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SECTION I 

SECONDARY TREATMENT 

tTeatment must be able t0 deliver an effluent 
tre înenîM ÏT 8 y Strinßent Standards. Inadequate water 
treatment in the past now presents a real challenge in the reduction of 
water pollution and the upgrading of our environment. 

treatmentStn^HnmPct*anÍtary ení\Í"eer cognized the need to provide more 
treatment to domestic sewage. Thus, there was begun what is now referred 
to as secondary treatment. rererre. 

Secondary treatment involves biological oxidation of the organic matter 
in sewage to stable forms. Usually this oxidation is followed by final 
nf-ppentf^1°11 ,and disinfection (Reference 1). Secondary treatment is a 
solidan0 reJuce/he a™unt °f disolved organic matter and suspended 
Eiíen thisWad^t t efflueirt/rom the primary treatment process is 
trickníí fnío roar treatm^t W15h Processes such as activated sludge or 

ickling filter (Reference 2). The organic matter, commonly expressed as 
amount"Vif81 0^yg?n demand (BOD), of waste is an indirect measure of the 

reduces the0örZnatl0it0r POl}Uti°n in that waste’ Secondary treatment reduces the organic matter or lowers the BOD. The removal of BOD from 

™ :r ôidmoTèxt^'ir “hen bactiria thri- oP,z mtniai conditions exist. The major conditions affecting most bacteria are 

organifmatteS1, 0Xygen* food souree and concentration (dissolved 
organic matter), and surface area available for reaction. 

The reduction in nonfilterable or total suspended solids (TSS) denends 
upon a food chain concept. Bacteria act upon the dissolved organic maUeî 

aïe’consumM’h3™ *7*™ f°r algae* fungi* and Prot^oanS which 
the filter meSLnand h 3 rotifiers- Upended solids are absorbed on 
f r fííd rtt t and .be^ome/n integral part of the nutrients available 
d ox d wt S ° eaCh reduction in this process are carbon 
dioxide, water, and nitrogen compounds and biological mass. 

lowe/irfBOD^nJÎS ^ tr®ated by a secondary process, while much 
TodJ'c w., ï’ drS,n0 'dUrdys meet thc exacting standards of today. 
lower disihaJe litiL t Cai' VCqUire additional treatment to meet ' 
tirtiar r rnn i1! treatment is generally known as advanced or 
tertiary. BOD and TSS must be removed in this advanced process; howeve-. 

References 

!;„..W\A- Hardenbergh and Edward B. Rodie, Water Supply and Waste Di^n^i 
(Scranton, I ennsylvarua: International Textbook Company) .- 

McGrSüllal^Í“U|t|ÍCOnt-01 Handbook» cd- Herbert F. Lund (New York: 
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the concentration of available food for the bacterial process is lower. 
For this reason, the envimental conditions required in advanced treat¬ 
ment must be enhanced for significant removals. Also included in advanced 
or tertiary treatment in some cases is nutrient removal. The nutrients 
that are most often removed are phosphate and ammonia. This study did 
not include nutrient removal. 1 
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SECTION II 

.. 

GARYGLAS® 

GaryGlas® is a surface media used to enhance low level BOD and TS5 

removal. GaryGlas® is a rigid, Forous foamed silica that is chemically 

and biologically inert and nontoxic to biological organisms. GaryGlas«'’ 

has over 1,000,000 square feet of surface area for each cubic foot or 

media, as determined by the National Research Council of Canada. GaryGlas 

is wettable by water and has a density of 4 to 7 pounds per cubic foot with 

pore sizes of 200 to 300 microns. 

GaryGlas® is a proprietary product manufactured by the Gary Aircraft 

Corporation in San Antonio, Texas, under a license from Fiberglas of Canada. 

The initial idea of wastewater treatment with a foamed silica was in response 

to an internal water treatment problem. The success of this experiment led 

to an investigation of GaryGlas® to determine its potential future in waste- 

water treatment. 

Development began in August 1972 and since that time the design param¬ 

eters have been refined from a number of demonstration plants. 1 hese tests 
were accomplished at the Rilling Road Wastewater Plant, San Antonio, Texas. 

Two units were tested at the Rilling Road Plant, and the results were 

so encouraging that an increased flow test was ordered. I he Babcock North 

Subdivision in San Antonio was chosen as the site for testing with a total 

flow of 40,000 gallons par day. The secondary treatment preceding the 

GaryGlas® unit in all of these test systems was activated sludge. The 

GaryGlas® advanced water treatment unit performed most remarkedly during 

a six-month test in 1973. The average BOD and TSS load to the Babcock 

North GaryGlas® unit was 33.1 mg/1 and 68 mg/1, respectively. The average 

effluent was 5.8 mg/1 and 7.7 mg/1 which corresponds to a 82.5 percent 
reduction in BOD and 88.7 percent reduction in TSS. This test was termi¬ 

nated only because main sewer lines were completed to the subdivision. 

The City of San Antonio in late 1973 ordered a much larger unit for 

installation at its Heimer Road Treatment Plant. The Heimer Road Plant 

is an oxidation ditch followed by a clarifier which feeds the GaryGlas«’ 

unit. The test results covering a ten-month period show a very good quality 

effluent water. The BOD influent averaged 10.9 mg/1 and the effluent aver¬ 

aged 7.3 mg/1 per ten-month period. The TSS inlet loading was 7.4 mg/1, 

and the effluent was 4.5 mg/1 for the same time period. I his quarter- 

mill ion-gal lon-per-da unit went on stream in January 1974 and is still 

operating. 

It is hypothesized that dissolved organics are adsorbed on external 

surfaces of GaryGlaS® where the optimum environmental conditions of 

temperature, moisture, pH, oxygen and surface area are present. The 
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SECTION III 

DESIGN CRITERIA 

The following design criteria were provided by the Air Force: average 

influent five-day BOD, 40 mg/1; average influent nonfilterable solids, 40 

mg/1; average hydraulic loading, 700,000 gallons per day; organic loading, 

80 pounds BOD per 1000 cubic feet per day; solids loading, 60 pounds TSS 
per 1000 cubic feet per day; filter depth, 8 feet. 

Using this design information with the solids loading being the 

governing criteria, it was determined that 3885 cubic feet of GaryGlas® 

were required. With an 8-foot filter depth, this resulted in a required 

filter surface area of 487 square feet or a 25-foot-diameter tank. 

A check of surface flow indicates a design flow rate of just under 
one gallon per minute per square foot of medium. This compared favorably 

with prior studies that indicated that surface flow should not exceed 
1.25 gallons per minute per square foot. 

The original concept for this prototype evaluation envisioned the 
installation of the advanced trickling filter (ATF) and a new final 

clarifier in series with the existing plant. Economic consideration 

resulted in the ATF being placed in series between the standard trickling 

filters and the existing clarifiers, as shown in Figure 1. This change 

resulted in che design criteria for average BOD and TSS being estimates 

as no data was available from historical records to indicate their actual 
concentration. 

Because of these unknowns in the design criteria, it was decided to 

construct the ATF tank 26 feet in diameter. With the 8-foot depth there 

is approximately 4250 cubic feet of GaryGlas® in the ATF. This resulted 

in a design organic loading of 55 pounds of BOD and TSS per 1000 cubic 
feet per day. 

it should be noted that the Columbus Air Force Base sewage flow was 

known to be quite variable on any given day and to have a severe diurnal 

nature associated with its hydraulic load. There was no attempt with this 
project to stabilize the hydraulic loading to any significant degree. The 

oiuy recirculation at <.olumbus Air Force Base is sludge removal from the 
secondary clarifiers and its return to the primary clarifiers. 
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SECTION IV 

DRAWINGS 

Drawings for the as-built installation are included in this report. 

Each drawing is referenced as ATI--708- which is a Gary Aircraft Corporation 
number assigned to this project. 

Drawing number ATF-708-2 (Figure 2) details the GaryGias® filter tank. 
All valves, piping to the tank, weir, and weir support are shown on this 
print. 

Drawing number ATF-708-3 (Figure 3) is a piping and instrument drawing. 

Connection to the existing treatment plant and all piping and valves fur¬ 
nished under this contract are on this print. 

Drawing number ATF-708-4 (Figure 4) is a topography of the site and 

details the filter pad construction. Due to the topography, the area had 

to be filled so that flow would be by gravity from the GaryGias® unit to 
the existing clarifier. 

Drawing number ATF-708-5 (Figure 5) is a detail of the suction well 
and pump pad. Wastewater flows by gravity into the suction well and is 

then pumped to the GaryGias® tank where it reverses flow and trickles 

through the media and then flows to the final clarifiers by gravity. 

Drawing number ATF-708-6 (Figure 6) is an electrical schematic of 

the power supply. The pumps are wired for automatic, alternate pumping 

controlled by a float switch. The blowers are operated by a manual push 

button switch and operate continuously. Also provided are two 110-volt, 
15-ampere waterproof receptacles. 

7 
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SECTION V 

DISCUSSION OF RESULTS 

The AT,F was started on 27 September 1974. The unit has operated 
continuous’/ since that date with minor interruptions for flooding to 
control Psychoda flies and one shutaown to modify the forced air blowers. 
The blower modification was made on 4 and E» October 1974. 

The samplers were put into operation on Monday, 7 October 1974. The 
samplers were placed before and after the ATT. The influent sampler is 
located at the suction well and has remained in this position since the 
ATT was started. The second sampler is located at the effluent of the 
north clarifier. Sigmamotor refrigerated model WM-5-24-R samplers were 
used. These locations indicate removal across the ATT and the final 
clarifiers; any further reference to removal across the ATT includes the 
final clarifiers in this report. One sample per hour was collected by 
each sampler. Columbus Air Force Base laboratory personnel collect the 
individual samples each morning and prepare a composite rumple of influent 
and effluent for analysis. The parameters of nonfiIterable solids (TSS) , 
biochemical oxygen demand (BOD), and chemical oxygen demand (COD) are 
measured daily. 

Total flow to the ATF is determined by automatic flow recorder. The 
ability of the ATF to remove TSS, BOD, and COD is discussed in detail in 
this report. It was discovered early in the testing that the diurnal 
nature of the flow had an impact on the results. The flow is so low some 
nights that the clarifier starts to become anaerobic. In an attempt to 
stabilize flow, the sludge draw-off line on the final clarifiers was 
opened to recirculate back to the primary clarifier. The amount of re¬ 
circulation was varied several times to determine the preferred method 
of operation. The recirculation or sludge draw-off valve is now opened 
one-third in the late afternoon a.id closed completely every morning. No 
determination was made of the actual flow rate, but the gravity returned 
through the 6-inch line was not substantial in any case. 

The relocation of the forced air blowers in early October 1974 elim¬ 
inated the air distribution header in the bottom of the ATF tank. A use 
for this header was adopted in mid-November 1974. A fresh water supply 
was tied into the header, and a flushing program was adopted. The ATF 
tank bottom is flat which could allow a slight build-up of solids. To 
prevent any solid build-up, fresh water is sprayed into the tank through 
the header. This is incorporated as a daily operation and eliminates any 
possible solids build-up in the tank bottom. Solids build-up and its 
eventual sloughing only represents a significant problem when it occurs 
simr’tpneously with an automatic sample and thereby biases the results. 



During the data gathering period the laboratory procedures used to 
analyze the wastewater were monitored, reviewed, and in some cases, modified. 
The basic procedure for testing was that set forth in Standard Methods for 
the Examination of Water and Wastewater (Reference 3), ' ike laboratory "at 
Columbus Air Force Rase Sewage Treatment Facility was responsible for the 
analytical testing. By means of telephone conversations and actual site 
visits, it was determined that some of the test procedures were not being 
followed correctly. The determination of BOD was most suspect. Inasmuch 
as dilute waste, with a low organic loading BOD, was being analyzed, the 
first step to improve laboratory technique was to increase the aliquot 
size. Aliquot size of the influent to the ATF was increased from 10 milli¬ 
liters to 50 milliliters. The same increase in aliquot size was followed 
on the effluent ATF with one additional step, an increase to 100 milliliters. 
These sample dilutions, while bringing the final dissolved oxygen content 
to the desired range, did not appear to solve all questions concerning the 
data being obtained. 

The next step was to visit the site and observe the analytical proce¬ 
dure from start to finish. It was determined that the reference dissolved 
oxygen was not being properly determined. The laboratory personnel were 
instructed in the correct analytical techniques. This correction made a 
significant change in BOD results. The first results following the changes 
were obtained on 14 December 1974. The impact of this procedural correction 
will be evident in the evaluation of the test data. 

The mechanical and electrical equipment has operated flawlessly since 
start-up. The weir which distributes the wastewater was adjusted several 
times very early, but it was never possible to achieve a desirable distri¬ 
bution of wastewater with the weir. This will be discussed later in 
Section VII, Recommendations. 

The ATF was installed to confirm that GaryClas® was effective in 
removing BOD and TSS, after secondary treatment by a trickling filter, down 
to values acceptable by Environmental Protection Agency limits. The basis 
of the test program was to be a 30-day continuous run. The raw data for 
this period was supplied by Columbus Air Force Base, Mississippi. The period 
from 1 December 1974 to 31 December 1974 has been supplied as representative 
of the complete run to date. Table 1 contains the raw data. Each of the 
parameters and the flow rate will be evaluated. 

1. The BOD removal was, in general, what was anticipated. It should 
be remembered, however, when working with very small numbers, percentage 
removal can be a misleading mathematical parameter, due to the large change 
in percentage value with small change in raw data. The absolute value of 
the effluent is a more meaningful parameter. 

Reference 
3. Standard Methods fo« the Examination of Water .and Wastewater, 13th 
Edi t lõíT TÑew 'ÃriliT American Public Health Associât ion, ïrc., 1971) . 
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The average BOD of the effluent for the period was 18 mg/1. This 
value has several results included in it that reflect the error of in¬ 
correct BOD analysis. The average value for BOD effluent after the BOD 
testing corrections is less than 15 mg/1. The average effluent BOD has 
continued to run below this in subsequent testing. The average influent 
BOD loading during the test period was 29 mg/1. 

Figure 7 depicts the influent and effluent values and shows the 
mg/1 of BOD removed. As can be readily seen, there w re four days that 
show inverted results. Without any compensation for these results, the 
final effluent is acceptable for discharge after disinfection. 

The average BOD loading of the ATF in December 1974 was 107 (plus) 
pounds per day. The total load for the month was 3588 pounds. Hie ATF 
removed 40 (plus) pounds of BOD per day and 1366 pounds during the month. 
This removal corresponds to a 40 percent reduction in BOD. The removal 
efficiency of the ATF is very good considering the loading and final 
effluent quality of less than 15 mg/1. 

2. The nonfilterable solids feed to the ATF has been quite variable 
and approximately 60 percent higher than anticipated. Figure 8 shows the 
highly varied loading, from a low of 7 mg/1 to a high of 190 mg/1, With 
the exception of two results, the effluent of the Ai F has been quite steady. 
The average monthly load on the ATF was 64 mg/1, and the final effluent 
was 32 mg/1. The high loading to the ATF is most likely attributed to 
stuffing of biological material from the existing secondary treatment. 
The ability of the ATF to withstand this variable loading is very important. 
The ATF effluent did not vary a large amount and produced a steady TSS 
loading to the clarifiers. 

The TSS loading to the ATF was 7122 pounds for the month of 
December 1974. The daily TSS loading was 238 pounds. The ATF removed 
3604 pounds of TSS in December 1974. This corresponds to a 50 percent 
removal efficiency across the ATF and clarifiers. 

3. The COD was monitored since results can be obtained much more 
rapidly than with BOD. A relationship between COD and B0C can usually 
he established if the waste stream is more or less constant in chemical 
and biological loading. The amount of testing to date has not been 
sufficient to establish a firm relationship; however, it appears the 
COD/BOO ratio for influent was approximately 3.5:1 and the ratio for 
effluent was 4:1. 

COD is a chemical oxidation analytical technique. A substantial 
portion of the COD is most probably tied up with the TSS, which is prima¬ 
rily biomass and while biologically degradable, it does not impose a heavy 
five-day load. Figure 9, the graph of COD influent and effluent versus 
time, shows the variable COD loading to the ATF. 
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The COD loading for the period was 11,947 pounds. This is an 
average loading of 386 pounds per day. The removal efficiency was 25 
percent. 

4. The hydraulic loading during the test period was considerably 
less than the design criteria. The solids loading was higher than the 
design criteria, however. A comparison of design versus actual criteria 
is given in Table 2. 

TABLE 2. DESIGN CRITERIA VERSUS ACTUAL DATA 

Average Influent BOD 

Average Influent Nonfilterable 
Solids 

Average Hydraulic Loading 

Organic Loading 

Solids Loading 

Design 

40 mg/1 

40 mg/1 

0.7 mgD 

80 lb BOD 

1000 ft3 day 

60 lb NFS 

1000 ft3 day 

Actual 

29 mg/1 

64 mg/1 

0.5 mgD 

25 lb BOD 

1000 ft3 day 

56 lb NFS 

1000 ft3 day 

There is no way to accurately determine the effect of the dif¬ 
ference in the two criteria. It is felt that the solids loading was the 
most critical. 

The existing secondary clarifiers are not accomplishing a good 
job of solids removal during the hours of high flow rates. Visual inspec¬ 
tion indicates a high solids content carrying over the weir. This undesir 
able condition is compounded by the fact that, in connecting into the 
existing waste lines, a difference in flow resistance was created which 
causes the north clarifier to receive a heavier hydraulic load than the 
south clarifier. A solution to this problem is discussed in Section VII, 
Recommendations. 

A 15-day BOD evaluation of filtered influent and effluent samples 
yielded the following results: average filtered influent 22 mg/1; average 
filtered effluent 7 mg/1. This short-term test indicates that most BOD 
being applied to the ATF is dissolved while a substantial portion of the 



BOD leaving the filter is associated with the suspended solids. While 
this data is not conclusive, it indicates thé ATF is accomplishing its 
objective of biologically oxidizing soluble organics. 



SECTION VI 

POWER REQUIREMENTS 

The electrical power for the advanced trickling filter at Columbus 
Air Force Base was provided through a three-phase, 220-volt, 100-ampere 

fusible switch box. The power was split and supplied to two pump motor 

controls, two blower motor controls, and two 110-volt, 15-ampere duplex 
receptacles. 

The feed pumps for the advanced trickling filter were 4 by 4 inches 

and were capable of delivering 600 gallons per minute at 30 feet of head. 

The 10-hp motors drew 26.7 amperes of power at full load. Based on the 

average actual daily flow rate, one pump will handle the total flow 

working only 51.7 percent of the time. The blowers for the advanced 

trickling filter were run continuously. The motors were 1/2 hp and 
drew 2.2 amperes. 

The cost of power in Columbus was 1.5 cents per kilowatt-hour. The 

total cost for power to operate the advanced trickling filter was very low. 

Power costs were estimated since power to the AT? was not metered. The 

pumping costs were estimated for one pump running continuously. The reason 

for one pump running continuously, when only 51.7 percent was required, was 

to cover the time when both pumps operate due to high instantaneous flow 

rate. During the morning hours both pumps ran simultaneously, and as the 
hydraulic load fell, one pump continued to run. There also were times 

when both pumps stopped due to low flows, especially in the early morning 

hours. Both blowers ran continuously. The power cost estimate is presented 
in Table 3. The power factor for the motors in this estimate is 1.0. 

TABLE 3. POWER COST TO OPERATE THE ATF 

December Flow = 13,846,987 gallons 

Power Cost = 1.5 cents per kilowatt-hour 

100 Percent Pump Operation 

1 Pump $2.11 per day 

2 Blowers 0.35 per day 

Total $2.46 per day = $76.26/month 

Power Cost per GalIon-Treated = O.OOOS3 cent/gallon 
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SECTION VII 

RECOMMENDATIONS 

the re:UÎt! díscus?ed in Section V and given similar waste 

nôtte ÎLnêd tó. fUtUre UnltS “0Uld inClUde- bUt “0Uld 

}; Filter tank sizes over 18 feet in diameter would have more even 
distribution with a rotating arm distributor. Using this water distribu- 

“h0d,^ /T1™ periodic bearing replacement, some routine main¬ 
tenance, and will eliminate absolute leveling required in the weir distri- 
button concept. Weirs were used on this InUialttstaiUtta tlratlT 
and to eliminate moving parts and therefore mechanical failures. 

2. An additional line from the suction well back to the final ciar- 
i._ .UTS should be a part of future units. This is a safeguard so that if 

the power fails, wastewater will flow to the clarifier. This line also 

provides a safeguard due to run-off water overloading the pumping capacity 

or overload due to upstream operating errors. A typical case was observed 

at Columbus when both existing trickling filters had been flooded, and they 

were released simultaneously. The volume of water was greater than the 

time~n^ caPac^ry* and tbe suction well overflowed for a short period of 

. ,.3, Jie Columbus facility has two parallel clarifiers as the final 
treatment before chlorination. The arrangement at Columbus requires that 
the How from any upstream treatment must be split before the clarifiers, 

his presents a minor problem in flow equalization and should be considered 
for any future installations. Presently the flow to the two existing 

. anfiers is not balanced because the head loss between the two inlet 

connections is siightly different. Two additional valves in the advanced 

treatment plant effluent line would provide flow control for any future 
installations that have a similar type final treatment. 

4- 1hc original plan for Columbus included another secondary clarifier 

c^irir:bL-ironr’/rwwas feiiby the Mr Force that vaiid test could be obtained without this supplementary clarifier. As shown in Section 

’ thls, waf a valld choice for the full-scale pilot plant. Future installa- 

rJiShrVeriTly consider including a clarifier before and after the 
? adyanced.fter treatment unit. A clarifier before the advanced 

treatment will provide a more stable waste, lower BOD and TSS loading, and 

ZZ j «o« cquaii2ation. In turn, thr GaryGlas® unit will reduce the 
BOD and TSS to even lower values. 

5. Automatic samplers were installed on the Columbus Air Force Base 
advanced trickling filter. These samplers were specified in the contract. 

«‘í °f thes® autornâtic samplers was to determine the efficiency 
and effectiveness of the advanced trickling filter; therefore, they were 

23 
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placed before the GaryGlas® unit and after the final north clarifier. 

The present Environmental Protection Agency permit requires 24 composite 

samples from the influent to the plant and the final effluent. Future 

installations should include provisions for a sampler on the primary 

influent that is capable of sampling for raw sewage with its high solids 

content. Presently, there is no composite raw sewage data available at. 

Columbus Air Force Base. The only data available is an occasional grab 

sample of the primary influent to the treatment plant which does not 

provide adequate in-depth information. 

6. The advanced trickling filter tank, as built for this demonstra¬ 

tion, was a flat-bottom tank. There is some evidence that a small amount 

of solids has collected in the bottom of the tank. Future units should 

be constructed with a sloping bottom or lowered discharge pipe which will 

virtually eliminate any solids build-up. The advantage of sloping of 
bottom discharge is obvious, and the extra capital outlay will be minimal. 



.. .1 ... 1 :|111 !" ...111 pi"!" ' ' 1 'H prrri’pi 1 ... ..«""•i» wi " 11 1 1 ! 1 .1 ■ .... 

SECTION VIII 

DISCHARGE STANDARDS 

Columbus Air Force Base has been issued an authorization to discharge 
under the National Pollutant Discharge Elimination System effective 
21 October 1974. The order is divided into two parts. The first was 
effective from date of issue through 30 June 1977, and the second was 
effective from 1 July 1977 through 31 May 1979. 

The first time period does not set any effluent limitations except 
for chlorine residual. The monitoring requirements are established, and 
a compliance schedule is required. The first part of this waste control 
order is being met at this time. The GaryGlas® advanced trickling filter 
is operating, and the monitoring requirements can be met by installing 
a sampler capable of sampling raw sewage as discussed previously. 

The second time period is the most important in that specific limita¬ 
tions are established for BOD and suspended solids. The order required 
an 85 percent removal or 30 mg/1 or BOD or TSS maximum, or whichever yields 
the highest water quality. This removal requirement is across the entire 
treatment system. The limited raw sewage influent data that is available 
to the plant is given in Table 4. The average loading of BOD was 104 mg/1 
for the three-month period. During the same period the average loading 
of TSS was 169 mg/1. The effluent limitations for the plant based on 
highest water quality would be a BOD of IS mg/1 and a TSS of 25 mg/1. The 
ATF for the period provided an effluent quality of 18 mg/I BOD overall. 
The effluent quality of the ATF after BOD test procedures had been 
corrected was 14 mg/1. This is a quality water that meets the waste 
control order for the time period beginning 1 July 1977. 

The TSS effluent for the test period average 32 mg/1. This value 
is slightly higher than would be permitted in the waste order for 1977- 
1979. The waste control order can be met by several different methods. 
One method of enhancing solids removal would be the addition of a second 
clarifier between the standard trickling filters and the ATF, as discussed 
previously. A second method could be improvement of solids settling 
velocity by chemical addition. This could be accomplished, with alum, 
ferric chloride, polyelectrolyte, or other chemicals commonly used for 
this purpose. The plant at Columbus would probably be best suited to 
polyelectrolyte because it is doubtful the digestor could handle the 
increased sludge volume from chemicals such as alum. 

The results of this full scale test unit in Columbus indicates that 
the waste control order requirements can and will be met. Incorporation 
of recommendations in the preceding section could allow other military 
bases to upgrade existing treatment plants economically to a level that 
complies with the Federal hater Pollution Control Act. 



Dec 1974 93 
63 

111 

Total 1144 

Arithmetic Mean 104 

INFLUENT DATA 

TSS 

MU 
214 
265 
239 
160 

134 
142 
151 
145 

140 
170 
100 

1860 

169 



SECTION IX 

COST FOR FUTURE UNITS 

The estimated cost for future units, including the recommended changes, 
varies with several parameters. Major considerations are geographical area, 
inflation, size of installation, and topography of the selected site. A 
price estimate for an advanced trickling filter of comparable size in 
Columbus, Mississippi, at today's cost would be in the range of $130,000.00 
to $150,000.00. 

This breaks down as follows: 

Filter tank piping, valves, 
suction well, pumps, blowers $ 45,000.00 

Clarifiers, 2-hour detention 36,500.00 

Site preparation, fill, or 
excavation 

GaryGlas® 

5,000.00 

42,500.00 

$ 50,000.00 

50,000.00 

7,500.00 

42,500.00 

Total $130,000.00 $150,000.00 

These figures are presented as fair engineering estimates; however, 
each new site will require an in-depth study and cost evaluation. Another 
site may not require any pumping since flow through the ATF could be by 
gravity, whereas another site may require more pumping to move the hydrau¬ 
lic load. 1 he above figures do not include any land acquisition that may 
be required. Land requirement for the estimated installation would be 
approximately 5000 square feet or slightly less than 1/8 of an acre. 

Operating costs on future projects will be minimal as the Columbus 
installation has required no additional manpower to operate. Operators 
making their normal inspections are spending approximately 1/2-hour 
longer per inspection making adjustments. This time estimate is probably 
inflated due to the experimental nature of the unit. The amount of 
additional manhours spent testing in the laboratory is great; however, 
this manpower is partially required by the discharge permit and will 
eventually have to be done at all installations regardless of any 
additional water treatment systems. The time spent analyzing above 
the permit requirements are unique to this test alone, the GaryGlas® 
advanced water treatment system is designed for virtually automatic 
operation and low maintenance. 

The filter media, GaryGlas®, is presently being marketed at $10.00 
per cubic foot. The data collected show that the ATF is operating 
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effectively and efficiently. The economy of the unit is of prime importance. 
The anticipated life of GaryGlas® is a minimum of 10 years with no recharge. 
It is recommended that the filter be topped off each year, and GaryGlas® 
is guaranteed to require no more than 10 percent replacement per year,, 
Based on a 10 percent recharge yearly, at a design hydraulic flow of 700,000 
gallons per day, the cost to treat 1000 gallons or /ater will be 3.3 cents 
for GaryGlas® alone. 

Assuming a 25-year life, amortizing the capital investment represents 
a 1.5 cents per 1000-gallon cost. Estimating maintenance upkeep at 1 percent 
of the capital investment per year, a cost of 0.5 cent per 1000 gallons is 
arrived at. The power costs previously mentioned translate to 0,5 cent per 
1000 gallons. This total is 5.8 cents per 1000 gallons which is very econom¬ 
ical . 

Addition of an advanced trickling filter with GaryGlas® is a viable 
consideration for military installations that will be required to upgrade 
existing systems to meet new discharge standards. The ATF is a more 
economical choice than building complete new systems. This is especially 
true in areas that foresee joining regional disposal systems in the pre¬ 
dicted future. The ATF is a system that will fill this interim gap yet 
provide an effluent meeting today’s standards. 

28 



APPI'NDIX A 

PHOTOGRAPHS 
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COLUMBUS AIR FORCF. BASF INSTALLATIONS 
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LIST OF ABBREVIATIONS 

ATF advanced trickling filter 

BOD biochemical oxygen demand 

COD chemical oxygen demand 

ft3 cubic feet 

gal gallon 

hp horsepower 

lb pound 

mgD million gallons per day 

mg/1 milligrams per liter 

NFS nonfiItcrable solids 

TSS total suspended solids (nonfiIterable solids) 
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