
~ WATER POLLtJTION 'CONTROL RESEARCH SERIES e 120900WM01/71 

Bio-Regenerated 
Activated Carbon Treatment 

of Textile Dye Wastewater 

"'lVIBONr.JENTAL PROTECTION AGENCY • WATER QUALITY OFFICE 
• 



Water Pollution Control Research Series 

The Water Pollution Control Research Reports describe 
the results and progress in the control and abatement of 
pollution in our Nation's waters •• They provide a central 
source of information on the research, development, and 
demonstration activities in the Water Quality Office, in the 
Environmental Protection Agency, through in-house research 
and grants and contracts with Federal, State, and local agencies, 
research institutions, and industrial organizations. 

Inquiries pertaining to Water Pollution Control Research 
Reports should be directed to the Head, Project Reports System, 
Water Quality Office, Environmental Protection Agency, 
Washin2ton. D. C. 20242. 



BIO-REGE::-.TERATED ACTIVATED CARBON 

TREATMENT OF 

TEXTILE DYE WASTEWATER 

by 

FRAM CORPORATION 

East Providence, Rhode Island 02916 

on behalf of 

C. H. MASLAND & SONS 

Carlisle, Pennsylvania 17013 

for the 

EKVIRONME~TAL PROTECTION AGENCY 

Water Quality Off1ce 

GRANT PROJECT NO. 12090 DWM 

January 1971 



EPA Review Notice 

Th1s report has been rev1ewed by the Water Quality 
Off1ce of the Environmental Protection Agency and 
approved for publication. Approval does not signify 
that the contents necessarily reflect the views and 
policies of the Environmental Protection Agency, nor 
does mentlon of trade names or commercial products 
constitute endorsement or recommendation for use. 

ii 



ABSTRACT 

A novel approach to treating a highly colored textile dyeing 
waste effluent is descr1bed. It comprises the removal by sorp
tion of color bodies and other organic matter on activated carbon 
granules. Spent carbon granules are then subjected to a virule 
aerobic biological culture which desorbs and bio-oxidizes the 
desorbed matter, thereby regenerating the carbon for subsequent 
new sorption steps. 

Laboratory confirmation of the phenomenon is presented. 
Field testing of the treatment process concept m a 50, 000 gpd 
plant installed at a yarn spinning mill (C. H. Masland & Sons, 
Wakefield, Rhode Island) is reviewed. 

Color removal wfs virtually comp1ete at two flow rates 
evaluated: 8. 5 gpm/ft and 15.6 gpm/ft carbon column bed 
flow. COD removal was 85o/o or h1gher at 8. 5 gpm/ft2 and only 
48o/o at 15.6 gpm/ft. 

It was demonstrated that activated carbon had an adsorption 
capacity in excess of l. 6 poundsCODper pound of carbon when the 
carbon was reactivated only by biological means. The estimated 
operating cost for de colorizing 1, 000, 000 gpd is 8. 3 cents I 1000 
gallons not includmg amortization. 

This report was submitted in fulfillment of Grant No. 
12090 DWM between the Water Quality Office of the Environ
mental Protection Agency and C. H. Masland & Sons. 

KEY WORDS: Wastewater treatment, industrial wastes, textiles, 
color, adsorption, activated carbon, costs, total 
organic carbon 
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SECTIO~ I 

CONCLUSIONS 

I. Exhausted activated carbon can be biologically regenerated, pro
Vlded that the adsorbate 1s biodegradable. 

2. The textile dye wastes can be easily decolorized by a smgle pass 
flow thro~h fixed granular activated carbon beds at an average flux of 
12 gpm/ft , provided that the color bodies are receptive to adsorption 
on the car bon. 

3. A continual adsorption-biological regeneration cycle of the activated 
carbon beds has been achieved over a four month penod resulting in a 
continuous decolorization and organic reduchon of a textile dye waste. 

4. Economically. the process 1s well suited for handling complete 
treatment of small volume textile wastes (up to 75, 000 gpd), and for 
pretreatment {complete color removal and 50o/o organic removal) of 
large volume textlle wastes prior to d1s charge to conventional biological 
waste treatment systems. 

5. An effluent profile analysis of the Mas land- Wakefield dyehouse waste 
effluent was made. The average COD was 700 mg/1, BOD 350 mg/1, 
suspended solids < 40 mg/1 and pH range 4. 0 - 6. 0. 

6. T<No test periods were operated as 11 Phase I 11 and "Phase II 11
• Phase 

I was conducted from 6/2/69 through 10/6/69. Phase II was conducted 
from 7/21/70 through l 0/23/70. Phase I operation 1llustrated the need 
for mechanical alterations, a better performing activated carbon, and 
the addition of a pH buffering chemical and b1olog1cal nutnent to perfect 
the required biological regenerat10n step. Phase II operation mcluding 
these alterations and modifications m operating procedures is the basis 
for the success of th1s proJect in meeting the objectives of th1s demon
strabon. 

7. A 1. 0 mgd plant des1gn was developed from the data generated from 
the Phase II operabon. For a SO% COD removal, the estimated construc
tion cost 1s $230, 000 with an estimated operating cost of 8.3¢/ l 000 gallons. 
For a 75o/o COD removal, the estimated construction cost 1s $550, 000 with 
an estimated ope ratmg cost of 23. 1¢/1000 gallons. 

l 
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b~L'llUN 11 

RECOMMENDATIONS 

The Masland- Wakefleld treatment fac1lity was installed as an 
experimental pilot plant subject to mod1f1cattons deemed necessary 
during its operational study period. Although it could be contmued 
for use as a pretreatment facihty prov1ding 50% COD removal prior 
to discharge into a proposed regional sewer system, it is recom
mended that the plant be further mod1fied as follows: 

1) Installation of an equalization basin 

2) Installation of two parallel activated carbon column units 
whereby one unit o£ three columns is on stream while the 
other unit 1s on btological regeneration 

Such a modification would increase the level of treatment to an 
effluent suitable for stream discharge. 

The complete (over 99%) decolonzation demonstrated by the 
Mas land- Wakefield pilot plant study warrants the location and s elec
tion of a manufacturing plant discharging a s im1lar colored waste m 
quantities approachmg or exceeding one million gallons per day. The 
design, construction and operational study of a treatment plant of this 
concept under a Federal demonstration grant funding is recommended. 

3 
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SECTION III 

INTRODUCTION 

Biological treatment of wastewater can be markedly improved by 
providing a myriad of solid surfaces upon which biological growth is 
accelerated. The trickhng filter and the rotatmg b10log1cal surface 
process are examples of employment of this extended area principle ( 1 ). 
The increased effect produced by providing considerably greater effec
tive sohd surface area in a b10logical reactor has been noted by I. S. 
Kugelman (2). Kugelman describes but does not explam an 1'unexpected1' 
biodegradation taking place in a tertlary granular anthraClte filter 
used to polish a secondary treatment effluent. 

It is evident then that proper utilization of an adsorbent with a 
biological waste treatment process might provide an important step 
in designing more effective and less expensive waste treatment systems. 
Studies made along this line by s. S. Blecha rczyk, E. L. Shunney and 
A. E. Perrotti at the Fram Research Laboratories resulted in a fur
ther breakthrough in technology -namely, the regeneration of an adsor
bent's capae1ty by biological means. The application of this techmque 
on the waste effluent of a carpet yarn textile mill is the subject of this 
report. 

Convent10nal color removal methods for handlmg textlle dyeing 
waste discharges have been: (1) lime coagulation and flocculatlon; 
(2) alum coagulation and flocculahon, and (3) more recently, activated 
carbon columns with external thermal regeneration. With the exceptlon 
of Method 3, only partial success has been achieved. Coagulation
flocculation will adequately handle insoluble and I or dispersed dyestuffs 
reasonably ~Nell. Soluble dyestuffs such as those used in carpet yarn 
dyeing are not removed by such techn1ques. Activated carbon with 
cyclic thermal regeneration is probably the most effiClent method for 
removing color. Its complexity, the relahvely h1gh mstallahon cost, 
operating requirements, and relatively high operatmg costs dampen 
1ts desnab1lity. The fact that regenerahon of the activated carbon 1s 
color removal characteristics can be accomplished in place by b10lo
gical means makes the method more attractive than :Method 3 where 
the carbon is regenerated externally. 
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In order to prove out the efficiency of the technique of biolog1cal 
regeneration of activated carbon as it would apply to color removal, 
there was a need to develop the technique at an industrial s1te. It 
appeared that the most expeditious approach was to apply for a 
Federal demonstration grant. Such a grant was applied for and 
awarded. 

The grant project objectives were: 

To conduct effluent profile analyses; to design, construct, 
operate, test and evaluate a pilot fae1hty to treat the entire 
combined plant process and primary treated sanitary waste
waters (50, 000 gpd) utilizing the Fram Corporat10n 1s acti
vated carbon modified actlvated sludge process; to develop 
design criteria for a 1. 0 to 1. 5 mgd plant. 

6 



SECTION IV 

BIOLOGICAL REGENERATION 

Organ1c matter contained in wastewater is adsorbed on an adsor
bent contained in a fixed bed (Figure l ). Wastewater is fed through 
the adsorbent in a downflow mode unhl the adsorption capacity is 
exhausted. The exhausted adsorbent is regenerated by cuculahng 1n 

an upflow mode a liquid stream containing an aerobic b1ological cul
ture. The resultant b1o-ox1datwn of the eluted organic matter con
tlnues to take place untll the adsorbent is reactlvated. The reactivated 
bed 1s then ready to perform again its adsorption-filtration function on 
a wastewater stream. 

The bio-culture which is accllmated to the wastewater to be 
treated in many cases receives enough nutrient from the contaminated 
carbon to mamtam itself. When nutrient content 15 deficient, suffi
Cient nutr::.ent can be added to the bw-culture to ma1ntain the des 1red 
b10-chem1cal activtty required to achieve regeneration. 

Prev1ous to thts demonstrat10n proJect, two laboratory fixed bed 
adsorbent columns were in operation on a sorpt10n-biolog1cal regenera
tion repeating cycle for over fifteen months. The same adsorbent re
moved a quantity of organic matter over I 00 times its weight. In th1s 
experiment, the adsorbent was contained m packed columns SlX feet 
in length and two inches in diameter. Each colunm was packed with 
120q grams of Witco 718 ( 12 x 30 mesh) granular activated carbon. 
The carbon was retained by a perforated sheet with 0. 045 mch dla
meter holes in a staggered fashion and w1th a 2 6% open area. Flow 
rate through the system was maintamed at 12 gallons per minute per 
square foot of cross-sectional area in a downflow mode. 

The regeneration cycle was accomphshed by recuculating a Vlru
lent dispersed bacterial culture in an upflow mode at 10 gpm/ft2 . 
The dissolved oxygen in the culture was maintamed at a level greater 
than 2 ppm by bubbhng air into it. The source of activated sludge was 
a rrmnicipal secondary treatment plant. The sludge solids in the regener 
bon liquor d1d not exceed 1000 mg/1 and were generally less than 200 mg 

A synthetic wastewater was prepared in accordance with the formula 
m Table I and its COD (chemical oxygen demand) was 295 mg/1. An 
average reduction in COD of 51% was maintained for the entue fifteen 
month period. The vanation in COD reduction was 46 - 58%. 

7 
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Table I 

Synthetlc Waste Formula Used in Original 
Bio-regeneration Studies 

Starch, Soluble 39.4 mg/1 

Glucose 39.4 mg/1 

Glycine 21. 0 mg/1 

Nutnent Broth 31.0 mg/1 

Leucine 31. 0 mg/1 

Glycerme 5. 5 mg/1 

Octanoic Acid 5. 5 mg/1 

Oleic ACld 5. 5 mg/1 

Sodmm Acetate 5. 5 mg/1 

COD o£ Solution 295 mg/1 

9 
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SECTION V 

FIELD APPLICATION DEVELOPME~T 

SITE FOR PILOT PLANT 

The carpet yarn :iber dyeing fac1lity of C. H. Masland & Sons, 
Wakefield, Rhode Is land was well suited for field studies of th1s 
sorption-biolog1cal regenerat10n treatment process. The waste from 
the dyehouse was predominantly a clear, heavily colored solution 
dumped directly mto the r1ver downstrean1 of a mill dam. Its quantity, 
50, 000 gallons per day over a 10 hour dyeing period, was low enough 
to perm1t employment of a pilot plant handling the entue effluent. 
Also, a 10 hour adsorption-f1ltration phase followed by a 14 hour blO
logical regeneration phase could be mamta1ned w1thout prov1ding an 
otherwise duphcate system for continual 24 hour service. 

PRELIMINARY PROFILE ANALYSIS 

Analyses pertinent to the pollutant waste content of the Masland
Wakefleld effluent stream were performed. F1gure 2 is a plot o£ 
COD { chem1cal oxygen demand) as a function of time in l S minute 
steps over a 4 hour penod. A relationship of COD to TOD (total 
oxygen demand) was estabhshed where COD = 0. 98 TOD, further, 
COD = 2. 51 BOD

5 
(five day b10chemical oxygen demand) and also 

COD = 2. 54 TOC (total organic carbon). See AppendlX E for a de
ta1led explanat10n of these relationships. 

For the purpose of clarity, the chemical oxygen demand (COD) 
parameter w1ll be useci in the remainder of the text. 

F1gure 3 18 a plot of color versus time. Tinctorial strength 1s 
ten times the absorbance obtamed on a colonmeter at a 'Navelength 
of 45 0 milhm1crons. 

F1gure 4 is a plot of BOD versus time. F1gure 5 is a plot of sus
pended solids versus time. The mean values and range for each para
meter evaluated are presented 1n Table II. 

The profile data as shown graphically in Figures 2, 3, 4 and 5 
and summarized in Table II reveals that the wastewater 1s predominantly 
solid-free (suspended solids: 6 - 70 mg/1, mean 27). The contammants 
contributing to high coloration (2. 5 color units mean,wh1ch 1s comparable 
in intens1ty to that o£ a dark red wine) and a moderate BOD and COD 
concentration are predommantly soluble m nature and well suited for 
adsorption colurnn treatment. 

11 
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Table II 

Masland Dyehouse Raw Waste Profile 

Parameter Mean Range 

Color - units 
.,, 

2. 5 0. 7 5. 9 -,-

pH 4.3 4.0 - 6. 0 

Temperature- oF. 110 90 - 124 

BOD (biochemical 
5 oxygen demand) mg/1 396 95 - 700 

COD (chemical oxygen 
demand) mg/1 700 305 - 1450 

Suspended Sohds - mg /1 27 6 - 70 

':~ T 1nctonal Strength. 
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Before designmg an adsorption colwnn treatment system for instal
lation at the Masland- Wakeheld plant, contamination-regeneration re
cycling tests were performed employing actual Masland dyehouse waste
water of known composition to contaminate. Figure 6 shows the de
crease of COD removal as the adsorption capacity of the activated carbon 
is used up (contamination cycles Cl, C2, etc.), with each contamination 
cycle followed by a bw-regeneration cycle (R l, R2, etc.). 

Each contamination cycle (Cl, C2, etc.) was 2-1/2 hours m dura
tion at 100 gph through two flve-1nch diameter colwnns, each packed 
w1th 5000 grams of granular W1tco 718 carbon (12 x 30 mesh). Columns 
were contaminated in the downflow direction in series, and biologically 
regenerated in the upflow direction in parallel. Hence, during the con
taminatiOn cycle, the columns were operated in a packed mode and 
during the regeneration each adsorbent bed was fluid1zed. Although 
the natural waste influent varied widely m COD and chemical composi
tion, the COD level was generally above 700 mg/l. 

Each plotted point m F1gure 6 represents the per cent COD reductlon 
over a 3 0-minute 1nterval. A gradual decrease in removal efficiency 
(fust plotted point of each test cycle) can be observed durmg contamination 
cycles Cl through C4. Th1s was attnbuted to regeneratlon times which 
were too short in duration (6 hours). When the regeneration time was 
increased to 12 hours (R4 and R5), a corresponding increase in "hrst 
point 11 removal efficiency IS then achieved. 

Actual contamination experienced on a stated day was a composite 
from the dyehouse effluent stream resultm&_. from the batch dyeing opera
tions listed in Table III. The spectrum of dyeing formulation chem1cals 
in this test series was widespread. 

LA BORA TORY DESIGN CRITERIA 

The Mas land- Wakef1eld effluent averages 700 mg/1 COD at a flow 
of 50, 000 gpd. At this level, the treatment plant w1ll remove 300 pounds 
of COD per day. Three sections of two-inch diameter acrylic plastlc 
columns were each packed wlth 1, 200 grams of Witco 718 12 x 30 mesh 
activated carbon. A total of 720 liters of composite dyehouse effluent 
samples was passed through each column in series at one liter per 
minute. F1gure 7 shows the per cent COD removed for each column 
versus total flow throughput in liters. From these data, it was calcu
lated that 0. 076 pound~ of COD were removed per pound of carbon at a 
flow rate of 12 gpm/ft . Based upon a conservative 0. 05 pound of COD 
removal per pound of carbon for a 300 pound COD load per day, 6, 000 
pounds of carbon would be requ1red. 

17 
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Dyes 

Dyes 

Dye 

Table III 

COMPONENTS OF WASTE EFFLUENT FOR EACH 
CONTAMINATION CYCLE PLOTTED IN FIGURE 6 

CYCLE Cl LIGHT RED ACRYLIC CYC ... E C4· RUST WOOL 

Calco:dne Acrylic Blue HP Cove Lanafast Orange PDL 
Calcoz1ne Acryltc Red B Dyes Lanafast Navy NLF 
Calcozme Acryhc Violet 3R Lanamtd Red 2GL 
Calcoz1ne Acrylic Yellow 3RN 

56o/v Astrazon Yellow 7GLr. Acetic Ac1d, 
Ernfialana WSDC 

Acehc Actd, 56"1. Moth Snub 
Merpol DA 
Salt CYCLE C5• GOLD ACRYLIC 
Retarder 98 

A.strazon Yellow 7GLL 
CYCLE C2. BLUE WOOL Dyes Aatrazon Red GTL 

Astrazon Blue SGr. 
Alizarine Light Blue 3F 

Acet1c Ac1d, 56% 
Xylene M1ll Green B 

Merpol DA 
Merpol DA Retarder 98 
Salt Salt 
Acehc Actd, 56% 
Moth Snub CYCLE C6 GREEN ACRYLIC 
Sulfunc Ac1d 
E r1ocla rtte B Sevron Yellow 3RL 
Leveling Agent PD 

Dyes Aatrazon Red GTL 
Aetrazon Blue 5GL 

CYCLE C3 BLACK WOOL Nabo:r Blue 2G 

Omega ChroiT'e Black ALA Acetic Actd 

Acettc Ac1d, 56% 
Merpol DA 

Moth Snub Salt 

NOTE Components whtch develop color of the wastewater are deSignated above as "Dyes' • 
The other components are used for stab1hzatlon, levehng, pH control, etc. 
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SECTIO:-.J VI 

FIELD STUDIES 

DESCRIPTION OF PILOT PLANT 

The unit based upon the above discussed design criteria was in
stalled in a service bu1lding (Building #4) on a tidal nver bank 
(Figure 8). The dyehouse is across the street. The waste effluent 
1s pumped through a conduit beneath the road bed and through a pipe 
lme located in Building #4 and hence to the hdal estuary outfall. 

Figure 9 shows the waste effluent line emerging from the conduit, 
the bypass line, the pump, and three of the four activated carbon ad
sorption columns. Figure 10 illustrates the back side of the adsorption 
columns, the biological culture tank used for regeneration, the air 
pump which supplies air to the culture tank, and the recirculahon pump 
used dunng the regeneration cycle. The whole treatment plant occupies 
only 15 0 square feet, and is no more than 12 feet high. 

The four adsorption columns were 3 feet in diameter by 10 feet 
h1gh constructed out of m1ld steel and innerlined w1th a fiberglass re
inforced polyester resin and built to withstand 60 psi. The regeneration 
reservoir was 5 feet in diameter by 8 feet high constructed out of fiber
glass reinforced polyester plastic. It had an open top and a sloping 
bottom. All piping was 3-inch diameter PVDC plastic. Tank valving 
comprised penton coated three-way diverter plug valves. Pumps 
were of an all-iron positive displacement type. The blower was of a 
rotary lobe design. Other design features of the pilot plant appear 
in Table IV. 

Figure 11 is a schematic flow d1agram of the waste treatment 
system. Solid flow lines trace the flow of the dyehouse waste effluent 
through the adsorption filter columns during the contamination cycle. 
Broken flow lines trace the flow of the aerobic biological culture 
through the columns during the hie-regeneration cycle. The biological 
culture is prepared from a source of activated sludge and maintained 
in a dispersed aerobic phase. 
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Waste Treatment System - C. H. Masland &- Sons, 
Wakefield, R. I. - Achvated Carbon Columns 

Figure 9 
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Waste Treatment System- C. H. Masland & Sons, 
Wa~efleld, R. I. - Regenerant Reservou 

Figure 10 
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Table IV 

Pilot Plant Design Features 

Activated Carbon 

Flow Rate 

Carbon Column Flux Rate 

Biological Culture Capacity 

Aeration Capacity 

25 

Up to 6, 000 pounds 

Var1able to 120 gpm 

2 
Up to 17. 0 gpm/ ft 

1, 000 gallons 

40 SCFM 
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As prev1ously stated, the equipment operates on a batch sequence 
basis: for 10 hours, the columns are operating on a contam1natlon 
cycle (adsorption-filtration) during which time the filtered waste 
effluent flows into the river; for 14 hours, the columns are back
flushed (regeneration cycle) on a recirculation basis w1th an aerobic 
b10logical culture. During the contamination cycle, liquid flow is 
through each carbon column m series in a downflow mode. During 
the regeneration cycle, the b10logical culture flows in a parallel pat
tern through the columns in an upflow mode. 

PHASE I OPERATION 

The treatment plant was put on stream to operate without inter
ruption (except downtime during weekends, holidays, and vacation 
period) for ll months. Unfortunately. this operation was plagued 
with several mechanical failures. Originally, the carbon (Wit co 718 
12 x 30 mesh) was restrained top and bottom in each tank by screening; 
carbon fines blocked the holes in the screen during several regeneration 
cycles, and two of the screens ruptured owing to excessive pressures. 
The top screens were removed. It was found that the carbon bed did 
not expand sufflciently to pass through the upper outlet port of the 
vessel. Continued regeneration cycling caused eventual plugging of 
the bottom screens. This was resolved by placing liqu1d distributor 
eros ses in the carbon above the bottom sere ens. 

Because the unit was shut down for relatively long periods of time 
(2 days to 4 weeks for each difficulty), the activated carbon was sub
jected to an erratic contamination and regeneration operation with the 
result that the carbon became deactivated to a state in which it could 
not be reactivated. Hence, 1t was not possible to attain in practice 
the degree of adsorption-reactivation demonstrated in the laboratory 
pilot studies over a sufficient time period to ascertain continued 
effluent quality criteria and the operational economics of the system. 

However, it was shown in this first operational phase that better 
than 99% decolorization did take place and that COD could be re
moved at a relatively high level. Table V lists some of these results. 
During the entire Phase I operation, which extended over an 8-month 
period, 904~ 000 gallons of waste effluent were treated, and 3, 035 
pounds of COD were removed. Even under the adverse operating 
conditions experienced, this represents eight times the single ad
sorption capacity of the carbon. 
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Table V 

COD and Color Removal Data: Phase I Operation>:< 

Thousand 
Gallons 
Dyehouse 
Wastewater 
Treated 

48. 0 

25.2 

42.0 

12.6 

48.0 

25.2 

14.4 

Influent 
COD 

mg/hter 

1000 

917 

1054 

963 

950 

988 

747 

Effluent 
COD 

rng/hter 

191 

251 

333 

269 

213 

401 

206 

o/o 
COD 

Removed Treated Effluent Coloration 

80.9 No perceptible color 

72. 2 No perceptible color 

68.4 Very slight tinting 

72. 1 No perceptible color 

77.6 No pe rceptlble color 

59.4 Very slight tinting. 

72.4 No perceptible color 

~:' See Appendix A for complete Phase I data. 
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PILOT PLANT MODIFICATI00!S 

The cross distributors in the carbon colunms caused poor flow 
distribution through the carbon; also, the bottom screens became 
plugged with a hard resmlike composite of carbon fines and organ1c 
matter. Graded stone appeared to be a better carbon support and a 
better bioculture hquor diffuser. 

The four carbon columns were refitted to take a graded gravel 
support bed, ranging from 3/4" diameter stone to 10 x 10 mesh 
gravel m contact with the carbon. Also, the top carbon retaining 
screens were removed and this made it necessary to decrease the 
quantity of carbon from l, 500 pounds to l, 000 pounds in each column. 

The adsorption affinity of Witco 718 activated carbon for organic 
matter in the ?v1asland dyehouse effluent had been questioned. Adsorp
tion 1sotherms were conducted on five commercially available achvated 
carbons (see Appendix B for method of conducting this study and the 
results). Calgon Filtrasorb 400, Westvaco Nuchar WV -G and Atlas 
Darco 12 x 20 all had a greater affimty than Witco 718. The cho 1ce 
of Nuchar WV -G was one of availability and apparent better ability 
to w1thstand mechanical fragmentation of the carbon granules. Fresh 
activated carbon of a more active grade (Westvaco Nuchar WV -G 
Granular 12 x 40 Mesh) replaced the spent carbon of the Phase I 
operatior, ~ 

The dyehouse effluent was found to be dehcient 1n nitrogen and 
hence a sufficiently viable aerobic biological culture could not be 
ma1ntained for the carbon regeneration. During the contamination 
(adsorption-filtration) cycle, all dissolved (')Xygen was removed and 
some degree> of unwanted anaerobic biological activity took place 
accompamed by a low pH. A desirable pH for an aerobic culture is 
pH 7. When the bioculture was recirculated through the carbon beds, 
an acid pH of less than three was initially encountered. This shocked 
the culture and upset at least three and sometimes all of the 14 hours 
of regeneration by inhibiting a large proportion of the aerobic micro
organism population. The addition of sodium bicarbonate on the bas1s 
of 3 pounds/week appeared to buffer the culture sufficiently to withstand 
the temporary low pH of the contaminated carbon columns and thereby 
prevent an unwanted shock effect. 
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PHASE II OPERATION 

During Phase I, the flow rate was maintained at 60 GPM which 
was 54o/o of the total dyehouse effluent flo'W (the remainder was by
passed). However, the entire dyehouse effluent was treated during 
Phase II. 

The addition of 5 pounds of available nitrogen per 100 pounds of 
BOD

5 
for Phase II operation was accomphshed by the further addition 

of ammonium chloride on the basis of l. 3 pounds /week. The culture 
tank was reseeded w1th an acclimated textile dye waste activated slud'ge 
and buffered on a continuing bas1s w1th sodmm b1carbonate to maintain 
a 7-8 pH even when the biological liquor contacted the relatively acid 
residual liquid in the activated carbon tanks. 

Phase II was started on July 20, 1970 and was run conhnuously 
without shutdown (except for holidays and weekends) for 98 days, with 
no change or make-up of activated carbon. Da1ly momtormg of the 
effluent during the adsorption mode took place through October 23, 1970. 
All effluent samples were colorless or very faintly tmted. Figure 12 
is a picture of effluent samples taken on October 30, 1970. The sam
ples are sequential; starting with the untreated dyehouse effluent dis
charge on the far left, effluents from Columns 1 through 4 w1th the 
colorless effluent of Column 4 as it was being discharged into the 
Saugatucket River. 

Figure 13 is a plot of pounds of COD removed versus gallons of 
water treated for both Phase I and Phase II operations. Not shown 
in this graphical presentation is the erratic nature of the Phase I 
operation and the numerous shutdowns. The Phase II operation was 
continuous for a 98-day period and discharged a colorless effluent to 
the Saugatucket River. Undesirable color breakthrough occurred in 
Phase I at about 600, 000 gallons and continued in a deeper coloration 
up to the end of Phase I. It should also be noted that the flow rate 
during Phase I was 54o/o of the total dyehouse discharge. Phase II flow 
rate was lOOo/o of the dyehouse discharge. 

The average results of the Phase II operation in terms of COD, 
TOC and color are summarized as follows· 

Dyehouse Treatment 
Wastewater Plant o/o 
Influent Effluent Reduction 

COD - mg/1 550 280 49.0 
TOC - mg/1 220 115 47.8 
Color 99.5 
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EFFLUENT SAMPLES - October 30, 1970 -
C. H. Mas land-Wakefield Waste T reatrr..ent System 
Flasks fr01n Left to Right: Influent - Dye House 

Discharge, Effluent - Carbon Column No. 1, 
Effluent - Colurnn :-.To. 2, Effluent - Column 
No. 3, and Effluent - Column No. 4 

Figure 12 
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Color was measured by a visual technique set up for on-site deter
minatlons. The influent was diluted with tap water until it matched the 
color of the effluent. One hundred milliliter graduates w,ere used for 
color companson checks. If the treated effluent matched a 100 ml 
graduate containing only tap water, the per cent reductio~ was recorded 
as 1 OOo/o. For complete data on the Phase II operation, please refer 
to AppendlX C. 

SYSTEM CONTROL 

Naturally, as w1th any waste treatment system, there are some 
important operational factors over which a certain degree of control is 
needed in order to insure good operation. Consider the system operation 
in two parts; namely, ( 1) the treatment cycle and (2) the regeneration 
cycle: 

TREATMENT CYCLE 

(I} 

{2) 

FLUX - No higher than 15 gpm/ft2 with optimum being 
7 gpm/£t2 

EQUALIZATION - For discharges less than 100, 000 
gallons per day: at least 5 hours equalization 
with the optimum being one working day. For 
discharges 1 mgd or over: some equalization 
desirable, but not essential due to continual 
mixing of multi-dye vat dumping and rinsing 

REGENERATION CYCLE 

(I) BIO-SOLIDS - maintain the settleable solids in the re-
generant liquor at less than 10 ml/1. w1th 
optimum being 5 ml/1. 

' 
(2) pH - maintain the pH of the regenerent hquor in the 

range of 6. 5 - 8. 0. 

(3) NUTRIENTS - Supply 5 lbs. of available nitrogen and one 
pound of available phosphorus for every 100 pounds 
of BOD treated by the system. 

(4) DISSOLVED OXYGEN -maintain at least 2 mg/1 D.O. in 
the regenerent liquor, with optimum being saturation 
{'"'-' 9 mg/1) 
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SECTION VII 

WASTE TREATMENT SYSTEM 
DESIGN AND ECONOMICS 

PROPOSED REDESIGN OF PILOT PLANT AT WAKEFIELD, R. I. 

Phase II operation has indicated the following performance 
parameters heretofore unknown: 

( 1 ) 

(2) 

At a system flow rate of 15.6 gpm/ft2 durmg the adsorp
tion treatment cycle, 4, 000 pounds of Westvaco Nuchar 
WV -G 12 x 40 mesh activated carbon have a decolorization 
capacity in excess of 3, 000, 000 gallons. 

The COD removal efficiency for the same 15.6 gpm/£t
2 

flow is 48o/o; the COD removal efficiency at below 8. 5 
gpm/ft2 is in excess of 85% (based on original Phase I 
data). 

There were three problems realized during both the Phase I and 
Phase II operations: 

( l) The lack of equalization of dye house effluent resulted in slugs 
of dye kettle discharges being earned directly to the carbon 
columns; 

(2) Batch adsorption operation required handling the full hydraulic 
load of the dyehouse discharge rather than extending the ad
sorption phase operation over a longer time period; 

(3) Erratic feeding experienced by the b10logical culture in the 
regenerant tank due to 10 hours without feeding and 14 hours 
in the carbon regeneration cycle. 

Two parallel systems of adsorption tanks will permit a more 
dependable biological culture because of its continuous feeding. 

After due consideration of these factors, a redesign of the treat
ment system along the direchon indicated in Figure 14 is proposed: 

(a) The dyehouse effluent should be held in an equalization 
tank having a capacity of 50, 000 gallons. 

(b) The effluent should then pass in series through three 1, 200 
pound activated carbon columns at a flow rate of 30 to 40 gpm. 
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(c) A second series of actlVated carbon columns should be 
undergoing a regeneration cycle while the first senes 1s 

on stream. 

(d) The two series of columns should then be cycled, accor
dingly, on stream and on regeneration. 

{e) The b10logical regenerant tank should be 5, 000 gallons m 
size as opposed to the current 1, 000 - 1, ZOO gallon tank. 
Th1s would provide greater buffering capacity and faster 
regeneration cycles. 

It has been estimated that the modif1ed plant cost would be $75, 000 
with an operating cost per year of $6, 000. 00. There is suff1c1ent room 
in the bullding where the present treatment system is located to zxpand 
the system to the proposed redesign which would occupy 1, 000 ft • 

The effluent quality of such a system should be tertiary treatment 
level with values of: 

COD Removal 
BOD Removal 
Color Removal 
T urb1dity 

PROPOSED l MGD TREATMENT PLANT 

75 + o/o 
95 + o/o 

1 00% 
5 Jackson units 

Based upon kinetics derived from the Phase II operahon (see 
AppendiX F), the amount of activated carbon required to remove 50 o/o 
and 75% COD was calculated for a one million gallon per day plant. 
Figure 15 is the flow diagram of a proposed 1 mgd plant capable of 
removing all color and 47 - 53% COD. A plant capable of removing 
75% or more COD is cons1dered to be mfeasible. Although a 50% COD 
removal plant would be insufficient for a total waste treatment system, 
the COD reduct:.on coupled with virtually complete color removal makes 
the process very attractive as a pretreatment system for a conventional 
biological v.aste treatment operation. 

As shown 1n Figure 15, raw waste is pumped through four columns 
8 feet m d1ameter and 16 feet h1gh, each contaming 17, 500 pounds of 
carbon. A parallel bank of four columns is on bio1og1cal regeneration. 
The biological regeneration vessel 1s rectangular 25 feet by 25 feet x 
10 feet SWD (s1de water depth). Chemical feeders are provided for 
feeding nutrient and pH buffers if required for the dye waste to be 
treated. Equalization is not cons 1dered necessary for a pretreatment 
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plant of th1s h1gh flow rate and has not been provided. A wet sump 1s 
provided, however, to maintain a head for the pump. Flow through 
the columns durmg the treatment phase is automatically controlled 
by demand per the hquid level in the wet sump. 

A decolorization system of this kmd tS best suited for a pre
dominantly soluble colored wastewater where the suspended solids 
are below 75 mg/1 and preferably averaging no higher than 30 mg/1. 
The COD should be below 1, 600 mg/1 and should average no higher 
than 800 mg/1. It is further lim1ted by the abihty of the activated 
carbon to decolonze the waste, and the adsorbed color and other 
associated organic matter to be biologically oxidized. The techniques 
for determming these important parameters to ascertam the feasibility 
of this treatment approach are well discussed and described in this 
report. 

ECONOMICS - 1 MGD PLA).JT 

Listed below are the economics of the 1 mgd plant operating at 
50o/o COD removal and at 75% TOD removal efficiency. The estimated 
daily power and chemical costs are: 

Treatment Operating Cost 

50% COD Removal $83/day 
or 

a. 3¢/1000 gallons 

75% COD Removal $231/day 
or 

23.1¢/1000 gallons 

The constructwn cost of a 1 mgd plant is estimated to be: 

Treatment 

50% COD Removal 
75% COD Removal 

Cost 

$230,000 
$550,000 

When amortization is figured into operating costs (capital 
recovery 20 years at 8o/o per annwn), the costs become: 

Treatment 

50% COD Removal 
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Operatmg Cost 

$147/day 
or 

14.7¢/1000 gallons 



Treatment 

75o/o COD Removal 

Operatmg Cost 

$384/day 
or 

38.4<:/1000 gallons 

All these cost eshmates 1nclude an estimate for replacement or 
other regenerat10n of the carbon on the basis of two changes of acti
vated carbon per year. 

Because of the particular or peculiar conditwns for each indus
trial location where such a treatment system might be apphcable, 
1t 1s difflcult to determme accurately costs of wet sumps, pipe lines, 
maintenance, labor, and nutnent and/ or buffering chemical add1hons. 
However, estimates have been 1ncluded for these costs and, g1ven due 
cons1deration, small fluctuations in their magn1tude would have llttle 
effect on these estimates. 
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APPENDIX A 

FIELD DATA, PHASE I OPERATION 
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Table VI 

MASLAND- WAKEFIELD 
Phase I Data 

June 26, 1969 thru October 6, 1969 

Daily Flow 3 Total TOC Total TOC o/o Reduction TOC 
Date (Gallons x I 0 In (mgll) Out #4 (mg/1) thru #4 

6/2 48.0 394 75 80.9 
6/4 48.0 374 84 77.5 
6/9 42..0 415 131 68.4 
6/12 30.0 360 129 64. 1 
7/18 25.2 361 99 72.5 
7/21 14.4 294 81 72.4 
7/22 12.6 379 106 72.0 
7/23 25.2 389 158 59.3 
7/24 28.8 480 260 45.8 
7/29 28.8 485 374 22.8 
7/30 25.2 410 338 17. 5 
8/5 25.2 325 ISO 53.8 
8/7 28.8 320 204 36.2 
8/8 25.2 355 184 48. 1 
8/12 25.2 237 103 56.5 
8/19 28.8 410 252 38. 5 
8/20 14.4 372 241 35.2 
8/25 18.0 249 140 43.7 
8/26 18.0 3 61 229 36.5 
8/27 18.0 257 173 32.6 
8/28 18.0 399 299 25.0 
8/Z9 18.0 489 312 36. 1 
9/3 18.0 380 309 18.6 
9/4 18.0 297 207 30.3 
9/5 18.0 243 175 27.9 
9/8 18.0 316 261 17.4 
9/9 18.0 301 167 44.5 
9/10 18.0 440 297 32.5 
9/11 18.0 401 239 40.3 
9/12 18.0 445 359 19.3 
9/15 18.0 360 218 39.4 
9/17 18.0 273 179 34.4 
9/18 18.0 229 138 39.7 
9/19 18.0 240 168 30.0 
9/25 18.0 280 238 15.0 
9/26 18.0 268 zoo 25.3 
9/29 18.0 335 264 21.1 

10/1 18.0 365 275 24.6 
10/2 18.0 366 308 15.8 
10/3 14.4 201 157 21.8 
10/6 18.0 571 396 30.6 
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APPENDIX B 

EXPERIMENTAL PROCEDURE 

ADSORPTION ISOTHERM DETERMINATION(
3

) 

A. 

B. 

c. 

D. 

E. 

F. 

G. 

( 1 ) 

(2) 

(3) 

Add prescribed amounts of dry activated carbon (eg. 1, 2, 4, 8, 
16, --- gms.) to 500 ml Erlenmeyer flasks and record com
bined weight of each. 

Add 400-500 ml d1shlled water to each flask, stopper, and wet 
out carbon in a mechanical shaker for one hour. 

Decant liquor, including suspended carbon fines. Caution should 
be exercise·d to prevent loss of granules. Wash with 400-500 
ml distilled water (stirring with a glass rod). Allow granules 
to settle. 

Decant as much liquor a-s possible without loss of carbon 
granules( 1 ). Weigh flask containing greatest water residual 
and adjust all others, including a carbon free control flask, to 
an equivalent amount. 

Immediately after adding 200 ml of contaminant (
2

) ( 100 ° F.) to 
each flask, agitate on mechanical shaker for prescribed time. 

Filter liquor from each flask through Whatman # 1 filter paper (
3

) 
and analyze filtrate for TOD. 

Prepare a table listing grams of carbon (M) , supernatant selected 
parameter (such as T OD) (C), water residua 1 as dete rmmed in 
Step D in order to calculate total volume of solution m liters (V). 

More than one washing may be needed to remove carbon fines, 
depending on type of carbon used. 

Contaminant should be filtered initially if sufficient undissolved 
material is present. 

If fines are present in filtrate, filter through more appropriate 
material. 
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H. From the table, calculate ''q'' 

q = V (Co - C 

M 

where V =total volume of solution in liters. 
C

0 
= concentration of influent in mg/l of TOD. 

C = concentration of supernatant in mg/1 of TOD. 
M = grams of carbon. 

I. Plot ''q'' versus C (F1gure 16). 
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APPENDIX C 

FIELD PHASE II OPERATION 
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Table VII 

MAS LAND - WAKEFIELD 
Phase IIData. 

Week 1 

Tuesday - 7/Zl Wednesday - 7/22 Thursday - 712:1 Fr~day - 1 {2;4 

AM P.M AM. p M- AM- p M AM p M 

Total TOC - In 130 ns 280 270 180 190 210 225 
Out Ill 40 140 130 160 105 145 ll5 165 
Out i/2 30 100 100 130 82 IZO 100 130 
Out #3 20 <n 86 120 76 105 85 115 
Out !14 10 86 62 110 75 90 80 100 

% Reduct•on thru #4 92.3 73.5 77. B 59.2 58 5 52.6 61.9 55 5 

Total COD • In 345 945 792. 83 5 
Out ill 110 363 439 592 
Out #2 69 2'l7 345 439 
Out 113 49 246 306 .. 19 
Cut #4 47 ISO 286 235 

1• Reduchon thru 1/4 86.5 81.0 64.0 71 9 

Total BOD- In 118 370 282 350 
Out II 
Out 1'2 41 84 
Out 113 
Out 114 25 !:7 60 165 

o/o Reductton thru 114 78.6 84.6 78.7 52.9 

pH In 5. 6 4.9 5.3 4.7 6.4 6 5 7 
Out Ill a.z 7 7 7 2 5.9 6.9 6 4 6.4 
Out 112 7.7 8 I 8 2 6.9 7. I 6 5 6 9 
Out H3 7.6 8. I a. 3 7.2 7. 3 6 6 7. 1 
Out i/4 7.7 B I 8 3 7.4 7.4 6. 9 i 3 

'}', Color P eduction 
Thru I 
Thru 2 
Thru 3 
Thru 4 

Total Da>ly F!ow 
(Gallon6 x I 0 ) 9.0 l 5. 5 15.2 14.4 

Table vr:r 
MAS LAND - WAKEFIELD 

Phase II Data 
Week Z 

Monday - 7/27 Tuesday - 7/28 Wednesday- 7/Z<J Thuroday - 7/30 Fr1da.y - 7/31 
A.M. P.M. A.M. P.M. AM. p M. A.M P.M AM. p M. 

Total TOG- In IZO 122 zzo 190 200 210 102 140 260 270 
Out Ill sz 60 175 142 160 160 13 liS 233 241 
Out liZ 40 40 132 118 150 130 56 70 190 180 
Out 113 30 35 105 105 150 105 35 4Z 180 167 
Out 114 25 30 75 95 140 95 30 30 17 5 160 

% Reduction thl'u 114 79 0 75.5 66.0 50.0 30.0 54 8 70.5 78.5 32.6 40.7 

Total COD - In 574 496 519 419 
Out U1 333 425 374 
Out liZ Z1B 404 314 
Out 113 257 380 253 
Out #4 zoz Z55 380 223 

'l'o Reduchon thru H4 65.0 48.5 Z6. 8 46.8 

Total BOD - In 265 Z35 320 zao 
Out Ill 
Out 112 
Out lf3 
Out ~4 IZO 12:8 245 245 

o/. Reduction thru #4 54.1 45.5 23.4 12.5 

pH In 4.0 3.9 5.5 5. 5 5.4 5 2 5. 3 3.9 4.2 4.Z 
Out Ill s. 5 4.8 s.a 5.1 5.5 5. 5 6. 0 s.o 4 5 4 3 
Out ~2 6 8 6.4 6. l 5. 9 5.8 5. i 6.3 6.3 5.0 4 4 
Out 113 7 2 6.9 t-.6 6.1 6.2 6 0 6.4 6. I 6.6 4 7 
Out 114 7.3 7. I 6.7 6.4 6 6 6 4 6. 5 6. 4 6 8 9 

o/• Color Reduction 
Thru I 
'Thru 2 
Th:rou 3 
Thru 4 

Total Da1ly F~ow 
(Gallone x 10 ) 30.9 31.7 41 2 39.6 39.6 
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Table IX 
11-'AS LAND - WAKEFIELD 

Phase I! Data 
Week 3 

Monday • 8/3 Tueaday • 8/4 Wednesday - 8/5 Thursday • Bib FrLday • 8/7 
A.M. P.M. A.M. P.M. A.M. P.M. A.M. p M. A.M P.M 

Total TOC • In 130 110 220 ISO 180 190 Z25 
Out Ill 71 62 95 lZO 155 185 1'15 
Out liZ 55 41 7~ 105 135 160 175 
Out /13 52 35 60 80 !ZO 145 !50 
Out /14 sz 3S 60 60 110 130 140 

o/. Reduction tl>ru 114 60.0 57.7 72..7 &0. 0 38.9 3L6 37.8 

1 otal COD • ln 411 692 768 
Out *I 178 
Out liZ 126 
Out Ill 99 
Out 114 85 300 574 

o/. Reductton thru 114 79.3 56.6 25 3 

Total BOD • In 165 
Out ill 76 
Out liZ 56 
Out 113 48 
OutH 44 

'j', Reduct•on thru #4 73.4 

pH ln 3.7 3. 7 4 I 4.8 5.6 5.3 5. 7 6.0 
Out Ill s.e 5. I 4.0 4 9 5 6 5. 3 5.9 :.. 9 
Out #Z 6.3 5. 8 4.3 4 7 5 6 5 t, 6. I 5 9 
Out ~3 6.6 6. l 4.6 4.6 5.4 5.4 6 3 5 9 
Out #4 6 7 6.2 5 3 4 e 5 3 5. 5 6. 3 6.0 

% Color Reduction 
Thru I 80 70 40 
Thru 2 60 60 90 90 90 90 
Thru 3 ')() 90 100 100 100 100 
Thru 4 10~ 100 IOC 100 100 100 

Total Duly FJow 
32. 4 31. J I Gallons " 10 ) 3'l.O 35.Z zz 3 

Table X 
MAS LAND - WAKEFIELD 

Pbaee II Da.ta 
Week 4 

TCleoday - Sill Wednesday - S/12 Thursday - 8113 Fnday • B/14 
A.M. P.M. A.M. P.M A.M. p M. AM. P.M. 

Total TOC - In 170 2.40 140 215 250 260 2,Q5 

Out ill 120 190 130 ISO 170 175 190 
Out 112. 100 105 90 145 140 160 160 

Out 113 60 75 85 100 145 105 
Out/14 55 70 83 95 120 115 105 

o/o Reduction thru 1/4 67.5 70.8 42..8 55 q 52.0 55.7 64 4 

Total COD· ln b48 547 680 610 
Out Ill 53Z 572 
Out II~ 442 so: 
Out 113 390 455 
Out #4 347 231 453 378 

'1o Reduchon thru "14 46.5 5?.7 33.4 38. I 

Total BOD • In 
Out Ill 
Out 112 
Out 113 
Out 114 

'1. Reduction thru 114 

pH In ~- 5 5.5 5.' 5.4 s. 8 5.9 
Out Ill 5. 8 5.6 s.z 5.8 6. I 5 ') 
Out liZ 6.0 5.8 5.4 5 q f.2 5 9 
Out lf3 6.Z 5 a 5 B 6.2 6.4 6 2. 
Out 114 6. 3 5.9 5 9 6.Z 6. 5 6 4 

'• Color Reduc:t1on 
Thru l 60 60 60 40 50 70 40 
Thru 2 60 so so 'lO 70 90 80 
Thru 3 90 100 90 100 90 100 10C 
Thru 4 100 lllC 100 100 100 100 100 

Total Dat1y F:Jow 
10.0 31.2 Zl.6 (Gallon• x 10 ) 28.8 
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Table XI 
MI\SLAND - WAKEFIELD 

Phase li Data 
Week 5 

Monday- 8/17 Tuesday • 8/18 Wednesday - 8/1~ Thursday • S/ZO Fnday - 8/41 
A.M. P.M AM. P.M A.M. P.M. A.M. P.M AM. p M. 

Total TOC • In liS 120 224 212 153 264 395 333 2~4 298 
Out Ill so <;10 lH 160 lZZ 192 370 270 162 Z51 
Out liZ 45 75 155 135 70 180 354 Z4Z 151 243 
Out 113 40 60 140 130 65 150 342 Zitl 140 214 
Out 114 35 50 120 118 62 131 250 215 134 196 

% Reduction thru #4 6<).5 58.4 46-4 44.3 59.5 50.4 36.7 35.5 54.5 34.2 

Total COD- In 491 693 644 766 
Out Ill 353 580 
Out 11'2. zas 499 
Out 113 244 487 
Out 114 208 330 479 520 

o/, Reduct>on thru 114 57.5 52.4 25.7 32. 1 

Total BOD· In 195 325 
Out Ml 155 
Out 112 150 
Out /13 118 
Out #4 93 192 

% Reduction thru ol\4 52.3 41.0 

pH In 5.7 5.6 5. 9 s.o 6.2 6. 1 4.6 5. 7 6 2 5. 9 
Out o!ll 6.0 5. s 6.3 5.9 6.7 6.9 4.7 5.9 6 4 6.0 
Out lfl 6. 1 6.0 6.5 5.9 6.8 6.9 5.2 6.0 6.5 b.C 
Out /13 6.2 6.0 6. 7 6.0 6. 9 6.'1 5. 5 6 0 6.5 6.0 
OutH 6.2 6.0 6.8 6 I 7.0 ?. I 5 6 6.0 6 4 6.0 

<;7, Color R'!duchon 
Th~ I 60 60 50 60 60 80 100 so 90 90 
Thru 2 BS 90 eo ~I) 90 90 100 100 100 100 
Thru 3 100 100 90 100 100 100 100 100 100 100 
Thru 4 100 100 100 100 100 100 100 !00 100 100 

Total Dally Fjow 
(Gallone x 10 ) 28.8 29.2 22.0 34 4 zs.s 

Ta:>l'! XII 
MASLAND - WAKEFIELD 

Phuell Data 
Week 6 

Monda.y - B/24 Tuesday - 8/25 Wednesday - 8/26 Thursday - 8/27 Friday - 8128 
AM. P.M. A.M. P.M A.M. PM. AM. P.M. A.M. p M 

Total TOC • In 250 275 455 410 260 305 285 290 260 270 
Out Ill 210 395 385 ZlO 235 230 
Out liZ 195 305 370 195 zoo 190 
Out 113 180 280 340 180 190 180 
OutU 170 175 245 330 165 145 175 180 160 140 

~ Reduction thru *4 32 0 40.0 46 19.5 36.5 52 5 38.6 37 9 38 5 48.2 

Tnta.l COD - In 612 729 
Out Ill 586 
OUt ~2 467 
Out 113 418 
Out #4 331 331 

% Red,.ct•on thru 114 62 3 54.7 

Toti.l BOD- In 250 320 
Out Ill 
Out#Z. 
Out 113 
Out 114 160 222 

% Reduction thru 114 36.0 30 6 

pH In 5 7 5.5 4.9 4.7 5.5 5.6 5 3 <;, 3 s. 4 
Out Ill 
Out ~z 
Out #l 
Out 114 6.7 5.9 5. 4 5.3 5.8 5. 8 5.5 5.6 5.1> 

% Color Reduction 
Tl>ru Ill 80 60 40 40 40 40 50 40 40 
Thru 112 100 80 100 80 (,0 60 '10 60 (,0 
Thru ~3 100 100 1()0 100 80 80 100 60 eo 
Thru ~4 100 100 100 !00 90 !00 100 100 100 

Total Da.1ly FJow 
( GallotJB. x 10 ) 32.4 33. 6 30.0 33 6 33.6 
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Table XIII 
MASLA"'D - WAKEFIELD 

Phase U Data 
Week 7 

Monday - 8{31 '1 ueaday - 9/1 Wedne1day • 912 Thursday • 9/3 
A.M. P.M J.,..M. p M. A.M. P.M. A.M P.M 

Total TOC • In 270 Z95 290 170 215 405 260 295 
Out Ill 190 170 180 220 
Out fl't 165 140 155 200 
D'llt II 3 140 120 140 180 
O'llt 114 l2.5 130 105 100 120 210 145 195 

% Redueuon thru 1/4 53.7 56.() (,3.9 41.2 44.2. 48.2 44.2 34.0 

Total COD- In 520 582. 
Out Ill 394 
O'llt 112 358 
Out 113 342 
Out 114 330 434 

% Il eductton thru 114 36.5 25.4 

Total BOD - In 195 285 
Out Ill 192 
OUt 12 190 
Out Ill 178 
Out /14 150 255 

o/, F eduction thru 114 23.0 10.5 

pH In 6.3 6. 1 4. l 4.6 5.9 4.7 4.3 
Out u 
OUt 112 
Out 113 
Out H 5.7 5.6 0 5 3 5.8 6 3 6.0 

% Color Reduetton 
Thru 1 90 90 40 40 40 so 30 
Thru Z 100 100 90 80 80 ao 70 
Thru 3 100 100 100 90 90 100 9'> 
Thru 4 100 100 100 100 100 100 100 

Total Datly ~low 
(gallons x 10 ) 32.4 32.. 8 28.8 32.4 

Table XIV 
MAS LAND . WAKEFIELD 

Phase II Data 
Week 8 

Tuesday - 9/8 Wednesday • 9/9 Thursday- 9/10 Fr.day - 9!11 
A.M. P.M. A.M. P.M. A-M. P-M A.M P.M 

Total TOC - In 150 160 130 ZIO Z2S 190 230 190 
Out i!'l 130 150 100 190 150 
O'llt '12 115 140 95 170 130 
Out f) 100 lZO BO 140 105 
Out 114 85 LOS 60 110 90 110 115 ! 15 

'fo Reduct1on thru 114 43.4 34.4 53 7 47 b 60.0 4Z.O 50 0 39 5 

Total COD- In 269 490 
Out ill 239 
Out H !31 
Out Ill 100 
Out lfo4 9B 247 

% Reduct1on tb.ru 114 63. 5 29.2 

Total BOD - In lZZ Z35 
Out Ill so 
Out II?. 72 
OUt /13 1>2 
Out 114 56 145 

% :Reductlon thru '4 54. 1 38.3 

pH In 5. I 5. 1 6.4 4-9 4.7 4.9 
OUt Iii 
Out IZ 
Out 113 
Out f4 f. 5 6.7 6.7 6.5 6.Z 6.Z 

% Color Reduc.hon 
Thru 1 60 90 BO 70 ao 70 80 
Thru 2 80 100 90 80 90 80 90 
Thru 3 90 100 100 90 100 100 100 
Thru 4 100 100 lOO 100 100 100 100 

Total Dally F~ow 
(Gallons x 10 ) 27.6 29-2 28 0 27.2 
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Monday • 9114 
A.M. 

Total TOC • In 235 
Out fl 
Out i/Z 
Out 113 
Out 114 90 

.,, Reduction thru 84 61.7 

Total COD -In 
Out ill 
Out lfZ 
Out 113 
Out H 

% Reductton tbru !'/4 

Total BOD· In 

Out Ill 
Out 112 
Out 113 
Out 114 

% Reductton tbru §4 

pH In 6.7 
Out Ill 
Out 112 
aut n 
Out 114 6. 5 

%Color FeductLon 
Thru 1 
Thru Z 
Thru 3 
Thru 4 

Total Datly F~ow 
{Gallons x I 0 ) 

Total TOC • In 
Out Ill 
Outll'l 
Out lf3 
Out 1/4 

% Reduct•on thru 114 

Total COD • In 
Out Ill 
Out liZ 
Out /13 
Out il4 

CJo P ed1..ct1on thru 114 

Total BOD • In 
Outifl 
Out liZ 
Out #3 
Outlt4 

% Reducuon thru lt4 

pH In 
Out #1 
Out 112 
Out 113 
Out lt4 

'I'• Color Reduction 
Thru I 
Thru 2 
Thru 3 
Thru 4 

Total Dally Ffow 
{Gallons x 10 ) 

90 
100 
100 
100 

P.M. 

260 

185 
28.8 

5 5 

6 0 

80 
90 

100 
100 

28.8 

Table XV 
MAS LAND - WAKEFIELD 

Phase II Data 
Week 9 

Tuesday • 9/15 Wednesday- 9/16 Tbuuday 9/17 
AM. 

315 

175 
44 5 

6.6 

6.8 

90 
100 
100 
100 

p M. AM. P.M A.M 

305 220 260 245 

140 145 190 100 
54. I 34. l 27.0 59.2 

451 592 
400 
398 
359 
321 445 
28.8 24.8 

Z05 Z32 
178 
Jn 
152 
130 215 
36.6 7.3 

s. 3 4.7 s.z 5.5 

5 9 6 4 6.2 6.2 

80 90 90 90 
90 100 100 100 

100 100 100 100 
100 100 100 100 

zs.o 28 8 

Table XVI 
MASLAND • WAKEFIELD 

Phase II Data 
Week 10 

Monday • 9 !Zl 
AM. P.M. 

!50 
140 
120 
100 

90 
40 0 

6.9 

6.9 

70 
100 
100 
100 

58 

170 

90 
47.0 

6 7 

6.9 

80 
100 
100 
100 

24 0 

P. M 

210 

lOS 
50.0 

5.6 

6. 1 

90 
100 
100 
100 

27.2 

Fr~day- 9/18 
A.M. p M. 

205 2'l!l 

80 140 
6!.0 51. 8 

5. 7 5. 3 

6 3 5 9 

BO so 
80 90 
90 100 

100 100 

2i.l 



Tabla XVII 
MASLAN D - WAJ.<'EFIELD 

Phase ll Data 
Week II 

Wednesday - 9/30 Thursday- 101: Frtda.y - 10/2 
A.M. 1' M. A.M. P.M. A.M P.M 

Total toe - In 320 195 210 270 290 205 
Out Ill 300 
Out 112 2.40 
Out 113 210 
Out 114 185 1::10 13 5 190 130 85 

"k Reduction thru 114 4Z.Z 4(1. 7 35. 7 29-6 55.2 58.; 

Total COD • In 464 584 
Out Ill 401! 
Out #2 340 
Out H3 321 
Out 114 284 116 

o/. Raduehon thru 114 38.8 45 9 

Total BOD - ln zzo 234 
Out Ill 200 
Out ~z 140 
Out #3 132 
Out 114 105 181 

"{. Reductton thru lri 52,3 22.6 

pH ln s. 2 s. 1 5.4 6.2 6 1 6.5 
Out Ill 
Out 112 
Out i/3 
Out #4 6.7 6.7 6.6 6. 3 6.3 6 6 

% Color Reduction 
Thru I 70 70 90 80 10 60 
Thru 2 85 9:1 100 90 80 70 

Thru 3 90 100 100 90 100 so 
Thru 4 100 100 100 100 100 100 

Total Datly Fjow 
I Gallons x 10 ) 42 9 47 9 44 6 

Tal;>le XVIII 
MASLA:-!:::l - WAKEFJE:.D 

Pllaee U Data 
Week IZ 

Monday - I 0/5 Tuesday - 10/6 Wetlnesday • 1017 Thursday- !Cl/8 Fnday- 10/9 
A.M. PM. AM P.M. A.M P.M. AM. P.M. AM. p M. 

Total TOC - In 2.30 180 135 2.20 215 !50 140 150 225 190 
Out 11 
Out 112 
Out 113 
Out 114 115 105 65 120 100 1:15 55 85 90 75 

"1o Jl eductton tb.N 114 so.o 41.7 5 I. 8 45.5 53.5 43.3 60.7 43.3 60.0 60.5 

Total COD· In 273 441 
Out Ill 241 
Out liZ 120 
Out #3 l 01 
Out 114 94 23Z 

%Reduction tbru '4 65.6 47.4 

Total BOD - In 123 2.27 
Out Ill 
Out 112 
Out i/3 
Out #4 53 136 

% Reductlon thru 114 56.9 40 1 

pH In 5.4 5.7 6 4 6. l 5.3 6.2 5. 3 6 z 5 I 
Out Ill 
Out liZ 
Out 113 
Out 114 6.9 6. 1 &.5 6.7 6. i! 6 6 (, 0 6 I 6 8 6 7 

% Color Reduction 
Thru 1 70 90 40 eo 7S 75 90 75 50 40 
Thru 2 80 lOC 80 80 80 90 90 90 70 60 
Thru 3 80 100 90 100 90 100 100 100 100 90 
Thru 4 100 100 100 101) 100 100 100 100 100 100 

Tot.a.l Daily F;tow 
(Gallone x 10 ) 39.0 39.0 47.9 38.0 47 <l 
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Table XIX 
MAS LAND - WAKEFIELD 

PhaseD Data. 
Wukl3 

Monday - 10/12. Tuesday - 1 0/13 Wednesday - 10/14 Thursday- lOllS Friday - I 0/16 
A.M. P.M. A.M. P.M. A.M. P.M. AM. P.M. A.M. P-M-

Total TOC- In Zl5 150 130 140 2.10 155 145 210 230 160 
Out ill 
Out #Z 
Out 1/3 
OutH 105 lOS 75 105 160 100 50 lOS 115 95 

'Yo Reductton thru 114 51. 2; 30.0 42 3 25.0 Z3.8 35.5 65.5 50 0 50.0 40 6 

Total COD- In 2;84 452 
Out u Z39 
Out {fZ 141 
Out ~3 94 
Out ~4 80 2;14 

'i'o Reduction thru /14 71. B 5Z 6 

Total BOD - In 134 ZIB 
Out #I 
Out i!Z 
Out i13 
Out 114 62 140 

'f. Red\l<:tJOothru 114 53 7 35 8 

pH In s. 5 5.6 6.3 6.0 4.9 6.2 5 4 5 2 6.2 5 4 
Out Ill 
Out /12 
Out !13 
Out H 7.!) 6. 0 6.7 6.2 6. 1 6.7 6.0 6.4 6 6 6. 3 

'j', Color Reduchon 
Thru I 60 70 70 60 70 70 50 60 50 40 
Thru 2 80 100 7C 80 80 80 60 70 70 70 
Thru 3 90 100 90 90 100 100 90 80 90 80 
Thru 4 100 100 100 100 100 100 100 100 90 90 

Total Datly Fjow 
46.2 (Gallons X 10 l 39.6 42.9 47.9 44.6 

Table XX 
MASLAND - WAKEFIELD 

Phaeeii Data 
Week 14 

Monday- 10/19 Tuesday - l0t20 Wednesday - 10/21 Thursday • I 0/22 Frtda.y - 10/23 
AM P.M A.M P.M. AM. P.M. AN!. P.M. A.M. PM. 

Total TOC - In 155 190 150 165 240 190 190 290 325 355 
Out Ill 
Out liZ 
Out f3 
Out 114 llC IZO 95 !GO 160 105 60 125 130 2()5 

o/, Reduction tnru *4 29.0 36.8 36.· 39.4 33.3 44.7 57.9 56.'l 60.0 42.3 

Total COD- In 310 362 
Out If! Z6Z 
Out liZ 156 
Out 113 120 
Out *4 115 zzz 

% Reduction thru 14 62.9 39.7 
Total BOD- In 190 246 

Out Ill 
Out Ita 
Out R3 
Out ~4 92 lOS 

% Reduchon thru ~4 51. 6 5"1.3 

pH In 4.2 6.2 6 z 6 4 6. 7 6.3 s.z 6.7 4.!l 5 3 
Out Ill 
Out 112 
Out 1/3 
Out .t4 6.4 6 5 6.4 6 5 6.9 ?. 6 6. 1 6 7 6 4 6. B 

% Color ReduchoD 
Thru I 70 40 70 60 30 80 50 70 40 70 
Thru Z so 50 90 80 60 90 60 80 60 90 
Thru 3 !CO 60 !DO 100 70 100 90 100 90 100 
Thru 4 100 90 100 100 90 100 100 100 90 I 00 

Total D;uly FJow 
39.(, (Gallons x 10 ) 42.9 42.9 47.9 42.9 
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APPENDIX D 

CHEMICAL REGENERATION STUDIES 

When the W1tco 718 activated carbon during Phase I opera bon 
became non-regenerable b10logically, consideration was given to 
other methods of regeneration in place (4). The most feas1ble 
appeared to be the use of a chemical ox1dant. Laboratory studies 
INere 1nit1ated. Oxidants such as hydrogen peroxide, sodium hypo
chlorlte, potass1um persulfate, sod1un1. peroxide, and sodium bro
mlte were evaluated. Potassium persulfate appeared to be the most 
effective. 

Two 5-inch diameter 3 feet high plexiglass columns were filled 
with 5, 000 grams of exhausted carbon removed from adsorption 
column No. 1 of the Masland pilot plant. Both columns were washed 
(upflow in a fluidized bed floiN) with equal volumes of tap water. 
A reservo1r containing 5 gallons of 2o/o regenerant solution was con
nected to one of the columns and the solution was recirculated upflow 
through the column for 8 hours at 5 1 /min. Both colunms were again 
washed with tap water, drained and actual compos1te samples of 
dyehouse waste liquor were pumped through the columns upflow in 
parallel with each running at 100 mls /rein. The total test column 
effluent from each column was collected 1n one gallon 1ncrements 
and analyzed for TOD. 

Figure 17 1s a plot of the effluent TOD in mg /1 as the contaminant 
passed through each test column; one column contained exhausted 
carbon which had not been subJeCted to an oxidant and the other con
tained exhausted carbon wh1ch had been contacted with a 2o/o hydrogen 
peroxide s oluhon in the manner described above. The same lack of 
regenerat10n effect occurred for all the other ox1dants w1th the excep
tion of potassmm persulfate. Figure 18 is a sim1lar plot to that of 
Figure 17 and 1llustrates that actual regeneratlon ~Nhich took place -
the column effluent of the K

2
s

2 
0

8 
when dye waste was pas sed through 

was considerably lower m TOD than that for the control column. 
Figure 19 is a plot of TOD in the effluent after the frrst repetition of 
K

2
s

2
o8 regeneration. Figure 20 1s a plot of TOD m the effluent after 

the fhird regeneration w1th K
2
s2o

8
• Also included m Figure 19 is 

a plot of the effluent TOD through a th1rd test carbon adsorption 
column where fresh or 11v1rgin 11 Witco 718 carbon was used. 
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All of the prevwusly discussed K S 0.8 regenerations were 
earned out at

0
25° C. When the regen~r~t10n temperature was in

creased to 50 C., the degree of regeneration was markedly in
creased as shown in Ftgure lO. Fi~ure 21 is a similar plot after 
a second K

2
s

2
o

8 
regenerat10n at 50 C. 

0 
The degree of carbon adsorption recovery by hot K s

2 
o

8 
(50 C.) regeneration was 70 - 80o/o. It was felt that if tlns could be 
accomplished on the four columns of exhausted Witco 718 carbon at 
the Masland pilot plant installahon, the productive life of the carbon 
could be materially extended. One column was put on such a re
generation cycle. The bronze hning of the recirculating pump was 
eaten away and the oxidant played havoc with other components of the 
system. 

For this reason, no further work was done along these lines in 
the laboratory or on the pilot plant operatwn. With materials of 
construction compatible with K 2s2o

8
, chemical regeneration of 

activated carbon exhausted by the presence of non bio-degradable 
organic matter can be achieved. The regenerated columns can then 
be put back in use with bio-regeneration up to the time that color 
breakthrough 1s noticed, and then again chemically regenerated. 
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COD, BOD, TOC, TOD RELATIONSHIPS 
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APPENDIX F 

1 MGD DESIGN CRITERIA 
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The scale-up from the pilot plant data to a I mgd plant is 
accomplished by maintaining dynamic and geometric sim1larity be
tween the pilot plant and the full sized plant. A theoretical analysis 
of the kinetics of mass transfer in ftxed bed adsorption systems 
(Chemical Engineering Handbook, Perry, 4th Edition, Sect10n 16) 
ind1cates that 
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are the important similarity groups: 

overall mass transfer coeff1c1ent 
tt3 of activated carbon 
fraction of void volume 
flow rate 
distr1but1on ratio = Qco p 
density of activated c e 

0 
carbon 

capacity of activated carbon at influent concentration 
influent concentration 
flux (gpm/ft2 ) 
time 

Since the same activated carbon, mass flux rates, and cycle 
durahon will be used in the 1 mgd plant, k, e and k x T are also 
equal for the pilot and full scale plant. Therefore, ~cale -up is 
approximated through the principle of equal relative residence times 
(V /F). Analysis of the experimental data indicates the following values· 

Per cent Reduction (COD) 

50 
75 

V/F (days) 

0.025 
0.076 

2 
G (gpm/ft ) 

12 
12 

Applying the equal res1dence time criteria for a 1 mgd plant 
utihzmg Nuchar WV -G achvated carbon ( e = . 4, ..P = 32 lbs /ft3 ), 
the amounts requ1red are· 

Per cent Reduction (COD) 

50 
75 
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Carbon 

ll 0, 000 
330,000 

12 
12 



Determine Carbon Column Size for 50o/o COD Removal 

Carbon required for 50% COD removal = 110, 000 lbs. 
110, 000 @ 27 # /ft3 = 4075 ft 3 

with 50% bed expansion 
4075 x 1. 5 = 6110 CF Required 

Assume 2 banks of 4 columns each 
6110 = 765 £t

3 
col. 

8 

For 8' diameter area ::: so. 3 ft
2 

765 = 15. 2' He1ght = --so:-3 

Check the surface area for flux 

Flux = 
694 gpm = 2 

5 0 3 1 3 • 8 g pm I ft 
. 2 

13.8 > 12 gpm/ft 0. K. for flux 

Use 8 colwnns 8 1 d1ameter x 16' h1gh 

Regeneration Vessel Size 

Vol. = 2 x the capacity of co~umns to be regenerated. 
Vol. = 2 x 4 x 7 65 = 6110 ft 

Use 25' x 25' x 10' SWD RegeneratiOn Vessel 

Determme Carbon Column Size for 7 ODRemoval 

Carbon requned for }5o/o removal 3 330, 000 lbs. 
330,000@ 27 #/ft = 12,200 ft 
w1th 50% bed expansion 

3 
12,200x 1.5 = 18,300£t 

Assume 4 banks of 4 columns 
18

•
3
:

0 = l,l4Sft
3

/col. 
1 2 

For 9' diameter, area 63. 5 ft 

Height - 1145 = 18' 
Check th~ 3s·u5rface area for flux 

Flux = 694 gpm = 10. 9 gpm/£t
2 

6 3. 5 ft 2 2 
10.9::::: 12 gpm/ft 0. K. for flux 

Use 16 columns 9' diameter x 18' high 

Regeneration Vessel S 1ze 
Volume = 2 x capacitv of columns to be regenerated 
V = 2 X 8 X 1145 1'8, 3QQ ft 3 

Use 30' x 60' x 10' SWD Regeneration Vessel 
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