUPPLY FLOWMETER WITH FLOW CONTROL KNOB 

3) SYSTEMS CONTROLS (FROM TOP TO BOTTOM) 
A) EFFLUENT AND INFLUENT ON/OFF .AND FLOW CONTROL 
B) SOLIDS IN SUSPENSION ON/OFF 
C) AIR SUPPLY ON/OFF 

4) LOCATION OF PUMP FOR SOLIDS IN SUSPENSION (7017-20) 

5) LOCATION OF TWO PUMPS 
ItiFLUEtH USES 7017-20 
EFFLUENT USES 7018-20 

Figure 7 
Diagram of Console for 
Bio-Oxidation System 

Source: Horizon Ecology Co. (33) 
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Figure 8 
Bio-Oxidation Systems in Use 
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to such conditionsas occasional tubing blockage, but daily mainten­
ance kept the detent ;ion time. relatively constant .• 

4. Aeration rate- The aeration rate into the aeratioptanks of both 
activated sludge units was maintained at approximately 500 milliliters 
of air per minute~ · 'l'he aera'tion rate for the. aerated pond serving·. 
Unitt was maintained between 1,500 and·2,000 miililiters per mi11ute. 

· The aeration rates were checked and adjus~ed each week. 

5. Sludge reserve ("bank'.') - Ten to fifteen liters of waste activated. 
sludge were kept in a 20 liter glass carboy referred to •s the sludge 
reserye, or "sludge b~nk", 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. mixed 
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~ . 
Apprmd.mately. two li·ters of tap water also were dripped back into the 
system slowly...: over a period of a few day~ during each week. 

6 •. Addition of sludge to .biological treatment.units- At various times, 
low solids levels in the activated ·sludge units required that sludge 
be added to the aerat"ic5n tanks to maintain effective treatment. The·. 
gene~al proced~re involv~d suspending the· wasting of sludge; pedtaps 
for several weeks, to evaluate recovery .. · Subsequently, if·necessary, 
influent would be stopped and a.eratio·n turned off, in order _t_o permit 
settling, for approximately one hour. Then, the appropriate amount 

. of supernatant was d:rawn off, and an equivalent volume of liquid 
added from .the sludge reserve. Additions from the sludge reserve·· 
included: 

.·Volume (liters) added to· 
Date Unit 1 Unit 2 

4/5/79 . 0.5 1.5 

4/'1.6/79 0.5 . o.s 

10/19/79 3.0 

11/27/79 2.0 1..0 

3/5/80 1.0 o~s. 

5/26/80 1.0 o.s 
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7. · .Analyses and measurements used for routine operation - The pH a~~ 
dis.solved oxygen concentra.tion were measured once each week in the J .~ ;l' 

aeration tank of each activated.sludge unit, as wellas in the 
aerated pond preceding Unit .1. See Table 6 •. ·Addition·ally, flow 
rate and· aeration rate also were measured each week, and adjusted 
to ~aintain proper leveis ·of these p~ram~te~s. Though temperatu·re · 
was expected to be relatively· constant, it· was measured,· as 
appropriate. For regular operati~n, influent and et:fluent biochemical r' 

· oxygen demand were measured, as w'ell 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 tnO!atment were aa follow&: 

1. Ac.tivated sludge,. without modificatf,.on ...; The study of biological treat-

ment in the first year was limit~d to basic operation of the laboratory 

scale. ac'tivated sludge units,.. without modifications to stabiliZe treat-

ment. The basic operation.in this mode already has been described. 

Various loads we·re tried~ the characteristics of the pretreated w~ste-

water in the influent varying, especially early in the study when ,:;amples 

were collected from the Holston Coai. Gasification Plant rather frequel}tly 

(approxiniately e.veey week). The effectivenoss of tre.;~tment was evi.\lt1~U;ed 

by determining the.levels 9f various parameters in the influent and 

effluent. Conditions related to process upset were observed. 

2. Activated sludge preceded by a·erated waste stabilization pond - This 

was studied as one means of s~abiliiing treatment in the activated 
.. 

sludge unit. However, an· .artificially a.erated. waste stabilization pond 

also might have potential as the uiajor means of biological treatinent 

used. Basic information on the unit has been given already. A hydraulic 

detention of two \7eeks was obtained by maintaining aliq,uid.depth 

corresponding to a capacity of 105 l:iters. The pond was started. by 

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



was in a 32 gallon container. A small a era tor provided 1, 500 to· 2, 000 ml per 

minute of air to the wastewater in the pond through a diffuser. The influent to 

Biological Treatment Uriit 1, was drawn from mid-depth of the pond. Operation of 

the pond was monitored by measuring, _each week,· tlie dissolved oxygen concentration~ 

pH, and air. flow,· as well as by ·analyzing samples of·influentand effluent for 

several pollutant parameters.· .Influent was . taken to be ·the pretreated :wastewater 

diluted with tap water, with defoa~er already added .. · Effluent was taken to be 

the pond contents, sampled at mid-depth •. 
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Table 6 

·Dissolved Qxygen and pH in 
Biological Treatment Units 

Dissolved Oxygen (rng/ 1) EH (urd.ts) 
Unit 1 Unit 1 Unit 2 Unit 1 Unit 1 Unit ·2 

Date Pond Bio •. Bio. Pond Bio. Bio. 

10/12/78 . 7.1 
10/13/7.8 8.5 9.~ 
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 
ll/'J/7'tJ 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 
II/17/7R ·R.'J R.l 7. 3 7.2 
11/i'I//H l.H H. 'J I. I 7. 'I 
ll/2H/7R 7.2 7.4 
12/1/78 7.2 5.0 7..0 7 .o 
12/5/78 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 
3/'1 /lY .· 6.8 6.8 7.3 7.3 
4/9/79 .7 .o 7.1 7.3 7.5 
4/27/79 7.3 6.8 6;9 7. 1 
5/3/79 b.ti 6 ,l, 7.0 7.0 
~/'ll/7Q 8,?, 7./1 · 

5/29'!79 8. 1 8;3 
6/28/79 7.5 6.5 
7 /U/79 7.9 7.0 
IU/S/79 7. M 8·~ 9 5.3 6.8 7.1 7.0 . 
10/9/79 1.1 7.4 1.2 fl. 7. 7.0 6.9 

' '' ! 10/18/79 6. 1 7.9 2.0 6.7 6.7 6.3 
10/23/!9 0~2 6.2 3.2 b.b I. 1 b.Y 
11/6/79 8.9 8.2 1.4 7.0 7 .o 6.7 
ll/13/79 8.7 9.2 8.4 .7.3 7.2 7.0 
11/19/79 ·4.1 7.4 ?..5 7. l 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 7.4 7.1 7.8 6.7 7.0 7.1 
1/30/~0 9.2 5.2 8.5 7.0 . 7.2 7.0 
i/8/80 9.0 9.0 8.0 6.8 7.2 7.0 

. 2/15/80 7.7 4 .. 9 . 6.8 . 7.0 7.4 7.3 
.-. 
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2/22/80 . 8.5 8.5 : 8.2" 7.0 6.8 7.0 / 
2/29/80 3.7 5.0 7.9 6.9 7.2 7.0 
3/5/80 1.8 4.4 6.9 7.1 7.3 7.1 
3/19/80 2.9 4.2 2.2 7.4 7.1 6.6 
?/26/80 . 1.0 4.0 3.7 6.4 ·7.3 6.5 
4/2/80 4·. 5 8. 3. 7.8 7.1 6.6 6.9 
4/9/80 5.7 .8.9 7.7 6.8 7.0 7.1 
.4/17/80 4.6 1. 4. a·. 8 7. 7· 6.9. 6.9 
4/23/80 7.2 3.4 4.8 7.2 7.5 6.8. 
4/30/80 0.5 7.9 5.8 6.9 . 7.1 . 6.4 
5/7/80 7.3 2.5 4.5 . 6.9 6.8 6~6 

5/14/80· 2.1 2.4 6:0 7:3. 6.6 6.4 . 
Si21/80 

/ 

6.1 6.8 . . 6.6 ·8.5 . 7.1 6.3 
5/28/80 . ·6.2 1.2 8.5 ... ·7. 2 7.0 .6.0 

6.5 - 5.0 -. 6.4 - . 6.4 -· 
Range .Year 1 8.7 9.5 7.5 . 8. 5. 

0.2·- 0.5 - 0.8 - 6.2 - 6.4 - 6.3 -
Total 9.2 9.2 9.5 8.5 7.5 8.5 

:He an ·-Year 1 7.6 7.~ 7.1 7.2 -- ·Total 5.3 6.7 6.3. 7.0 7.1 6.9 

s. n·. Year 1 0.7 0.9. 0.25 0.41 
Total 2;9 2.1 2.3 0.4 0.24 0.41 

n Year 1 27 25 17 17 -··· -·---
Total 29 56 54 . 29 46 46 

~lode Y cit r I 6.5,7.4 . 6.8 .. 7.3 7.0,7.1 
Total 7.4 6.8 7.0 7.3 7.0 

\ . 
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3. Activated sludge with st~biliied infl~ent concentr~tion of B.O.D. - Late 

in the first year of study, this mode of operation was attempted in 

order to simulate the effec·t of ~orne technique dampening variations in 

the concentration of pollutants in the wastewater. Examples of ways 

that such variation· could be reduced would ~ncltide higb recycle and 

perhaps use of an equalization .tank.· In this procedure·, wastewater was 

diluted as necessary to provide·a constant influent concentration of 

BOO, initially selected as 500 mg/1. Loadin~ rates were. calculat~d, and 

levels of various pollutant ·parameters were determined in both the 

biological influent ond effluent. 

4. Chemical precipitation in aeration tank ~ During the period of study 

of this alternative, Unit 1 was operated BS usual, except that alum 

was dosed to the aeration tank. The do~e ~as expr-essed as mg of alum 

per day per liter of aeration tank volume. This volume was t,aken to 

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

Period 

1/16/80-1/29/80 
1/30/80-2/19/80 
2/20/80-6/30/80 

Alum Dose 
(mg/day/liter) 

20 
10 

5 

The effluent from the biological treatment unit was provided with 

supplementa~y settling, in addition to that occurring in the settling 

well of the uni~. In particular, solids levels (suspended and volatile 

suspended) were measured in the e££1uent. Addit~onally, toadings were 

determined, llt'ld influent .:md efflu~:~nt' cuuc~.~uLJ.:ali•::.ns m~.:s~.•mr ... f-1, 

5. Activated sludge, with effluent chemical precipitation - Unit 1 was 

operated in the usual manner, except that the effluent w~s subjected 

to chemical precipi·tation. s·mall scale studies provided general i.nforma-

tion on the coagulant to be preferred (FeC1 3 , rather than alum),an\i 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 liter'S 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/1 to ·the 
wastewater, during the stirring procedure. 

e) After complete mixing had been accomplished (approximately 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 botto~ 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 ~uspended solids and volatile sus­
pended solids •. 

.j) The effluent from the coagulation container was neutralized with 
1.0 N NaOH to be ut~l~zed in further analysis. 

·6. Joint treatment with municipal sewage ("cometabolism") -For this phase 

of the study, a specialized apparatus was assembled. Included were. an 

aeration tank (g~ass jar), with a volume of 3 liters at the fill line~ 

and .a· subsequent settling tank, having a liquid volume of approximately 

3 liters. An.aquarium aerator was used to supply air through a 

diffuser, and a magnetic stirrer helped to maintain the biological floc 

in suspension. Influent to the aeration tank was primary effluent, 

collected as. needed from the Johnson· City ~rush Creek Sewage Treatment 
I 

Plant, with the appropriate content of pretr,eated coal gasification 
t·...... . . 

. wastewater. Feed was.>provided by a perist~~ic pump, set to· deliver 3. 
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liters in about 20 hours, for a detention of 0.83 day (20 hours). 

Pretreateq wastewater was·refrigerated at 4°C until used.· Start up_ 

of the unit involved addition of mixed liquor from the aeration tank 

of the Biush Creek Plant, supplemented by a small amount of activated 

sludge from ~he co~l gasification sludge reserve. The schedule of addi-

tion of wastcwatcr·was as follows: 

% of Total Wastewater 
Date Primary Effluent Pretreated Gasification 

3/5/80 
4/7/Rn 
t,/14/80 
4/22/80 
4/28/80 
5/5/80 
5/12/80 

100 
99~9R 

99.96 
99.94" 
99.9 
99.8 
99.7 

0 
0.02 
0.04 
0.06 
0.1 
0.2 
0.3 

The air flow to the aeration tank was 2,000 ml/minute, with an additional 

1,350 ml/mintite being used in the airlift provided to. return secondary 

settling solids to the aeration tank. Operational tests included 

dissolved oxygen, pH, fempeiature,.suspended solids,. and volatile sus-

p~nded solids, all on the mixed liquor, as well as tests on both the 

influent and effluent to estimate the cll:!grt;!e of trE:al;ment being prQv.i.ded, 

Biological Reaction Kinetics 

The.basic 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 

MLVSS (X,mg/1) 

Cell detention 
(ec, days) 

f>!nclP.l For DPtPrminine. 

Perform test for nonfilterable volatile 
residue ··on mixed liquor 

M11ltiply Ml,VSS, in m.e/1, by 7.5 litPr~. 
Divide product br total mg/~ay.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. 
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Item of Data 

BOD of the Influent ahd 
Effluent (S0 and S, 
respectively, in .mg/1) 

Hydraulic Detention 
e ' days) c 

Model For Determining 

Determine 5-day biochemical oxygen demand 
on influent and -effluent. 

Divide aeration vojume, 7.5 liters, by flow 
rate, i~ liters per day, based on measurement 
of amount delivered in, a measured time. 

·It is essential to the effective use of this proced~re that the cell 

retention be controlled, that it be maintained at each selected value fot a 

sufficiently long time to obtain stable conditions in the effluent and that rriul-

tiple data poi.nts may be obtained. Subsequently, the procedure is as follows: 

1. The bas{s is the equation: 

= ~(-1-)+ _j_ 
k s k 

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

Using linea~ graph paper, y = X 9 is plotted ori the ~ertical axis, versus 
1 S0 S 1 

x = s on· the horizontal axis. Following linear regres.siuu, k, and thus k, is 

found as the y iniercept, and Ks, and thus Ks, is fouhd as. the slope. 

k 

2. The basis is the equation: 

H9re, Y is the biological yield coefficient, and kd is th~ deca~ coefficient. 
1 

Using linear graph paper, y = ec is plotted on the_vertical axis, versus 

X= S
0

-S On the horizontal axis. 

x e 

Following linear regrccc.ion, -kd is fo11nd 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 carbon adsorption in the treatment of wastewater produced 

during coal gasification. Thes.e comments focus on determining criteria for 

optimizing equilibrium adsorption. 

Effluent from the Biological Oxidation Unit 2 was used as the. primary 

source of waste sample in this study. To evalu~te the degree of adsorption, 

total organic carbon (TOC) analyses were performed. 

Th!:! wasre sample was initialiy investie::~tl?d, to determine if ehang8t> lu pH 

altered, to a significarit extent, the solubility of various components therein. 

Parameters employed to determine if precipitation oC'.c!Jrred· with ch.:mgcs in pH 

included total residOe (TR), non-filterable residue (NFR), and TOC. 

Subsequent to this preliminary work~ actual adsQrption testing was performed. 

The contact time required for the establishment of equilibrium conditions be­

t,.;een the. carbon and the waste sample was determined. . Next, tests were condur.terl. 

to determine the effect of waste sample pH on the activ~ted carbon's adsorption 

capacity. Equil:l.briurn aclsorption isothermo (carbon dosage tests) were then 

dev~lqped to p~rmit calculation of the equilibrium adsorption capa~ity~ 

Concurrent w±th these studies, tests were performed to measure the effectfv~­

ness of various methods of preservation of. f:i.J.ter.ed effluent from Biological 

nx1da~ion Uriit 2. 

Waste samples were colletted from the effluent stream of.Biological Oxida­

tion Unit 2. For each of the three equilibrium tests .(contact time, pH variance, 

and carbon d'osage), a sufficient volume of sample was collected to allow trip) i.ca­

tion of the parti~tlR~ procedure uoing the same yuallty of .waste sample. The 

TOC, TR, and NFR of the waste sample were measured at collection. The bulk waste 
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samples were then filtered through fine pore Gelman glass fiber filters to 

remove suspended material. 

Waste samples were generally used within 48 hours .of the completion of 

coll"ection. Wastewater sample not innnediately used was stored in 5 gallon cans 

at approximately 4°C, and sample thus stored was allowed to achieve room tempera­

ture equilibrium prior to testing. 

Calgon Filtersorb 300 activated carbon was used in the adsorption tests. 

Physical characteristics of this.carbon have been provided by Calgon Corporation· 

and are listed ~n Table 7. 

The carbon was prepared by washing with.hot tap ·water to remove. fines. 

These fines accpunted for less than .1% (by weight) ·of the carbon. The carbon was 

then dried at 105°C for· 72 hour·!i and cooled in a desiccato1;. Particle size 

distribution of·the desiccated carbon was determined using U.S. Standard Sieves. 

The results of this determination a~e.listed in Table 8. To ex~edite the onset 

of equilibtium, a blender was used to grind the carbon sm~ll eriough to pass 

through a 1/325 U.S. Standard Sieve (0.44~m). 

47 



48 

Table 7 

Physical Characteristics of Calgon Filtersorb ·300 

Characteristic Unit Value 

Sur'face Area (N2, BET Method) '1. m /g 950-1050 

AppBrP.n.t Den~ity g/cc 0.40 

1b/ft 3 
30 

Particle Density (Hg Displacement) g/cc o. 75 

Real Density (He Displacement) g/cc 2.1 

Pore Volume (Within Particle) cc/g 0.85 

Voids in Densely Packed Column·- % 36 

Table 8 

Particle Size Distribution of Washed Carbon 

u.s. Stariuau.l Particle Size . ~ of Sample 
Sieve Number (mm) (x) 

x) Ill 0 x') 2.00 3.0 

"11.1 0 ) x>ll14 2.oo> X >1.41 40 

/114"-'} X > /118 1.41>- X> 1.00 20. 

II 18) X> f/25 Lou> x>0.707 7. 

/f25? X 0.707> X 3 



TOC determinations were performed by the Tennessee Eastman Company, Kings-

port, Tennessee. Generally, treated samples were analyzed within 8 hours of 

carbon contacting. Samples were stored at 4°C in tightly capped vials until 

analysis: 

The procedure for preparing the. treated samples for TOC analysis :involved 

removing inorganic carbon by acid sparging. Typically, a 25 ml portion of sample 

was treated with 2-3 drops of 50% HCl. Pre-purified nitrogen gas was then applied 

for approximately three minutes to purge carbon dioxide from the sample. 

Two Model-915Beckman Total Organic Carbon Analyzers with Beckman Hodel 

215B Infrared Analyzers were used in the analyses. One· was calibrated "in the 

range 0~2000 mg/l Tti~, and the othe~ in the range 0-100 ~g/1 TOC. Any sample· 

containing less. than 100 mg/1 TOC was analyzed on the TOC calibrated in the 

lower range. 

Purified oxygen·at a flow rate of 150 cc/mi~ served as the carrier gas in 

both analyzers. Duplicate injections of 20~1 of sample were used to determine 

an a~erage peak hei~ht. 

Pr~liminary pH Test~ - Since t~sts 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 of the waste sample. The pH of eight, 200 ml aliquots of 

waste sample was varied from 4 to 11 in increments of 1.0 pH units using 0.1 

N H2so
4 

and 0.1 N NaOH. Since less th~n 2 ml of acid or bise were required for 

ea.ch adjustment, no dilution correction was perfor~ed. ·Samples were then agi-

tated in capped .300 ml BOD bottles for 60 minutes. After agitation, 50.0 ml of 

each treated sample were analyzed for TR and 25.D ml for NFR. 

Preserv~tion Test - A test was developed to determine the effect of various. 

methods of preservation ori th~ TOC ~onc~ntration. A ~hree-liter p~rtiqn of waste 

sample was filtered and divided into three one-liter aliquots. One aliquot was 
.. 

sto(eu at ruum t~mperatute in a Parafilm-covered amber bottle. The second aliquot 

49 



was stored in a ground glass container at 4°C. The third aliquot was treated 

to contain 40 mg/1 HgCl and likewise stored in a ground glass container at 

4°C. At. timed intervals, 50 ml portions were removed from each container, 

filtered, and analyzed for toe. 

Contact Time Equlibrium Test- Thepurpose of this test was to determine 

·the extent of adsorption with respect to the time the sample was in contact with 

the activated carbon. From a plot of TOC versus contact time, the point at 

which equilibrium is established was estimated. 

Into each of eight 300 mi BOD bottles, 1.000 gram of prepared activated 

carbon was analytically weighed. Then, 200.0 ml uf filtered waste sample wer'~ 

volumetrically mea!5ured into each uf the bottles. 
. v 

The containero were then 

agitated, and, at specified intervals, treated samples were removed, filtered 

through Gelman glass fiber filters to remove carbon particles, and stored in 

polyethylene capp~d vials at 4°C until analysi~. 

This procedure was performed in triplicate. 

pH Variance Equilibrium Test - This test was conducted to determine the 

optimum pH (or range of pH values) for maximizing the adsorption capacity of 

the carbon. 

Generally, 0.5000 gram of prepared carbon was weighed into each of eight 

300 ml BOD bottles. The pH of 200.0 ml aliquots of filtered waste sample was 

adjusted from 4 to 11 in increments of 1.0 pH unit u~ing 0.1 N H2So4 and 

0.1 N NaOH •. The waste samples were added to the boti:les and aglL;itted fo.r the. 

time period previously determined. AfL~L reacting, thG carbon was separat~rl 

by filtration and the treated samples prepared for analysis. 

This procedure was triplicated. 

Carbon Uosag.e Te.st - Tu ~::;Llmate the ultimate cap.acity of th~ r.<~rhon for 

the adsorbable components in the waste sai!Iple, carbon dosage tests were performed • 

. In this test, varying amounts· of carbon were used to ·treat constant vol11T11es 
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of waste sample. From 0.01 to 1.00 gram of prepared_ carbon was analytically 

weighed into seven, 300 ml BOD bottles. The waste sample pH ·was adjusted as 

defined in the previous test. Haste sample in 200.0 ml_aliquotswas added to 

the seven containers. An additional BOD bottle containing 200.0 ml of waste 

sample serv.ed .as a blank. The cortt<iiners were agitated until equilibrium was 

a~hieved. Treated samples were removed, filtered, and· stored as ~escribed 

above. 

This procedure was performed four times. 

Analytical Methods 

Analysis was instituted promptly in the project laboratory at East Tenn-

essee State University. The pro.cedures used were those specified in Standard 

Methods For the Examination of Water and Wastewater (1), 14th edition, using 

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

Analysis of Coa]- Gasification Wastewater (38). Ho~ever, adapted methods were 

used for sulfides and th1ocyanates. General descriptions of proced~res used 

are as follows: 

1. Alkalinity - The procedure utilized was potentiomet~ic titration to 

a pre-~elected pH. Because of the turbiduty ~nd color present in the wastewater, 

it was not possible to use the color ind{c~tor endpoiht for titration~ The pte-

sele~ted pd of the endpoint ~~R 4.1. A 50 ml sample wa~ titrated with a stand-

ard 0.02 N H2s·o4 solution until the endpoint pH was ·reached. The amount of 

. . 
alkalinity was 

used; and the 

then calculated using 

normality of the acid, 

ml of acid.X N X 50,000 
ml of c.:tmpla· 

the amount of sample, 

with a multiplication 

alkalinity 
mg/1 

amount of titrant 

factor of 50,000. 

,i' 

. :. ·~:. 

2. Ammorlia Nitrogen - The samples were preserved· by adding sulfuric acid· 

to a pH of less thari 2. The sample flasks were steamed until there was-no 

,. 
', ~ J, ! . 
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ammonia present. The samples, in 35 ml portions, were filtered through a fine 

glass fiber filte~. Borate buf~er solution (25 ml) was added to the sample, and 

the pH wa~ adjusted to 9~5 with 6 N NaOH. The sample was then distilled with the 

Kjeldahl apparatus (See Figuie 10). The distillate was then collected below a SO 

ml portion of boric acid indicator solution in a 500 ml Erlenmeyer fla~k. After 

300 ml were collected, the outlet tube was placed above the collected distillate, 

and the condeser \vas allowed to s·team for five minutes. The samples were then 

titrated with 0.02 ·N H2so4 solution until they turned from a green to a pale 

lavender ~olot. A blank wAs Alsn rarried through all of th~ above 3tep~. 

mg/1 NH3=N = (ml H2S04 for samrle) - (ml H2S04 for Blank) X 280 

ml of sample 

3. Biochemical Qxygen Demand - BOD is an empirical bioassay determination 

of the amount of dissolved oxy~en consumed in a 5 day period as a r~sult of 

stabilization under standa~d conditions. A deionized· dilution· water is first 

obtained. Then 1 ml per liter aliquots are added of phosphate buffer solution, 

ferric chloride solution, magnesium sulfite soltttion, and calcium chloride nolu-

tion. Dilution water and several control blanks are then set up ~efore adding 

se.ed to. the dilution water. Samples are then added to the BOD bottles, and 

dilut~d with seeded dilution water to 300 ml. Initial dissolved oxygen (D.O.) 

tests are made on all samples. After five days incubation at 20°C, the final D.O. 

is rea'd on all the samples. The D. 0. uptake is. then calculat~d for the seed 

blanks and dilution water blanks. The values for .the seed blank and dilution 

water blanks are then added together and used as a correction factor against 

each sampLe dilution This correction factor is then subtracted from the final 

D.O. of each sample dilution. 

BOD - 5 
(mg/1) 

Final b.O. - Correction Factor X 100 

% of· sample in bottle 

. Figure 11 ·shows a .member of the project staff, Miss Donna Reed, performing a 

test for biochemical oxygen demand. 
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Figure 10 
Kjeldahl Apparatus for 

Distilling Ammonia Nitrogen Samples 
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Figure 11 
Miss Donna Reed, a Hember of the 

Project Staff, .Performs Tests 
for Biochemical O.~ygen Demand. 



4. s~-·~idc- The sample WilS first preserved by removing oxidizing a~:ents 

tvith ascorbic acid. Then the sample was treated tvith leild 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 pres erved ~elution was placed in the cyanide distillation 

apparatus (Figure 12), and an air purge tvas applied. ·The sample tvas then 

acidified and refluxed, ,,,hich . caused HCN to he lilwratcd. The IIC:~ gn.s was 

collected in a NaOil scrubbing solution. The concentration of the cyanide in th<:' 

NaOH solution was determined by a colorimetric procedure. 

5. · Dissolved Oxvg~- A YSJ sbmdard metc'r was used. I.Jith the electrode 

immersed in the liquid being studied, the dissolved oxygen concentration is read 

directly 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 a_nd O_il_ - A sampJ e \vas acidified to a pi! of less than 2. A 

boiling flask tvas tared, after bf'ing dried and stored in n dessh·ator. Fluoro­

carbon was added to the sn.inple bottle in Lhc amotmt of 30 ml. After· being trans­

ferred to a separatory funnel, the funnel was shaken vigorotrsly for approximately 

two minutes, and the layers allowed to separate. The solvent lnycr was filtered 

into the tared flask, and the process repeated ttvice using fresh solvent each 

time. The solvent tvas then distil.led off. The flask was cooled in a dessicator 

for 30 minutes and then HPi.gh ed . The residue tveight was divided by the sample 

volume, and the amount of grE>ase and oil determined in mg/1. 

7. pJ.!- pH tvas determined using a Fisher pi! meter v.'ith a combination 

e.lectrode, tvhich \vas immersed in the sample solut. ion. 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 wa~ preserved witl1 5 ml of copper sulfate solution and the 
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Figure 12 
Distillation Apparatus Used for Cyanide 
Determination (Exhaust Hood Required) 
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Figure 13 
Meter for Determining pH Used 

in Study 
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pH was adjusted to 4.0 with H3P04 solution. Approximately 450 ml were distilled 

from the total volume, and distill~tion was stopped. Then 50 ml of phenol fre~ 

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 NH4Cl 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 again; (3) after approxi~ately 15 minutes, the 

amino phenol dye is read in a Spectrophotometer at 510 NM. The voluea 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. 

b. 

c. 

d. 

Total residue - A 25 ml sample was put in a 50 ml weighed beaker. 
The sample and beaker were weigh~d again. The water was then 
allowed to evHputdle at 103 105°C. Th~ hPRker 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 prPsent in llte sample, expressed as mg/1 of total 
residue. 

Volatile Residue - The residue obtained from the total solids 
anaiy""Si-~-as then fired at approximately 550°C in a muffle furnace. 
After the 100 ml beaker had cooled, it waH weighed again. The 
diffcrenc~ betwPPn the total solj~R and the amount of residue not 
volatilized determined tl1e volatile residue. 

Non-JjJte~~~le Kesidue - An aliquot of well mixed sample was passed 
through a glass [ iuer filter uGing vacuum. The filter was then 
dried ;Jl 10.J-10'1°r. until const<'lnt 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/1. 

Volatile No~-filterable Residue - Th~ 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 weigh~ after 
firing determined the volatile material present in the non-filterable 
residue sample, expressed as mg/1. 



Figure 14 
Spectrophotometer Used for 

Routine Determinations 

59 



10. Se ttleable So lid s - A one lit e r po rtion of the contents of the · 

bio l ogical reaction chamber (aera ti on ta nk mi xed liquor) was obtained and a llowed 

to settle fo r one hour . The volume occupied by the sludge at the end of this 

period was then recorded, a s provided in the standard method. 

11. Sulfide - A 200 ml sample was st i rred, a nd 2 N zinc acetate and 6 N 

NaOH added to p r eserve the s ampl e. The s ample wa s then filtered through a fine 

glass fiber filter . Next , there were add ed 1.50 ml of distilled water, 3 ml of 

6 N HCl, and a n amo unt o f 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 

we re added i n s equence t o a :L ~U ml beake r. The filter paper was placed in the 

beaker along wi t h tl1e reagents , and t he n s ti rred gent l y for about five minutes 

to show that the iodi ne was not completely consumed. Starch solution indicator 

was added , and the s ul f i de so l ution titrated with .025 N sodium thiosulfate 

solution until t he bl lt e col or disappeared. The amount of this sulfate soluti~n 

\vas then subt ract~'d fr om the amount of iodine solution added. This was then 

multipli ed by a fa c tor of 400 , nnd, d i v i ded by the amount of s ample in mililiters, 

this gave the sul fide co ncentration in mg/1. See Appendix B for details of this 

procedure, as ada p ted for use in the present study, where an amperometric titra-

tion was used . 

12. Thiocyanate - The pr ocedur e used was a modified version of the 

spectrophotometr ic method give n in Standard - ~lethods For the Examination of 

Water and Wastewate r (1 ). See Append ix C for details o f the method, as adapted 

in this study fo r coal ga s if i ca t ion wastewater. 

13. Total O_!:_&an ~c Carbon - A Be ckman carbon analyzer was used for this pro-

cedure. The samples were fi l tered through a glass fiber filter to remove sus-

pended mat t er. A carbon standard was then injected into the analyzer in both the 

total and inorganic carbo n s i de s of the instrument. · Then waste in the amount 

of 20 microliters for each s a mp l e was injected into the sample ports. The 



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. 
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Figure 15 
Total Organic Carbon Analyzer 



Chapter 4 

Results For Characterization of Untreated Wastewater 

Tables 9 through 11. list. levels of the various chemical ·_parameters which 

were found. Comments on these data are as follows: 

~ Generally, pH was relatively stable during the first year of study 

(range of·7.8 to 8.3), but showed slightly lower values during the 

·.second year (range was 6.9 to 8.3 for the total study period)~ The 

gra~h ~n Figure 16 shows this trend, the explanation for which is not 

clear. 

Alkalinity: The range for .the first year of study· (1,362 to 2,008 mg/1) 

also was the range for the 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.· The linear correlation coefficient was found 

to be 0.13, which is not significant at the 90% confidence level. 

Alkalinity, as with pH, has a relatively small standard.deviation (only 

9.6% of the mean, based on the .entire period of study, versus 4.2% for 

pH). 

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

able in the first year of study (see Figure 18) •. However,· during the 

second year higher levels were reached. The highest level was nearly 

2507. of the average value. Thus, the standard deviation was relatively 

high, 1,470 mg/1 for the entire study, which was 45.9% of the mean of 

3, 201 mg/1. 

Biochemical Oxygen Demand (5 day): Levels in the pretreated wastewater. 

showed considerable variation, the standard deviation of 2,561 mg/1 

for the entire study being 33.8% of the mean of 7,581 mg/1. Variability 
. . 

was less_during the second year of the study than during the first year. 

In part, this may reflect better standardization of the pretreatment 
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Table 9 

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

Ammonia 
Date pH Alkalinity BOD(Mg/1) Nitrogen TOC COD 

(mg/1) (Pretreated) (rng/1) (mg/1) (mg/1) 

10/10/78 7.8 5,290 -
10/17/78 8.2 14,130 
10/24/78 8.2 2,008 12,690 
10/31/78 8.1 1,650 12,240 
11/7/78 ·a .3 1,638 12,960 
11/15/78 8.2 1 '688 J,G12 
12/5/70 8.0 1,6~q 6~230 -
1'2/1P./7P. fLO 1,807 
1/9/79 8.0 1,362 3,640 
1/16/79 a.o· 1,362 4,838 
1/22/79 a.o 1,546 7,320 1,961 
1/29/79 8.1 1,490 6,790 2,250 
2/5/79 8.2 1,600 6,898 2,189 
2/12/79 8.2 . 1 ,520 5,500 . 2,083 
2/20/79 8. 1 1,546 . 4 848 ' . 

1,907 13,730 
2/28/79 8.0 ·.1 ,500 7 '120 . 1,926 7l ,000 
3/5/79 7 .. 9 1,584 7,840 2,020 
3/26/79 8.0 1,475 6, 770 
4/9/79 7.8 1,500 7,948 2,929 19,500 
4/17/79 8.0 1, 684 6,350 3,179 19,500 
4/23/79 8.0 1,832 9,953 3,609 49,132 
5/1/79 7. 9 . 1,760. 9,500 
5/14/79 7.9 1,877" 9,493 3,095 .13,600 31,904 
5/21/79 1'.8 1 '663 3,1 1'1 

. 7/21/79 6,747 
8/13/79 8.0 1,700 6,400 
9/19/79 1,670 6, 710 3,463 
10/15/79 7.5 . 6·, 403 3,388 .., 

11/8/79 1,828 6,688 2,716 
11/26/79 7.7 7,853 2~175 
1/7/80 7.5 5,383 2,781 
2/21/'dU 7·.·4 1,404 5,919 1,743 
4/2/80 8.2 1,664 8,959 4,919 
4/'L'i/80 7.0 1,664 7,812 
5/23/80 6.9 1~578 5, 940 . 

. Range 
Year 1 7.8- 1,362 - 3,640 - 1,907- 13,600 - 19,500 -

8.3 2,008 14,130 3,609 71,000 49,132. 
Total 6.9 1,362 - 3,640 - 1,907 - 13,600 - 19,500 -

8.3 2,008 14,130 7,812 71,000 49' 132 

Mean 
Year 1 8.03 1,627 7,907 2,524 32' 777 30,009 
Total 7.90 1,631 7,,581 3,201 32 '777 30,009 



65 

S.D. 
Year 1 0.14 163 .2;926 615 33' 102 14,026 
Total .0.33 153 2,561. L470 33,102 14,026 

N 
Year 1 .24 22 22. 12 3 4 
Total 32 29 31 2.1 3 4 

Mode 
Year 1 8.0 

· Total 8.0 



Table 10 

Chemical Characteristics of Untreat.ed Wastewater: 
·Residue Determinations 

Date Total Residue Nonfilterable Residue 
TR TVR NFR VNFR · 

(mg/1) · (mgil) (ing/1) (mg/1) 

10/10/78 16,630 40 
10/24/78 16,870 16,840 220 160 
10/31/78 :?.R,1"i0 28,150 150 70 
·u/7 /78 14,780 11,470 140 60 
11/15/78 1H,b'/U 18,540 l.JO 60 

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 64.4 45.7: 

N 5 .4 -~ 4 
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Table 11 

Chemical Characteristics of Untreated Wastewater: 
Sulfide, Thiocyanate, Grease and Oil, and Phenols 

Date Sulfide Thiocyanate Grease and Oil Phenols 
(mg/1) (mg/1) (mg/1) (mg/1) 

1/23/79 160 
2/12/79 829 700 
3/5/79 235 1,700 
4/9/79 452 697 
5/1/79 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 
4/2/80 8,857 3,320 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 1 ,255. 1,750 
Total 5,376 613 2,537 1,924 

S.D. 
Year 1 234 1,030 71 
Total 3,784 251 2,059 272 

n 
Year 1 1 8 3 2 
TotRl 5 12 8 6 
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procedure. Figure 19 shows the variation of th~ data on biochemical 

oxygen demand with time. .Some aspects of the variation in data are 

similar to those for the aminonia 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 ~athered on the total organic 

carbon (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, we~e: 

1. Total residue had a mean of 19,060 mg/1, 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/i (98.4% of the mean for total residue),and a standard 

deviation of 6,953 mg/1. 

3. Nonfilterable residue had a mean of only 140 mg/1 and a standard 

deviation of 64.4 mg/1, 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 Appendix B. The three most recent values (R,857; 

8,166; and 7,270 mg/1) were considered the most reliable. The mean of 

these was 8,098 mg/1; with a standard deviation of 796 mg/1 (9.8% of 

the mean). For comparison,four replicate determinations of sulfide in 

the sample collected on 11/26/79 showed a standard deviation of 51 mg/1 , 

71 
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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 

Appendix C. In.this case~ also; the most recent data, g~thered during 

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

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

(17.8% of the mean). 

Grease and Oil: Data were characterized by a· range .of 624 to 6,53S· mg/1. · 

Variability was especially great in data gathered during the second 

year of the study. The mean forthe entire study was 2,537 mg/1, with 

·a standard deviation of 2~059 mg/1. (81.2% of .the mean). 

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

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

was 272 mg/1 (14 .1% of the mean). 

Cyanide: Cyanide was measured ·in three samples: 

Date 
10/15/79 
1.1/8/79 
11/26/79 

. CN(mg/1) 
o. 2. 
0.9 
2.8 

The mean·of these values was 1.3 mg/l, compared with a standard deviation of 

1.3 mg/1. 

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

comparison was not developed. Appendix _D disc:usses the ~nalytical tech-

niques. Data for the chlorid·e content of the raw waste were: 

Date 
1/7/80 
4/25/80 

Cl(mg/1) 
94,300 
12,373 
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Chapter 5 

Results For Study of \olastewater Pretreatment 

Removal of Annnonia Nitrogen. 

Most detailed study of the removal of ammonia nitrogen was performed during 

~he first year of the study. Table 12 presents data from small scale studies in 

which air from an installed, pressurized source was injected.into the untreated 

wastewater. Conditions 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 liter of sample (1/m/1), and ~LLlppi~g time rangins from 15 

minutes to 90 minutes. Under various combinations o~ conditions, the ~emoval 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 regre~sio~ 

yielded an equation which included the effect of all four of the variab1es 

studied: 
y = 30.08 x1 + 1.05 x2 + 1.94 x~ + 0.318 x4 - 332.15 

y = removal of. auunonia nitrogen. (%) 
pH (units). Xl = 

~2 = L'mperature of solution b~i~g stripp~d· (°C) 
x3 = aeration rate (1/m/1) 
x4 = stripping time (minutes) 

It appeared th~t ammonia nitrogen could be re~oved to well beyond the level re­

quired to protect biological treatment processes, and pussibly to essentially 

any extent desired. 

Information obtaine~ from the small scale studies wa~ used in refining the 

stripping process. Table 13 summarizes information on the ~tripping of ammonia 

nitrogen in batches large enough to use as influent in the ~tudy of biological 

treatment. Note that data for the samples collected 7/il/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 

StripRing Conditions Ammonia Nitrogen· 

pH Time Temp. Aeration Raw Treated Removal 
(min.) (oc) (1/m/1) (mg/1) (mg/1) % 

9.0 30 70 15 3,179 2,283 28.2 
9.25 II II II ,II 1,674 47.3 
9.5 II II II II 950 70.3 
9.75 II II II. II 674 78.a 
10.0 II II II II 588 81.5 
10.5 II II II II 226 93.0 
11.0 II II II II 243 92.3 
9.0 30 70 15 3,612 2,250 37.0 
9.25 II II II II 1,695 53.1 
9. 5 ' II II II II 974 73.0 
9.75 II II II II 703 80.5 
10.0 II II II II 567 84.3 
10.5 II II II II 214 94.0 
11.0 II II II II 258 93.0 
10.0 30 50 15 3,179 1,261 60.3 
II II 90 II II 893 71.9 
II II 70 II ,, 

481 84 .. 9 
II II 80 II II 187 94.1 
10.0 30 50 15 3,179 1,299 59.1 
II II 60 II II 852 73.2 
II II 70 

,, II 519 83.6 
II II ~0 II II 207 93.4. 
10~0 30 70 ? 3,179 1,223 61.5 
II II II io II 778 75.5 
II II II 15 II 338 89.4 
II II II 20 II 163 95.0 
10.0 30 70 5 3,179 1,270 60.0 
II II II 10 II 766 75.9 
II II II 15 II 359 88.7 
II II II 20 II 154 95.1 
10.0 15 70 ;1.5 3,179 822 74.1 
II 30 II II II 543 82.9 
II 60 II II II 223 93.0 
II 90 II II II 68 97.9 
10.0 15 70 15 3,179 867 72.7 
II 30 II II II 573 81.9 
II 60 II '·' II 249 92.1 
II 90 II II II -~j 9/.4 
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Table 13 

Stripping of Batches of Wastewater For Influent 

in Studies of Biolo.gical Treatment 

Ammonia Nitrogen ·-·---·---
Stri~pin~ Conditions Pre- Re- Expected 

pH Time. Temp. Aeration Raw treated moval Removal 
Date (units) (miri..) ~ (1/m/1) (mg/1) (mg/1) ill_ (%) 

1/22/79 10.0 30 60 8 1,961 1,149 41.4 56.7 
1/29/79 10.0 30 60 9 2,250 . 1,210 46.2 58.7 
2/5/79 10.0 30 55 9 2,189 1,095 50.0 53.4 
2/12/79 10.0 30 65 9 2,083 689 66.9 63.9 
2/20/79 10.0 30 60-45 8 1,907 560 70.6 48.8 
2/28/79 10.0 30 60 15 1,926 7U .59.6 70.3 
3/5/79 10.0 30 62-55 10 2,020 809 60.0 59.0 
4/9/79 10.0 '15 70 15 . ?. ; 9?9 4qfi 8J.l 85.6 
4/18/79 10.0 30 70 15 3,179 543 82.9 80.8 
4/2T/79 lU.U 4.) 10 1.5 3,~09 944 73.8 O:i.Ci 
5/1'1/79 10.0 /15 70 10 '3,0Q'i 526 83.0 75.9 
5/21/79 10.0 45 70 15 3,135 407 87.0 85.6 
9/19/79 10.0 30 60 9.3 3,463 .1,190. 65.6 59.2 
10/15/7.9 9.75 40 65 9 3,388 938 72.3 59.6 
11/8/79 9.75 60 70 15 2,716 734 73.0 82.8 
11/26/79 9.75 30 70. 15 2,175 630 71.0 73.3 
1/7/80 9.75 30 70 15 2,781 476 82.9· 73.3. 
2/21/80 9.75 30 65 15 3, 743 1,348 64.0 '68.0 
4/2/80 9.8. 60 70 4 4,919 1,372 72.1 63.0 
4/25/80· 9.7 60 60 10 7,812 2,752 64.8 60.1 
5/23/80 10.1 60 61 9.5 5,940 1,670 71.9 72.2 
Range 
Year 1 30-45 52.5 - 8 - 1,907 - 407 - 41.4 - 48.8 -

70 15 3,609 1,210 87.0 85.6 
Total 9.7- 30-60 52.5 - 4-15· 1,907 - 407 - 41.4 - 48.8 -

10.1 70 7,812 2,752 87.0 85.6. 

Mean 
Y~at 1 10.0 J5 6J.4 11 • .5 2.;524 767 b7.0 bH.7 
Total 9.92 J9.0 64.4 11.4 ·~; ?01 qfi7 68.7 68.4 

S.D. 
Year 1 7.4 6.5 3.1 615 277 15.7 13.6 
Total 0.13 12.0 5.7 3.4 1,470 537 12.3 11.4 

n 
. Year 1 12 12 12 12 12 12 12 12 
Total 21 21 21 21 21 21 21 21 

Mode 
Year 1 . 10.0 30 70 1.'1 
Total 10.0 30 70 15 ,... 
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a reasonable estimate of. the .. reduction in amrnonip _nitr~gen to be expected 

(correlation coefficient is 0.697, significant at the 99.9% confidence l~vel), 

that there are differ~nces. 

-Removal of Grease and Oil 

A.limited.series of small-scale teSts was performed to estimate appropriate 

conditions for removal of grease and oil. 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 supp_ression of the pH could greatly increase the removal of 

grease and oil. These data were used as the basis for the development of a 

preliminary equation summarizing the effect of the several parameters (multi-

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 treatment 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 gradually modified to improve the removal of grease and oil. 

Thus, aeration rate was increased to 3 liters/minute/iiter of sample, aeration 

time raised to 45 minutes, and pH suppression modified to 2.6. The result was 

a gradual increase in the removal ot grease and oil, from the 33.0 percent for 

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



Table 14 

Results of Small Scale Tests For Estimating Parameters 
For Removal of Grease and Oil 

Removal Conditions Grease and.Oil 
Time Aeration Untreated Treated 

.P.!! (min.)· (1/m/1) (mg/1) (mg/1) 

3.0 960 0 624 538 
2.5 960 0 624 490 
2.0 960 o. 624 393 
1.5 960 0 624 237 
3.0 30 0.4 2,443 289 
3.0 30 1.0 2.443 371 
3.0 30 1.5 2,443 312 

Result of multi-variant linear regression using above 

y = 185.87 - 31.86 x1 - 0.0842 x2 - 1.066 x3 
where: y = removal of gr~ase and oil (%) 

x1 = pH at low point 

x2 = treatment time (minutes) 

x3 = aeration rate (1/m/1) 
multiple correlation coefficient = 0.9929 
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13.8 
21.5 
36.2 
62.0 
88.2 
84.8 
87.2 

data: 
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Table 15 

Result of Full Scale Grease and Oil Removal For Wastewater " 
to be Used as Biological Influent 

Removal Conditions Grease and Oil 
Time Aeration Untreated Treated Removal 

Date pH (min.) (1/m/1) " (mg/1) (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 -

697 563 19.2 
Total 2.5 - 30 - 0 - 618 :.. 507 - 18.0 -

3.0 960 3 . 6 ~-535 1,105 96.7 

Mean. 
Year 1 2.5 960 0 658 535 18.6 
Total. 2.83 266 3.45 2,550 659 51.8 

S.D. 
· Year 1 56 40 0.8 

Total 0,243 428 6.80 2,225 310 26.7 

n 
Year 1 2 .2 2 2 2· 2 
Total 8 8 8 7 8 7 

Mode 
Year 1 2.5 960" 0 
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: 

2. 

3. 

Location 
Untreated 
Stripped 

Sulfide (mg/1) 
7,270 
1,633 
1,113 Entire pretreatment 

Removal (%) 

77.5 
84.7 

For comparison, in the sample collected 4/25/80, the original sulfide 

of 8;166 mg/1 woo reduced to 580 mg/1, for a total of 92.9 .removal, 

with no breakdown available as to where the removal occurred. 

Evidently, relatively high degree removal of sulfide is obtained, and 

this is mainly due to stripping, the first process. 

Phenols·:· Data were sununarized as follows: 

Raw Pretrea.ted Removal 
Da,te· (mg/1) (ing/ 1) % 

8/13/79 2,010 
9/19/79 2,061 1 t 52'7 ·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 2fi.O 
S.D. 275 243 12.9 

n 3 " .3 

Thioc~anate: Data were as follows: 

Raw Pretreated Removal 
Date (mg/1) ~])._,_~-···-- ......... .Jf. ... _ 

1/23/79 160 182' 
1/30/79 .186 
2/12/79 700 86 87.7 
3/7/79 235 2·94 
4/10/79 452 371 17.9 
5/23/79 938 
7/21/79 601 
8/13/79 860 
9/19/79 922 1,145 
1.1 /8/79 879 
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Data are not extensive enough to be definitive. In several samples for 

which both a raw and a pretreated result were available, there was an 

. ·increase in thiocyanate in pretreatment. This could have been due to 

several mechanisms; including reaction between sulfide and cyanide. In 

any event, there 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 

5. 

to show the effect of pretreatment on biochemical oxygen demand: 

Raw Pretreated Removal 
Date (mg/1) (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, whether by volatilization, precipitation, or another mechanism. 

Alkalinit~: Data on the change i:n alkalinity in pretreatment are as 

follows: 

Raw Pretreated Removal 
Date· (mg/1) (mg/1) _(%) 

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 i,670 520 68.9 
11/8/79 1,828 656 64.1 
2/21/79 1,404 540 6l..J 
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 

·n 9 9 9 
. , 

Some of the ~esults, such as the low degree of removal of alkalinity in 
rec~nt samples, are difficult to explain• 

81 



B2 

Sludge Production in Pretreatment 

Table 16 lists the total reduction in volume in pretreatment. App~rently, 

some 18.9% reduction in volume (standard deviation was 12.2%) may be expected 

in pretreatment. There a:re several explanations for this loss'· including ~he 

stripping operation (mainly volatilization of water and organics), the greas~ 

and oil removal (mainly removal of settled solids and floating mat~rial), and 

neutralization (mainly settled mat~rial). A limited breakdown is available: 

Loss in Volume Hade -up 
Stripping Grea~e :1nd. Oi1 Neutralization by Reaients 

Date 0~) (1~) . o;> (%) 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 (ll.S)· 29.7 

Range 5.8-I8. 9 2.3-9.0 4.1-15.0 0.8-11.5 13.9-
29.7 

Mean 12.8 4.6 9.9 5.1 24.9 
S.D. 5.5 2.5 4.2 3.7 5.7 

n 4. 6 4 6 6 

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

neutralization, and, again, followed by the grease and oil removaL 
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Table 16• 
Decrease in Volume 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 41.9 
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 14.0 
4/23/79 12.5 
5/1/79 17.5 
5/1.4/79 .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 29.7 

Range 
Year 1 1.9- 47.9 
Total 1.9 - 47.9· 

Mean 
Year 1 17.1 
Total 18.9 

S.D. 
Year 1 13.4 

·Tota.l 12.i 

n. 
Year 1 20 
Total 27 



Chapter 6 

Results For Study o( B1ological .Treatment 

Activated Sludge Without Aerated Waste Stabilization Pond 

Tables 17 through 26 provide data for the activated sludge unit operated 

without a preceding aerated waste stabilization pond. The ·mode of operation is 

further identified as follow~: 

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 June 6~ 1979, and from January 1; 1980, through end·of 

stur.!y. 

2. Operation as activated sl~dge with stabilized irifluent level of BOD~ 

Unit i, from June 7, 1979, through December 31, 1979. 

Activated Sludge vlith Aerated 
Waste Stabilization Pond 

Tables 27 through 35 provide data for activated sludge Unit 1, preceded by 

an aerated ~aste stabilization pond, with operation in s~v~rAl modes: 

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

Unit; but with a preceding aerated waste stabilization pond:· Unit__}, 

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

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

tarik: Unit 1, beginning January 17, 1980, and.extending through June 30, 

1980. 

Activated Sludge With Effluent 
Chemical Precipitation 

Data from small scale.tests already have been reported. Data obtained in 

these studies generally showed poor removal of suspended solids from the effluent·. 

These data are not repeated here since precipitation of larger volumes of waste~ 

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: FeC13 FeC13 
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/1 9.3 mg/1 
Reduction: 94.9% 87.6% 

Volatile Suspended Solids: 
Raw: 106 mg/1 55 mg/1 
Precipitated: 3 mg/1 4.3 mg/1 
.Reduction: 97.2% 92.2% 

Turbidity: 
Raw: 470 NTU 48.0 NTU 
Precipitated: 19.0 NTU 27.5 NTU 
Reduction: 59.6% 42. 7~. 

Sludge Production: 4.3 liter!> 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, and the balance being placed 

in the sludge reserve. 

Joint Treatment With 
Municipal Sewage (Cometabolism) 

Table 36 shows temperature, pH, and dissolved oxygen concentrati.ons in the 

joint treatment unit, Table 37 shows solids levels in the aeration tank, Table 

38 shows the e.ffect 9f treatment on ammonia nitrogen, Table 39lists data on 

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

parameters. 

Biological Reaction Kinetics 

Several efforts weremade to develop data on biological reaction kinetics, 

inCluding: 

1. Assembly of existing data - Data were assembled, although, data for cFll 

detention and hydraulic detention were incomplete. Results were: 

a. Basic data for estimating parameters of biological reaction kinet~ics: 
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Unit 

1 

2 

Trial 

1 
2 
3 
4 
5 

1 
2 
j 
4 
5 

b. 

Cell Influent Effluent 
Detention . BOD BOD 

(ac, days) (S0 , mg/1) (S., mg/1) 

5.8 186 58 
8.1 .81 48 

10.3 111 44 
10.6 35 25 
10.5 159 91 

1L6 49 43 
9.2 '183 47 
7.8 265 18 

10.6 342 32 
15.6 322 42 

ProGoEced data ~or ~alculatiog ·K~ and k ln 
"-

xe = Ks ( .!.) + 1 
s~-s k s k 

X8 y = 
Unit Trfal· so s 

1 1 5.41 
2 30.5 
3 19.8 
4 118.2 . 
> 14.2 

2 1 152.3 
2 7.l7 
3 4.19 
4 3.89 
5 4.97 

Linear regression yielded the equation: 

xe 
s -s ·o 

= 453 (~) + 23.9 

Hydr~u~ic 
MLVSS Detention 
(X, mg/1) (9, days) 

692 1 
1,008 1 
1,324 l' 
1,182 1 

965 1 

914 i 
975 i 

1,035 1 
1,205 1 

. 1,392 1 

the equation: 

X 
1 
s 

0.0172 
0.0208 
0.0227 
0~0400 
U.OllU 

0.0238 
O.OllJ 
0.0556 
0.0313 
0.0238 

Thus, Ks was tound to be 19, anq k was determined as 0.042. The , 
corre1at1o.n coefficient in this case was 0.11, which is sig~ificant 
at less than the 50% confidence ievel. 

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

= s~-s 
Y xe 
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Unit 

1 

2 

Unit . 
1 S

0
-S 

Trial y = 9c K =-X 9 

1 1 0.17 0.185 
2 0.12 0.0328 
3 0.097 0.0505 
4 0.094 0.00846 
5 0.095 0.0704 

2 1 0.086 0..00657 
2 0.11 0.139 
3 0.13 0.239 
4 0.094 0.257 
5 0.064 0.201 

Linear regression yielded the equation: 

1 = 0.0665 So-s + 0.0981 
9c X 9 

Thus, Y was found to be 0.067, and kd was determined as -0.098. 
The correlation coefficient in this case was determined as 0.22, 
which is significant at less than the 50% confidence level.· 

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

cell detention and hydraulic detention) - Results were: 

a. Basic data:. 

87 

Cell J:nfluent Effluent Hydraulic 
Detention BOD BOD MLVSS Detention 

Date Trial (6c,days) (S
0 

,mg/1) (S,mg/1) (X,mg/1) (6,days) 

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 0 6~8 1 ')I) 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 

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 K5 and k in the equation: 

X 9 = Ks 
(.!.) 

1 +-s -s k k 0 s 



'Unit 

i 

2 

Linear regression yielded the equation: 

X_~ 
s -s 

0 

·-759 (!) + 23.1 
s 

Thus, Ks was found to be -33, and k was determined as 0;043. T6e 
correlation coefficient in this case was 0.53, which is significant 
at the 90% confidence level. 

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

Unit Date 

1 4/10/80 
4/17/80 . 
4/24/80 
5/1/80 
5/8/80 

2 4/10/80 
4/17/80 
4/'1.4/130 
5/1/80 
5/8/80 

- kd: 

·Trial 

6 
7 
8 
9 

10 

6 
7 
8 
9 

10 

1 
y = 0 

('_ 

---
0.090 
0.147 
0.147 
0.082 
0.060 

0.030 
0.052 
0.074 
0.051 
0.034 

Linear regression yielded the equation: 

~c = -0.0713 S0 -S· 
X 9 

+ 0.0862 

so-s 
----X = X 6-

0. 245. 
0.041 
0.070 
0.056 
0.032 

0.169 
0.144 
0.375 
0.154 
0.050 

Thus, Y was found to be -0.071, and kd was determined as -0.086. 

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



Unit 

1 

2 

3. Use of further measures to improve quality of data, including effluent 
precipitation and return of .a portion of· solid~ to the aeration.tank­
Results were: 
a. Basic data: 

Cell . Inf. Eff • Hydraulic 
Detention BOD BOD MLVSS Detention 

Date . Trial (9c,days). (So,mg/1) (S,mg/1) (X,mg/1) (9,days) 

5/15/80 11 7.5 254 117 1,084 1.12 
5/22/80 12 7.4 261 151. 712 1.04 
6/12/80 . 13 3.9 . 267 145 880 0.66 
6/19/80 14 13.0 510 232 676 2.26 

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 
6/19/80 14 26.0 376 292 1,016 3.25 

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

x e = Ks (-!-) + .!: so-s ~ s k 
X & 1 

Date Trial y = s -s x·= s .o Unit 

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: 

X 9 
s -s =-212 ·<.!> + 15.1 
·0 s 

Thus, Ks 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 kd in the equation: 

1 = y so-s k - d: 
8c X 8 
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1 
Unit Date Trial y = ec X = S0 -S 

X B 

1 5/15/80 11 0.133 0.133 
5/22/80 12 0.135 .0.149 
6/12/80 '13 0.256 0.210 
6/19/80 14 0.077 0.182 

2 5/15/80 11 0.017 0.062 
5/22/80 12 0~103 0.064 
6/12/80 13 0.035 0.107 
6/19/80 14 0.038 0.025 

Linear regression yielded the equation: 

so-s 0.000633 ...... ~ ...... __ 
x.9 

Thus, Y was found to be 0.88, and kd was determined as 0.00063·. 
The correlation rioefficient in this case was found to be 0.72, 
which is significant at the 95% confidenc~ lev~i. · 

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

Correlation Values of 
Equation Coefficient Constants 

X 9 706 (!) + 9.79 0.25 (significant K = 71 
so-s s ' 

s at 80%) k = 0.10 

1 = 0.0894 s
0
-s y ~ 0.089 

9c + 0.0826 0.16 (oignificant 
X Q . at more than 50%) ltd .. -o. os3 

The correiation may be improved slightly if the first data, which were 
assembled from existing informatipn,are excluded: 

Equation 

= 532 (-1) + 1 C) .1 
s 

Corrcl3tion 
Coefficient 

0.32 (significant at 
80%) 

= o.1o9 s -s 
o + 0.0731 ~ 0.17 (significant at ---X 9 more than SO%) 

V4lucs of 
Constants 

Ks = -20 
k - 0.052 

y = 0.11 
kd =-0.073 
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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 (rng/1) (rng/1) (%) (rng/1) (rng/1) (%) 

12/1/78 288 72 68.4 1.87 111 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 ~06 145 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 36i 114 68.4 
4/30/79 
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 n:.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 ~erated 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 
Il /8/79 495 212 57.2 
11/15/79 402 96 76.1 
11/29/79 506 156 69.2 
1/4/80 212 16 92.5 
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(Table 17 continued) 

1/10/80 . ' "215. 18 91.6 
"1/17/80 155 59 61.9 
1/24/80 126. 4 96,8 
1/31/80 296 31 89.5 
2/7/80 306 34 88.9 
2/14/80 246 23 90. 7. 
2/21/80 257 55 78.6 
2/29/80 170 21 87.6 
3/6/80. 49 43 12.2 
3/13/80 183 47 74.3 
3/20/80 265 18 93.2 
3/27/80 342 32 90.6 
4/3/80 322 42 87.0 
4/10/80 414 51 87. ., 

4/17/'dO 374 146 111.0 
IJ./74/80 378. 87 . 77.0 

. 5/1 /'dO 41Z 67 83.7 
5/8/80 . 243 137 43.6 
5/15/80 209 71 "65. 9 
5/22/80 i25 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 

He an Year l 728 294 64.4 457 192 62.3 
Total 728 294 64,4 361 122 68. 7. 

S.D. Year 1 356 2·32 20.6 212 200 23.9 
Total 356 232 20.6 f70 1J3 21.0 

n YPAT 1 1/r 1.4 14 16 16 16 
Total . 14 14 14 51 51 51 
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Table 18 
TOC Data For_Activated_Sludge Without Modification 

Unit 1 . Unit 2 
Inf.TOC Eff.TQC Reduction Inf;TOC Eff.TOC Reduction 

Date (mg/1). (mg/1) (%) (mg/1). (m~/1) (%) 

2/19/79 464 1,495 302 865 
2/26/79 7,207 395 94.5 5,045 182 96.4 
4/30/79 833 65o: 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 stu~y~ 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 .. 32.1 
5/22/80 32f3 . 231 29.6 
5/28/80 366 197 46.i 

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 
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 1 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 
Tulal 7 7 5 19 19 17 
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Table 19 
COD Data For Activated Sludge Without Modification 

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 0 
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 

Kange 1,700- 850 - 13.3 - 800 - 600 - 0 -
4,700 12,700 50.0 2,600 22,400 64.7 

Mean 3,2(.)0 4,992 36.3 1,700 7,433 30.7 

S.D. 1,236 .4, 725 17.5 735 9,958 30.0 

n 4 6 4 4 6 4 
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Table 20 
Data on Phenols for Activated Sludge without Modification 

Unit 1 Unit 2 
Inf.Phenols Eff.Phenols Reducfl.on 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, 0 

until end of study. 

10/25/79 404 i.51 99.63 
11/2/79 113 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-
175 125 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 ·z8.3 24.8 3.3 84.5 22.7 1~L 1 

n Year 1 2 2 2 3 3 3 
Total 2 2 2 20 20 . 20 
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Table 21 
Ammonia Nitrogen Data For Activated Sludge:Without Modification: 

Unit 1 Unit 2 
Inf.NH3-N Eff.NH3-N Reduction Inf.NH3-N Eff .NH3-N Red.uction Date (mg/1) (mg/1) (%) ·(mg/1) (lllg/ l) (~0 

.. 

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 16.7 
10/1/79 .eo 91.5 0 100.8 . 
10/10/79 Unit 1 was operated wiih a . 83.1 81.2 2. 3 .. 

.10/15/79 preceding aerated waste ;87. 3 
10/23/79 stabilization pond after thi~ 66.7 75.1 
10/30/79 . time, until end of study. 65.3 69.1 
11/8/79 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 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 _.,, 

S/5/80 10.3 6.2 39.8 

Rans~ 

Year 1 '1'3.0 - 50.5 - J.J - 20.0 - 32.6 - 15.4 -
156.8 498.4 31.9 100.8. R4.0 16,7 

Total ~:J.U - .J0.5 - j,J - . 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 . 20.7 5~.5 58.8 16.1 
Total 94:9 146;4 20.7 54.8 60.4 12.5 

S.D.·. 
Y~Ar: 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 



Date 

4/10/79 
5/23/79 
5/25/79. 
7/6/79 
7/17/79 
10/2/79 
10/12/79 
10/26/79 

Ran~e . 

Mean --
S.D. 

n. 

Table 22 
Thiocyanate Data For Activated Sludge_Without Modification 

. Un-it 1 Unit 2 
.. ~ ~··--·-----

I n I . Eff .. Reduction Inf. . Eff. 
(mg/1) (mg/1) (-%) (mg/1) (mg/1) 

..C:l -'1 
30.6. 39.0 

. 44.3 
45.0 35.4 
43.7 60.0 

Unit 1 was ·operated with a 71.6 20.9 
preceding aeiated waste 70.2 48.7 
stabilization pond after this 75.1 59.0 
time, until the end of the study. 

~1- 43.7- ~1-

44.3 75.1 60.0 

25.3 61.1 37.7 

~ 22.1 15.4 21.2 

. · .. 3 5 7 

Reduction 
_ill_ 

21.3 

7.0. 8 
30.6 
21.4. 

21.3 -
70.8 

36.0 

23.6 

4 
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Table 23 

Mixed Liquor Solids for .Activated 
Sludge without Modification 

Unit 1 Unit 2 . ~ 
Sett. Sett. 

MLSS HLVSS Solids MLSS MLVSS Solids 
Date (mg/ll (mg/1) (mg/1) s.v.r. (mg/1) (m&/1) (mg/1) S .V.I .• 

10/31/78 340 160 15.5 45.6 ISO 80 8.6 57.3 
11/7 /7~ 530 400 21.5 40.6 380 260 10.1 '26.6 
11/15/78 640 440 30.5 47.7 330 210 20 60.6 
12/6/78 536 432 52 97.0 384 288 38 99.0 
12/11/78 486 380 58 119.3 290 214 42 . 144.8 
17./18/78 760 658 64 . 84.2 452 360 54 119; 5 
1/8/79 1, (,oo 1,557 74 i, i,. 0 560 4(:1~ hH II. i . 4 
1/15/79 l,YHU 1,520 86 43.4 660 .JOO 7G 115.2 
1/23/79 2,620 2,095 88 33.6 1,215 965 56 46.1 
1/30/79 2,524 1,898 78 30.9 1,401 1,056 68 48~5 

2/8/79 2,305 1,797 88 38.2 1,675 1,075 76 45.4 
.2/12/79 1, 729 1,160 60 34.7 1;895 1,267 78 41.2 
2/19/79 1,879 1,113 60 31.9 2, 17 3 1,198 76 35.0 
2/26/79 2,030 1,314 60 29.6 1,854 1,115 76 41.0 
3/7/79 2,453 ~.525 64 26.1 2,218 1,436 72 32.5 
3/18/79 1, 770 1, 1·65 39 22.0 1,788 1,142 48 26.8 
4/2/79 2' 154 1,452 3'0 13.9 1,826 1,208 44 24.1 
4/10/79 2,173 1,408 30 13.8 1,755 1, 031 80 45.6 
4/17/79 1,450 990 40 27.6 1,950 1,140 64 38.8 
4/23/79 1;700 1' 1110 68 40.0 1 ,8go 1. 2.40 76 40.2 
5/1/79 1,740 1,300 68 39.1 2,020 1,380 100 49.5 
5/7/79 1,970 1 '370 . 86 43.7 2,010 1,340 100 49.8 
5/111/79 2,120 1 , 11 n l)fi :ln.4 2.000 i,410 108 .J4.0 
5/21/79 1,880 990 2'6 13.8 1,630 1,140 80 49.1 
5/29/79 1, 720 980 48 27.9 1,/60 1,220 64 36.4 
6/5/79 48 62 
6/14/79 Unit 1 was operated 88 
6/26/79 with a preceding 1,140 630 -
7 I 10/79 aerated waste sta- 1,400 720 54 38.6 
7/23/79 bilization pond 1,100 844 38 34.5 
7/31/79 after this time,· 956 624 56 58.6. 
8/8/79 until end of study. 1,072 740 41 38.2 
9/28/79 1,184 1;028 56 47.3 
1Q/4/79 1,068 976 80 74.9 
10/10/79 1,172 960 18 66.6 
10/25/79 776 640 44 56.7 
10/3l/79 808 692 36 44.6 
11/7/79 . 868 696 . 30 34.6 
l1 /14/79 584 528 28 47.9 . 
1/4/80 1,356 1,080 45 ~3.2 

1/14/8.0 960 888 64 66.7 
1/28/80 1,616 1,592 100 61.9 
2/7/80 744 720 48 64.5 
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(Table 23 continued) 

2/12/80 830 744 54 65.1 
2/18/80 1,104 896. 60 54.3 
2/26/80 1,016 804 64 63.0 
3/3/80 1,016 888 64 63.0: 
3/21/80 1,108 1,044 76 68.6 
4/10/80 .. 1 '640 1,580 102- 62 .. 2 
4/17/80 1,764 1,684 100 56.7 
4/24/80 1,684 1,556 72 42.8 
5/1/80 2,192 . 2' 156 88 . 40.1 
5/8/80 1,996 1,860 88 44.1 
5/15/80 1,820 1,644 100 54.9 
5/22/80 864 816 30 34.7 
6/12/80 1,124 1,020 20 17.8 
6/19/80 1,248 1,016 30 24.0 

Range Year 1 340- 160- ·15. 5- .13. 8- 150- 80- 8.6- 24.1-
2,620 2,095 88 119.3 2;218 i;436 108 144.8 

Totai 340- 160- 15.5- 13.8- 150- 80- 8.6- 17.8.:.. 
2,62() 2,095 88 .119.3 2, na 2,156 1o8 144.8 

Mean Year 1 1,647 1,142 55 40.6 1,352 892 64 57.2 
Total 1 '64 7 . 1,142 55 40.6 1,276 978 62 53.9 

S.D. Y.ear 1 691 503 -21 25.0 681 436 25 33.1 
Total 691 503 21 25.0 559 435 25 25.3 

n Year 1 25 25 26 25 27 27 28 25 
Total 25 2.5 26 25 55 55 56 54 



Date 

10/31/78 
. 11/7/78 

11/15/78 
12/11/78 
12/16/78 
12/18/78 
1/15/79 
1/'2.3/79 
1/30/79 
2/8/79 
2/12/79 
2/19/79 
3/7/79 
4/2/79 
4/10/79 
4/17/79 
4/21/79 
4/26/79 
5/5/79 
5/11/79 
5/21/IY 
6/6/79 
7/4/79 
7/13/79 
7 /21/H 
7/31/79 
9/28/79 
10/5/79 
10/ 1'1./79 

·10/19/.79 
11/2/79 
11/8/79 
11/15/79 
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 

Table 24 

BOD Loads for Activated· Sludge 
without Modification 

Unit No. 1 Unit No. 2 
Lb.BOD/Da~ Mg BOD/Day . Lb. BOD/Day Mg BOD/Day 

per Th.Ft3 per· rng, MLVSS p~r Th.Ft per rng MLVSS 

10.2 1.02 10.2 2~12 

19.6 . 0.82 19 .. 6 1.26 
32.3 ·. 1.18 32.3 2.47 
15.8 0.67 13 .o. 0.97 
15:8 0.59 13. 0. o. 72 
15.8 0.39 13 .o 0.58 
lJ.J 0.14 . 5.1 0.16 
10.0 0.076 7.6 o.u 
24.2 0.20 10.1 0.15 
45.9 0.41 23;0 0.34 
45.8 0.67 25.8 0.33 
45.8 .0.66 29.8 0.40 
65.2 0.68 56.3 0.63 
54.8 0.60 54.8 0.73 
54.8 0.62 34.3 0.53 
54.8 o. 89. 27.4 0.39 
.37.6 0.55 19.2 0.25 
45.7 . 0. 61 22.5 0.28 
71.0 0.84 35.2 0.42 
73.8 0.89 1'i.1 0,l,1 
42.5 0.69 27.7 0.39 
36.7 31.4 
Unit 1 was operated with a ?0.0. 0.47 
~receding ~~faled waste 34.6 
otubilil:ati~l·, puml after :L.':>.M 0.49 
this time, until end.of 27.5 0.71 
study. 33.2 0.52 

?9.4 . o. 48 
30.4 0.50 
30.3 0.63 
31.3 0.73 
30.8 0.74 
25.0 0. 7 5 
13.2 0.20 
13.4 0.22 

9.7 0.15 
7.9 0.09 

18.5 0.22 
19.1 0.43 
15.3 0.31 
16.0 0.30 
10.6 0.20 
3.1 0.05 

11.4 0.19 

100 
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(Table 24 continued) 

3/20/80 16.5 0.26 
3/27/80 21.3 o. 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 23.6 o. 24 . 
5/1/80 25.7 . 0.19 
5/8/80 15_. 2 0.13 
5/15/80 . 13.0 0.13 
5/t2/80 7.8 0.15 
6/12/80 18 .. 3 o·.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 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 ~edification 

Unit No. l Unit Nc. 2 
Mg TOC/ Mg TOC/ 

Lb.COD/Day Mg·cor:/Day · Lb. ':'OC/Day Day per Lb ,COD/Da~ . Mg COD/Pay 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 52.0 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 . .s 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 3'i.7 0.62 . 32.8 0.43 
i/4/80 Unit 1 waa operaced with a preceding aerated 15.5 0.23 
1/10/80 waste sta~ili~ation pond af~er this time~. 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 .o .18 
5/22/80 . 20.5 0.40 
5/28/80 32.8 0.42 

Range Year 1 85.8- 1.. 73- 31.7- 0.62- 52.5- 0.61- 30.9- 0.40-
291.9 3.84 52.'0. 0.65 159.2 1.9i 46.4 0.57 

T.otal 85.8- 1.73- 31.7- 0.62- 52.5- 0.61- 12 .o·- 0.17-
. 291.9 3.84 52.0 0.65 . 159.2 1.91 46.4 o. 5.7 

Mean Year 1 173.5 2_72 4::.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 . .6. 9 0.02 43.6 0.66 7.0 0.08 
Total 95.9 1 .. 06 6.9 0.02 ·43.6 0.66 9.8 0.12 

n Year l 4 3 4 4 4 -3 4 4 
Total 4 3 4 4 4 3 16 16 

..... 
0 
N 



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 i08 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 
5/22/80 120 104 
6/12/80 60 48 
6/19/80 148 124 

Range 30- 24-
208 180 

He an 117 83 

S.D. 51 40 

n 23 23 
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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 

Date (rng/1) (rng/1) (mg/1) .(%) (%) (%) 

7/4/79 455 287 36.9 
7/13/79 764 552 234 27.7 57.6 69.4 
7/21/79 326 228 30.1 
7/27/70 638 481 193 24.6. 59.9 69.7 
8/3/79 687 20.0 70.9 
8/31/79 108 28 74~1 

9/22/79 114 46 59.6 
9/28/79 630 272 56.8 
10/5/79 2,15J 94 56 95.6 40;4 97 .• il 
10/12/79 493 YO lUl 81.7 79.5 
11/2/79 726 197 181 72.9 8.1 75.1 
11/8/79 697 262 184 62.4 29.8 73.6 
11/15/79 738 92 146 87.5 80.2 
11/29/79 1,308 292 196 77.7 32.9 81.1 
1/4/80 327 128 96 60.9 60.9 70.6 
1/10/80 426 172 48 59.6 59.6 88.7 
1/17/80 416 158 37 62.0 76.6 91.1 
1/24/80 231 16 36 93.1 84.4 
1/31/80 228 
2/7/80 427 129 43 69.8 66.7 89.1 
2/14/80 387 196 36 49.4 81.6 90.7 
2/21/80 451 134 37 70.3 72.4 91.8 
2/29/80 437 117 37 73.2 68.4 91.5 
3/6/80 449 186 58 58.6 68.8 87.1 
3/13/80 81 48 40.7 
3/20/80 405 111 44 72.6 60.4 8Y.1 
3/27/80 360 35 25 90.3 28.6 93.1 
4/3/RO '51 R ]59 91 69.] 42.8 82.6 
4/10/80 513 231 35 55.0 89.2 93.2 
4/17/80. 223 137 100 38.6 27.0 55.2 
4/24/80 628 155 119 75.2 23.2 81.1 
5/1/80 507 172 81 66.1 52.9 84.0 
5/8/80 270 190 122 29.6 35 .. 8 54.8 
5/15/80 74 7 254 117 66.0 53.9 84.3 
5/22/80 4q1 261 151 47.1 42.1 69.4 
6/12/80 4 Jll 267 145 35.5 45.7 65.0 

Range 
7-8/79 630 - 108 - 28 - 24.6 - 30.1 - 69.4 -

764 552 28r 27.7 74.1 70.9 

9/22/79~ 327 - 90 - 46 - 56 .. 8 - 8.1 - 70.6 -
l/10/80- 2,153 292 196 95.6 60.9 97.4 

1/17/80-. 223 - 16 - 25 - 29.6 - 23~2 .;.. 55.2 -
e-nd 518 267 151 93.1 89.2 93.2 

Total 223 - 16 - 25 - 24.6 - 8.1 - 55.2 -
2,153 552 287 95.6 89.2 97;4 
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Table 27 ~ contiriued 

BOD Reduction 
Pond.Inf. Pond .Eff. Act.S. Eff. Pond Act.S. Total 

Date (rng/1) {rng/1) (rng/1) (%) (%) (%) 

Mean 
7-8/79 696 384 195 26.2 51.7 70.0 
9/22/79- 833 .171 117 72.8 41.6. 80.8 
1/10/80 
1/17/80- 427 157 72 62.3 54;3 82.1 
end 

Total 571 195 106 63.1 50.9 80.5 

S.D. 
•. 7-8/79 f,4 175 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 

Tot.al 364 121 72 19.1 19.6 11.3 

n 
7-8/79 3 ·s 6 2 5 3 

9/22/79;_ 9 10 9 9 .] 8 
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 chemical. coagulant was dosed to the aeration' 
tank of activated Sludge Unit 1. 
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Table 28 
.. ·· .. TOG Datci.F~r Activated Sludge· Unit 1 Preceded by 

Aerated Waste Stabilization Pond 

TOC R~duction -·- Po-ri"d--E-f £ • -·---·---Pond.Inf. J\1;t .S. Eff. Pnnt.l Act. s. Tutal 
Date · (mg/ 1} (mg/1} (mg/1} (%} (%} (%} 

1/4/80 206 176 14.6 
i! 10/80 198 307 
1/15/80 199 185 7.0 
1/22/80 162 157 3.1 
1/31/8.0 162 153 5.6 
2/5/80 178 174 2.2 
2/26/80 390 202 175 48.2 13.4 55.1 
3/12/80 446 185 184 58.5 0.5 58.7 
3/20/80 413 195 204 52.8 50.6 
5/8/80 551 254 28L 53.9 49.0 
5/22/80 540 41.7 319 ·22.8 23.5 40.9 
5/28/80 ')27 296 325 4J.O 38.3 

Rang~ 390 - lfl7 - 153 - 22.8 .. 0.5 ·- JO.J -
5~1 417 325 58.~ 2~.5 58.7 

Nean 478 221 220 46.7 8.7 48.8 

s.~lh 70 72 67 12.7 7.8 7.9 

n 0 12 12 6 a. 6 
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Table 29 
Data on Phenols For Activated Sludge Unit 1 Preceqed By 

Aerated Waste Stabilizati.on 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.§ 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 o·.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 
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Table 30 
Ammonia Nitrogen Data For Activated Sludge Unit 1 

Preceded by Aerated Waste Stabil~zation Pond 

Ammonia Nitrogen Reduction 
Pond Inf. Pond Eff. Act. S .Eff. Pond Act. S. ·Total 

Date (mg/1) (mg/1) (mg/1) (%) (%) (%) 

10/1/79 176.4 105.5 84.0 40.2 20.4 52.4 
. 10/10/79 98.3 97.1 1.2 

10/15/79 98.5 101.3 
10/23/79 99.9 114.8 
10/30/79 91.5 100.~ 
l1/8/79 80.3 86.8 
11/14/79 . 84 97.1 
U/20/79 77 121.3 
1/16/80 46 48 
1/25/80 49 60 
2/1/80 52 62 
2/7/80 12 16 
2/15/80 54 63 ,.... 

2/22/80 59 68 
2/29/80 62 68· 

. 3/6/80 55 84 
3/25/80 112 70- 46.4 
4/1/80 110.1 112 
4/15/80 - 157.7 i21.3 23.1 
4/22/80 112.0 122.0 
4/29/80 110.9 133.3 
5/5/80 11.1 11.2 

Range 11.1 - 11.2 - 1.2-
157.7 133.3 46.4 

Mean (176.4) 79.0 83.7 (40.2) 22.8 (52.4) 

S.D. 35.3 32.9 18.5 

n l 22 22 1 4 1 



.Table 31 .. 
Thiocyanate Data For Activated Sludge Unit 1 Preceded by 

Aerated Waste Stabilization Pond 

Thioc:y:anate 
Pond Eff. Act.S.Eff. Reduction 

Date (mg/1) (mg/1) (%) 

7/6/79 59.8 53.6 10.4 
7/17/79 79.1 . 77.4 . 2.i 
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. 12.61. 21.1 25.0 

n 5 5 5 
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Table 32 

Mixed Liqt.Jor Solids For.Activated Sludge 
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 BOO SO. 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/i5/79 852 720 4~ ')I) ' 'i 
10/31/79 964 764 JO 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· so 45.6 
1/28/80 1' 776 1,536 >zoo :> 113.0 
2/7/80 1,396 1,224 104 74.5 
2/12/80 1,042 882 96 92.1 
2/18/80 1,3~0 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/HO 820 748 52 63.4 
4/17/80 1 ,3l2 1,212 48 36.6 
4/24/80 1,4 72 1,292 44 29~9 

5/1/80 1.432 1.192 40 27.9 
'j/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 

Ranse 
Year 1 1.020 - 550 ..:. 28 -

1,420 800 so 
616 - 336 - 12 - 15.2 -

Total 1,776· l,J3b :::>- lUU ";1'113.0 

Mean 
Yearl 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 -
Year 1 2 2 2 1 
Total 30 30 30 29 



Table 33. 
BOD Loads for Activated Sludge Unit 1 

Preceded by Aera,ted Waste Stabilization P.ond 

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/RO 
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 Year 1 

Total 

M.ean Year 1 
Total 

S.D. · Year 1 
Total 

n Year 1 
Total 

Lb. BOD/Da3 
per Th. Ft 

28.4 
34.4 
23.6 
17.0 
5.9 
5.6 

11.3 
16.3 
5.7 
8.0 

10.7 
9.9 
1.0 
8~0 

12.2 
8.4 

. 7. 3 
11.6 

5. 1 
6.9 
2.2 
9.9 

ll•. 4 
8.·5 
9.7 

10 .. 7 
11.9 
15.8 
16.3 
16.7 

28 .. 4-
34 .. 4 

1.0-
34.4 

31.4 
11.8 

4.2 
7.2 

2 
30 

Mg BOD/Day . 
per Mg MLVSS 

0.66 

0.98 
0.23 
0.09 
0.08 
0.28 
0.51 
0.27 
0.18 
0.19 
0.14 
0.01 
0.11 
0.21 
0.14 
0.17 
o. 27. 
0.08 
0.08 
0.03 
0.16 
0.31 
0.11 
0.12 
0.14 
0.16 
0.23 
0.37 
0.30 

0.01-
0.98 

(0.66) 
0.23 

0.20 

1 
29 

111 
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Table 34 
TOC Loads for Activated Sludge 

Unit 1 Preceded by Aerated Waste Stabilization Pond 

Lb. IOC/D;1~ Hg TOC/Da.,y 
lJar£'! ..Eer Th. Ft pPr me MU.TSS 

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 ~ 1.9 . 
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 1 2 -
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Table 35 
Effluent Solids D~ta foi Activated 

Sludge Unit 1 Preceded by Aerated 
Waste Stabilization Pond 

ss vss 
Date (mg/1) · (mg/1) 

9/28/79 68. 68 
10/4/79 230 146 
10/10/79 50 42 

. 10/2.5/79 144 120 
11/7/79 308 184 
11/14(/9 . 228 132 
1/14/80 116 100 
1/28/80 10 10 
2/7/80 114 56 
2/12/80 .· 508 264 
2/18/80 172 24 
2/28/80 144 120 
3/3/80 208 120 
3/21/80 136 128 
4/10/80 96 72 
4/17/80 14~ 1n 
4/24/80 124 76 
5/li80 230 132 
5/8/80 152 124 
5/i5/80 180 160 
5/22/80 114 100 
6/12/80 212 148 
6/19/80 196 116 

Ranse 10- 10- . 
508 264 

Mean / 169 112 

s.o.- ioo 55 
l. 

23 n 23 
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Table 36 
Temperature, pH, and Dissolved Oxygen 

· Concentrations in Aeration Tank of Joint 
Treatment Unit 

Addition of c.c. Temperature (OC) P_l.! ____ D.O. {!Tl8/l) 
Period Waste (VoL i.) Range Ned !em Raugt:! Nt:!lllau Range He dian 

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/ll/80 0.02 20 to 22 21.0 7.9 7.7 9.4 8.1 

4/14/80- 7.5 to 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 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- 7.1 t-n 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/~/80 0.? 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 .. o 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 

o/14/'du- 7.0 Lu O . .J 1:0 

6/?.9/P.O 0.1 22 to 25 24 7.6 7.1 7.4 o.O 



Date 

4/9/80 
4/16/80 
4/18/80 
4/23/80 
4/25/SO 
4/30/80 
5/2/80 
5/7/80 
5/14/80 

Table 37 
Solids Levels in Aeration Tank 

of Joint Treatment Unit 

HLSS MLVSS 
(mg/1) (mg/1) 

30 15 
438 301 
451 365 
672• 278 
689 260 
893 474 
964 413 
935 416 

1,313 902 
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Table 38 
Reduction in Ammonia Nitrogen in 

Joint Treatmerit Unit 

NHJ-N 
Influent Effluent 

Date (mg/ 1) (mg/1) 

(J/11/80 3.36 0 
4/16/80 H).08 0 
4/18/80 8.54 0 
{J /23/8.0 8.96 0 

116 

% 
Reduction 

100 
1.00 
100 
100 



Date 

3/28/80 
4/2/80 
4/9/80 
4/10/80 
4/16/80 
4/17/80 
4/18/80 

. 4/24/80 
_4/25/80 
5/1/80 
5/8/80 
5/9/80 
5/14/80 
5/16/80 

. . 

Table .39 
Reduction in Biochemical Oxygen 
Demand in Joint Treatment Unit 

Biochemical Oxygen Demand 
Aeration Influent Effluent % 

(mg/1) (mg/1) Reduction 

44.0 . 
22.6 
44.4 
60.5 

118.7 
131 
104.8 
255 

74.5 
345.8. 
18.4.4 
190.6 

. 254.4. 
Z20.3 

32.7 
4.7 

19.9· 
38.9 
34.8 . 
17.5 
37.9 
75 
11.5 
6. 1 

36.5 
33.0 
14.7 
17.1 

35.7 
79.2 
55.2 
35.7 
70.7 
86.6 
63.8 
70.6 
84.6 
98.2 
80.2 . 
82.7 
94.2 . 
92.2 

117 
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Tabl\! 40 
Other Dat~ fnr .Tnint 'J'rt?.l'ltment Unit 

In Influent: (mg/ll In 
From From Effluent Reduction 

Date Parameter Sewage C.G. Waste Total (mg/1) (%) 

7/2/80 Phenols 4.2 4.2 U.U:l YY.~ 
7/3/80 Sulfate 28 21 4q 85 
7/3/80 Or tho-

phosphate 18.0 3.4 21.4 1.6.1 24.8 
7/3/80 Nitrate 

Nitrogen 1.5 0.6 2 .. 1 H.~ 



Chapter 7 

Results of Study of Tertiary .Treatment 

Preliminary Tests 

Figures 20, 21, and 22 illustrate the effects of changes in pH on the 

total residue, nonfilterable residue and TOC, respectively. 

In Figure 20; a general trend is established and maintained in all three 

trial runs, namely, little change in total residue occurs between pH 4 and pH 

B. However, above pH 8, .a significant increase in total residue is. observed. 

A 15% increase in total residue is shown between pH 8 and pH 11. One possible 

rationale for this phenomenon involves the formation of hydroxy complexes 

which under the mild thermal evaporation conditions (105°C) fail to give up 

their water of hydration. One such candidate for these hydroxy complexes is 

calcium. 

A similar ploi. for non 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 initial increase in TOC during the first 48 hours. This 

phenomenon was also observed in bulk samples for the equilibrium tests. Since 

the samples were filtered prior to preservation, little microbiological activity 

would be expected. Formation of compounds somewhat more resistant to volatiliza­

tion d~ring the TOC acid sparging procedure provides one possible explanation 

for these results. 

After four days, all three preservation samples begin to show a generalized 
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Figure 20 

Effect of pH on Total Residue 
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Figure 21 

. Effect of ~H on Non~filterable Residu~ 
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Figure 22 

Effect of pH on TOC 
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Figure 23 

Plot of Preservation Data 
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reduction in TOC, although minor variations were observed. Samples preserved 

with 40 mg/1 HgC1 2 
0 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%). 

Date 

5/V../80 

5/14/80 

5/16/80 

5/19/80 

5/21/80 

5/26/80 

5/28/80 

Table· 41· ·· 
Preservation Test Data 

TOC 

Untreat~d Storage at 

130 l'~f.J, 

160 150 

120 120 

120 140 

130 130 

100 120 

100 110 

Contact Time Equilibrium Test 

(mg/1) 
Storage at 4 

4°C p_l.u.s Hg Cl2 

.1.40 

170 

130 

130 

140 

130 

It was evident from Figure 24 and Table 42 that t:he vast majority (>95%) 

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

c 

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

By the time the carbon had been in contact with the waste sample for 2.5 hours, 

equilibrium was achieved. 

This rapid establishment of equilibrium was due primarily to the_small 

particle size of the carbon used. ( C:::. 0·~ 45~) • Thus, the rate controlling ~tep 

in achieving equilibrium (penetration of the adsorbate into the internal porous 

network of the carbon) was significantly shortened • 

. ~.:' 
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TOC 
(mg/1) 

Figure 24 

Equilibrium Contac.t Time Plot 
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Table 42 

Contact Time Equilibrium. Data 

TOC 
Time (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 Variance Equilibrium Test 

Presented in Figure 25 is a plot of·the percent of the max:i,mum TOC adsorbed 

versus the initial waste sample pH. Also see Table 43~ From this plot it 

appeared that no advantage in adsorption would be gained by altering the waste-

water sample 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 negative electrostatic charge on the carbon particles. 

It should be noted that the anticipated competition for adsorption sites 

between hydronium ions and adsorbate in the acidic samples was marginal, possibly 

4ue to the acidic composition of the adsorbate (including carboxylic acids, 

alcohols, and other substances). 



Figure 2S 

Equilibrium pH Variance Plot 
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Table 43 

Equilibrium pH Variance Te.st Data 

TOC 
(mg/1) 

£!! 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 Dosage Test 

The Freundlich equation is as follows: 
x 

Equatiot;t 1: 11= K (Ce l/N) 

Where X represents the ·weight of adsorb~te adsorbed per unit weig~t: of 
m 

carbon, C is. the equilibrium adsorbate concentration in ·the reacted 
e 

sample, and K and N are experimentally determined. constants. By ~a king.~ 

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

obtained: 
X 

Equation 2: L?g (~) = 1/n (log Ce) + log K 

Figure 26 .illustrates th~Freu~dlich·plot of the carbon dosag~ data. 

: \ . ~~ ~· 

Also s~e·Taple.44• The.data are' somewhat clustered ·but do indicate a linear 

rela donship • 

'' 

12~ 
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Figure 26. 

Logar:i:thmic Adsorption Isotherm Plot 
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Run 1 

Run 2 

Run 3 

Run 4 

Table 44 

· Equilibrium Carbon Dosage tests Data. 

toe 
Carbon Wt. (mg/i) 

(g) Ecfuilibrftill:l 
~ -;·, . 

Blank 88 
0.0707 56 
0.1005 45 
0.3998 14 
0.7003 9 
1.0004 8 

Blank 89 
0.0397 68· 
0.0700 50 
0.1003 44 
0.4008 15 
0. 7001 9 
0.9999 8 

Blank 90 
0.0399 65 
0.0700 55 
0.1010 41 
0.3995 14 
0.7007 9 
0.9990 9 

Blank as 
0.0403 6'4 
0.0998 41 
0.4005 15. 
o. 7000 11 
1.0000 12 

For all four (4) runs combined: 

N = 22 
1 "" 0.97 
~-~e~tr~ 17.9i {for N~1 ~ 21) 
log K = y-'-intetc-ej>t = 0.4270, K = 2.67 
1/N = alop~ ~ 0.9143. n- i.09 

Equation is: 

mg TOC = 2.673 (TOCe) (0.914) 
gc 

X = K (C) ~l/n 
M 
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mg _TOC 
gc 

90.5 
85.6 
37.02 
22.56 
15.9 

105.79 
11). .43 
89.73 
36.93 
22.85 
16.20 

125.31 
100.00 
97.03 
38.05 
23.1-i 
16.22 

104.22 
88.18 
34.96 

. _21.14 
~4.6Q 



Line~r regression was performed on the data and a correlation coefficient of 

0.97 was calculated, with a t-scote = 17.9 ind.icatiilg a high (>99%, N- 1 = 21) 

level of certainty associated with the estimate for the correiation coefficient • 
...... ·:· (-': 

To estimate K and N, least squares analysis was perfo:rnt'ed. The calculated 

values were K = 2.67 and N = 1.09, th~s .. ~~uation 1 J:>ecomes: 

Equation 3:. (m· g. toe adsor. b.ed) = · ( ) 1/109. 2. 67 TOC • · 
, , g.ram carbpn · e 

~y substitutin~ the initial s~ple TOC for TOCe, an estimate of th~ equilibrium 

adsorptio~ capacity is obtain~~· The ini~ial roc of 95 mg/1 gives an eq.uilil>rium 

adsorption cap~c~;ty of. 174 m~ TOC adsorbed per gram of c~rbon~ Since the i"Qitial 

TOC was 95 mg/~ and 200 ml qf sample "1er~ treat~d, for complete adso.rbate removal, 

one gram .of carbon will remove ail the TOC, theoretically, in 366 ml of waste 

sample. Therefore, .0.273 p9unds _of carbon are needed to t.reat 100 pounds of 

waste sample. 
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Chapter 8 

Discussion 

Untreated Wastewater 

As already ~oted, the quantity of excess wastewater, requiring disposal, 

was estimated as: 

Amount evaporated: 
Amount removed with grease and oil: 

Total 

685 gal/day 
485 gal/day 

1,170 gal/day 

The amount evaporated is estimated. to vary plus or minus 50% (343 gal/day) 

depending on the season. The amount removed with grease and oil has a standard 

deviation calculated at 9.8% of the mean (48 gal/day). Thus, the standard 

deviation of the total flow may. be estimated at 346 gal/day •. The 95% ~ortfidence 

interval for the mean 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 corresponds to tbe following unit production of 

wastewater: 

53 gal/ton coal (as received) 
366 gal/million cubic feet of prnrlnrt g;:~f': 

Th-is quantity of wastewater corresponds to Yl,~UU gal/day tor a coal gasification 

plant producing 250 million cubic feet/day of p~oduct gas. Although this is far 

lower than estimates for modern plants (26,74), several factors should be empha-

sized: 

1. The Holston facility, with total fl.ow estimated as 1,094,000'gal/day, 

recycles (mainly for scrubbing and cooling product gas) all except 0.11%, 

which is the express wastewater requiring disposal. 

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

quantification was not possible for various additions of liquid (such ·as 

132 



from reactions in the gasifiers) and losses (such as from absorption in 

residue and evaporation); 

3. The plant studied apparently represents old technology. 

The following summarizes data on concentrations of pollutants in the untreateq 

wastewater: 

Pollutant 
Alkalinity 

Mean Con­
centration 
(mg/1) 

1,631 

,BOD(pretreated) 7,581 

Ammonia 3,201 
nitrogen 

roc 32,777 
:; 

COD 30,009 

Total solids 19,06Q 

Total volatile 18,750 
solids 

Suspended 140 
solids 

Volatile sus- 92.5 
pended solids 

Sulfide 5,376 

Thiocyanate 613 

.. 
Grt:!Cll:;e & Oil 2,537 

Phenols 1,924 

1.3 

S.D. 
(mg/1) 
153 

2,561 

95% c.r. 
(mg/1) 
1,331 -

1,931 

2,561 -. 
i2,601 

1,470 320 -
6,082 

33,102 0 -
162,500 

14,206 ·2,518-
57,5QO 

5,733 7,823-
30,297 

. 6,953 5,128 ~ 
32,372 

64~4· 14-
266 

45.7 2.9 -
182.1 

3,784 0-

251 

2,059 

272 

1.3 

12,793 

121 -
1,105 

0 -
6,573 

1,391 -
2,457 

0 - 3.8 

Total 
Lb/day 
15.9 

74.0 

31.2 

319.8 

292.8 

186.0 

183.0 

1.4 

0.9 

.52.5 

6-.0 

24.8 ' 

18.8 

0.013 

Lb 
Per Ton 
Coal 
0. 72 

3.36 

3.24 

14.54 

13.31 

8.45 

8.32 

0.064 

0.041 

2.39 

0.27 

1.13 

0.85 

0.000-59 
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Generally, the values noted for mean concentrations are reasonable 

(22, 70, 74). Although TOC and COD values not~d in this study are high, it must 

be noted that the concentrations of these parameters .was not well determined here. 

Concentrations of sulfide and thiocyanate found in the present study 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 improved method has not been fully validated. 

Possible effects of the high degree of recirculation should be noted. It is 

likely that some materials were being volatilized, which would .be one ~xplanation 

for the moderate levels of ammonia nitrogen that were found. Conversely, some 

~aterials would be concentrated to quite ~igl1 levels, providing in explanation fo~ 

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 already been described (89). However, wide variation in concentration is 

Undesirable for treatment by certain activated sludge processes. Pos~ibilities 

for equalization of concentration include: 

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

sufficient to store high concentration flows so th~t they could be 

mixed with lower concentration waste, or drained into the acti~ated 

sludge facility gradually. In order to maintain constant the level of 

biochemical oxygen demand in the pretreated waste, an equalization tank 

with capacity equal to 19 days flow would be required. Since the analysis 

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

actuality a larger 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 

An important finding of this study is that wastewater was recycled 

successfully at the Holston plant for scrubbing and cooling product gas, with 

only minimal treatment ("settling" in the decanter). Potential for recovery of 

chemical substances probably is limited by the quantities involved. At Holston, 

ammonia nitrogen amounted to only some 30 lb/day, and phenols to only 20 lb/day. 

For a plant producing 250 million cubic feet per day or product gas, this would 

be approximately 2,400 lb/day of ammonia nitrogen, and 1,500 lb/day of phenols. 

The value of the product, doubtlessly collected in an impure state, would need to 

be compared with the cost of production. In the case of ammonia, especially, 

recovery doubtlessly will be necessary for reasons of air pollution control. Such 

recovery, perhaps by absorption in acid solutibn, 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 ammonia nitrogen, as reported last 

year, was found to describe stripping effectiveness in the relatively large batches 

of wastewater that were t;reated. Neverthel.ess, 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 gasitication plant doubtlessly would utilize a continuous-flow facility, such 

135 



as a packed tower. 

Limited data were gathered from ·small scale batch studies of the removal of 

grease and oil. Linear regression was uSed to develop an equation that related 

the degree of removal of grease and oil to treatment conditions, but the resuit 

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 follows: 

y = 16.Sx, -0.0360x2 + 6.75x3 + 11.9 
y =percent removal of grease and oil, x1= pH, x2 = treatment 
timo (minutoc), and KJ ~aeration rate (liters per minute per 
liter of sample). The correlation coefficient was 0.80, which. 
is significa~t 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 removed from the waste. The most notable example was that 

most of the sulfide was removed, with this occurring mainly in stripping. However, 

pretreatment also brought substantial removal, some 25% to 50%, of phenols, bio-

chemical oxygen demand, alkalinity, and, doubtlessly, other substances. Interest-

ingly, the concentration of thiocyanate.i!WX~as~d on many occasions, during .. pre-

treatment. 

One notable feature of pretreatment was the substantial decrease in volume 

which occurred. The mean decrease in volume was 18.9%, with a 95% confidence 

interval 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 neutralization (36.3%). The volume reductions during grease and 

oil removal,and during neutralization, probably were mainly sludge, and amounted 

to a mean of about 10% of the volume of the wastewater. This large volume.of 

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

scale co~l gasification plant. 

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

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

NaOH(mg/1) 40,500 31,500 
Grease. and Oil: 

H3P04(mg/l) 2,090 2,610 
H2so4 (mg/l) 10,300 12,900 

·Neutralization: 
.NaOH(mg/1) 1,530 1,820 

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

ever, the quantity of waste\:ater produced in coal gasification is relatively 

small. An·additional factor is that these values are only approximate indicators 

of the required doses. NeVertheless, on the· basi~ of the data Qf 7/2/80, the 

following amo~nts of these ~eagents would be required each day: 

NaOH 
H3Po4 
H2so4 
NaOH (for 

neutralization) 

Holst.on 
Plant 

- 139. kg 
11.6 
57.1 
8.06 

.Biological Treatment 

250 CF per day 
Plant 

10,900 kg 
906 

4,460 
630 

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: Reasonable reductions were obtained, typically 
about 40% to SO%. 

Phenols: After initial operation, very high degree reduction was 
found, often well over 90%,and even zreater than 99%. 

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 w~s joint treatment with muni­
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: 

Ptocess 
Activated sludge,with­

out modification 
(Unit 1, first year 
of study). 

Activate9 sludge, with 
stabilized influent 
concentration of BOD 
(Unit 2, 6/7/79-12/31/79). 

Activated sludge, with 
prccod1ng aerated w"ste 
stabilization pond (Unit 
1, 6/7 /79-1/16/80). 

Activated sludge, with 
preceding aerated waste 
st~bilization pond, and 
chemical precipit~tion in 
aeration tank (Unit 1, 
1/17/80-6/30/80). 

Joint tr'eatment with 
municipal sewage 

Mean 
Reductioq 

(%) 

64.4 

66.5 

77.8 

8.2 .1 

73.5 

20,6 14 

13.4 15 

8.8 i1 

12,5 18 

19.9 14 

95% 
Confiqepce 
Int~rval 

53.6~75,Z 

59.7-73.3 

n.G..,.a3·.o 

76.3,...87.9 

63.t-83.9 

It ~ust be noted that numerous factors enter into the degree of tr~atm~nt pro-

vided, factors in addition to the type of biological treatment provided. These 

would include the characteristics of the waste, the pre~reatment, the lQad on 

the biological treatment, and more. NevertheleS$, the dpta suggested that acti-

vated sludge without modification produced only moderate treatment, pnq that the . . . 

treatment effectiveness that resulted was relatively var~able! Stabilizing ~he 

influent concentration of BOD apparently yielded only a smap improvel!lent in 

treatment effectiveness, though it may have st~bilized the degree of tre~tment. . . -
The addition of a preceding aeration pond may have proviqed significant improve-

mcnt, both in treatment effectiveness (especia~ly when coagulant was gos~d in 

the· aeration tanks) and stability of· treatment. 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 
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appeared to enhance treatment considerably. Not only was reduction in BOD rather 

high and stable, but reduction in phenol was excellent (mean of 99.69%, standard 

devia~ion 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 noted. The 

aerated pond greatly reduced the load on the activated slu9ge treatment units, 

possibly preventing efficient utilization. Further, the aerated pond in itself, 

produced substantial treatment, as e~emplified by the followin~: 

% 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 pro~lems was found associated with solids copcentra-

tions. Generally, levels of suspended solids in the effluents were relatively 

high, preventing t~e attainment and maintenance of high mixed liquor suspended 

solids concentrations. ·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. ~t this point, it is not certain that this 

is an inherent limitation. If effluent solids can be controlled, higher levels.of 

mixed liquor suspended solids maintained and cell detention ~ept satisfactorily 

higp, then considerably greater loads may_ be possible. Efforts to co~trol solids 

levels in the biological effluent included improved settling (totally· ~nsuccessful), 

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

chemical precipita~ion (highly ·successful). The last approach may be the most 



useful. However, high doses of coagulant were required (250 mg/1 of FeC1 3), and 

the viability of microorganisms in the precipitated sludge remains to be 

established. 

Joint treatment with municipal sewage was rather successfuL Ammonia nitrogen 

was removed essentially entirely, BOD was reduced by more than 80% {and often by 

more than 90%) after the process had stabilized, phenols were greatly reduced, 

and the effluent was high in products of oxidation (sulfates and nitrates). ·How­

ever, a maximum of only 0. 3% by volume o·f coal gasification wastewater was included 

in the influerit. Load was 0.28-mg BOD/day/mg l1LVSS, 'l'h~ 9P.l.Y n~gat~v~ f~at;1,1r~ 

noted was an increase in the discoloration of the effluent. Thus, the alternative 

of joint treatment was relatively successful, and merits 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 indicat6rs. 

Tertiary Treatment 

The results for tertiary treatment of the biological effluent by granular 

activated carbon already have been·presented and discussed. Generally, reasonable 

results were obtained. The ta'rbon dosage test showed that, in theory, 0.273 pounds 

of activated c·arbon would treat 100 pounds of wastewater. Incidental information 

from this ph·ase of the study was that the' TOC could be reduced to a value of 

approximately 10 mg/1. Note, however, that "breakthrough" studies have riot 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 potential for success. The following integrated management and 
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treatment scheme is offered· as worthy of further development, based on the p·resent 

study: 

Process 

Recycling of wastewater 
for tleaning and cooling 
product gas. , 

Stripping to reduce ammonia 
nitrqgen. 

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 n~edful 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 sol.ids, 
and should be operated as necessary to maintain 
satisfactory cell retention. 

141 



Limitations 

This study had numerous limitations, which severely lim~t interpr~tation of 

results.; Particular problems include: 

1. Poor control over confounding 
this study must be verified. 
controls are required. 

factors.means that various results of 
That is, additional studies with careful 

2. 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. 

3. The present study was based on the use of laboratory-scale treatment 
units, and small scale studies. The applicability of the data which 
WP.tP. th11R ciP.rivP.ci to fnll Ri:>:P fr~rilitiPs is highly flllPStinn~hlP. Thus, 
scale-up requires study. · 
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Chapter 9 

Summary and Conclusions 

Under contract with the U.S. Department of Energy, Pittsburgh Energy Tech-

nology Center, study was performed on the wastewater from the coal gasification 

plant serving the Holston Army Ammunition Plant. Study of this sort has become 

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 wastewater, 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 activated sludge plants. It is funda-

mental that researc.h 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·l,l70 gallons p~r 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/1, standard deviation was 2,561 mg/1), ammonia 
nitrogen (mean was 3,201 mg/1, standard deviation 1,470 mg/1), volatile 
solids (mean was 18,750 mg/1, standard deviation was 6,953 mg/1), sulfide 
(mean was 5,376 mg/1, standard deviation was 3,784 mg/1), thiocyanate 
(mean was 613 mg/1, standard deviation was 251 mg/1), grease and oil 
(mean was 2,537 mg/1, standard deviation was 2,059 mg/1), phenols (mean 
was 1,924 mg/1, standard deviation was 272 mg/l),and other substances. 
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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 in the wastewater studied than. 
repo~ted by other workers. 

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

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

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

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

8. Problems with the pretreat~ent procedure included the requirement for 
high doses of reagents, and production of large volumes of sludge. 

9. 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 ·espe·cfally phenols, were removed well, the reduction of ammonia 
nitrogen and thiocyanates was poor. 

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

11. The provision of ari aerated waste stabilizat·ion pond prior to the 
activated sludge unit appeared to improve both the efficiency and 
stability of treatment. Howeve·r, the pond probably reduced the 
effectiveness of utilization of the activated sludge units. 

12. Aerated waste stabilization ponds should be evaluated as an·alternative 
to activated sludge iri providing biological treatment of coal gasifica­
tion wastewater. 

13. 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 ~ffluent. 

14. Joint treatment with municipal seawage provided effective treatment, 
including reduction in anunonia nitrogen. A problem with this alterna­
tive. was discoloration of the effluent. 
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15. Chemi~al precipitat~ori with F~c13 was eflective in reducing the high levels 
of suspend~d solids in the biological effluent, and was considered to have 
potential f6r controlling cell retention. 

16. Limited st~dy indicated that adsorption bf granular activated carbon was 
both effective and pract~al for tertiary treatment of the wastewater. 

17 .. An integrated management and treatment scheme, as proposed, can provide 
effective control ~f the wastewater that was studied. 
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COHlRACT UEIW~EN 
EAST TEWIESSEE STATE WIJVERSITY 155 

AND 
THE U. S. DEPARUtENT OF ENERGY 

THIS AGr:EEi·!EilT is effective the 15th day of July, 19.78,' between the 
UiiiTED STATES OF At·IERJCA (hereinafter referred to as the "Governr.tent"); acting 
tha~ough the DEPJlRTnC:IIT OF HIERGY (hereinafter referred to as "DGE"), and the . 
EAST TE:U;ESSEE STf,TE u;nvERSITY, a corporation duly organized and existing under the 
la\'rs of the STATE OF TEfii~ESSEE with its principal office in JOHUSOII CITY, 
TEN:-IESSEE (hereinafter referred to as the "Contractor"). · 

UITi'IESSETII THAT: 

~HEREAS, DOE wishes to have the Contractor perform certain research work, ~s 
hereindfter prcvided; and 

\-JHEREAS; this agreement· is authorized by the Department of Energy Organization Act 
and other applicable law; 

NO\~, THEREFORE, the parties hereto agree as follows: 

ARTICLE I - THE RESEARCII TO BE PERFOfU·1ED 

(a) The Contractor shall, to the best of its ability, furnish persqrr.el, 
·facilities, equipment, materials, suppli~s, a.r.d servicr·s, ~xcept such 
as are furnished by the Government, necess~ry for the J..lerfor[;1cinq? of 
the research prc.;vided for in Appendix A anc: shall perform the research 
and report thereon pursuant to the pro.vi s ions of the contract. It is 
urderst0od that Appendix J\, a guide to the performance of this cortract, 
lll('l.J' be ·deviated from by the Contractor subject to the specific re~ui,re­
mc·nts of this contract. 

{b) This 1·/Qt'k sllJll be conducted. ur,del' the direction of Or. Albert F. Iglar 
or such other mcrnber of the Contractor's staff as may be mutually 
satisfactory to the parties~ 

ARTICLE II - TilE PEHIOD OF PERFORI·I.l\llCE 

The period of perfor:.~ancc under· this contract shclll corr.riH~nce on July 15, 
1978 and expire on July 14, 1980 •. Performance may be extended for 
t:.dditiona1 periods by the mutual \'Jrittcn agreement of the parties. 
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1\RTICL£ III - COrJSIDERfiTIO:I 

(a) 

(i>) 

(c) 

(d) 

(e) 

In full consideration of the Contractor's performance hereurder, DOE shall 
furnish the equipment, supplies, materials, and services, if any, listed i.n 
Article A-II(b) a~d pay the Contractor the sum of $35,690.00, herein-
afte:r called the "Support Ceiling" 1·1hich Slim shall be subject to adjustment 
as hereinafter provided. · 

Pt~yr.1ents to the Contractor shalf equal the."Cumulative Support Cost" of the 
performance of this contract, as the term "Cumulative Support Cost" is defined 
in Afticle G-XXVIII; provided, however, and notwithstanding any other provision 
of this contract, that the Governme::nt's monetary liability under this contrac.t 
shall not exceed the Support Ceiling specified in (a).above. DOE shall not pay 
more than tlie Support Ceiling or an amount ec;ual to the Cumulative Support Cost, 
1·1hichever is less. 

i'n1enever the Contractor has reason to believe that the arr.ount of funds obligated 
under this contract \'Jill be inslifficient to permit the Contractor. to continue to 
perform for more than 30 days (or such other period as DOE may. from tim~ to time 
tir.1e establish by notice to the Contractor), the Contractor shall prcmptly 
notify DOE to that effect. The Contractor shall be req~;ired to perform under 
this contract throt;ghout the agreed-upon period of perforrrance, and to bt:ar all 
costs which DOE has not agreed to pay; provided, however, that the Contractor 
sh~il have the rinht to cease to perform the rl!sea;-·ch pt·cvided for in this con" 
tract, ur.on 1·1ri ttc:n notice to DOC to that effect, at any t1nie \·/hen· or dfler Lhe 
Cumulative Support Cost equals or exceeds the Suppc·rt Ceiling. 

The Support C~iling specific~ in (a) above may be increased unilaterally by DOE 
hy 1·1ri ttcn not ice to the Contractor and may be increased or decreased by l·wHter: 
C:!CJrEcl;:(:nt of the parties (~1hether or not by formal modification to this contrac:t·). 
I1' thP. ·ev(nt ·the stated period of contrilct .perforrolimce is extended, the Support· 
C0il inr will be re~ised to reflect any incre~sed DOE support for the extended 
period or periods. 

Upon te:r1:1ir~iltion, or expiration of the total period of performance, the Con­
trJc.tor sl,all promptly refund to DOE (or mc1ke 5uch disposition as DOEr.:ay in 
writin~ direct) any sums paid by DOE to the Contractor un~~r this contract, 
through direct payment or under letter of credit, in excess of the·Cumulativ~ 
Support Cost. incurred in performance uncler the contract. 

AF;T ICLE IV - ClOVERII~lEIIT PROPERTY 

The follmling items of property procured or fabricated by the Contractor are hereby 
1 i sted as "Government prcperty 11

: 

1-iOHE 

ARTICLE V - APP.f.iiOI CES 

Appendix /i, Appendix G - General Provisions, J\ppem!ix C - Statement of Costs, and 
/lf.lfH?ndi;: n- Intellectual ProJ:ert.y Provisions, are hereby attached to and mdde a 
part of this contract. 

DOE 1 0( 1-1;:)- 1077 
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ARTICLE VI - CIVIL RIGHTS ACT OF 19£it, 

Contractor isrecs to comply with DOE's Reg~lation (Part 704 of Chapter Ill, 
Title lG, Cqd~ of Fede~al Regul~tions), as amended, eff~ttuating the provisions 
of title YI of the Civil Rights Act of 1964. 

IN WIT~ESS.WHEREOF, the ~arttei have executed this doc~ment. 

DOE 1 OD- 1077 

Pittsburgh Enerr;y Technology .Center 
Department of Energy 

EAST TEI,NES EE 'STATE UNIVERSITY~ \ 

BY.: •'AA ~ • ~~ .. 
Arthur.H. DeRosier~ Jr. · 

---. · -.- ·P.r-e~trrEfc) 

by Christopher L. Bramlett 
Vice-President for Academic Affairs 
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David L. Kite , certify that I am the 
------~--------~(~a7t~te~s~t~e~r~---------------

Director of Business Affairs of the Contractor named 
tityle~)~--------------

under this documE~nt; that Christopher L. Bramlett 
------------~------~(rs~i-gn-a~t-o-ry-)r-----------

\·lho signed this dvculilent on behalf of said Contractor was then 
Vice-President for Academic Affairs and 

_A_u_t_h_o_r_iz_e_d_t_o_s_ig_n_f_o_r~t~he~P,.r_e_s_i_de_n_t ___ ---- of said Cont rae; tor; that 
(title 

this document \·la·s duly signed for and on behalf of said Contractor by authority 

of its governing body and is withi~ scope of 1ts legal powers. 

IN I~ITf.J~~~. J!)'l~:~~"JF., I 
• . • • . \ •I .'I 'I ' . . •. r.-·· , . ' .· ;· .·~, . . 

hdve hereunto affixed my hand and the seal of said Contractor. 

. ' : ·. \ 
: I : •. \ I:. 
-..,,·'... ( '· .'.: . 

• , ' I ·,'I 

·. (SEAl.) 
( l I ', ' • 

00£ 5-1077 
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C011TPJ\CTOr.: EJ\~.T TEiliiESSEE STl\ TE U:IJ VERS ITY lontrciCt iiO. UJ-J(S-:>-U-UlJI4 

APPEllDIX A 

f~r the Contract Period July 15, 1978 through July 14, 1980. 

Article 1\-I RESEARCH TO OE PERFOR!·1ED BY COIITMCTOR 

(~) ·The scope of 1·1ork under this contract is unclassified and shall consist of 
a study to evaluate ~ethods of treating coal gasification process waste­
water, with regard to meeting requirements for water pollution control. 
Oetuiled study 1-1ill focus on the coal gasification facility at the 
Holston Arl'ly Anrnunition Plant inKingsport, Tenr.essee. C)laracterization 
1·/ill be conducted on the .wastewater to evaluate flow, ch-emical character·= 
istics, and physical characteristics. \/hile the study 1-lill some1-1hat · · 
consider pn treatment, by-pro<!uct recovery., and other rna tters, it wi 11 
foct;s on possibilities ·for biological treatment, especially by the 
activated sludge process •. The highly contaminated nature of this l'laste-
1·/Gter 1·1ill necessitate investigc:tion of.specialized techniques, such as 
joint treatment vdth municipal se\'lage, biologicill contact media, anC: 
other possibilities. In the actual treatability studies, levels of 

·major pollution pararneters will be deLermined both before and after 
treatmE:nt. Various loading and design purar.:eters vlill be evaluated, 
together with appropriate investigation of tnatment kinetics. 

(b) The scope of •11od: s~all include such other studies, investigations 
and services as may be mutually agreed upon. 

(c) Th£: Principal lnvestiqat.or(s) expects todevcte the follovling approximate 
ali:ot•nt(s) of time to the contract work: lOOZ of his time for 3 months. 

ttY-tic 1 e 1\- I I IH1YS AriD l·i£1\IIS OF PERFORili\!ICE 

(a) .1te1% for· 1·1hich .suppor·t 1-1i11 be provided as indicated in A-III, be101·1: 

(1) Salat"ies and Hages · 

(2) EquipmE·nt to be purchase<! or fabricated by 
the Contrc:c tor · 

(i) Item(s) expected to cost $1,000.00 
or more. 

1. Total Org~nic Carbon Analyzer 

$ 

$ 

" '-· 2 Dench-Sc~1e Activated Sludge Units 
3. Compositing Sampler · 

( 3j Trav~ ·1 
( i ) Oon•cst ic $ 

( i i) Foreign s 
( •l) 6ther direct costs 

21 ,7!)5.00 

14 ,6'.)0~ 00 

1,350.00 

-0-
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(5} 

l.C•ntracc uu. 
Appendix 1\ 
Pase tlo. 2 

Indirect costs for the period July 15, l978 throush July 14, 1979 
shall be based on a pre~etermined rate of 51.1 percent applicable 
to salary anc! \'IC.ges, excluding vacations, holida,\'S, sick pay and 
other fringe benefits. 

Indirect costs for the period July 15, 1979 through July 14, 1980 
shall be based on a predeterrained rate, together with its applicable 
base shall be agreed to in writing, by the parties prior to the 
initiation of any work dt•ring said period. Said agreement shall not be 
ccnstrued to increase the Support Ceiling specified in Article Ill of 
this contract. 

(b) lter.~s, if any, significant to the perforrr.ance of this contract, but 
excluded from computation of Support Cost and from consideration in 
proportionin~ ccsts: 

NONE 

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

100: of 2.2 months 

Article /\-111 

The tot(ll cstir.•Jtcd cost of itera~. under A-II(a) above for the contrac.t period 
stated in this Arpendix A is $57,997.00~ DOE will pay 100 percent of the actual 
costs of these iteMs fncurred durjng the contract period stated in·this Appendix 
A, Sl)b.i~c;t to th~ provi~iQns of .Article III and Article 13-XXVIIf. The estimatE-d 
DOE Support Cost for the contract period sta'ted in this Appendix A is $57,997.00. 

Funding for the estimated DOE Support Cost \'lill be as follO\'IS: 

(a) 

(b) 

Estimated unexpended bal a nee from prior period·(s) 

rle\·1 f1mds for the current period . . . 

(C} Subject to theit· availability. additional funds 
·anticipated for the c~rrent period 

DOE APP. A(Pr)-1077 

s -0-

$ 35 690.00 . 
----~---· ·.-.-

$ 22,307.00 
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APPENDIX B 

Sulfide Determination in 

Coal Gasification Wast~water 
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SULFIDE DETERMINATION IN COAL GASIFICATION WASTEWATER 

1. Sampling 

Raw . samples: 

In BOD bottle; place 3 ml 2N Zn(CH3C00)2, H!l with sample water, and then 

add 6 drops of lON NaOH. Stopper with no air bubbles, and mix by rotating 

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

preserve. 

Pretreated samples: 

In BOD bottle, place 5 ml 2N Zn(CH3COO)z, fill· with sample water, and· then 

add 4 drops of 1 ON NaOH. Stopper .with itO air ·bubbles, and mix by L·uLaLiug 

back and forth about transverse axis. 

Adding more NaOH in raw sample is explainable by the high concentration 

'. ·~ .. 

of ammonia present there.,. which inay a~t as a pH buffer. In pretreated sample, 

more Zn(CH3COO)z i~ added,becaui~ of the presence of high concentrations of phos­
\ 

2. Determination 

Raw samples: 

Carefully remove the supernatant from the upper lay'er of solution in BOD 

bottle. Add 50 ml acetone to the bottle. Mix and allow to settle for 2 miriut~~; 

Pour solution through glass fiber filter. 'ihen use ariother 20 m1 of acetone, 

wash the bottle w.ith this, and pas!!- the iiquid through the ·filter. Wash the 

filter paper with ail additional 50 ml of. acetone to insure that organic matter 

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

Wi.th care, .remove the supernatant from the upper layer of the solution in 

the BOD bott;le. Add 75 ml of 1.27% a~onia. solution (5 .. ml of ammo~ium hy­

droxide with 28.2% NH3, specific gravity·0.897 at .60°F, diluted to.lOO ml with 

water) •.. Siir for 2 minutes and then filter through.glass fiber filter, fol-

lowed by washing with an additional 25 ml of ammonium hydroxide .solution. 

Then use 50·ml of water to wash the residue on t~e filter. 

Further removing of interference: 

Set up distillation apparatus as shown: 

F\I$EO 
C,&.AS.S 

Place the sample int'o· A, apply a negative pressure, then add 3N HNO) to 

A by o'}>enirtg the valve on C. After:. acid in .C has completely. gone int() A st'op . 

e . the pump. · Then conduct N2 to the system. The acid reduces the solubility of 
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sulfide: 

.2H+ + s-2 --""!"---3JI• H s .,.. . 2 {g) 

H2S is carried out by the N2 and absorbed by 1. 25N NaOH in B. The purpose of · 

the N2 is to prevent the oxidation of sulfide: 

S-2 ·+ 2H+. +0. 
2 
__ _,._ s· + H 0 

~ (s) 2 

which was experiencedin previous experiments . 

. The samples from this method contain a high concentration of No3-, which 

will cause negative interference in the iodometric method. 

In the !odo~etric method: 

The N03- in the solution will react with I~: 

+. · N03- + . 3 I---~·~~ NO! . + 2H2o + 12 

Therefore, other methods should be applied; in th:is case we use the 

amperometric method. 

The amperometric method of determining sulfide in the sample involves the 

apparatus shown: 

~A6N~TIC! 
S TIA.~et 

In the titration excess Pb(N03) 2 was used to react with the sulfide: 
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Pb+2 + .s-2 PbS -----.>-• . (s) 

Pb+2 + cro-;/ )- PbCro4 .· 

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

mv. 
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APPENDIX·C 

Method For Determinationof Thiocyanate.in Coal Gasification 

Wastewater Using a Modified. Ferric Thiocyanate. Spectro­

photometric Technique (9) 
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Modified Ferric Thiocyanate Spectrophototrietr.ic Technique 

REAGENTS: 

(1)· 1:1 HN03 - to 100 ml distilled water slowly add 100 ml concentrated. 

HN03 • 

(2) Ferric· Nitrate Solution - Dissolve 50 g of Fe(N03) 3 in 400 .ml dis­

tilled water. Add 25 ml concentrated HN03 and dilute to 1 liter. 

(3) Standard Thiocyanate Solution - Weigh 1. 3956 ,g of NaSCN and .diss.olve 

in 500 ml distilled water. Dilute to 1 liter. . One ml of of this 

-solution contains l mg SCN . Standardize by Volhard's Method. 

TECHNIQUE: 

(1) Place a sample (which will yield 1-10 mg/1 SCN- upon dilution) in a 

volumetric flask. 

(2) Acidify using 1:1 HN0
3

. 

(3) Dilute tO" the mark with distilled water. If there is apparent tur-

bidity, filter through S&S 589 (or eq~ivalerit) paper. 

(4) Read absorbence of th~·"color" at 480 nm using distilled wat~r at 

zero plank. 

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

(6) Read absorbence at 480 nm using a reagent blank for zero absorbence. 

(7) Use the following formula: 
c 

(A -B) ( D ) -E I -= mg 1 SCN 
m 

where; A = absorbence from St.ep 6 

n - absorbeD~~ frum Step 4 

C = original sample volume {from Step 1) 

D = final volume of diluted sample (from Step 3) 

E = Y-intercept (from the calibration curve equation) 

m = slope (from the calibration curve equation) 

167 



NOTES: 

Prepare the calibration curve as for the modified. :)tandard Methods 

procedure. 

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 saniple aliquot and the approximate dilution 

needed to obtain Rn ar.ceptabl~ optical density reading. 
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APPENDIX D 

Studies of Chloride Levels 

in 

Coal Gasification Wastewater 
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.The analysis of the chlorides ~n the coal gasification waste liquor was 

c;omplicated by various interferring ions, which were to be removed by following. 

a procedure outlined by Luthy. This consisted of raising and lowering the pH~ 

as well as oxidation with hydrogen peroxide and boiling to remove the then 

volatile substances. Results were inconsistent, with considerable variation 

in replicate detenilinations on the same sample. As.an example, three runs were 

made with the sa~e sample on ·2/5/ao.. The results varied by 15.32 PPT. Compared 

with the generally permissible variation of 5 PPT, the results were unaccepta~le. 

Several other attempts wete iuade, Lut were uneucc.;>c;;stnl due t.u ~vid£rtt p.oiconirig 

of the electrode. 

After the elec~rode method failed, an attempt was made to use colorimetric 

reactions with potassium permanganate. Again, interferences made the end point 

undetectable. The interfering ions reacted with the permangartate, and no color 

change occurred, even with great excess.of silver nitrate titrant. 

The last method tried was to raise the pH with NaOH to about 10, and then 

dry the sample in an oven. The dried sample was then placed in a furnace and 

fired so as to re~ove all organics. It was felt that any chlorides would be 

left in the resulting ash. If consistent results could bf.! obtained, standards 

would then be run to determine the amount o~ chloride lost in ~he process. 

Highly incons:f.stent results were obtained,· and the process was discarded. One 

sample. indicated a valu~ of 37.9 grams/lit.er, while a similar sample, when 

titrated, showed l2.4 grams/liter. It is doubted that the samples could vary 

so much. 
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