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PREFACE

This report was prepared by Neil D. Williams and James Matthews under
contract 1'29601-76-C-0015, Job Order Number 21037W85, for Detachment 1 (CEEDO)
ADTC, Tyndall Air Force Base, Florida 32403.

This report summarizes work done between November 11, 1977, and May 15,
1978. Captain Robert G. Perry was the project officer.

This report has been reviewed by the Information Office and is releasable
to the National Technical Information Service (NTIS). At NTIS it will be
available to the general public, including foreign nations.

This technical report has been reviewed and is approved for publication.
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SECTION I
INTRODUCTION

’ BACKGROUND

The Civil Engineering Research Facility (CERF) of the University of New
Mexico has designed a Transportable Wastewater Advanced Refinement and Demon-
stration System (TWARDS). The TWARDS trailer was developed to evaluate the
effluent from existing or proposed USAF wastewater treatment facilities (Fig-
ure 1).

The Federal Pollution Control Act Amendment of 1972, Public Law 92-500,
has established July 1, 1983 as the date by which all treatment facilities
must be upgraded to achieve zero waste discharge.

TWARDS trailer analyzes wastewater effluent data in order to provide in-
formation which will assist in the design of new, upgraded, or modified facil-
ities to meet the 1983 Federal Pollution Requirements.

OBJECTIVES

The purpose of this task was to provide detailed plans and specifications
from which the TWARDS trailer could be fabricated. The following design con-
siderations were provided to CERF by the USAF:
(1) The system shall be capable of being ground transported
to any USAF base for on-site evaluation of the effluent
wastewater (Figure 2).

(2) Provide all or any combination of conventional or advance
treatment techniques needed to determine which base treat-
ment processes are deficient.

(3) Operate at a design flow rate of 2 gallons per minute but
be capable of operating at flow rates that vary from 0.5
to 3.5 gallons per minute.

(4) Each unit process should be capable of operating when

organically overloaded.
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‘ (5) The unit process internal designs should accommodate
| new hydraulic concepts such as induced laminar flow
and increased settling rates.

(6) The unit processes should be capable of being operated
at variable recycle rates so that the optimum flow
rate can be determined.

(7) The unit processes should utilize such other advanced
techniques as deemed appropriate.

(8) The TWARDS trailer should operate independently of the
base wastewater treatment facility with the exception
of power and water.

(9) A11 chemicals required for the treatment process
shall be sorted in the base facilities. No pro-
visions shall be required for chemical storage on
the TWARDS trailer.

(10) The individual unit processes should be provided
with appropriate viewing windows.

(11) The trailer must be capable of being towed by
commercial tractors at highway speeds up to
and including 55 miles per hour.

In addition to the plans and specifications, a detailed cost estimate was
prepared for the development, fabrication, testing, and documentation of the
system.

£ In addition to the design considerations listed previously, the USAF sug-
; gested that the items listed in Table 1 be included on the TWARDS trailer. The
& ultrafiltration unit, the reverse osmosis unit, one of the biodisc units, the
§ air preparation unit, the ozone preparation unit, and the ultraviolet unit
have aiready been purchased by the USAF for the TWARDS trailer. The remaining
units were designed by CERF and will be fabricated from purchased materials.

Several of the units designed by CERF use advanced techniques which en-
hance the ability of the unit to model field conditions. The clarifier unit
uses a sludge collection system developed at CERF. The collection system is
fabricated from steel plates sloped at 60-degree angles in order to prevent




TABLE 1. TWARDS UNIT PROCESSES

p PRELIMINARY TREATMENT

1. Pressurized Air Flotation

SECONDARY TREATMENT

1. Trickling Filter

2. Bio-Disc

S—— prewe
R 8 @

3. Activated Sludge

ST e 2 W

TERTIARY TREATMENT

o
-
.

Rapid Mix & Flocculation
. Sand Filtration

O e R N NSO Y
a0 WA . S

2
3. Carbon Adsorption
4. Bio-Disc

5. Fluidized Bed

FURSSR——

6. Ultra-Filtration <

DISINFECTION

1. Ultraviolet Light
2. Ozonation | |

3. Chlorination




sticking and to improve the sludge compaction. The activated sludge unit and
the clarifier unit have baffles which induce laminar flow through the units.
The wastewater distribution system for the trickling filter unit was developed
by CERF and uses a perforated pipe and perforated plate assembly which main-
tains a constant, thin sheet of flow across the media. The flocculator paddle
design was also developed by CERF to provide improved mixing characteristics.
A11 of the designs developed by CERF reflect emphasis on the reliability of
data produced and low maintenance costs.

oy




SECTION II
SYSTEM CONFIGURATIONS

The sequence of treatment units onboard the TWARDS trailer was developed
from compatibility relationships between processes, optimal influent charac-
teristics to a unit for efficient operation, and consideration of the probable
modes of use in performing treatability studies at USAF installations (Figure
3). It is assumed that the domestic and industrial wastewater will have re-
ceived pre- and primary treatment before treatment evaluation studies at the
trailer. Preliminary design guidelines from USAF project supervisory person-
nel indicated that all major units were to be hydraulically capable of opera-
ting within a traditional treatment train of units or independently by connec-
tion through inlet and outlet tees.

The pilot plant capabilities associated with the TWARDS trailer make it
possible to consider the diversity of effluent standards imposed by state
regulatory agencies, the sizable present investment in existing treatment
facilities, the variability in treatment efficiency of different wastewaters,
and the treatment processes which are currently the most cost effective.

The types of treatment which can be evaluated with this sytem may be
broadly classified as secondary, advanced, nutrient removal, and wastewater
renovation. Simultaneous investigation and evaluation of two or more potenti-
ally promising treatment schemes can often be accomplished. By means of proper
hydraulic control, the combinations shown in Tables 2, 3, 4, and 5 may be
studied.

TABLE 2. SECONDARY TREATMENT

Process . Remarks
Activated Sludge? Conventional, most popular method.
Trickling Filterd Most enérgy efficient, may not meet standards.
Biodiscd E::opean development, lower energy consump-
on.
Chemical Applicable to seasonal or highly variable
Treatment wastes.

%Two of the three units may be tested simultaneously.
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TABLE 3. ADVANCED WASTEWATER TREATMENT

Process or Operation

e A e mate e TP, . - ey

Remarks

Sand Filtration

Activated Carbon

Agd;tional removal of colloidal BOD and

Efficient adsorption of colloidal and dis-
solved organics.

TABLE 4. NUTRIENT REMOVAL

Process

Remarks

Biodisc
Flu‘dized Bed

Phosphorous Removal

Biological Denitrification | Units must receive a nitrified influent.

Enclosed unit for anaerobic environment.

Promising method, limited pilot plant
data.

May be tested with suitable chemicals
such as lime, alum, iron, salts, or
others.

TABLE 5. WASTEWATER RENOVATION

Process

Remarks

Reverse Osmosis

Ion Exchange

Effluent contains low solids, organic or
mineral.

Usually expensive with high flows; has indus-
trial waste treatment potentijal.

Recent development, versatile process.

Ultra Filtration

The efficiency of disinfection by ozonation, residual chlorine, and
ultraviolet 1ight can also be evaluated after most of the conceivable treat-
ment sequences. If upstream disinfection is to be evaluated, flexible tubing

can be used to route the waste to the appropriate initial process.

9
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SECTION III
TWARDS TRAILER

The TWARDS trailer is a steel trailer designed and fabricated specific-
ally for this use. The vehicle weight rating is 40 tons in transit and 60
tons static, inplace. The static, inplace load is supported by eight jacks
permanently attached to the body of the trailer. The trailer is towed by a
commercial tractor with a conventional fifth wheel connection. The trailer
is 44 feet long, 8 feet wide, and 12 feet 9 inches high. The cargo area will
be totally enclosed. The minimum interior cargo area is 43 feet 5 inches
long, 7 feet 10 inches wide, and 8 feet high.

The suspension system for the trailer may be either spring or air bag,
whichever the trailer manufacturer determines will best isolate vibration.
A1l of the unit processes are mounted to the structural members of the trailer
by 3/4-inch bolts spaced as shown in the plans. The trailer manufacturer must
provide a suspension system which prevents damage to the instrumentation, the
data processing equipment, and the unit processes.

The cargo area of the trailer is totally enclosed. The side panels fold
out to form a catwalk and canopy. The catwalk and canopy are supported by 2-
inch-diameter structural steel pipe stored underneath the trailer. The top
panels are removable so that the individual unit processes can be removed by
a crane if necessary.

The trailer is equipped with all safety equipment required by law and
meets all code requirements for the continental United States. The trailer
lighting required for safe operation is provided with the trailer.

The trailer has an open frame floor with transverse structural members to
support all of the unit processes continuously along four sides. Steel plate
which has been surface treated to prevent slipping will be installed in all
areas which are 9 inches or greater between unit processes. The transverse
structural members are capable of supporting the unit process loads in the
locations shown in Figure 4.
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The TWARDS trailer was put out for bids on March 2, 1978. The low bid
was submitted by Calumet Coach Company of Chicago, I1linois. Their bid was
46,000 dollars and their estimated construction time was three months. The
Calumet Coach Company also provides a full set of construction drawings for
inspection prior to the actual manufacture of the trailer.
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SECTION IV
BIODISC UNITS

INTRODUCTION

The biodisc units operate in a manner closely approximating the operation
of a trickling filter unit (Figure 5). The unit consists of several compart-
ments in series, each of which houses a plastic disc. The individual compart-
ments are typically designed so that they never flow more than 40 to 50 per-
cent full. The disc, which is within the compartment, is mounted on a central
shaft driven by a motor. This motor causes the shaft to rotate at a low velo-
city. The rotation of the disc through the wastewater and then the air simu-
lates the dosing which a trickling filter receives from a rotating arm distri-
buter. As the disc emerges, a thin film of wastewater remains on its surface
and is exposed to the air. The alternate exposure of the disc to wastewater
and air creates an environment favorable to the development of a microbial
culture. After a start-up period of about one week, a microbial film about
2 to 4 millimeters thick develops on the surface of the disc.

The excess biomass generated by the attached culture is stripped off the
disc by the shearing forces exerted as the media are rotated through the
wastewater. The stripped solids are kept in suspension by the mixing action
of the rotating disc until they are pumped into a sedimentation tank.

There are several advantages to the biodisc process. First, the unit is
reliable; and the results which are obtained are predictable. Second, the
unit requires very little supervision. Third, the unit is not expensive to
operate. Fourth, the unit is easy to maintain (Reference 1).

Reference

1. Antonie, Ronald L., Kluge, David L., and Miekle, John H., "Evaluation
of a Rotating Disk Wastewater Treatment Plant," Jourmal WPCF, Vol. 46,
No. 3, March 1974,
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Biodisc Unit

Figure 5.




Uiodisc units are designed on the basis of hydraulic loading. However,
several parameters affect the unit's performance. The temperature of the in-
fluent should never be allowed to fall below 55°F. To this end, the influent
can be heated or the unit insulated. The effects of temperature on the qual-
ity of the effluent from the biodisc unit should be carefully examined to de-
termine if preheating of the effluent is required. The rotational velocity
of the discs also has an effect on the quality of the treatment. Furthermore,
the pH of the influent wastewater affects the performance of the unit. The
optimum biological removal of BOD will occur when the pH is within the range
of 6.5 to 8.5 pH units.

The biodisc unit may also be adapted for use as a denitrification unit.
When the biodisc unit is so used, the Hc0; concentration becomes important.
The concentration of HCO; must be kept at a minimum of 50 mg/£. If this con-
centration is maintained, the pH is prevented from declining below 7, a condi-
tion which retards denitrification efficiency. The optimum pH is 8.3 for max-
imum denitrification of municipal sewage.]

The USAF purchased a biodisc unit from Autotrol Corporation, Bio-Systems
Division of Milwaukee, Wisconsin, Since two units are required for TWARDS,
one for secondary treatment and one for denitrification, it is recommended
that a second unit be purchased from the same company. The unit which was
purchased was the 0.5-meter model. This unit operates on 110 V, single phase;
and a 0.25-hp motor rotates the shaft. The area of the individual compart-
ments is-2.113 ft2, and it fs recommended that an initial hydraulic loading of
2.0 gal/day/ft? be used as a general rule for all domestic applications.

+ The specifications for the biodisc unit follow.! These specifications
givé\a description of the unit and provide detailed information on the BIO-
SURF media, the bucket feed system, the drive unit, the hydraulic design, and
the tank dimensions. They are followed here by detailed recommended operating
instructions.

Footnote

1. Memorandum from Robert J. Hynek, Manager, Autotrol Corporation, BIO-SURF
Pilot Plant Program, Milwaukee, WI, August 15, 1974,
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BIO-MODULE SPECIFICATIONS: 0.5-METER BIO-MODULE PILOT UNIT
(ALUMINUM TANK MODELS)

This specification includes a definition of the key features of
mechanically-driven, 0.5-meter Autotrol pilot plant for wastewater treatment
studies. The pilot plant consists of a tank containing a central steel shaft
which supports radially-corrugated plastic media. Viewed cross-sectionaily,
the internal passages are hexagonally shaped, resembling a natural honeycomb
structure. The entire shaft is slowly rotated with the plastic media approxi-
mately 35 percent submerged in wastewater. The shaft is supported in the tank
by permanently sealed, pre-lubricated ball bearinés. The tank and media are
divided into four stages; but the bulkhead between the first two stages is re-
movable, providing an optional three-stage configuration.

The cank also has a feed chamber (wet well). Water enters the feed cham-
ber and 1s picked up by buckets on the feed arms attached to the rotating
shaft. Water passes through the feed arme over the first of four bulkheads
and thereafter passes from stage to stage through circular openings in each
stage bulkhead. The shaft is rotated by a gearmotor and a suitable chain
sprocket drive to provide the proper rotational velocity.

Organisms in the wastewater attach to and grow on the media, utilizing
dissolved oxygen and soluble organic material fer energy and further cell
growth. Rotation of the media produces a film of wastewater on the surface
where it absorbs oxygen from the air. Organisms in the biomass then utilize
the dissolved oxygen to convert the soluble organic material to additional
biomass solids, carbon dioxide and water. Nitrogen in the form of ammonium
ions can also be biologically oxidized to nitrate ions through a process re-
ferred to as nitrification.

Rotation eventually causes excess biomass to be sheared from the media
into the mixed liquor. The settleable biomass solids are kept in suspension
by rotational mixing forces until the hydraulic flow carries them out of the
unit. These solids are large and settle rapidly.




This pilot plant is furnished without a clarifier. The operator may
elect manual clarification of grab samples or furnish his own test clarifier.

Reference

The 0.5-meter Bio-Module assembly is described by Autotrol Drawing Number
38-000-154-401.

Design Parameters

(a) BIO-SURF media (standard). BIO-SURF media are constructed by weld-
ing together vacuum-formed discs of high-density polyethylene. Each com-
partment contains a stack of convoluted discs. These stacks are rein-
forced with polyethylene molded hubs with square holes. Polystyrene foam
spacers are used to align the stacks properly on the shaft. The steel
shaft is coated with epoxy paint to resist corrosion.

(b) BIO-SURF media (high-density). High-density BIO-SURF media are cre-
ated by inserting flat sheets of polyethylene between alternate convolu-
tions of the standard BIO-SURF media. This reduces the inner convolution
dimension and radial passage orifice by 50 percent. (Application is re-
stricted to nitrification of a wastewater containing less than 30 mg/£ ;
total BOD,.) i

Media Extenders: Polyethyiene extenders attached to the media
prevent sludge accumulations (0.5-meter media
cannot duplicate full-scale mixing character}. o

Stages: Four in series standard. ~ ;

Surface Area: 250 ft? total of all four stages standard; :
303 ft? for high-density versions. :

Volume-to-Surface Ratio: 0.12 gal/ft? with biomass 2nominal $
0.11 gal/ft? with biomass (nominal
high-density version.

Disc Diameter: 0.5 meter (18-5/8 inches).

Number of Discs: Nine per stage standard;
efight per stage in high-density versions.

Medfa Stack Length: 11.7 inches per stage standard;
10.4 inches for high-density versions.
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Nominal Layer Thickness: 1.2 inch standard;
0.6 inch for high-density versions.

(c) Bucket feed system.
Number of Buckets: Four maximum.
Maximum Pumping Capacity: 1,625 gallons per day.

Additional Overflow Capacity: Over bulkhead between wet well
and first stage.

(d) BIO-SURF drive.
Motor: Westinghouse
Voltage: 115V
Horsepower: 0.25
Phase: 1
Frequency: 60
RPM: 1,725
Reducer: Morse 18 GCT
Output r/min: 29.2
Driven Sprocket: 60 teeth
Chain: RC 35
Shaft RPM: 7
Media Peripheral Velocity: 30 feet per minute nominal

Hydraulic Design

The 1iquid level is established by the effluent weir and usually runs
2-1/2 inches below shaft centerline. The first stage is fed by rotating feed
buckets attached to the BIO-SURF shaft. The flow to the second, third and
fourth stages is through 1- or 1/4-inch openings near the bottom of the bulk-
heads. Alternatively, flow can be routed normally to the shaft through each
compartment in a Serpentine fashion. Sidewall orifices (1 inch NPT), normally
stoppered, are utilized. This option facilitates special experimentation
(e.g., intermediate clarificati~n) and would require cloeing of the openings
located near the bottom of e. . ./%head. (Consult factory for detailed in-
structions should closure be req. .d.)
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Tank

The tank is fabricated from 1/8-inch and 3/16-inch aluminum. Inlet and
outlet connections are 1 inch NPT (female). The tank surface is completely
b coated with blue epoxy paint.

RECOMMENDATIONS FOR INITIAL PHASES OF BIO-SURF PILOT STUDY

The Bio-Systems Division of the Autotrol Corporafion has offered the fol-
lowing recommendations to assure smooth progress during the initial phases of
a BIO-SURF pilot study:

(1) Establish a location within a building close to the wastewater
source. To simulate full-scale coverage, sunlight should be ex-
cluded and artificial illumination should be applied ohly when
personnel are in attendance.

(2) Space and electrical requirements are as described in Table 6.

TABLE 6. BIO-SURF SPACE AND ELECTRICAL REQUIREMENTS

7 Floor Overhead
Unit Electrical and
7 Size ngge, Clea;:nce, Horsepower Ratings
0.5m 100 10 110-v, 1-phase, 0.25 hp
2.0m 400 15 220-v, 3-phase, 1.5 hp
3.2 m 600 18 220-v, 3-phase, 3.0 hp
Full-Scale 600-1000 20 220-v, 3-phase, 7.5 hp

(3) Daily'flow rate requirements will vary with BOD concentration
and degree of treatment. An initial flow recommendation should
always be obtained from the Bio-Systems Division office in

; industrial waste applications. An initial loading of 2.0 gal/
g : day/ft? applies as a general rule to all domestic applications.
i (4) Provide pilot plant program manager with all pertinent infor-

(‘i £

mation regarding the following:
(a) Wastewater characteristics.
(b) Design objectives, EPA and/or State requirements.
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(c) Extent of laboratory facilities and personnel
{ available for sampling and analysis.

(d) Names of project supervisor and other key personnel.
‘ (e) Telephone numbers at pilot location and at other
L important locations.

OPERATING INSTRUCTIONS: BIO-SURF PILOT PLANT PROGRAM
Installation: 0.5-Meter Units

The unit should be positioned near the wastewater source and in a uni-
formly horizontal position to assure normal immersion of the rotating media.
Placement of the unit on a raised elevation will simplify problems associated
with tank drainage at a later date.

Protection from the elements must be provided. This will simulate the
effect of integral BIO-SURF covers or buildings over full-scale shafts. (Heat
losses to the atmosphere, particularly during winter months, must be pre-
vented. In southern regions, competitive growth and siudge protection from
algae must also be avoided.)

If an existing building is not available, purchase a metal shed (south-
ern regions) from a ldcal hardware store or construct a temporary structure of
exterior plywood (northern regions) of sufficient size to provide adequate
working space (100 ft? minimum) around the unit. For a 0.5-meter unit, 2 feet
of wall clearance should be provided on three sides (influent end, effluent
end, and media 1mmefsing side) with the remainder distributed along the media
emerging, or front side. This arrangement will provide for direct access to
the wastewater in the stage compartments (very important), and provide needed
space for location of miscellaneous tools, refrigeration equipment and a table
for pefsonnel responsible for sampling, testing and routine surveillance.
Place the unit on the shipping carton, which is first covered with a thin
plastic sheet, to facilitate sampling, observations, and drainage. A vent fan
i8 recommended to control humidity, particularly if the waetewater will be in
the range of 26-35°C (77-96°F).
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Electrical Connections: 0.5-Meter Units

Electric power sufficient to operate the 0.25-hp, 115-V, 1-ph motor
should be routed through a circuit breaker and/or control box near the unit.

Two 20-A circuits should be adequate for all electrical needs during the
tests.

To operate the unit, merely plug in the three-wire, grounded cord at-
tached to the drive motor.

Rotational speed is fixed by the drive unit and sprocket combinations at
7 r/min.

Hydraulic Start-Up Procedure: 0.5-Meter Units

Hydraulic start-up consists of providing wastewater to the unit by con-
necting a feed line to the feed chamber. The feed chamber is emptied by
buckets attached to the rotating shaft. Pumping rate is regulated by varying
the heighth of fluid in the bucket chamber, and varying the number and/or ca-
pacity of the buckets. (Consult the Pilot Specification for nominal flow
rates as a function of these parameters for 0.5-meter units.) Level control
in the feed chamber is accomplished with a standpipe in the feed 1ine to the
wet well. Excess fluid is discharged through the standpipe tilted at an ap-
propriate angle.

Initial flow to the unit should be such that the applied soluble BOD load
is 2 1b/1000 ft? on Stage I. As the hydraulic loading will vary with BOD
strength, use the following formula to calculate the hydraulic loading on a
4-stage unit that conforms to the 2 1b/1000 ft? organic loading on Stage I:

g o 2 1b/1000 ft?
Hydraulic Loading, gal/day/ft mm;ﬁgvmmnv

This loading is recommended to promote development of biomass on the media
with a minimum of difficulty associated with start-up problems and at the same
time provide a high degree of treatment as soon as possible. This loading
will also permit early assessment of performance at higher loadings from stage
sample analysis.
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The rotating bucket method of flow control is usually quite reliable, but
one can expect a gradual lessening of flow as biomass grows within or on the
bucket surfaces. Daily flow checks early in the initial phase are therefore
recommended to assure proper documentation and flow maintenance until experi-
ence justifies a less rigorous schedule. An alternative method of regulating
flow can be used at the operator's discretion (a small metering pump, for ex-
ample).

Effluent from the pilot unit should be drained into a sewer nearby. As a
flow measurement is frequently required, the piping arrangement should be con-
structed in such a way as to allow one to measure flow rates by placing a 1-£
graduate under the outfall pipe. One can utilize a 4-inch funnel permanently
inserted into a short vertical length of 3/4-inch garden hose connected to the
drain line. The effluent drains continuously into the funnel until a flow
measurem:1t is desired. At that time, one merely pushes the funnel aside with
the upper end of a 1-£ graduate and then collects the desired quantity while
measuring the time interval with a stopwatch. When the graduate is quickly
removed, the funnel will snap back into its normal vertical position.

To obtain hydraulic loading directly, when using a 1-£ collection volume,
this formula should be used:

s to 311&31n T = 9al/day/ft® (250 ft? basis)

Samples should not be taken from a distant and final outfall point. Bio-
mass accumulations occur in line and frequently dislodge erratically, particu-
larly when the 1ine is disturbed. It is preferable to obtain a sample from a
point as close as possible to the effluent weir box on the unit but on the
discharge side of the effluent weir box. :

Biological Start-Up
If the wastewater is sterile, or highly industrial, seed with primary
clarifier effluent obtained from a local treatment plant. One gallon per day

applied to each stage over an 8-hour period should suffice. Seeding should be
discontinued when a slime can be felt on the first stage of media.
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If the wastewater is not sterile, start-up will not require seeding with
organisms. A biological slime would develop within one to three days. Within
a week there should be a significant growth on Stage I with gradually lessen-
ing biomass coverage in the latter stages. An occasional sloughing may occur,
producing a patchy appearance. This occurrence is normal; and as time pro-
gresses, a shaggy growth will form a uniform layer on Stage I. Subsequent
stages will develop similar, but gradually thinner growths. When nitrifica-
tion occurs, the biomass will take on a brown color.

pH, Nutrient and Temperature Control

(a) pH control. Optimum biological removal of BOD and concurrent forma-
tion of readily settleable sludge (MLSS) is obtained by control of pH to
the region 6.5 - 8.5 units. Sodium hydroxide solution (10 to 50 percent)
administered through positive displacement pumps is preferred. The pump
is to be activated automatically through electrical synchronization with
a pH recorder. A pH probe should be located in a mixing chamber ahead of
the pilot unit to assure that properly neutralized influent enters the
first compartment (stage).

(b) Nutrient control. Nutrient control is best accomplished with auto-
matic additions of ammonium phosphate as indicated in Table 7.

TABLE 7. BIO-SURF AMMONIUM PHOSPHATE IN NUTRIENT CONTROL

Nominal Daily Requirements, Liters
Unit Size, m{BOD,, mg/g| Hydraulic ; = ~
s NH OH? | H PO ® | Dilution Water
0.5 - 1.000 |1.00 gal/day/ft?| 0.22 | 0.007 0.77

ONH,OH: 29 percent NH,, 0.9 Sp. Gr.; H,P0,: 85 percent H,PO,, 1.7 Sp. Gr.
Diiution water added to prevent crystailization under 50°§ (10’0). This
solution should be fed into the system over a 24-hour period. For alter-
nate BOD strength or hydraulic loadings, calculate N and P needs algebrai-
cally from numbers given here.
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When nitrification is of interest, control of HCO; concentration be-
comes important. Since seven parts of HCO; (as CaCOa) are consumed for
each part of NHg-N. and nitrification approaches zero when Hco; concen-
trations approach zero, one must add a solution of HCO; to maintain its
concentration above a minimum of 50 mg/£ in the effluent. (A minimum of
50 mg/L prevents pH declines to less than 7, another condition which re-
tards nitrification efficiencies.) ;

The source of Hco; preferred and recommended is NaHCO,. This salt
is 73 percent HCO3 and has the additional benefit of buffering ph to the
value of 8.3 favored for maximum nitrification of municipal sewage. -
(Industrial wastes will require individual evaluation as to pH when
NH -N exceeds 30 mg/L.)

(c) Temperature control. Temperature control will e an important fac-
tor and should duplicate full-scale realities as indicated earlier. As
housing of BIO-SURF is required to prevent adverse effects on biological
activity in winter months, temperature losses during flow through the
BIO-SURF reactors will be minimal (1 to 2°C). As operating temperatures
full-scale will probably always exceed 50°F (10°C), minimum temperatures
during a pilot study should always be maintained in excess of these
values. '

Upper temperature limits for the mixed liquor in Stage I are estab-
lished in recognition of decreased oxygen transfer kinetics, undesirable
biological species, and temperature effects on polyethylene media: Pre-
vious pilot experience dictates a preferred upper limit of 90°F (32°C).

Control of temperature in the building will usually control heat
losses. Insulation alone may suffice during winter months; if pot. some
heat may be necessary.

Equipment and Process Schematics

Various BIO-SURF process schematics for BOD removal and nitrification are

provided for general review. Figure 6 illustrates BOD removal in a variable-
stage and/or in a standard four-stage mode which will be used to. generate
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initial performance parameters. Figure 7 illustrates BOD removal using a
large first stage to provide additional capacity against transient changes in
concentration or flow. Figure 8 illustrates operation with a large first
stage and an intermediate high-rate or small clarifier. This mode offers ad-
vantages in very high BOD applications (5,000 to 20,000 mg/£) where improve-
ment in soluble BOD removal is associated with intermediate elimination of
MLSS. Figure 9 illustrates a typical industrial application emphasizing the
need for good control of pH and nutrients.

Sampling points of interest and/or necessity are shown in each case.
Sampling Requirements

Sampling of the influent, of the mixed liquor in each stage, and the
final eff.uent is required to assure that an optimum full-scale design results
from this pilot project. Composite samples are generally preferred and can be
prepared with automatic sampling equipment or with manual sampling techniques
discussed below.

(a) Automatic sampling equipment. Automatic composite samplers that op-
erate with a peristaltic action, a positive displacement action, or a
vacuum system are recommended. Centrifugal pumps cannot be used because
of adverse shearing effects on the large, readily-settleable biomass floc
released from the BIO-SURF media during normal rotation.]

Sampling frequency should be adjusted to deliver from 2 to 4 £/day
by operation at intervals of 15 to 60 minutes. These intervals should be
established with respect to influent variability in terms of concentra-
tion. A highly variable influent would dictate a short interval; a rela-
tively constant influent concentration would allow a longer time inter-
val.

Footnote

1. An excellent reference on sampling equipment and on the problems of samp-
ling is found in ASTM Publication No. 582, Water Pollution Assessment:
Automatic Sampling and Measurement, 1974.
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Flow proportional sampling would be required if the daily flow pro-
file in a full-scale operation is highly variable or if there are signi-
ficant periods of no flow at all. An alternative to consider in this
case would be flow equalization in the full-scale design, with proper
simulation of same in the pilot study.

Sampling fluid velocity should be carefully regulated to assure
equal collections of insoluble solids (MLSS) and soluble constituents.
As equal collection will vary with (1) sampler tubing size, (2) daily
volumetric collecting rate (£/day, gal/day, etc.), and (3) sampling
principle used (peristaltic action, etc.), each engineer should cali-
brate and adjust his own equipment until assured correct sampling has
been achieved.

A relatively simple technique is visual measurement of a MLSS sludge
particle movement through transparent 1/8- to 1/4-inch I.D. sampler tub-
ing. Fluid velocity is then calculated as follows:

- Volumetric capacity of 'X' feet of tubing, liters
Fluid velocity, £/s Seconds to traverse 'X' feet, measured visually

Comparison of the fluid velocity obtained above with that obtained
by actually measuring the fluid volume delivered in the same time span
will determine the degree of agreement. If the two velocities differ
more than 10 percent, the pumping rate should be adjusted one way or the
other and the experiment repeated as required.

(Autotrol currently uses multihead peristaltic sampling equipment as
the most cost-effective and versatile equipment. A fluid velocity of 0.5
to 0.6 ft/s through 1/8-inch 1.D. tubing has been confirmed as a proper
sampling rate to assure homogenous sampling of BIO-SURF-solids and fluid.
Tﬁe end of the 1/8-inch tubing immersed in the water is flared to 1/4-
inch 1.D., however, to assure entry of any and all MLSS particles.)

(b) Manual sampling. Manual sampling alternatives to automatic sampling
equipment have been developed and can be used effectively if sufficient
frequency is practiced in each test period. These alternatives are dis-
cussed as follows:
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(1) Several grab samples taken over a 24-hour period. (Samples are
usually taken at 1-, 2- or 4-hour intervals.) A composite sam-
ple is prepared from the grab samples. _

(2) A 3-grab composite sample prepared within a normal 8-hour shift
for analysis for the next day. A minimum of three grab sample
sets is taken with respect to plug-flow retention time charac-
teristics in a BIO-SURF reactor. (A set is defined as an in-
fluent sample, stage samples and an effluent sample.) Although
retention time in the unit will vary with hydraulic loading
rates (22 minutes between stages at 2.0 gal/day/ft2), the time
span between the first influent sample of the first set and the
last effluent sample of the last set can be 7 hours when the
flow pattern is typically domestic or if equalization has been
incorporated into an industrial process being studied.

The last stage sample and the effluent sample are interchangeable in
municipal applications and in industrial applications at hydraulic load-
ings above 1 gal/day/ft?. Below 1 gal/day/ft2, there is a slight holdup
of MLSS in the last stage associated with flow over the effluent weir.
Again, the total quantity of sample collected should be 2 to 4 £.

(c) Preservation of samples. Preservation of samples during collection
is required to prevent continuation of degradation mechanisms. A used
refrigerator is generally obtainable for 30 to 50 dollars, and small
holes through one of the sides can be easily opened to admit sampiing
tubing lines. Collector bottles are stored inside, and full bottles are
exchanged with empty bottles each day.

Alternatively, large insulated containers of the picnic variety can
be used in conjunction with thin, rectangular refrigerant, or ice substi-
tutes. These ice containers are refrozen daily after each use over the
previous 24 hours. Continuous daily sampling would obviously require a
double set of these ice containers. While one set is cooling samples,
the other set is being refrozen.

Both techniques have been used and carefully evaluated. Either is
satisfactory, but a refrigerator is the obvious choice.
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As a final general precaution, transparent sampler tubing should be
made opaque with either tape or paint. This will prevent algae develop-
ment in the lines and undesirable spurious effluent BOD concentrations at
high levels of treatment.

(d) Preparation of samples for analysis. Effluent samples from a BIO-
SURF pilot must be prepared for analysis in three different forms to pro-
vide for proper performance evaluation and full-scale projections. These
three forms are (1) clarified, or settled effluent, (2) soluble, or fil-
tered effluent, and (3) unsettled, or non-clarified effluent; their de-
scriptions are as follows:
(1) Clarified or settled effluent. Clarification of samples prior
to analysis is required to allow an estimation of treatment
quality in terms of suspended solids (VSS, TSS) issuing from a
full-scale clarifier. Clarification is simulated by allowing
the sample to settle in an Imhoff cone or similar device. The
upper 50 percent of the supernatant is decanted and analyzed.
The remainder is discarded or used only for soluble constituent
analysis.

Note: A sample from any BIO-SURF stage compartment can be
regarded as an "effluent.” Thus, one can evaluate
the BI0O-SURF process in up to four stages of config-
uration at each hydraulic loading.

(2) Soluble or filtered effluent. Since conversion of soluble mat-
ter to insoluble bacteria is ultimately related to the quantity
of BI0O-SURF media needed full-scale, a portion of all samples
(influent as well) must be filtered prior to analysis for sol-
uble constituents.

0f usual principle interest is soluble BOD,, as the gradual
reduction of this parameter on passage of the wastewater ,
through the BIO-SURF unit allows one to properly assess oxygen
transfer to the rotating biomass film. Filtration through
glass fiber discs is now the industry standard for obtaining
soluble wastewater fractions. These discs are obtainable from:

(1) Gelman Instrument Company (Glass Fiber Type A/E)

(2) Reeve-Angel (Type 934 AH)
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(3)

Filtration equipment for 47-millimeter-diameter discs is avail-
able from Millipore Corporation.

Unsettled, or nonclarified effluent. A nonclarified sample is
evaluated in terms of mixed liquor solids (MLSS) entering a
full-scale clarifier. The difference (MLSS-TSS) is used to
predict sludge handling quantities. This sample usually re-
quires pretreatment before aliquotting and filtering, however.
Pretreatment consists of "homogenizing" the sample in a house-
hold blender, or equivalent, to reduce the size of the large
floccular BIO-SURF solids to assure representative sampling
during the act of filling the pipet. This pretreatment step
is not required when taking a similar sample of the decanted
portion for the TSS determination, since the non-settleables
are sufficiently small in size to allow one to pipet a repre-
sentative sample without difficulty.

When using automatic sampling equipment some precaution is
urged in using composite samples to simulate clarification by
decantation. As excessive settling has already occurred in any
compositor equipment collecting samples over periods of 4 to 24
hours, it becomes necessary to stir or mix the composite sample
just prior to resettling or reclarifying.

The proper mixing technique is described as a slow, gentle
action to invert the entire sample bottle two to three times or
stirring the contents with a stirrer which reaches to the bot-
tom. The mixed sample should be carefully transferred immedi-
ately to a 1-£ Imhoff cone and allow to settle for 45 minutes.
It should then be decanted as described above. (The composite
should not agitated excessively with a strong mixing action.
Vigorous agitation will result in abnormally high suspended
solids in the supernatant fluid.)

When manual compositing techniques are employed, and/or sludge
production rates are of secondary or only occasional interest
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to BOD or NHS-N removal, it is preferable to settle and decant
each sample before adding it to the composite. In these cases,
the settling time can be reduced to 30 minutes, as settleabil-
ity of the fresh sample is superior to that of a refrigerated
24-hour composite sample.

Influent samples are not decanted, whether collected auto-
matically or manually, when issuing from a primary clarifier
or screen. If full-scale clarification or screening is not
already a reality, simulation of this process step must be
incorporated into the pilot study.

Shutdown Procedures

At tne termination of the pilot study the unit should be stripped of ac-
tive biomass. Influent flow should be discontinued and tap water flow substi-
tuted at 250 gal/day (0.17 gal/min) with continued rotation for two days.
While rotating, the media should be hosed with water to strip as much of the
remaining biomass as possible. The unit should be stopped and drained through
the drain plug at the drive end. The unit should then be tilted on its side
and the tankage flushed free of remaining sludge. The unit can then be re-
stored to its normal position and rotation started. The unit is then allowed
to dry for one to two days. The unit should be stopped and firmly wedged back
in the original shipping carton.

Safety Suggestions

It is definitely advised that adequate precautions be taken to avoid
equipment damage and/or human injury. The area should be plainly marked with
signs to warn observers to stand clear of the unit during operation. Persons
involved in sampling duties should be warned against the use of glassware for
sampling.




SECTION V
L ACTIVATED SLUDGE UNIT

I

INTRODUCTION

The activated sludge unit utilizes a biological process which stimulates
the oxidation of organic matter to aid in the formation of flocculent settle-
able solids. The process provides intimate contact between sewage and bio-
logically active sludge. The biologically active sludge is developed by pro-
longed aeration in an environment which accelerates the growth of organisms
having the capacity to oxidize the organic matter in influent sewage. The
biologically active sludge is brought in contact with the influent sewage and
mixed in a gentle rolling motion created by bubbling compressed air through a
diffuser pipe. The stable environment is maintained for an extended period of

E time (about 8 hours), during which time the organic matter in the sewage is
oxidized. The colloidal-sized particles then coagulate to form a precipitate
which settles out.

The activated sludge process is an aerobic process; and, as such, it re-
quires close supervision by personnel familiar with conducting it effectively.
If the unit is allowed to become anaerobic, the organisms which oxidize the ! {
organic matter in the sewage will be killed. The e¢ntire contents of the com-
partment which becomes anaerobic or soured would then have-to be wasted, the
compartment cleaned, and a new batch of raw sewage introduced to restimulate
the growth of the organisms.

The spiral flow must be maintained continually to assure that the system
does not become anaerobic and that the gentle mixing required for the oxida-
tion of organic matter occurs. The spiral flow must be sufficiently large to
assure that all areas of the tank are circulated in order that no settlement

' occur. If there is settlement in small areas of the tank which become anaero-
i 5 bic, the results obtained from the process will be misleading.

The velocity and character of the spiral flow must be such that turbulent
conditions are not created in the compartment. If the flow of air creates
turbulent conditions in the tank, the contact between the biologically active |
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sludge and the sewage will not be conducive to the formation of settleable
flocculent solids.

The theoretical oxygen requirements of the organisms can be determined if
the BOD of the waste and the amount of organisms wasted from the system are

“known. A portion of the waste is converted into new cells. In order to de-

termine the theoretical oxygen demand of the system, the BODL of the wasted
cells must be subtracted from the total. The total oxygen requirement may be
calculated from the following formula (Reference 2):

) - 1.42 g-’t‘)

F
ti

d
1b 0 /day = (if

3% = sludge production ratio
dF _ food util d
" u;i ized per day

1f the oxygen transfer efficiency is determined, the actual air require-

ments for the system can be estimated. Due to the fact that the influent BOD

will vary from location to location, the air compressor selected for the
TWARDS trailer has a variable flow rate capable of supplying air ranging from
0 to 2 ft3/gal. The air supply must be adequate to assure that the endogenous
respiration by the organisms is satisfied and the spiral flow of the compart-
ment maintained.

It is not usually necessary to add nutrients to the activated sludge
unit. The influent sewage generally contains adequate nitrogen, phosphorous,
and other elements which the cells need to sustain life. However, if the
waste being analyzed is from an industrial source, additional nutrients may
be needed. ‘ :

Reference

2. Metcalf and Eddy, Wastewater Engineering: Collection, Treatment,
Dispoeal, McGraw-Hill, 1972,
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DESIGN OF ACTIVATED SLUDGE UNIT

The activated sludge unit was designed as a complete mix reactor (Figure
10). At the time the design was initiated, the USAF requested that the fol-
lowing options be in the activated sludge process: (1) tapered aeration,
(2) step aeration, and (3) pure oxygen. Due to the square geometrical config-
uration of the individual compartments in the activated sludge unit, the ef-
fectiveness of the tapered aeration and step aeration units must be seriously
questioned. The raw sewage may be added at four points along the unit, but
the compartments are so small that the unit would function the same as if it
were operating in the complete mix mode.

The flow of air may be continuously varied along the length of the tank
by varying the spacing of the air diffusers. Again, however, the compartments
are too short for the effect of varying the air along the tank to have much
impact on the quality of the effluent; and the tank would operate essentially

as if it were in the complete mix mode.

The pure oxygen assembly will operate efficiently within the geometrical
configuration of the tanks. However, the baffles which are used to induce
laminar flow in the complete mix mode may interfere with the mixing process
of the pure oxygen system and may have a negative impact on the character of
the effluent from the unit.

OPTIONS
Pure Oxygen Option

A pure oxygen activated,sludge system option was included in the de-
sign of the unit. The activated sludge unit may be altered for the pure oxy-
gen mode of operation by installing the impeller units located above each com-
partment (Figure 11). The impellars selected for this option are fixed mount,
1/3-hp, gear drive units, similar to the LIGHTNING Impellar model No. N33G-33.
The impellar is used to agitate the 1iquid and increase the amount of oxygen
which the 1iquid can absorb. For a given set of conditions, assuming that the
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Figure 10. Activated Sludge Unit without Impellars
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Figure 11. Activated Sludge Unit with Impellars
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partial pressure above the liquid is about 0.8, the amount of oxygen that is
absor.2d by the liquid is about four times that which would be put into the
liquid in a complete mix operation. ;

In order to make use of the pure oxygen option, bottles of pressu-
rized oxygen must be connected to the diffuser pipe, and fine bubble diffusers
attached to the tests. The lexan 1id for the unit must be fastened into place
to assure an airtight fit. Furthermore, the partial pressure above the liquid
must be monitored to yield optimum absorption of the oxygen. The 02 is uti-
lized by the organisms and €0, is given off as a by-product. For this reason
the gas above the 1liquid must be bled off and replaced by pure oxygen. The
mixture of gases above the wastewater is bled off through needle valves loca-
ted in the 1id of each compartment. No provisions were included for the re-
circulation of the oxygen gas. '

The pure oxygen activated sludge process has a number of advantages
over the complete mix mode of operation: increased bacterial activity, de-
creased sludge volume, reduced aeration tank volume, and improved sludge set-
tleability. In some cases the reactor volume of the activated sludge unit may
be decreased appreciably if the pure oxygen mode is used instead of the com-
plete ﬁix mode. This choice may mean that the capacity of an existing com-
plete mix operation may be extended by converting the unit to a pure oxygen
system.

Tapered-Aeration Option

The tapered-aeration option tries to match the quantity of air re-
quired by the organisms with the organism's position in the tank. Because the
sewage is fresh at the influent end of a complete mix unit, the oxygen demand
is very high. As the tank is traversed, the oxygen demand decreases as the
relative age of the sewage increases. In the unit designed for the TWARDS,
the flow of air may be varied as desired by the operator. However, due to the
square geometrical configuration of the individual compartments, it is doubt-
ful that varying the flow of air along the tank will have any impact on the
quality of the effluent or the quantity of air used.
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Step-Aeration Option

The step-aeration option, which consists of introducing the influent
sewage at several points along the length of the tank in order to reduce the
peak oxygen demand, is a modification of the complete mix process. This op-
tion was provided for in the design of the TWARDS; but because the compart-
ments are very short, it is doubtful that the oxygen requirements for step
aeration would be significantly different from the oxygen requirements for the
complete mix mode of operation.

In summation, the activated sludge unit as designed for the TWARDS
will yield good results for the modeling of the complete mix or pure oxygen
modes of operation. The unit will operate in the tapered-aeration and step-
aeration modes of operation but will not model these options effectively.

DESCRIPTION OF ACTIVATED SLUDGE UNIT

The activated sludge unit is 7 feet long, 4 feet 6 inches high, and 5
feet 6 inches wide. The sidewater depth is 3.54 feet, leaving nearly 1 foot
of freeboard. There are longitudinal baffles extending the full length of the
unit which are placed at 45-degree angles and are located in the four corners
of the unit to assure that a spiral flow will be created.

The air diffuser pipe is located at the lower left-hand corner of the
unit as the unit is viewed from the influent end. The diffuser consists of a
1/2-inch pipe on which 1/4-inch capped tee's have been equally spaced at in-
tervals of 6 inches. Plastic or ceramic diffusers may be attached to the dif-
fuser pipe in any desired configuration. The air diffuser pipe may be cleaned
in place by backflushing the assembly with water or by forcing a rod down
through the pipe. The end of the air diffuser pipe is capped, but the cap may
be removed for cleaning. The entire air diffuser assembly may also be removed
if necessary.

The overall unit is divided into two separate compartments. If the con-
tents of one of the compartments becomes anaerobic, then only half of the unit
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load will have to be wasted, and the other half will continue to operate as
before.

The influent sewage enters the unit in the upper right-hand side as the
unit is viewed from the influent end. The influent sewage is injected down-
ward into the spiral flow from four points along the unit. The inflow points
are located at each end of the compartment, between the end plates and the
baffles. The flowrates into the individual entry points may be varied or
closed off entirely. ; :

The baffles are located 6 inches from the ends of the compartments. The
baffles consist of steel plates with 1/2-inch holes equally spaced at 1-1/2-
inch intervals, the rows being staggered. The baffles are located in these
positions to induce laminar flow through the unit.

The effluent is pumped from the unit at a position midway up the left
side as the unit is viewed from the influent end. There are two exit loca-
tions, one in the middle of each compartment. The effiuent is then pumped into
the clarifier where the settlement process takes place. A portion of the set-
tled sewage is returned to innoculate the influent sewage. The recycle rate
of the settled sewage is continuously variable from 0 to 2 gallons per minute.

The bottom of the unit is sloped at 2 percent in the two major axis, and
2-inch drain lines are located in the low corners of each compartment. The
baffles extend down to 3 inches from the bottom of the unit, leaving a free
drainage path to the corner of the compartment.

Access for cleaning the inside of the unit is from the top at each end of

the unit. The activated sludge unit should be relatively easy to maintain,
and 1o major maintainance problems are envisioned.
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SECTION VI
TRICKLING FILTER UNIT

L A trickling filter unit operates by providing a favorable growth environ-
ment for oxidizing bacteria. After a period, a thin growth of bacteria will
envelop the filter media. As thin sheets of sewage flow around the media and
past the bacteria, the organics in the sewage are stabilized by oxidation. The
rate at which this process occurs is a function of the size of the filter
media and the relative strength of the sewage. In order for the filter to op-
erate efficiently, it is essential to provide both primary treatment in the
form of grit and oil removal, and then primary sedimentation. It is generally
assumed that primary treatment removes 35 percent of the BODL (Reference 3).

The filter medium is composed of a substance that will yield a high sur-
face area per unit volume. Many different filter media are commonly used:
crushed stone, slag, cinders, hard coal, and plastic disks or grids. In this
particular application, the total weight of the filter medium was also a prime
consideration. For this reason the plastic disk filter medium was selected
for use on the TWARDS trailer.. The medium is generally piled to a depth of 5
to 9 feet. Depths of 5 to 6 feet have been found to be the most efficient.

The influent sewage is usually applied to the unit in the form of a fine
spray or in thin sheets. The most commonly used distributor system is a hy-
draulic powered, center-feed, rotating distributer arm which is either perfor-
ated or on which a series of diffusers are located, depending on the type of
flow desired. This system creates an intermittent flow. The system which was
designed for TWARDS utilizes a fixed-place perforaied pipe diffuser system
which evenly distributes the wastewater over a perforated plate. The effect
l of the perforated plate is to distribute the sewage evenly over the filter me-
i . dium in the form of thin sheets. The trickling filter unit as designed for
H TWARDS will not, therefore, model the effect of intermittent flow over the
filter medium.

j

Reference

3. Hardenbergh, W. A., and Rodfe, E. B., Water Supply and Waste Dieposal,
International Textbook Company, 1960.
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A system of underdrains is usually provided in the trickling filter
units. The underdrains, generally made of vitrified clay blocks, perform
three main functions. These functions are to provide structural support for
the filter media, conduct the flow of wastewater to the drain, and provide
ventilation for the unit. The blocks are generally about 6 inches deep and
have slotted tops designed to allow the maximum expected flow to pass through.
The blocks are hollow cored and are aligned to conduct the flow to the main
drain line. The central core area of the blocks is designed so that the chan-
nel flows no more than half full for the maximum expected flowrate, allowing
air to pass freely through the entire depth of the filter medium.

The bacteria that stabilize the organics in the trickling filter unit are
the same type as those which oxidize the organics in the activated sludge pro-
cess. In the activated sludge process the growth is promoted in the sludge,
and the oxygen required by the organisms is provided by bubbling air or oxygen
through the sludge. In the trickling filter process the bacteria grow in a
gelatinous film over the filter particles, and the oxygen is provided by the
circulation of air through the full depth of the filter media.

The circulation of air through the filter media is affected by three main
factors. The first factor is the difference in temperature between the influ-
ent wastewater and the ambient air. This temperature gradient causes a heat
exchange process in the filter bed, which in turn causes a density change in
the air and leads to the creation of convection currents. The second factor
is the pressure gradient caused by the wind sweeping across the surface of the
tank. Convection currents are created as the pressure within the unit seeks
to come to equilibrium with the ambient pressure. The third factor is the de-
sign of the underdrain system. The underdrains are designed to flow half full
at the maximum flowrate the system is expected to encounter. The air is thus
allowed to circulate through the entire depth of the filter media.

The circulation of the air through the filter media may also be enhanced
by mechanical means. Trickling filter units are often provided with ventiia-
tion risers or stand pipes. These are pipes which extend vertically from the
surface of the unit to the top of the vitrified clay blocks. The pipe allqws
for free passage of air from the atmosphere down through the ventilation riser
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and up through the filter media, and the reverse. When the ambient tempera-
ture is below freezing, the ventilation risers must be covered to prevent the
wastewater from freezing and killing the oxidizing bacteria.

Forced-air and pure oxygen systems have been ‘tested to determine their
effect on the trickling filter efficiency. It has been found that the per-
formance of forced-air and pure oxygen trickling filter systems does not dif-
fer appreciably from ‘that of a properly designed trickling filter unit. The
only case in which the forced-air system was found to be effective and cost-
efficient was in the treatment of industrial wastes where the temperature of
Lthe waslewaler is approximately equal to the ambient temperature. For this
reason CERF recommends that forced-air and pure oxygen systems not be included
on the TWARDS.

Trickling filters are classified according to the rate of loading and are
denoted as high-rate, standard-rate, or low-rate filters. The trickling fil-
ter designed for the TWARDS is a high-rate trickling filter.

High-rate filters utilize recirculation in order to obtain the required
BOD removal. Recirculation is the return of treated sewage to the treatment
process. Recirculation ratios of 1:1 to 4:1 are common for high rate trick-
ling filters. The recirculation ratio R is defined as the ratio of the flow
rate of the recycled sewage to the flow rate of the influent sewage. Recircu-
lation is essential for very strong wastes and will improve the operating ef-
ficiency of a trickling filter used to treat moderately strong wastes. Recir-
culation is also used to maintain satisfactory flow through the unit during
periods of low flow. In many cases, recycled sludge may be combined with the
recirculation to innoculate the influent raw sewage.

The trickling filter unit designed for the TWARDS utilizes a fixed dis-
tribution system (Figure 12). This system consists of a 1-inch main feed
line, from which twelve 1/2-inch lines emanate. The 1/2-inch distribution :
arms are equally spaced along the length of the tank, six on each side of the é
main distribution 1ine. These 1/2-inch lines are perforated with five 1/4-
inch holes equally spaced along the length of each pipe. The end of each pipe
is capped, and the connection to the main line is flexible so that the entire




Dimensions in inches.

Trickling Filter Unit

Figure 12.
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distribution assembly can be removed or lifted up to be cleaned. The system
has been designed so that a rod can be forced through every pipe, should a
pipe become clogged.

The wastewater is evenly distributed over a perforated plate made of 1/4-
inch lexan sheet. The perforated plate produces sheet flow uniformly over the
entire surface of the filter medium. The flow over the medium will be contin-
uous and will not model an intermittently fed field unit. The unit, as it has
been designed, can use many different types of media; but it is suggested that
a plastic disk medium be used.

The filter medium is supported by a layer of vitrified clay blocks. The
blocks are slotted to allow for a vehicle flow of 3.5 gallons per minute plus
a recycle ratio of 4:1. The floor of the unit has a 2-percent slope along the
major axes, and the blocks are aligned to carry the wastewater down the longi-
tudinal incline. The wastewater will then be carried down the transverse
slope to the drain.

A ventilation riser has been included with the unit. The ventilation
riser is a 6-inch-diameter PVC pipe which extends from the top of the clay
blocks to within 1 inch of the pipe distribution system. The riser extends
through the perforated plate where there is a close fit but not a watertight
seal. The purpose of the standpipe is to increase the circulation of air
through the unit. Temperature and pressure gradients would not crzate an ade-
quate convection current without the ventilation riser for two major reasons.
First, the unit will be located in a trailer where it will be partially pro-
tected from wind and direct sunlight. Second, a perforated plate will cover
the entire surface of the unit, lessening the effects of wind and temperature
on the creation of convection currents. The vitrified clay blocks were de-
signed to permit the free flow of air through the collection system.

Lexan viewing windows are provided on both ends of the unit. The windows
extend almost the entire depth of the media in order that the entire process
may be viewed from the side.
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The unit is fabricated from steel plate of the thicknesses specified in
the plans. The individual plates were designed for a simple support condi-
tion. In actuality, the edges of the plates will be fixed and will sustain a
moment. Therefore, the design of the individual plates is conservative.

The effluent will be pumped out from a 1-inch drain line located in the
low corner of the unit. The effluent 1ine will have a valve and a tee located
on it immediately below the corner of the unit. This valve and tee will be
used to dispose of any waste resulting from the cleaning of the unit. A valve
and tee will also be placed on the influent line so that samples may be taken,
pipes flushed, the filter medium flooded with fresh water, and the unit used
independently of the flow regimes provided on the TWARDS trailer.

The subtask statement requested that the trickling filter unit utilize
the pure oxygen or forced air options for treatment. When the literature was
reviewed for the project, a reference was found which states that the pure

'oxygen and forced air systems do not significantly increase the performance of

the trickling filter unit and therefore are not cost-effective (Reference 2).
For this reason the pure oxygen and forced-air options were not included with
the trickling filter unit.

The trickling filter unit should be relatively simple to maintain. The
pipe distribution system and the perforated plate can be removed without dif-
ficulty and cleaned by hand. The filter media can be cleaned by flooding
through the distribution system or by flooding from a hand-held hose. If it
is necessary to remove the medium and clean the inside of the tank, the medium
will have to be taken out by hand and scrubbed clean of wastes.

The unit will be supported on the trailer along the edges by 4- by 4- by
1/2-inch angle irons welded to the body of the unit and bolted to the support
members of the trailer. No provision was made for vibration isolation in the
individual unit support. An air bag suspension system was specified for the

“trailer in order to reduce the amount of vibration felt by the individual

unit.
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SECTION VII
CLARIFIER UNIT

INTRODUCTION

The prime objective of the clarifier unit is to separate the suspended
solids, which are heavier than water, by means of gravitational settling. The
solids that are removed may be small particles of mineral or organic matter or
activated sludge solids which must be separated from the mixed liquid. The
settling velocity of the solids is affected by the shape, size, and density of
the particles; the viscosity of the fluid; the temperature of the fluid; and
the frictional resistance of the particles to settling.

The cank used in the TWARDS trailer is a rectangular, horizontal-flow
unit. The influent is admitted at one end of the tank and exits over an over-
flow weir at the top of the other end of the tank. The detention time must be
adequate for the settlement process to occur. The solids will gradually set-
tle to the bottom of the tank and form a blanket of varying thickness. In
order to obtain efficient clarification and sludge removal, the following con-
ditions should be achieved: (1) The flow through the settling tank should be
uniform. (2) No currents should be induced in the tank which might interfere
with the settlement process. (3) A suitable detention time should be utilized
which is appropriate for the sludge to be separated. Density currents, in-
duced by differences in the specific gravity of the influent, will also have a
negative impact on the settling characteristics of the sedimentation tank.
These currents may be eliminated by designing an inlet which properly distri-
butes the influent sewage across the tank.

!
\

The most important variable in the design of the sedfmentation tank is
the overflow rate. The overflow rate is computed by dividing the influent
flowrate by the surface area of the sedimentation tank. The overflow rate is
generally specified in terms of the number of gallons per day per unit area.
The detention time is also important in the design of the sedimentation tank.
It has been found that the best results for gravity clarification generally
occur for a detention time of approximately 2 to 3 hours and an overflow rate
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of less than 800 gal/day/ft’ (Reference 3). Experimental results also show
that the performance of the sedimentation tank is not improved for detention
times of greater than 2 to 3 hours. The rate of loading of suspended solids
in sewage also has no effect on the efficiency of the unit.

Four types of settlement may occur in the sedimentation tank separately
or together (Reference 3). The first is type one settling which describes
discrete particle settling in a dilute solution. In this system there is no
interference between particles, and the specific gravity of the particles is
usually significantly greater than 1. The parameters primarily responsible
for the settling efficiency are the settling properties of the particle and
the overflow rate.

Type two settling applies to the settling of flocculent particles in a
dilute solution. Particles which have a very small mass coalesce or floccu-
late and form particles of larger mass which settles out at a faster rate.
Performance of the system is affected by the settling properties of the parti-
cle, the overflow rate, the detention time, the depth of the tank, and the
initial concentration of the sewage.

Type three settling is also known as zone settling. Zone settling occurs
in suspensions of intermediate concentrations. Particles tend to settle in
positions which are fixed relative to each other. The efficiency of this type
of settlement is affected by the settling properties of the particle and the
concentration of the slurry.

Type four settling occurs when particles form a structure like the blan-
ket of sludge which forms at the bottom of the clarifier. Further settlement
can .take place only by the compression of the structure. This compression
takes place in the bottom layers of the sludge mass and is caused by the
weight of the sludge on top. Performance of the system is affected by the
rheological properties of the suspension, i.e., shear stress, viscosity, and
yield strength.
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DESCRIPTION OF CLARIFIER UNIT

The clarifier unit was designed to follow the trickiing filter, the acti-
vated sludge, the biodisc, the fluidized bed, and the flocculator units. The
purpose of this clarifier unit is to provide a quiescent basin with sufficient
detention time for sedimentation to occur in order to provide a clarified ef-
fluent and to produce sludge with a high solids concentration. In order to
achieve these goals, the clarifier unit was designed with an overflow rate of
700 gal/day/ft? and a detention time of 2 hours.

The clarifier unit will be fabricated from steel plate (Figure 13). The
overall unit will be divided into four compartments. The first compartment
can receive the effluent from the trickling filter or the biodisc unit. The
second compartment will receive the effluent from the activated sludge unit.
The third compartment will receive effluent from the fluidized bed unit of the
biodisc denitrification unit. The fourth compartment will receive effluent
from the rapid mix and flocculator units.

The clarifier unit is 4 feet 4 inches wide, 7 feet long, and 6 feet 4
inches high, provided the sludge collection system is not included in the
height. The side walls will be fabricated from 5/8-inch steel plate so that
each compartment will be just over 1 foot wide. The end plates, bottom plates,
and baffles will be fabricated from 3/8-inch steel plate. Lexan viewing win-
dows have been provided on the ends of each compartment.

Each. major compartment is subdivided into three smaller compartments in
lengths of 1, 2, and 3 feet along the length of the tank. The subcompartments
are designed to accommodate flowrates of 0.5, 2.0, and 3.5 gal/min with a con-
stant overflow rate of 700 gal/day/ft?. The compartments are subdivided by
perforated steel plates which serve a dual purpose in the clarifier unit.
First, the perforated plates will induce laminar flow through the unit and
eliminate currents which might be caused by differences in temperature or den-
sity of solids or by the velocity of the influent sewage as it enters the com-
partment. Second, the perforated plates also serve as a structural support
for the PVC sheets which subdivide the compartments for the different flow-
rates. A neoprene gasket has been provided around the edge of the perforated
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Figure 13. Clarifier Unit
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steel plate. If a flowrate of 2 gallons per minute is being used, a PVC sheet
should be inserted next to the baffle to seal off the compartment and prevent
wastewater from entering the next subcompartment. A guide block, fabricated
from 1/2- x 1/2-inch square steel rod, extends from the top of the tank to

the seat of the PVC plate. This rod acts as a guide in placing the PVC sheet
in place and holds the sheet in place while the subcompartment is being
filled. The pressure of the wastewater against the PVC sheet will form a
watertight seal.

The influent for each major compartment will enter the top of the unit
through a flexible hose. The hose can be moved to the appropriate subcompart-
ment of each major compartment depending on the flowrate at which the clari-
fier unit is operating. The influent will enter the subcompartment vertically
down between the PVC plate at the end of the compartment and a 3/8-inch steel
baffle which is 3 inches from the end of each subcompartment (Figure 14). The
baffle extends downward from the top of the tank to one-half the height of the
tank. The purpose of the baffle is to distribute the flow of the influent
sewage uniformly and to prevent short-circuiting across the tank.

The effluent will exit the tank after a 2-hour detention period over a
weir positioned on the opposite end of the tank from which the influent
entered the tank. The overflow weir is rectangular in section and is fabri-
cated from steel plate. It is 9 inches long, 3 inches wide, and 6 inches
deep. The effluent will exit the weir chamber frem a pipe of 1-inch diameter
located at the bottom center of the chamber. The maximum weir loading rate
for the clarifier unit will occur at a flowrate of 3.5 gallons per minute;
this value is 3360 gal/day/linear feet of weir. The weir loading rate is well
below the maximum design limitation of 20,000 gal/day/linear feet.

The flow-through velocity of the clarifier unit is also an important de-
sign parameter. If the proper values are attained, negligible difficulty from
density currents or scouring of previously deposited sludge should occur. The
maximum allowable flow-through velocity is 100 ft/hour. The flow-through velo-
city for the TWARDS clarifier unit is 3.89 ft/hour which will provide a safety
factor of about 25 against the formation of density currents and scouring of
previously deposited sludge. The baffle at the influent, the low flow-through
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velocity, and the perforated plates along the length of the tank should ensure
that no problem will be created by adverse currents and scouring.

The activated sludge solids have a specific gravity which is very near to
that of water. For this reason the viscosity of the water will have a very
large effect on the settling characteristics of the particles. When the temp-
erature of the influent drops, the removal efficiency of the unit will de-
crease for the same overflow rate and detention time. No provisions were made
in the design of the TWARDS clarifier unit to negate the effects of low temp-
eratures, which one might expect to encounter during winter operation. The
effects of temperature on the settling efficiency of the TWARDS clarifier unit
should be determined at some future date by experimentation to determine what
provisions should be made for the unit to counteract the effects of tempera-
ture.

The sludge collection system for the TWARDS clarifier unit consists of
three equally spaced 1/2-inch-diameter steel pipes extending the full length
of each compartment. The solids which are generated by the activated sludge
process are generally very sticky and will adhere to any surface which is in-
clined at an angle of less than about 60 degrees. The exact incline of a
plate to which no solids will adhere will depend upon many factors including
the type of waste being treated and the nature of the solids being generated.
It will, therefore, be necessary for the operator to watch the unit initially
to determine if there will be a sludge buildup on the inclined plates of the
sludge collection system. It may be necessary to sweep the bottom of the
clarifier unit periodically to prevent the sludge deposit from becoming an-
aerobic.

The bottom of the clarifier unit is fabricated from 3/8-inch plates. A
plan view of the clarifier unit is shown in Figure 15. A detail of the trans-
verse section of the clarifier compartment is shown in Figure 16. The plates
are inclined at an angle of 60 degrees. A prism of PVC wiil be affixed to the
ridges of the inclined plates to provided a sharp interface between the in-
clines. The sludge will slide down the inclines to the perforated steel pipes
at the bottoms of the inclines and be pumped out of the compartment.
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At the interfaces between the subcompartments in each compartment there
is a 1-inch-wide horizontal plate, from which inclined plates slope down at an
angle of 45 degrees. The plates had to be inclined at an angle of 45 degrees
to accommodate the valves located between each subcompartment. The purpose of
these valves is to seal off the sludge collection system in the subcompart-
ments not actively being used (Figure 17). The valves which are on lines be-
tween the adjacent compartments must be staggered as shown in Figure 18 in
order to fit into the allotted space.

The perforated steel pipes are welded continuously along the length of
the pipe and at all of the interfaces with the inclined plates. A1l of the
connections of the perforated steel pipe with the valves will also be welded
connections. The valves must be of the type which open to the full diameter
of the pipe to allow a rod to be forced through the entire length of the pipe
if the pipe becomes clogged. The end of the pipe is capped so that solids can
be forcad out the end if it becomes necessary to clean the pipe with a rod
(Figure 19).

The other end of the perforated pipes for each compartment will be con-
nected with a transverse pipe to collect the effluent sludge into a 1-inch
line which will go to the sludge pumps. The interface between the perforated
steel pipes, the two elbows and one cross joint connecting the perforated
pipes to the transverse pipes will be pop joint connections. These connec-
tions will be fabricated by making a male bevel near the end of the perfora-
ted steel pipe. An 0-ring will be placed in the bevel. A female bevel will
be made in the inside of the elbow or cross connection into which the perfora-
ted steel pipe with the 0-ring can be inserted to form a watertight seal.

The main body of the clarifier unit can be cleaned by flooding or back-
washing the unit through the sludge collection system. After the unit has
been flooded or backwashed, it should be scrubbed clean before being trans-
ported to another site. The two larger subcompartments may be entered>to be
cleaned, and the smaller subcompartment will have to be cleaned from the top
of the unit. The weir chamber can be cleaned by flooding and then scrubbing.
The sludge collection system can be cleaned by backwashing and, if necessary,
by forcing a rod through each individual pipe to remove any solids which might
be deposited.
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SECTION VIII
RAPID MIX BASIN AND FLOCCULATOR UNIT

The purpose of the rapid mix basin and flocculator unit is to provide an
environment in which chemical coagulation can take place efficiently. The pur-
pose of chemical coagulation is to neutralize the charge on the colloid which
will allow it to form precipitates. The individual particles can then coal-
esce to form sticky flocs which, being of larger mass, will settle out more
readily. As the flocs settle to the bottom of the tank, they absorb other im-
purities in the water. The flocs can be removed by sedimentation.

To neutralize the charge on the colloid, the chemical additives must
overcome the effect of the electrical double layer. Negatively charged col-
loids are surrounded by the positive hydrogen atoms of the polar water mole-
cule, exposing the negative oxygen atom, which will attract positive ions and
other water molecules in the solution. When the positive ions in the solution
migrate to the colloid, they leave a high concentration of negative ions in
solution. This concentration creates an electrically stable solution. The
repulsive forces can be classified in two categories: (1) Electrostatic--the
repulsion between like forces (decreases with the square of the distance); and
(2) quroatdtic--the attraction of water molecules to form a cushion. The at-
tractive forces between the particles are Van der Waals forces which decrease
with the seventh power of distance. A graph showing the potential energy ver-
sus the distance from the particle demonstrates the-dominant nature of the re-
pulsive force a very short distance from the partiélé (Figure 20). When chem-
ical coagulants are added to the solution, the effect of the repulsive forces
can be partially negated so that flocs can form.‘

The compression of the electrical double layer will occur for solutions
of high alkalinity according to the following net equation:

AL,(S0,) + 3Ca(HCO,) + 2AL(OH), + 3Cas0, + + 6CO,

Footnote
1. Lecture Notes, CEE 364, Dennis George, Utah State University.
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Figure 20. Potential Energy versus Distance from the Colloid

Solutions which have a low alkalinity can be precipitated with the addition of
aluminum sulfate according to the following equation:

-
ALZ(SO,‘)3 + 64,0 ¢ 2A£(0H)3 + 3H250“
As the equations show, the amount and type of chemical coagulant which should

be added to the sewage is pH-dependent; and it should be determined on a daily
basis at least during the first two weeks of operation.

The effectiveness of the coagulant can be enhanced if the dosage is such
that olation or oxolation occurs (Reference 2). Olation is the formation of
hydroxyl bridges as shown in the equation below:

OH
[(HZO)S-M<0H>M'(H20)5] + 4

Ozolation is the formation of oxygen bridges as shown in the equation below:
[(H,0) -AL — 0 — AL-(H,0) ] + 4
The particles of larger diameter formed by bridging colloids will expedite
precipitation during the sedimentation phase.
If the amount of flocs formed is plotted against the coagulent dosage

(Figure 21), there are four distinct zones of effectiveness. In Zone 1 the
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Figure 21. Zones of Coagulation

dosage of the coagulent is insufficient for flocs to form. In Zone 2 there is
induced destabilization of the colloid, and the flocs form. In Zone 3 there
is restabilization of the flocs, and the solution becomes electrically stabie.
Flocs form because there is too much coagulent and all of the attached sites
are occupied. In Zone 4 supersaturation occurs. The flocs bridge hetween col-.
loids to form particles of larger diameters and greater specific gravity so
they can settle out in the sedimentation process. The coagulent will form a
precipitate which will settle out and sweep the floc.

PHOSPHOROUS REMOVAL

Phosphorous removal can be accomplished by precipitation in the rapid mix
basin and flocculator unit as an option to the treatment process. Chemicals
used for phosphorous removal are alum, ferric chloride, ferric sulfate, lime,
and polymers. Tests must be conducted on each waste in the pH range at which
treatment takes place. The chemicals may be added in the rapid mix basin or
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the flocculator tank, whichever yields the best results. The pH of the influ-

ent sewage must be tightly controlled if the phosphorous is to be removed ef-
ficiently (Figure 22).

MIXING

The rapid mix and flocculation process is divided into three distinct
phases. The first phase is the rapid mix phase in which the chemicals are in-
troduced into a chamber with a high-speed mixer. They are then flash-mixed,
and the turbulence thus created is sufficient to entrain air into the slurry
formed. To achieve adequate mixing of chemicals with the wastewater and to
provide the necessary air entrainment, a Reynolds number greater than or equal

to 10,000 should be provided. The Reynolds number can be calculated from the
followina formula:

DZnp
Ry = ——
where
Da = diameter of impellar
n = r/s of impellar
p = mass density of liquid
u = viscosity of liquid (1b mass/ft-s)

Care should be taken in the design of the rapid mix basin to assure that a
vortex is not formed that will prevent vertical mixing. In a rectangular mix-
ing chamber, it is not necessary to provide baffles to eliminate the formation
of a vortex because the mass rotary motion is broken up by the corners of the
- tank, where the flowrate is slower, and no vortex will form.

The. impellar used in the rapid mix basin on the TWARDS trailer is a flat
six-blade turbine. The impellar is mounted in the geometrical center of the
unit and is located 2 inches from the bottom of the chamber. The depth of
the liquid in the rapid mix basin is 0.4 feet. The design Reynolds number is
50,000. By the use of the previous formula, the shaft speed of the impellar
can be calculated (n = 5.48 r/s = 328.7 r/min). If the shaft speed of the
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Figure 22. Residual Phosphorous Concentration

impellar is known, the power requirements can be calculated according to the
following formula:

k Ins
P =— pn’D
9 a

where

power required for impellar drive unit in ft-1b/sec

constant (6.3)

9. = Newton's Law conversion factor, 32.2 ft-1b mass/sec? = 1b

The required power for the impellar unit used on the TWARDS trailer is 1/50
hp. The area required for the'paddle blades may be calculated from the fol-

lowing formula:

A= 2P/CDpv’

where
CD = coefficient of drag of flocculator paddles moving perpendicular P
to fluid (1.8)
v = relative velocity of paddles in fluid, ft/sec, usually about 0.75 v
vp = tip velocity of the paddle
Figure 23 shows the dimensions of the paddies used on the impellar in the
TWARDS .
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Figure 23. Impeliar Detail

The detention time for the unit is 1 minute. Flow enters the bottom of
the compartment from a 1-inch nipple and flows upward through the impellar to
an overflow weir at the top of the compartment.

The second phase of the mixing process is the slow-mix region of the
flocculator. The flocculator unit on the TWARDS trailer is divided into three
compartments of equal size. Each compartment in turn is divided by two sets
of baffles which traverse the unit at one-third points along the length of the
tank. The baffles are made of 1/4-inch steel plate and are 2 inches wide, ex-
tending the full width of the tank and being alternately spaced at Z-inch
intervals.

Each compartment has a paddle placed in the geometrical center of the ,
unit. The paddle configuration and assembly are shown in Figure 24. It j&‘
desirable to achieve complete mixing without breaking up the flocs which are
forming as a result of the chemical admixtures. In the geometrical configura-
tion of the paddle, six large rectangular sections have been cut out of each
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Figure 24. Flocculator Paddle Detail

paddle. These sections allow certain areas of the flow to remain somewhat
stationary while areas which are immediately adjacent to them are moved by the
paddles. This gentle mixing provides an excellent environment for the forma-
tion of flocs. The direction of rotation of the center paddle can be changed
in order to eliminate the problem of short circuiting.

The power requirements for the drive unit of the slow-mix chamber can be
calculated from the following formula:

P = uG2¥
; where
; ) G = mean velocity gradient in fluid, usually about 20 to 75 s-!
] ¥ = volume of flocculation tank

Once the power requirement has been determined, the required paddle area can
be determined from the following formula:

A = 2P ;
DDuv

n
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In the unit which was designed for the TWARDS trailer, the power required
to drive the paddles is 1/250 hp. The drive unit is continuously variable and

can provide for tip velocities of 0 to 10 ft/sec. The design paddle tip velo-
city is 1.0 ft/sec.

The flocculator unit is made of 3/8-inch steel plate, and lexan viewing
windows are provided on both sides of the unit (Figure 25).

Both the rapid mix basin and the flocculator tank are sloped at 2 percent
along both of the major axes to make maintenance of the unit easier. Drain
lines are provided in the low corners of each chamber so that excess cleaning
water can be drained. It is suggested that both chambers be flooded to remove
any remnants of the wastewater and the unit scrubbed before transporting.
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SECTION IX
SAND FILTER UNITS

INTRODUCTION

There are several reasons why a sand filter unit might be used in the
treatment of wastewater. The unit can be used to remove turbidity in the
water prior to advanced filtration treatments in order to extend the life of
the membranes used in such treatments. The sand filter unit can also be used
to achieve a higher degree of clarification. In many cases the sand filter
unit has been used to follow the coagulation-sedimentation process. Some in-
dustrial sites use sand filters in preparation of the effluent to be handled
by a municiple wastewater treatment facility.

The process which the sand filter uses to remove turbidity and BOD from
the influent is not well understood, but is probably a combination of many
different removal mechanisms. Some of the leading theories regarding the mech-
anism by which suspended matter is removed from the influent are: straining,
sedimentation, inertial impaction, interception, chemical adsorption, physical
adsorption, adhesion and adhesion forces, coagulation-flocculation, and bio-
logical growth. The most important variables which affect the sand filtration
efficiency are: filter-medium grain size, shape, density, and composition;
filter-medium porosity; medium head loss characteristics; filter-bed depth;
filtration rate; allowable head loss; fluid characteristics; and influent
characteristics.

The effectiveness of the suspended solids removal by the sand filter is
generally measured by the change in turbidity of the wastewater during appli-
cation. The parameters which have the greatest effect on the performance of
the unit are the size of the filter materials, the size and distribution of
the particles to be filtered, the suspended solids concentration, and the
strength of the floc. |
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DESCRIPTION OF SAND FILTER UNIT

The sand filter units designed for the TWARDS trailer are fabricated out
of clear acrylic. The main body of the unit will be an acrylic tube of 14-
inch diameter and a wall thickness of 0.125 inch. The top of the cylinder
is glued to a 1/2-inch-thick PVC plate which has been beveled and shaped to
receive the cylinder. A 1/8-inch neoprene gasket is used to form a watertight
seal between the PVC plate attached to the cylinder and a second PVC plate at-
tached to a 1-inch-diameter nipple. This nipple is attached by a screw~clamp
to a J-inch-diameter flexible PVC pipe. The flexible PVC pipe is attached to
the influent pipe of the sand filter unit.

At the bottom of the unit is a bar grid screen to prevent the filter me-

"~ dium from flowing out with the effluent (Figure 26). Below the bar screen is

a steel bar grid which is fabricated from 1/2-inch by 1/8-inch bars spaced at
1-inch intervals. The steel bar grid provides the structural support for the
medium and wastewater loads.

The bar grid rests on the 1ip of a steel funnel which converges from 13
inches to 1 inch in a 6-inch length along the tube. The steel funnel is con-
nected at the small end to a 1-inch-diameter nipple. The nipple is connected
to a vertical length of steel pipe which leads to a tee located below the bed
of the trailer. One side of the tee is connected to the main effluent line.
The other side of the tee is the connection for the backwash water.

The 1ip of the funnel assembly rests on a 1/8-inch neoprene gasket which
in turn rests on a 1/2-inch by 6-inch sheet of plexiglass glued to the inside
of the acrylic cylinder (Figure 27).

The bottom of the acrylic cylinder is glued to a 1/2-inch sheet of PVC
which has been fitted to receive it and the plexiglass plate glued to its in-
side. The PVC plate is bolted with an eight-hole bolt pattern to another 1/2-

- inch PVC plate which distributes the load to the supporting frame.

The supporting frame is fabricated from 2- by 2- by 1/4-inch angle irons.
The units are bolted to a 1/4-inch steel plate which is bolted to the frame.
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The units are supported 8 inches above the bed of the trailer, allowing free
access to the bottom of the sand filter unit. The frame assembly allows for
the removal of each sand filter unit independently of the other.

The main purpose of the sand filter units designed for the TWARDS is to
remove most of the remaining turbidity, grit, and some of the BOD before the
effluent reaches the reverse osmosis and ultrafiltration units. By placing
the sand filter units in front of the advanced filtration units, the life of
the filter membranes should be increased. The units have been designed so
that they can be used independently of the trailer flow schemes if they are
not being used for on-line treatment.

The sand filters are cleaned by backwashing the filter medium with one of
the two portable pumps provided for the backwashing and cleaning processes.
The 1ife of the unit between backwashes is to be determined in the field. Be-
fore the unit is transported, the medium should be thoroughly cleaned by a
combination of backwashing and flooding. Any necessary removal of the medium
will have to be done from the top of the cylinder by scooping. The cylinder
is made of clear acrylic which will allow for continuous viewing of the fil-

tration process.
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SECTION X
ACTIVATED CARBON UNITS

INTRODUCTION

Activated carbon units work by the process of adsorption. This is a pro-
cess whereby colloidal- or molecular-size particles bond to the surface of the
carbon particle by chemical or physical bonding. If the bond formed is strong
enough to be irreversible, the process is called chemisorption. If the pro-
cess is reversible, it is called adsorption. Van der Waals forces are usually
present when the process is reversible or if adsorption occurs.

The molecules which are adsorbed to the surface of the particle are
called the adsorbate, and the particle to which they adhere is called the ad-
sorbent. The adsorbate can be removed from the adsorbent by varying the con-
centration of the adsorbate. The quantity of the adsorbate which can be re-
moved from the surface of the particle is a function of concentration and
temperature. The amount of adsorbate which can be adsorbed as a function of
the concentration at a constant temperature is defined as the adsorption iso-
therm.

There are two fundamental assumptions of adsorption theory (Reference 4).
The first, discussed previously, is that adsorption is reversible. The second
is that there are a fixed number of sites available to which a particle may
attach itself. It is also assumed that each of the sites has the same amount
of energy available. The rate of adsorption is proportional to the difference
between the amount of adsorbate adsorbed at a particular concentration and the
maximum amount that can be adsorbed at that concentration.

The adsorption process is generally divided into three categories or
steps.

(1) Transfer of adsorbate molecules through the film which surrounds
the adsorbent. Because the film will vary in thickness and
Reference

4. Weber, Walter J., Jr., siochemical Processes for Water Conmtrol, Wiley
Interscience, 1972, pp. 211-212.
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penetrability, this process will vary with time.

(2) Diffusion through the pores if the adsorbent is porous. This
process will also be variable with time.

(3) Adsorption of the adsorbate on the interior surfaces bounding the
pore and capillary spaces of the adsorbent. This process will oc-
cur almost instantaneously if there are sites available.

Activated carbon is an excellent adsorption media because of its high
surface area per unit volume of material. Activated carbon is prepared by mak-
ing a char out of an organic material such as wood. The material is brought
to a temperature sufficient to drive off the hydrocarbons, but oxygen is with-
held so that combustion cannot take place. The material is activated by expos-
ing it to an oxidizing gas at a high temperature. The process develops porous
structural characteristics which are a function of the material used for the
char and the oxidizing gas. ’

The activated carbon system is used to remove dissolved organic matter
and suspended particles from the wastewater in preparation for the filtration
processes. This is done to extend the life of the membranes used in the re-
verse osmosis and ultrafiltration systems.

There are two major types of activated carbon systems--the downflow or
gravity feed system, and the upflow or expanded bed system. Initially the Air
Force suggested that the gravity flow system be used on the TWARDS trailer.
However, several problems associated with the gravity feed system led to its
elimination from the project. In gravity flow systems there is a severe prob-
lem with bridging and clogging. Also, there is a continuous decrease in head
through the unit. These problems are eliminated with the expanded bed system.
The flow for the expanded bed system is from the bottom to the top of the
unit. As the flow enters the unit, it passes through a perforated plate which
distributes the flow and increases the flow velocity at the bottom of the unit
in order to fluidize the medium. The particles of activated carbon are held
in suspension so that the entire surface area is available to adsorb parti-
cles. The head loss for the expanded bed system remains constant once the op-
erating point has been reached.




o g g

DESCRIPTION OF ACTIVATED CARBON UNITS

There are two banks of four units each, on the TWARDS trailer. For upflow
units each bank is connected in series and is held upright in an angle iron
frame 8 inches above the bed of the trailer (Figure 28).

The individual unit reaction chambers are constructed from clear acrylic
cylinders which have an outside diameter of 8.75 inches and a wall thickness
of 1/8 inch. The top of each acrylic cylinder is glued to a 1/2-inch PVC plate
which has been beveled to accept the cylinder (Figure 29). A 1/8-inch neoprene
gasket is fitted into a seat in the PVC plate. Above the gasket another 1/2-
inch PVC plate is seated to receive the gasket. At the top middle of the plate
a 1-inch-diameter nipple is glued into a 1-inch-diameter hole.

The bottom of the acrylic cylinder is fitted with a similar plate and
gasket assembly. The bottom plate has a 5/8-inch-widé bevel to support a 1/2-
by 3-inch plate which is glued continuously around the inside of the acrylic
cylinder. A perforated plate with sixteen 0.0167-inch holes rests on the plex-
iglass plate. The perforated plate is supported on the top by a 1/2-inch by 1-
inch plate which is glued continuously around the inside of the acrylic cylin-
der. The perforated plate is glued in place to prevent leakage of wastewater.
The purpose of the perforated plate is to distribute the flow up through the
unit and create high velocity gradient at the bottom of the media in order to
expand the bed. The velocity through the medium is large enough to expand the
bed without fluidizing the bed and carrying the medium out of the unit with
the effluent.

There are four upflow units per bank, each with a media depth qf 5 feet,
1 inch. The head loss through the bank will depend on the hydraulic loading
and the type of media used in the reaction chamber. Figure 30 shows the head
loss through the unit as a function of the hydraulic loading for several dif-
ferent types of media.

The individual units are connected by a 1-inch-diameter flexible PVC hose

The units are connected in such a way that any one unit can be bypassed if de-
sired. The units may be connected in a gravity flow configuration or a com-
bination of gravity flow and upflow cylinders with a minimum amount of effort.

83

B




NIPPLE LONG I-11)4
NPT X 2 LG.

Dimensions in inches.

?
Figure 28. Activated Carbon Unit
43

CARBON
CYLINDERS

o "——— P, TR
_} e 3 S Sk SRR i 12 90T Lt
& P




S —
.

NIPPLES LONG I-11}6 NPT X 2'LG.

-

SUPPORT
/ STRUCTURE

K

| L — ACTIVE CARBON
A CYLINDERS
@ REQ'D)

GLASS
wooL,
PACKED

N

AN

\-GASKET Jf THK. X I1}§ X 11 )§ SILICONE RUBBER

Dimensions in inches.

Figure 29. Activated Carbon Section

85

1 TS, PO B S
£ NN . % ?




10
\ 5
84—
s L
&
o Filtrasorb
. S 400
v |0
2 e
g (=]
b WITCO
@ 20 x 40
2
(=%
(=)
&
@ 1.0
3
v
8 e
| 5
a.
Filtrasorb 7
300
0.2 Downflow Operation =
Tap Water
0.1 ] ] 1 |
1.0 2 4 6 8 10

i Hydraulic Loading, gpm/ft?

Figure 30. Pressure Drop versus Hydraulic Loading

."1L B




The individual activated carbon cylinders may be cleaned by flooding or
backwashing. When it becomes necessary to remove the medium, it must be re-
moved from the top of the unit by scooping until enough has been removed to
enable the unit to be lifted out of the angle iron support frame. The indi-
vidual cylinders can then be lifted out separately from the support frame.
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SECTION XI
{ FLUIDIZED BED DENITRIFICATION UNIT

INTRODUCTION

The fluidized bed denitrification unit consists of a column in which a
solid granular material is placed. The wastewater is introduced through a dis-
tribution plate at the bottom of the unit. The influent flow has a sufficient
velocity to suspend the medium. Chemicals are added to the system to reduce
the DO content to near zero and to provide an energy source for the organisms.
After a period of about two weeks in this favorable environment, a cream-
colored biological growth will develop on the granular material. The micro-
organisms reduce the influent nitrates to relatively insoluble nitrogen gas
which creates two fluid phases to the system: the major phase which is the
wastewater in which the medium is suspended, and the minor phase which is the
nitrogen gas given off in the reaction (Reference 5).

Denitrification is a two-step process in which nitrate is biologically
reduced to nitrogen gas. The equations describing the respiration are shown
below.

NO, + 0.33 CHOH ~ NO, + 0.33 CO, + 0.66 H 0

NO; + 0.5 CH OH » 0.5 g e 0.5C0, + 0.5 HO + OH™

NET: NO; + 0.83 CH30H * 0.3 8 4 0.83 co, ¢+ 1.17 H20 + OH™

It should be noted that one mol of hydroxyl ion of alkalinity is produced for
every mol of nitrate reduced to nitrogen gas. ;
There are several reasons for selecting a fluidized bed instead of a
packed bed system: (1) little or no danger of clogging, (2) very small head
loss, (3) a greater amount of surface area per unit volume of reactor, and
(4) greater simplification of the carrier removal procedure. When the bed

Reference

5. Jeris, J. S., Beer, C., and Mueller, J. A., "High Rate Biological Denitri-
fication Using a Granular Fluidized Bed," Journal WPCF, Vol. 46, No. 9,
September 1978.
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particles become fluidized, the entire surface area of the particle becomes
available for contact as there is no contact between particles. The signifi-
cant feature of a packed bed system is the bridging that occurs between gran-
ular particles. This biological and physical bridging may cause severe prob-
lems with clogging, short-circuiting of flow, and high head loss through the
cylinder. As a result, more frequent backwash and lower performance would be
anticipated for the unit.

Two critical areas must be in the specification of the flow-through
velocity of the system. The upflow velocity must be sufficient to expand the
bed and suspend the particles, while leaving adequate void area to prevent
bridging. However, the velocity must be sufficient to totally overcome the
settling velocity of the medium but not transport the entire column contents
to liquify the system and carry the medium out from the unit with the ef-
fluent. The biological growth on the medium will continue to increase in
size, increasing the depth of the bed and decreasing the density of the par-
ticles. Since this condition is dynamic in nature, the depth of the bed and
the flow-through velocity must be carefully controlled to insure a minimal
loss of the medium. The biologically covered medium should not be allowed to
overflow in*to the sedimentation tank, as it will cause clogging of the sludge
collection system.

If the growth of the bacteria is not controlled, the size of the coated
medium will continue to increase resulting in decreased efficiency of denitri-
fication within the system. There are several methods employed to regulate
the growth of the microorganisms. The most common method employed to regulate
the growth of the organisms is to backwash the filter medium periodically. The
higher velocity of the backwash water will shear away the excess biological
slime. Other methods can be investigated to find a more effective method of
controlling the growth of the organisms.

Investigators have found that a satisfactory biological growth can be de-
veloped on freshly activated carbon by recycling wastewater to which a high
concentration of feed chemicals has been added (Reference 5). The optimum

. flow-through rate was found to be 8 gal/min/ft2. Typical values for the ini-
tial chemical feed concentrations are shown below.
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NaNOs-N 15-45 mg/£

CH_OH 75-100 mg/£
NH, CL-N 1-5 mg/£
KH2P0~-P 1-3 mg/L
NaZHP0~-7H20-P 1-3 mg/L

The startup operation for the fluidized bed denitrification unit will require
careful supervision. As the biological growth increases, it may be necessary
to remove a portion of the medium to prevent carryover into the sedimentation
tank. The growth rate of the microbes should also be closely monitored to de-
termine the optimum chemical feed rates. :

DESCRIPTION

The fluidized bed denitrification unit body will be fabricated from a
clear acrylic cylinder which has an 8-inch outside diameter and a wall thick-
ness of 0.125 inch. The acrylic cylinder will be in two parts, each 6 feet
long. The bottom portion of the cylinder will be secured to an angle iron
frame mounted on the trailer. The top portion of the cylinder will be lifted
into place prior to operation and removed and stored while not in use or when
TWARDS is in transit.

The influent to the unit is first pumped into a mixing chamber where
methanol and sodium sulfite are introduced. The mixing is accomplished by a |
paddle similar in appearance to that used in the flocculator assembly. Provi- '
sions have also been included to aiter the pH of the influent by adding sodium
hydroxide or sulfuric acid to the mixing chamber.

The chemical containers will be fabricated from 6-inch-diameter acrylic
tubes and will have a 1/2-inch PVC plate fastened to the bottom of each tube.
The top of the tube will be glued to a beveled PVC plate. The top of the cy-
linder can be sealed by bolting another sheet of 1.2-inch PVC plate through a
1/8-inch neoprene gasket. The effluent from the chemical tanks is pumped from
the bottom of the tank through a 1/4-inch nipple. The four chemical containers
are located adjacent to the mixing chamber and are supported by an angle iron
frame open at the top.
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The mixing chamber will be fabricated from a 14-inch (outside diameter)
acrylic tube with a wall thickness of 0.125 inch. The mixing chamber is 3
feet high and is sealed at the bottom with the same PVC plate and gasket as-
sembly common to most of the units on the TWARDS trailer (Figure 31). A
1/250-hp motor will be mounted to the top of the cylinder to drive the paddle
assembly. The paddle will gently mix the chemicals with the influent. The
influent enters the chamber at the bottom and exits through a 1-inch-diameter
nipple at the top of the cylinder.

The effluent from the mixing chamber is pumped with adequate head to
fluidize the medium in the fluidized bed reaction chamber. A check valve has
been provided on the main 1ine between the pump and the fluidized bed reaction
chamber. This valve is used to prevent damage to the pump and loss of the
wastewater in the reaction chamber should it become necessary to shut down the
system for a short period after the biological growth on the medium has devel-
oped.

'The main body of the fluidized bed reaction chamber is supported by the
angle iron frame. The lower end of the cylinder is sealed with the same PVC
plate and gasket assembly as used for all of the acrylic units on the TWARDS
trailer. This assembly is bolted to a 1/4-inch steel plate and then bolted to
the frame. Immediately above the PVC plate is a 1/2- by 3-inch sheet of plex-
iglass which has been continuously glued around the inside of the acrylic cy-
linder. The plexiglass plate provides edge support for a 1/2-inch-thick by
14-inch-diameter manifold plate. The manifold plate is perforated with
17-0166~1inch-diameter holes. The manifold plate serves to distribute the flow
of wastewater into the fluidized bed reaction chamber. A 20- by 40-inch plas-
tic mesh is placed over the manifold plate. A sheet of 1/2- by 1-inch plexi-
glass is then glued around the inside of the acrylic cylinder to support the
manifold plate when the system is in operation. The activated carbon medium
will then be placed on top of the manifold plate assembly to a depth of about
6 feet. A 100 percent increase in the depth of the bed may be expected after
the biological growth has entirely enveloped the medium particles.

The top PVC plate and gasket assembly is the same as the bottom assembly.
The effluent will be pumped out of a 1-inch-diameter nipple at the top center
of the column and into the sedimentation tank.
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Figure 31. Fluidized Bed Assembly
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The frame for the fluidized bed reaction chamber will extend only to the
midpoint of the column. A sleeve is provided at the center of the unit to act
as a guide for the placement of the top half of the column. The top portion
of the cylinder has a 1/2-inch PVC plate glued to it. The two cylinders are
bolted to each other through a 1/8-inch neoprene gasket which provides a
watertight seal for the unit. The top portion of the column extends through
the roof of the trailer and will be stabilized against side sway by guidewires
which extend from the top of the cylinder to the top of the trailer.

The fluidized bed unit can be cleaned while in operation by backwashing.
A valve and nipple have been provided for attaching the backwash line at the
bottom of the fluidized bed reaction chamber. Samples may be taken at the
same location to determine DO. Before the unit is transported the medium must
be removed and the inside of the reaction chamber cleaned. The medium must be
removed from the top of the unit by dipping down to a depth of 6 feet. After
the medium has been removed to that depth, the top portion of the column can
be removed and the process repeated for the bottom portion of the colum. The
bottom portion of the cylinder can be removed in the event that it is damaged
and needs to be replaced.
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SECTION XII
REVERSE OSMOSIS UNIT

INTRODUCfION

Osmosis is the spontaneous passage of a liquid from a dilute form to a
concentrated form across a semipermeable membrane. The semipermeable membrane
allows water to pass through it but will retain the solids. The transfer con-
tinues until the pressure is sufficiently large to prevent transfer. At equi-
librium the quantity of water passing in either direction is equal. The pres-
sure (P) at equilibrium is called the osmotic pressure. If the pressure on
the concentrated solution is greater than the osmotic pressure, the water can
be forced to flow in the opposite direction through the semipermeable mem-
brane. The reversed flow through the membrane is defined as reverse osmosis.

The osmotic pressure will increase with the concentration of the solu-
tion, thus requiring a greater pressure on the concentrated solution to pro-
duce reverse osmosis. Pumps are used to supply an adequate pressure to over-
come the osmotic pressure. The waterflow rate through the membrane is a func-
tion of the driving pressure. The solute flow rate through the membrane de-
pends on the solute concentration of the feedwater.

The USAF purchased the reverse osmosis unit which is mounted on the
TWARDS trailer. The unit is the Envirex Model 4189 Reverse Osmosis System
(Figure 32). The entire reverse osmosis assembly is mounted on two w-flange
sections bolted to the structural members beneath the floor of the TWARDS
trailer.

The Envirex Model 4189 Reverse Osmosis System handles flow rates up to 7
gal/min. The feedwater is pretreated by filtration in three 5-um cartridges
with throwaway elements. A constant feedwater concentration can be maintained
by recycling the brine and feedwater. An automatic temperature controller
regulates the flow of hot or cold water into the unit.

The feed and discharge piping system will accept any three reverse os-
mosis modules. These modules can be tested in series or parallel by simply
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opening and closing several different valves. The modules which are provided
with the unit are the tube, the hollow fine fiber, and the spiral types. An
operations and maintainance manual will be provided by Envirex Inc.

The high-pressure pump and the piping system are made of stainless steel
and plastic to resist corrosion. The reverse osmosis modules are also pro-
tected by an adjustable relief valve and by pressure switches set at the maxi-
mum operating pressure for each unit. Trouble lights and an electronic memory
system are provided with the unit to show the operator which condition shut
down the system: low suction pressure, low feed-tank level, or high feed-pump
pressure.

DESCRIPTION OF COMPONENTS
Feedwater Tank System

The feedwater tank is made of polypropylene which will resist dete-
rioration from chemical attack and sunlight. The drawoff and drainage valves
are located at the bottom of the tank, and an overflow outlet is provided at
the top of the tank. A stainless steel heating coil is located in the tank
through which hot or cold water flows to regulate the temperature of the feed-
water.

Temperature Controller
A dead-band temperature controller is located inside the control
panel.' A remote capillary tube is filled with fluid. If the fluid expands or
contracts beyond the allowable limits, one of two switches is activated to al-
low hot or cold water to enter the heating coil.
Booster Pump
The booster pump is made of plastic and stainless steel. The pump

is used to maintain a positive pressure on the high-pressure feed pump and to
overcome the head loss through the filter cartridges. The pump is controlled
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by the head loss through the filter cartridges. The pump can be serviced on
Tine and drained from a tee on the side of the pump.

Cartridge Filters

The three cartridge filters are flow rated for 5 gal/min at 100 psi
and 100°F and prevent precipitates larger than 5 um from entering the reverse
osmosis modules. No more than two of the cartridges are used at a time.

High-Pressure Feed Pump

The high-pressure feed pump is a corrosion resistant pump made of
315 stainless steel and "Noryel" plastic. The pump is the Goulds model 3933
Series MB-13 Multistage Centrifugal Pump, size 13500. It is driven by a
7-1/2-hp, 3500-r/min motor which runs on 230/460, 3-phase, 60-cycle current.

Pressure Switches

There are two pressure swit.se¢s provided with the system. The first
pressure switch monitors the suction pressure and is factory set to shut down
the system if the pressure drops below 6 to 8 1b/in?. The second pressure
switch monitors the discharge pressure and is field set to the discharge
pressure for each module.

Reverse Osmosis Modules
The reverse osmosis unit was supplied with the following modules:
three DuPont "Permasep”" modules, three Fluid Sciences tubular modules, and

three Gulf Atomic spiral wound modules.

Flowmeters

PP

The raw feedwater flow and the product water flow from each module
are measured by Varea-Meters (variable area flow meters). The meters are read
directly by comparison of the level of a floating steel ball with a vertical
scale adjacent to it. The Varea-Meters are accurate to 2 percent of full
scale.

&

A0 e
RN N

o W "




Piping System

The piping system on the reverse osmosis unit is made of stainless
steel and plastic pipe offering a high degree of corrosion resistance. The
high-pressure ports at the feed inlets and concentrate outlets are stick-
resistant lined high-pressure hoses.

Electrical Control Panel i

The electrical control panel is designed in accordance with the |
National Electrical Code with overload and short circuit protection. The con-
trol panel (model 4189) requires grounded 460-480, 3-phase, 60-cycle power, i
with a minimum 30-amp capacity.

The basic unit provided by the USAF will be modified by removing the {

wheels attached to the w-flange sections. After the four wheels have been re-
moved, the unit will be mounted to the trailer.

OPERATION AND MAINTENANCE

Appendix B presents material from a company-supplied operation and main- 5
tenance manual for the dodel 4189 reverse osmosis unit.
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SECTION XIII
ULTRAFILTRATION UNIT

The ultrafiltration unit was purchased by the USAF from Romicon, Inc.
The unit purchased was an HF1SSS hollowfiber ultrafiltration system (Figure
33). The system utilizes cartridges which contain an inner membrane of skin.
The wastewater is pumped through the membrane fibers which retain the large
molecules while allowing the small molecules, ions, and water to pass through.

As the filtration process progresses, a thin film of dense organic matter
coats the membrane and impedes the flow. The organic matter which coats the
membrane must be removed every 24 hours in order to assure that the optimum
life of the cartridge is maintained. Prior to transporting the ultrafiltra-
tion unit, the cartridges, the permeate tank, and all plumbing must be thor-
oughly cleaned.

The Romicon Corporation included a booklet on the general operating in-
structions for the unit. The booklet gives a brief description of the basic
components of the unit, lists the specifications to which the unit was fabri-
cated, and includes information on the installation and operation of the unit.
Material from this booklet, Operation Instructions/Romicon Model HF1SSS/
HF2SSS/Ultrafiltration Systems, is presented as Appendix C of this report with
permission of Romicon, Inc. The format is that of the original Romicon publi-
cation.
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SECTION XIV
DISINFECTION CONTACT CHAMBER

INTRODUCTION

The disinfection contact chamber is a series of compartments which allows
for the gradual mixing of chlorine or ozone with the wastewater. The design
of the chamber should provide adequate protection against short circuiting.
The chlorine or ozone should be added in such a way that complete mixing oc-
curs. This mixing can be accomplished by injecting the chemicals through a
small orifice into the influent line, by flash mixing, by bubbling the chemi-
cals into the first compartment through a perforated pipe, or by mixing with
hydraulic turbulence for a minimum period of 30 seconds.

The disinfection contact chamber unit should consist of a minimum of six
interconnected compartments. These compartments are arranged so that the
units may be in series or in parallel. Provisions are also included in the
design to allow for the bypassing of compartments. A minimum of 80 to 90 per-
cent of the wastewater should be retained in the contact chamber for the spe-
cified contact time.

The detention time for the process is typically between 15 and 45 min-
utes, and compartment size should vary so that the effect of different deten-
tion times may be evaluated at the same flow.

The disinfection contact chambers should be constructed from material
which is resistant to chemical corrosion and does not allow the passage of
sunlight. The material used in fabricating the chambers should also be dur-
able and resist cracking due to variations in the ambient temperature.

DESCRIPTION OF DISINFECTION CONTACT CHAMBER ASSEMBLY

The disinfection contact chamber unit consists of six chambers fabricated
from opaque PVC or acrylic pipe. There are two 12-inch-diameter cylinders and
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four 4-inch-diameter cylinders. The cylinders are all 4 feet in height, and
the entire assembly is supported 8 inches abocve the bed of the trailer by an
angle iron frame (Figure 34). Initially, the units will be placed so that the

"influent will enter the 12-inch-diameter tube from the top. The wastewater

will then flow down through the first 12-inch-diameter tube, up a 4-inch-
diameter tube, down the next 4-inch-diameter tube, up the second 12-inch-
diameter tube, down the next 4-inch-diameter tube, and up the last 4-inch-
diameter tube. The cylinders are bolted to the frame in a way permitting them
to be removed separately by loosening four bolts per cylinder.

The top of each cylinder will be glued to a 1/2-inch PVC plate machined
to fit the outside diameter of the cylinder. A 1/8-inch neoprene gasket will
be fitted on top of the plate which has been seated to accept the gasket. Ano-
ther 1/2-inch PVC plate will be seated to accept the gasket and will be bolted
through the gasket to the PVC plate which was glued to the cylinder. The top
plate will be machined to accept a 1-inch-diameter nipple glued to it. The
same assembly is to be repeated for the bottom of each cylinder.

Flexible pipe secured with band clamps will be used to connect the indi-
vidual chambers. This will allow an operator to alter the configuration of
the unit by simply changing the order in which the compartments are connected.
It would be a simple matter to connect all or part of the cylinders in paral?
lel.

The velocity of flow through the small pipes is 3.06 ft/min and the velo-
city of flow through the large pipes is 0.340 ft/min, at the design flow of 2
gal/min. The detention time of the system can be varied by disconnecting one
or more of the chambers from the system. The disinfection contact chamber
unit was not designed to accommodate wastes which have not received primary
and secondary treatment. If raw domestic wastewater is introduced into the
cylinders, there will be a solids buildup in the 12-inch-diameter cylinders.
The buildup may require the unit to be periodically shut down for cleaning.
However, the performance of the unit should not be adversely affected in this
application.

Needle vaives have been placed on the 1-inch-diameter flexible lines to
bleed off excess buildup of ozone. The needie valves are connected to
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Figure 34. Disinfection Contact Chamber
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1/4-inch PVC tubing which will carry the ozone out of the trailer and dis-

. charge it into the atmosphere.
% The individual cylinders can be drained from a 1/4-inch valve located
near the bottom of the cylinders. The cylinders should be flooded and then

scrubbed before the unit is transported. If there is a sludge buildup in the
bottom of the unit, the sludge can be removed by introducing water at a high
velocity to the system so that sufficient scour is created to pick up the
sludge and carry it out of the system.
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SECTION XV
CHLORINATION

The purpose of chlorination in a wastewater effluent application is to
reduce the bacterial count of the effluent, to lower the BOD, and to provide
sufficient residual chlorine to kill bacteria which might infect the water in
the distribution system. The merits of residual chlorine are being examined
at this time, and it has been predicted that ozone treatment of effluent will
replace chlorination in both sewage and freshwater treatments (Reference 2).

The chlorine dosage will depend on the type of application, the charac-
teristics of the wastewater, and the effluent standards specified by pollution
control agencies. Laboratory chlorination studies should be conducted to de-
termine the optimum chlorine dosages. Under present disinfection policies,
the typical determination of the necessary dosage of chlorine is that amount
needed to obtain a residual of 0.5 mg/£ after 15 minutes of contact time.

Calcium or sodium hypochlorite will be used on the TWARDS trailer as the:
source of hypochlorite ion since it is much safer to use in this type of an
application. If chlorine gas were being used, the chlorination apparatus and
chlorine contact chamber would have to be separatea from the trailer and ac-
cessible only by an outside door. Precautions will also have to be taken to
provide adequate ventilation and emergency equipment and operator training.

Calcium hypochlorite is available in either the liquid or the solid form.
The calcium hypochlorite is extremely stable in the pellet form and is soluble
in water. For these reasons calcium hypochlorite is usually preferred.

Sodium hypochlorite is available in concentrations of 1.5 to 15 percent.
The solution decomposes more readily at a high concentration, and the disin-
fection power of the hypochlorite ion is adversely affected by exposure to
Tight and heat.

The hypochlorite solution will be mixed by hand and placed in a holding
tank on the TWARDS trailer. The holding tank is made from an 8-inch-diameter
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opaque PVC tube. The tube is glued at the bottom to a beveled 1/2-inch PVC
plate and is fitted at the top with the same PVC plate gasket assembly used in
the disinfection contact chamber. The chamber has an optional airtight seal.

There is a 1/4-inch nipple at the bottom of the chamber from which the
effluent is pumped. The effluent chlorine solution will be pumped via a tube
to a 1/4- to 1-inch tee with a valve. The small opening at the tee will act
as an orifice through which the chlorine will be injected and mixed with the
influent wastewater.




SECTION XVI
OZONIZATION

Ozone (03) is an unstable gas which occurs naturally in the upper atmos-
phere. It is created by a high voltage discharge of electricity through air
or oxygen. After a lightning storm, it is the ozone which gives the air its
characteristic sweet smell. Ozone is one of the strongest oxidizing agents
which can react in an aqueous environment.

In order for ozone to be produced commercially, a supply of very dry air
must be supplied to an ozone preparation unit. For a typically ozone gener-
ating unit, clean air is fed into rotary compressors which produce air up to
300 ft3/min at 11 psi, which is then cooled to 50°C. The cold air is then
circulatea through chemical desiccators which dry the air to 30 volumes per
million of water or a dew point of -52.5°C. The dry air is subjected to a
discharge of up to 20,000 V a.c. in two ozonizers. With these conditions, 3
to 8 kg/h of ozone are produced at concentrations of 10 to 20 mg/£. The ef-
fluent from the ozone unit will usually contain one percent ozone. The ozone. i
dosage can be controlled by changing the air flow or the power supply -to the
ozonizors.

The ozone gas is dispersed into the contact chamber through a 1/4-inch-
diameter orifice identical to the one specified for the chlorine injection.
Complete mixing of the ozone with the influent should occur as the result of
the geometry of the insertion assembly. If operational results indicate that
this method of insertion is inadequate, the ozone can be bled into the first
chamber through a perforated pipe diffuser.

The ozone unit which will be used on the TWARDS -trailer was purchased
from PCI Ozone Corp, by the USAF. The ozone generator is Model HC2P-18, and
the air preparation unit is Model PS35. These units are supported on the
trailer in an angle iron frame as shown in Figure 35. Appendix D provides in-
stallation and operating instructions for the Model HC2P-18 ozone generator.
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SECTION XVII
ULTRAVIOLET DISINFECTION UNIT

The ultraviolet disinfection unit provides a method whereby the bacteria
in the wastewater can be killed without use of heat or addition of chemicals.
Added chemicals might react adversely with some of the chemicals in the waste-
water and produce harmful side products. The disinfection process utilizes
shortwave ultraviolet 1ight with a wavelength in the range of 200 to 2950 A.

Shortwave ultraviolet 1ight can be produced commercially by a mercury
vapor lamp. The lamp is made of quartz glass which transmits 70 to 90 percent
of the shortwave ultraviolet radiation. The lamp emits radiation at 2537 A.
The desired ultraviolet radiation is produced by an electric arc which is
struck through an inert gas in a sealed glass tube. Heat from the arc causes
the vaporization of a small portion of mercury contained in the sealed tube.
The electric arc gives off the ultraviolet radiation at the prescribed wave-
length. :

The degree of microbial destruction is a function of the intensity of the
radiation and the time which the micro-organism is exposed to it. The dosage
is commonly expressed in uWs/cm?. The turbidity of the wastewater will de-
crease the efficiency at which the system will operate. In order to compen-
sate for the effects of turbidity, an energy in excess of 30,000 pWs/cm? is
required (Reference 6). It is necessary that the tube-wastewater interface be
kept free from debris. This is usually accomplished by baffles placed around
the tube to create enough turbulence to keep solids from settling onto the
tube.

There are several design parameters which will have an effect on the dos-
age delivered to the wastewater:
(1) The output: The output of the lamp is 2537 A for a
mercury vapor lamp.

Reference

6. Mone, J. G., "Ultraviolet Water Purification," Pollution Engineering
Magasine, Vol. 5, No. 12, December 1973.
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(2) The contact time: The contact time is a function
of the length of the tube and is inversely propor-
tional to the linear flow rate.

(3) The diameter of the purification chamber: Water
absorbs the ultraviolet radiation at a rate which
varies logarithmically with the distance from the lamp.

The USAF purchased the ultraviolet disinfection unit to be placed on the
TWARDS trailer from the Atlantic Ultraviolet Corporation (Figure 36). The
lamp and ultraviolet unit bear the brand name SANITRON. The lamp used in the
unit is model No. S36T6VZ and is used in ultraviolet unit No. A600. The ul-
traviolet output is 14.6 W and the rated effective life of the lamp is 7500

hours.

The ultraviolet unit is 38 inches long, 8 inches wide, and 12 inches
high; it weighs 25 pounds. It requires 115-Y, single-cycle, 60-Hz power.
The unit will handle a maximum flow rate of 10 gal/min.
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SECTION XVIII
WORK COMPARTMENT

The work compartment of the TWARDS trailer was designed to accommodate
two operators, the data processing equipment, and the electrical control
panel. It also provides adequate storage for flasks and other operating
equipment as well as a work area for the two operators.

The work compartment will be fabricated by the trailer manufacturer and
permanently mounted on the extreme end of the trailer. A collapsible step
ladder will be provided and stored under the trailer.

The work compartment is 8 feet wide (the full width of the trailer) and
3 feet long, with an interior height of 8 feet. The heating and air condi-
tioning unit to be provided for the work compartment will maintain an interior
air temperature of 21°C for an ambient temperature range from 0°C to 50°C. The
exterior paneling will be the same material used in the canopy covering the
unit processes. Rigid insulation is to be provided in the exterior walls,
ceiling, and floor.

The data processing equipment is mounted at one of the work stations with
the support electronics mounted in a rack in the cabinet room abcve the work
station. The work station opposite the data processing station will cunsist
of a desk with adequate book storage both above and below the desk. The
printer is located in the cabinet area above the desk. Windows are located
above both work areas as shown in Figure 37.

The electrical compartment and the locking cabinet ‘are located on the
back wall of the work compartment. Shelves are provided below the locking
cabinet. The work compartment also provides storage for the portable instru-
mentation and all other small portable equipment transported on the TWARDS
Trailer.

Lighting for the work compartment consists of an overhead 1ight and two
neon lights located at each work station. Electrical outlets have also been
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provided at each work station. Figure 38 illustrates the instrumentation of 1
{ the work compartment.
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SECTION XIX
TWARDS PLUMBING

The effluent from an existing base wastewater treatment facility is
pumped onto the TWARDS trailer through the first pump. This pump is portable
with a variable flowrate of 0 to 8 gal/min. It provides a head of 20 feet
which should be sufficient for most facilities. The wastewater which enters
the TWARDS trailer through this first pump will have received primary treat-
ment from the base facility. The primary treatment will have removed the
grit, oils, detergents, and approximately 35 percent of the BOD from the
wastewater.

The influent line for the system is located on the front end of the
TWARDS trailer. The Tine is on the left side of the trailer when viewed from
the front and is located just below the deck. The influent line extends ap-
proximately 14 feet along the length of the trailer.

Three main lines leave the influent line to feed the activated sludge,
biodisc, and trickling filter units. The system is designed so that two main
lines can operate independently and simultaneously on the TWARDS trailer. Two
alternate influent lines are provided on the TWARDS trailer to treat waste-
water which has received secondary treatment from the base wastewater treat-
ment facility.

The plumbing on the TWARDS trailer is fabricated from 1-inch-diameter
standard steel pipe. The main lines are mounted to a bracket bolted to the
structural members supporting the floor of the trailer. The design of the
mounting brackets and the detailed plumbing layout cannot be provided until
the trailer design has been completed. The design of the mounting brackets
and the plumbing layout will be submitted to the USAF following the receipt
of the design proposal for the TWARDS trailer.

There are two sludge recycle lines on the TWARDS trajler, located between
the activated sludge clarifier and the activated sludge unit, as well as be-
tween the biodisc and trickling filter clarifier and the biodisc and trickling
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filter units. A1l lines are located beneath the bed of the trailer and are
fabricated from 1/2-inch-diameter standard steel pipe.

There are 23 pumps located on the TWARDS trailer, three of which are
portable pumps used as main influent, backwash water, and cleanup lines. The
remaining 20 pumps are remote-control, variable-speed pumps mounted on brack-
ets to the bottom of the structural members of the trailer. Seven tube pumps
are used for chemical feed and sludge removal. The remaining six pumps are
centrifugal pumps. The specifications for the pumps are given in Table 8.

Tee valves are located before and after each unit on the TWARDS trailer.
The purpose of these valves is twofold. First, the units not actively being
used in the flow schemes can be used independently of the system operation.
Second, the valves and tees can be used to assist in cleanup operations. All
of the plumbing should be flushed out with fresh water from the USAF bdge fa-v
cility before the TWARDS trailer is transported.
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TABLE 8.

PUMP SPECIFICATIONS FOR THE TWARDS TRAILER

Condition: New

2. | Summary:

Type Flowrate Head, ft Quantity Use
Centrifugal 0-20 gpm 0-20 2 Wastewater
Centrifugal 0-20 gpm 0-10 2 Wastewater
Centrifugal 0-8 gpm 0-20 1 Wastewater
Centrifugal 0-8 gpm 0-10 1 Wastewater
Centrifugal 0-4 gpm 0-20 3 Wastewater
Centrifugal 0-4 gpm 0-10 7 Wastewater

Tube 0-4000 m&/m 0-5 4 Sludge

Tube 0-50 mg/m 0-5 1 ce,

Tube : 0-20 mg/m 0-5 1 CH,O0H

Tube 0-20 m&/m 0-5 1 CH,OH,

Nazsoa, and
H,S0, or NaOH

3. | Electrical Requirements:

- A11 motors shall be d.c.

- Power supply - 220 VAC, 60 Hz.

- A11 motors should be variable speed, remote controlled, with 4-20 mA
d.c. output, operable in a temperature range of 10-50°C.

Pump Number rpm's = hp
R 3400 1/3
7 100-650 --

8-10 5-100 --

4.| Plumbing Requirements:
Centrifugal Pumps: 1-inch inlet and 1-inch outlet

5.| Centrifugal pumps should be corrosion resistant.

i
i
i
i 6.1 A1l pumps shall be supplied and serviced by the same manufacturer.
121
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SECTION XX
TWARDS ELECTRICAL

The electrical control panel for the TWARDS trailer is located on the
back wall of the work compartment. This panel consists of circuit breakers
for the main lines and for each individual unit. The reverse osmosis, ultra-
filtration, ozone generation, and ultraviolet units have individual electrical
control panels located at the units.

There are three main lines on the TWARDS trailer. One line is a 120-V,
AC, 1-phase line which feeds some of the small motors used on the trailer and
powers the trailer lighting. The second main line is a 240-V, 3-phase, AC
line used to power all pumps, large motors, unit processes, flowmeters, and
commercial units. The third main line is a 460-V, 3-phase, AC line used to
power the control panel for the reverse osmosis unit (Table 9).

Separate circuits are provided for each unit on the TWARDS trailer. The
pumps, flowmeter, motors, and control panels for each unit are also included
on the same circuit. This auxillary equipment is included to insure its being
shut down if any unit is shut down for maintenance. Fewer circuits are re-
quired with this method which cuts down the cost of the system and makes it
easier to operate. Waterproof receptacles are provided near every unit on the
trailer. Their purpose is to provide power for equipment used in cleanup and

maintenance.

An electrical schematic is included as part of the design proposal. The
detailed electrical layout and equipment specifications cannot be provided un-
til the design of the TWARDS trailer is completed. Layout and specifications
will be submitted to the USAF as part of the construction phase.
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TABLE 9. MOTOR SPECIFICATIONS FOR THE TWARDS TRAILER
Condition: New
Summary:

Type Voltage Phase hp rpm | Shaft Size, in | Quantity
Impeller 110 Single | 1/250 35 1/2 1
Impeller 220 Three (| 1/3 350 -- 2
Impeller 220 Three | 1/250 35 1/2 1
Impeller 220 Three | 1/50 330 1/4 1

3. | A1l motors should be d.c.

4. | A11 motors should be variable speed, remote controlled, with 4-20 mA

d.c. output, operable in a temperature range of 10-50°C.

5. | A11 motors should have stainless steel shafts and propellers.

|
\
|
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SECTION XXI
INSTRUMENTATION

The individual unit processes on the TWARDS trailer are monitored and
controlled by probes mounted on-line in instrumentation housings. The instru-
mentation housing is fabricated from a 1-inch-diameter steel pipe, an expan-
sion assembly with a 1-inch-diameter inlet and a 4-inch-diameter outlet, a 6-
inch length of 4-inch-diameter steel pipe, a contraction assembly, and another
1-inch-diameter steel pipe. The instrumentation housing is preceded by a
valve to enable probes to be removed while the system is in operation.

The individual probes are constructed of a durable chemical-resistant
material siuch as stainless steel or epoxy. The probes are less than 3-1/2
inches long and have pipe fittings. The probes screw into the instrumenta-
tion housing at a 60-degree angle from the horizontal. The probes must oper-
ate within a temperature range of 0°C to 60°C, withstand pressure of 15 1b/
ft2, have an output of 0- to 1-V DC, and be suitable for taking readings in-
side pipes. The following probes are included with the TWARDS. '

TEMPERATURE PROBES

Five temperature probes are included with the system. They are accurate
to + 0.3°C within the range of 0°C to 60°C.

pH PROBES

Five pH probes are included with the system. The probes are accurate to
+ 0.3 pH within the probe range of 0 to 14 pH units.

DISSOLVED OXYGEN

Five dissolved oxygen probes are included with the system. The dissolved
oxygen probes are useful in determining if a unit is becoming anaerobic; or
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in anaerobic units such as the fluidized bed unit, the dissolved oxygen probe
is used to determine if the oxygen has been removed. The dissolved oxygen
probe has an accuracy of + 0.3 ppm within a range of 0 to 14 ppm.

CONDUCTIVITY PROBES

The system contains seven conductivity probes used to determine the con-
ductivity of the wastewater. The conductivity of the sample is an indication
of the amount of suspended solids present. The conductivity probes are accur-
ate to + 0.02 pv/cm in a range of 0 to 20,000 wv/cm,

SPECIFIC ION PROBES

Two specific ion probes are included with the system. The first is a
chlorine probe accurate to + 1 p/m in a range of 0.1 to 500 p/m. The second
is an ozone probe which is accurate to 0.2 p/m in a range of 0 to 8 p/m.

The temperature, pH, dissolved oxygen, and conductivity probes have col-
lectively been called the instrumentage package. The locations of the probes
are shown in Table 8 and in the plumbing schematic. The probe specifications
are listed in Table 10.

In addition to the probes mounted on line, a portable meter is included
with the system which interfaces with all of the above-mentioned probes and
provides a digitial readout in specified units. One of each of the required
probes is provided with the meter.

FLOWMETERS

There are 14 magmeter flowmeters included with the system. The magmeters
are unaffected by density changes or the viscosity of the liquid. These mag-
meter units have replaceable meterirg tubes and are cleaned on line by an ul-
trasonic electrode. The specifications for the magmeters are listed in Table
1.
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TABLE 10. INSTRUMENTATION SPECIFICATIONS FOR TWARDS PROBES

Condition: New

Summary:
Probe Body Le?gth, Probe Range Accuracy |Quantity
Temperature Stainless|s 3-1/2 0-60°C + 0.3°C 5
Steel
PH Epoxy |[< 3-1/2 0-14 pH + 0.3 pH
Dissolved Oxygen| Durable,|< 3-1/2 0-14 ppm + 0.3 ppm 5
Chemical
Resistant
Conductivity Durable, |< 3-1/2|0-20,000 uv/cm|+ 0.02 uv/cm 7
Chemical
Resistant
Chlorine Durable, |< 3-1/2] 0.1-500 ppm- + 1 ppm 1
Chemical
Resistant
Ozone Durable, |< 3-1/2 0-8 ppm .| £ 0.2 ppm 1
Chemical
Resistant

A1l probes must:

- Include pipe fittings.

Operate within a temperature range of 0-60°C.
Be suitable for taking readings inside pipes.
Withstand pressure of 15 psi.

Have an output of 0-1 V d.c.

Include a portable meter with the capability of interfacing with the
following probes: .

(1) Temperature

(2) Conductivity

(3) Dissolved Oxygen

(4) pH

(5) Specific Ion (Chlorine, Ozone)

A1l probes and meters shall be supplied and serviced by the same
manufacturer.

g e A A A 10
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TABLE 11. INSTRUMENTATION SPECIFICATIONS FOR FLOWMETERS

1. Condition: New

2. Type: Magmeter

3. Design Features:

(a) Replaceable Metering Tubes

(b) Ultrasonic Electrode Cleaning

(c) Unaffected by + 10°C Voltage and Frequency Variations
(d) Unaffected by Density or Viscosity of Liquid

4. OQutput: Compatible with the data processing system used on the trailer.

5. Fluid Types: A1l Liquids

6. Accuracy: * 1% for design flow of 2 gpm.A

7. Type Liner: Teflon

8. Temperature Limits: 10°C - 50°C

9, Maximum Pressure: 15 psi

10. Flowrates:

(a) 1 Instrument for 0-20 gpm
(b) 13 Instruments for 0-8 gpm

e ——

NOTE: One signal processing unit shall be used to monitor
the output of all the 14 flowmeters.
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The output of the magmeters is compatible with a signal processor modi-
fied to scan all 14 of the magmeters in the system. The function of the sig-
nal processor is to count the pulses generated by the magmeters and convert
them to a 0- to 1-V DC signal compatible with the data processing equipment.
The magmeters are accurate to + 1 percent of the design flow and can be used
to measure all liquids within a temperature range of 10°C to 50°C and a maxi-
mum pressure of 15 1b/in2.

PUMPS

The pumps on the TWARDS trailer are remote controlled and of variable
speed. Operating on 240-V, 60-Hz power, they are controlled and monitored by
a 4 to 20 @A or analog signal. The types of pumps, pump numbers, and specifi-
cations are listed in Table 8.

The subtask statement originally proposed that sludge density meters be
included in each bank of the clarifier and that on-line turbidimeters and a
TOC analysis be provided for the system (Table 8). These units were not in-
cluded with the system because an effective, inexpensive unit could not be
found.
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SECTION XXII
DATA PROCESSING SYSTEM

INTRODUCTION

The data processing system on the TWARDS trailer must be able to sequen-
tially scan all of the probes, flowmeters, and pumps. The system must also be
able to control the pumps which are regulated by a 4 to 20 mA current. In ad-
dition to providing the capability to sequentially scan the instrumentation,
the system must be flexible enough to allow the operator to acquire readings
of a given probe, flowmeter, or pump, upon command. The data generated during
a given period must be available to be accessed by the user. Data manipula-
tion and evaluation capabilities must also be provided. A description of the
required capabilities for the system controller is provided below.

DESKTOP COMPUTER
General Functional Description

The computer is capable of containing in an integrated system all of
the basic and optional internal components described below so that it can be
transported manually from one location to another as a single unit.

The computer includes a keyboard, internal memory, user menory of at
least 62,000 bytes, overlapped processors, built-in tape cartridge for data
and program storage, cathode ray tube (CRT) display, output printer, and capa-
bility of interfacing simultaneously with at least four external peripheral
devices such as XY plotters, external storage memories, and others.

Quality assurance provisions include completely testing samples of
the computer according to rigid electrical, mechanical, and environmental spe-
cifications.

Active components within the computer are solid state except the
cathode ray tube, reflecting state-of-the-art technological advances.
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The computation range is from -9.999 999 999 99 x 10°'! through -1
x 10751, 0, and 1 x 1073'! through 9.999 999 999 99 x 10°!!. The range of
values which can be entered, stored, or output is -9.999 999 999 99 x 10°°
through -1 x 107°°, 0, and 1 x 107°° through 9.999 999 999 99 x 10°°.

Physical Specifications: Power

The computer is capable of operating on either 110 or 220 V with
specified tolerances. Switchable selection of power source voltages is pro-
vided. Power line frequency is between 48 and 66 Hz. Power consumption does
not exceed 420 VA.

Detailed Functional Description

Keyboard. The computer keyboard includes a block of keys with
standard typewriter layout, a block for program control and editing, a block
for CRT editing and control, a biock of user definable keys, a system command
block, and a numeric computation block. A typewriter mode is provided which
allows the computer to be used in conjunction with an output device as a type-
writer is used, including the standard 128-character ASCII set and tabbing.

Programming language. Language includes capability to handle and
manipulate strings of alphanumeric data. Capability is included to edit such
strings while a program is running. The user is able to interrupt a program to
run a higher priority subprogram. At least five levels of program interrupt
priority are provided. Priorities shall be programmable. Capability also is
provided to operate using arrays of numerical data, with selection of numeri-
cal format using 12-digit integer precision. Tracing capability is provided
as a debugging aid, allowing the tracing of the order of statement execution,
all variables, or selected variables. A live keyboard feature is provided to
allow changing variable or program statements while the program is running or
to list the program while it is running.

Cathode Ray Tube (CRT) display. A refresh type cathode ray tube is
included in the computer system to enhance programming, editing, and opera-
tion, and to minimize required desk space. The image refresh rate is at least

B A L, e ” F I o
BT, e
P i -




60 Hz to minimize flicker. The CRT display includes an independent area for
viewing formatted data and a "prompt” area to display system input instruc-
tions.

The amount of data displayable on the CRT is at least 20 lines
of 80 characters each. Video highlighting is provided in the forms of inverse,
blinking, and underlined display segments,

A cursor and line scrolling capability is included to facili-
tate data review and program editing. A standard alpha operating mode allows
displaying business and scientific data and text. A graphic operating mode al-
lows presentation of graphic information such as plots and pie charts. Graphic
displays are transferable to a printed copy using the computer's internal
printer.

Internal printer. The computer includes a built-in thermal printer
with a line width of at least 80 characters. The print rate may vary depend-
ing on the number of characters in a line, but it is at least 300 lines per
minute for full 80-character lines. The printer is capable of printing the
standard 128 character ASCII set. The printer is further capable of generating
characters 150 percent of normal height on command for visual emphasis. Back
spacing capability is provided to enable underlining. The printer is also ca-
pable of recording dot-for-dot the graphics displayed on the CRT.

Tape cartridge. The computer includes a tape cartridge drive in the
mainframe. This cartridge has a program and data storage capacity of at least
200,000 bytes of programs or data. Tape storage operations includes a means of
verifying the accuracy of the data. Tape file organization is compatible with
that of an external mass storage device to avoid the need for reprogramming
when changing records from tape cartridges to the external device. The compu-
ter uses the same system commands to operate either the tape cartridge or the
external memory. The tape affords at least 2100 mm/sec search speed in either
direction and 540 mm/sec read/write speed. Typical high-speed search rate
shall be in excess of 2100 mm/sec.

L]
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Memory. The computer includes an internal user memory of at least
62,000 bytes and is compatible with external mass storage devices having capa-
cities of up to at least 15 million bytes. The data cartridge file structure
and statements are similar to those of the external mass storage devices.

Operational Specifications

Keyboard. The computer keyboard includes a standard typewriter con-
figuration, a numeric computation pad, system operation keys, editing keys,
and 16 special function keys with shift to aliow up to 32 functions to be de-
fined by the user. The keyboard is designed for convenience. Keys are clearly
marked and color coded according to function.

Program protection. A means of protecting programs'against acci-
dental erasure is provided. Provisions are included to allow recording backup

copies of software programs.

Quality Assurance Testing

The computer passes the following or similar tests which check im-
munity to extreme environmental conditions.

Non-operating temperature cycle test. The computer should be placed
in a temperature test chamber. The temperature should then be reduced from
+25°C to -40°C over a 2-hour period. Temperature should be held at -40°C for
3'hours. The temperature can then be increased over a 3-hour period to +75°C
and held there for an additional 3 hours. Temperature should then be returned
to +25°C over a 2-hour period and allowed to stabilize thermally to room ‘temp-
erature for 1 hour with the computer turned on. The computer should now per-
form within the specified tolerances and give no indication of failure as a
result of this test.

Operating low-temperature test. The computer should be placed in a
temperature test chamber and the temperature reduced from +25°C to 0°C for 1
hour with the power off. Then the computer should be turned on and allowed to
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warm up for 30 minutes. The computer should now perform within all specifica-
tions during and after this test, and there should be no indication of failure
as a result of this test.

Operating high-temperature test. The computer should be placed in a
temperature test chamber and the temperature of the chamber elevated to +55°C.
This temperature should be maintained for at least 16 hours. No detrimental
effects should be caused by excess heating, and the computer should meet all
specifications during and after the heat run.

Humidity test cycle. The computer is required to pass five 24-hour
cycles of the +25°C to +40°C to 95 percent RH. At least one rzadina should be
taken at each discrete humidity level during the first eight hours of thz hu-
midity cycle. The computer should be required to pass all of its specifica-
tions after a 30-minute exposure period to the 95-percent RH pért of this hu-
midity cycle.

Vibration test. The computer in its regular enclosure should be se-
cured to the vibration table and then be operated during the vibration test
with its principal functions being monitored. A performance check is made be-
fore and after vibration. At the completion of the vibration tests, the in-
strument should display no electrical or mechanical degradation.

(a) Specification. 10 to 55 cycles - to 0.015-inch
point-to-point excursions.

(b) Test sequence.
(1) A 0.002 in exploratory excursion.
i (2) 15 minutes of cycling (15 1-minute cycles) from
5 A 10 to 55 cycles with 0.015 irn excursions in each
E of the three principal directions.
. (3) 5 minutes at 0.015 in excursion, at the major
; resonant point in each of the three principal
directions.
( K (4) 1If there are no major resonances below 55 cycles,
1. the computer should be vibrated for 5 minutes at 55
cycles at an excursion of 0.015 inches point-to-point. \
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Shock. The computer should show no degradation in performance after
application of a half sine wave shock of 30-g and 11-ms duration. Three
shocks should be applied in each of the three axes in which the computer can
be supported.

Electromagnetic compatibility. The computer should pass all tests
per CISPR publications pertaining to electromagnetic compatibility, as well as
tests for radiated and conducted susceptibility.

Front-End Equipment

The required precision for the voltmeter and A/D devices is con-
trolled by the output and required accuracy of the conductivity probes as
shown in Table 9. The precision of the A-to-D device must be 1 uv out of 1 V.
The input must be floated and guarded to cut down noise problems caused by the
extreme environmental conditions in which the system must operate and the long
cable lengths between the probes and the A-to-D device.

The system which the CERF suggests to be used is the Hewlett Packard
3052A Automatic Data Acquisition System. A list of the hardware which is in-
cluded in the system is included in Table 12.

The software which is provided with the system includes (1) complete
operating system with controllers for all peripherals; (2) applications pack-
ages including graphics, basic statistics, orderstatistics, transformation
routines, regression methods, and input/output commands; and (3) data acquisi-
tion system library for controlling the A/D and D/A devices. This includes
all routines necessary for the control of the devices plus additional applica-
tion programs and operational verification programs.

The volume of work CERF must do to develop the additional software
necessary to make the system operational is greatly reduced because of the
number of “canned”‘programs provided with the system. It is estimated that it
will take a moderately skilled programmer approximately four months to write,
debug, and document the additional software to be developed at CERF.
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In a letter dated April 27, 1978, CEEDO proposed an alternate system
which utilizes a microcomputer for a system controller. The hardware which
would be required for the CEEDO system is listed below:

SBC 80/20A $ 895.00
SBC 016 (4 required) 3,900.00
SBC 212 4,750.00
SBC 310 655.00
ST-800-32S (3 required) 1,485.00
ST-800-DA8C1 (3 required) 1,485.00
SBC 660 1,350.00
ISC Color CRT 1,925.00
Monitor Software 225.00
RMX/80 _ 1,950.00
128 Character Printer 3,200.00

TOTAL  $21,820.00

The initial hardware cost of the microcomputer system is substanti-
ally lower than the hardware cost of this proposed Hewlett-Packard (HP) sys-
tem. However, it would take approximately 32 man-months to develop the soft-
ware required to provide the capability of the HP system and would cost ap-
proximately 53,000 dollars.

Several important considerations not addressed by the microcomputer
system should be carefully evaluated. Whenever possible the component parts
should be provided by the same vendor. If a multi-vendor system similar to
the microcomputer system were to fail, the unit would remain down for a long
period of time until the problem could be isolated and the appropriate service
representative contacted. It would also be extremely important to choose com-
panies with numerous, well-located service centers, and proven performance
records in well constructed hardware/software.

The use of vendor-supplied software to access A/D and D/A equipment
using high level languages such as BASIC or FORTRAN and off-the-shelf integra-
ted hardware can cut the system software costs by a factor of 10. Other fea-
tures which should be evaluated are system command simplicity, operational
verification programs, and vendor-provided systems courses.
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SUMMARY

The HP system is extremely versatile, easy to operate, and proven reli-
able. A minimal amount of time and money would be required to develop soft-
ware for it. The HP system is installed by HP representatives and is tested
through the entire performance range of each unit. Operational verification
programs are provided which enable the operator to determine if the system is
ready to be used, and where the problem is if the system is not functioning
properly.

The system proposed by CEEDO would be tailor made for the TWARDS project
and therefore would not have the flexibility of the HP system. The software
development requirements would make it very difficult for CERF to complete the
project in the allotted time and for the original estimate. CERF, therefore,
recommends that the HP system be used for the TWARDS project.
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SECTION XXIII
COST ESTIMATES

The cost estimates in this section are preliminary cost estimates only.
The estimate for the unit processes (Table 13) does not include money for the
purchase or fabrication of a pressurized air floatation unit. The materials
cost estimate reflects the cost of all materials used in the fabrication of
the unit, plus the cost of the filter media where required.

The instrumentation cost estimate (Table 14) is based on typical costs
for the units required. The units will be put out for competitive bid when
authorization is received from the USAF to initiate the construction of the
TWARDS. Labor costs involved in installing the units and time required for a
technician were estimated.

The cost estimate for the data processing equipment (Table 15) is based
on an HP system 3052A. The system which will actually be used on the TWARDS
will not be determined until the construction phase of the project. The costs
involved in software development are based on the HP System, for which a great
deal of related software has already been developed. Four months of an engi-
neer's time were allotted to the development of additional software. ;

The trailer plumbing (Table 16) and electrical (Table 17) cost estimates
include the costs for materials used and labor required for installation.

The TWARDS Cost Estimate (Table 18) includes all costs involved in the
purchasing of materials, transportation of materials, fabrication, system de-
velopment, and system testing. The estimated cost of fabrication is approxi-
mately 275,000 dollars.
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TABLE 14. INSTRUMENTATION
Model Unit Cost, Cost,
Item Number Quantity dollars dollars
Temperature Probe 703 5 45 225
D.0. Probe DO 166 5 175 875
Chlorine Probe 1 190 190
Ozone Probe 1 190 190
pH Probe 1085 5 60 300
Conductivity Probe 7 65 455
Model 1500 Multi-
Parameter Analyzer 1500 1 500 500
Portable Conductivity
Meter Type 70 1 235 235
Mag-X Flowmeter 10D1418A 14 1,350 18,900
Signal Processor .
(Mag-X) 50PZ1000 1 1,220 1,220
Remote Control Pumps
0-20 gpm 4 400 1,600
.0-8 gpm 2 - 400 800
0-4 gpm 10 400 4,000
0-2 gpm 4 600 2,400
0-50 m€&/m 1 300 300
0-20 m&/m 2 300 600
Shipping Lump 500 AAJ% 500
Total 33,290
102 Increase 3,329
Total (Use) 36,600
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TABLE 15.

DATA PROCESSING

Unit Description Cost, dollars

33;;2: Unit Number Quantity Description Unit Total
HP3052A 1 Instrument System 16,000.00 | 16,000.00
045 HP9845S 1 System Controller 14,200.00 | 14,200.00

501 | 1 | standard Printer N/C N/C

601 HP98035A 1 U.S. Date Format N/C N/C
003 1 Thermocouple Channels 700.00 700.00
004 2 Scanner Channels 700.00 | 1,400.00
C10 | HP6940B/59500A 1 -- 2,560.00 { 2,560.00
c12 HP6941B 1 Extender 1,300.00 | 1,300.00
WAL HP69370 23 D/A Card 450.00 110,350.00
W59 HP69351B 2 Voltage Card 150.00 300.00
009 HP3437A 1 H.S. Voltmeter -2,160.00 | -2,160.00

060 1 120/208 V, 3-Phase N/C N/C

Additions
HP2631A 1 Printer 3,150.00 | 3,150.00
845 HP9845A 1 50.00 50.00
(Option for
HP2631A)
Total 47,850.00
Less 3% -1,435.50
Use 46.500.00|
144
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TABLE 16.

TRAILER PLUMBING

Unit Price, Cost,
Item Quantity dollars dollars
Valves, 1-inch Ind. 50 18 900
Elbows, 1-inch 60 2 120
"T*, 1-inch 90 2 180
Check Valve, 1-inch 1 50 50
Needle Valve, 1-inch 3 15 45
Pipe, 1-inch Standard 300 ft 1.5 1b/ft @ 0.60 180
Pipe, 1/2-inch Standard 175 ft 1.5 1b/ft @ 0.40 70
Labor 400 hours 15/hour 6,000
Instrumentation Housing 10 25 250
Total 7,795
10% Increase 780
Total (Use) 8,575
TABLE 17. ELECTRICAL
Unit Cost, Total,
Item Quantity dollars dollars
Wire, 220-V 500 ft 76.00/1000 ft 38.00
Wire, 110-V 450 ft 76.00/1000 ft 34.20
Plugs, 220~V 18 2.60 each 46.80
Plugs, 110-V 17 2.60 each 44.20
Outlet Boxes, Weatherproof 31 2.50 each 77.50
Outlet Boxes, Standard 2 0.60 each 1.20
Total 241.90
Use 250.00
Labor 160 hours 15.00/ hour 2,400.00
o
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TABLE 18. TWARDS' COST ESTIMATE

; Cost,

Description dol1ars

Trailer 50,000

Trailer Delivery 4,000

Unit Process Fabrication and Mounting 119,391

Instrumentation 38,000

Data Processing Equipment 46,500

Plumbing 9,000

Electrical 2,750

Motors 1,250

Total 270,891
?
¢ |
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SECTION XXIV
OBJECTIVES, IMPLEMENTATION, SUMMARY, AND CONCLUSIONS

OBJECTIVES

The main objective of the development stage of the project is to fabri-
cate the TWARDS trailer and unit processes. An operator's manual, maintenance
manual, technical report, and complete set of as-built drawings will be com-
pleted describing in detail all phases of the project.

During the design phase of the project, the feasibility of building the
TWARDS trailer was addressed. It was determined that TWARDS would be neces-
sary to analyze the effluent from existing base wastewater treatment facili-
ties effectively and to determine the most cost-effective method for upgrading
the existing facilities or constructing new ones which meet future government
standards.

IMPLEMENTATION

The implementation of the main objectives of the develnpment phase of the
project are listed in the following paragraphs.

Fabrication of TWARDS Trailer

The manufacturer who submitted the low bid for the construction of
the trailer (Calumet Coach Company) will be contacted and arrangements made to
begin the design of the trailer. Within 30 days after the contract is awarded,
the manufacturer will submit detailed plans and specifications for the fabri-
cation of the trailer. A two-week period will be allotted to CERF to check
plans and specifications. The completed trailer will be delivered to CERF in
Albuquerque, New Mexico on or before November 30, 1978.
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Unit Processes

The unit processes will be fabricated and installed on the trailer.

, A11 of the materials required for the fabrication of the TWARDS will be or-
dered by CERF no later than June 30, 1978. Upon receipt of the materials, the
following unit processes are to be fabricated at CERF: biodisc modifications,
activated sludge unit, trickling filter unit, clarifier unit, rapid mix and
flocculator unit, sand filter units, activated carbon units, fluidized bed
unit, frame for ozone preparation unit, and the disinfection contact chamber.
These units will be completed no later than November 30, 1978. The ultrafil-
tration unit, ozone and air preparation units, ultraviolet unit, and the re-
verse osmosis unit will be delivered to CERF as soon as the development phase
begins. The work compartment is to be fabricated by the trailer manufacturer
and delivered with the trailer. The unit processes will be mounted on the
trailer and plumbed, and the trailer and unit processes will be wired, before
January 31, 1979.

Data Processing Equipment

The data processing equipment will be selected, purchased, and de-
livered before November 30, 1978.

Layout Drawings and Specifications
Detailed layout drawings and specifications for the plumbing and
electrical systems are to be completed and submitted to the USAF before
November 30, 1978.
| Instrumentation Equipment
The instrumentation equipment--which includes all probes, pumps, and

|
? flowmeters--will be put out to bid, purchased, and delivered no later than
November 30, 19?8.
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Installation of Instrumentation and Data Processing Equipment

The instrumentation and data processing equipment will be installed
in the trailer by January 31, 1979.

Testing

The unit processes, plumbing, and chemical feed systems are to be
leak-tested for a period of 120 continuous hours prior to delivery. The sludge
collection assemblies, pumps, and devices will be tested, with domestic waste-
water sludge. Two performance tests are to be conducted on all probes, pumps,
flowmeters, motors, and the data processing equipment. The instrumentation
will be tested through its entire performance range. All tests are to be com-
pleted, and written approval of the completed system received, before March
31, 1979.

TECHNICAL REQUIREMENTS OF IMPLEMENTATION

In support of this effort, the following technical information will be
generated.

Software

The software for the data processing and acquisition system will be
written, tested, and submitted to the USAF for approval.

Drawings

As-built drawings will be submitted to the USAF to show changes
which were made in the fabrication of the unit processes, trailer, and support

equipment. -
Operator's Manual

An operator's manual will be written which gives detailed informa-
tion on the start-up, operation, shut-down, and clean-up procedures for all
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unit processes, instrumentation, data processing equipment, and support equip-
ment.

Maintenance Manual

A maintenance manual will be provided with the system which includes
detailed isometric projections of the unit processes and trailer. The manual
will give detailed troubleshooting information, information on preventative
maintenance, and a list of suppliers of all purchased equipment.

Technical Manual

A technical report will be submitted to the Air Force before May 15,
1979. The technical report will include a detailed written account of the
fabrication and testing of the TWARDS.

SUMMARY

The staff of CERF is of the opinion that the TWARDS trailer should be
fabricated according to the design information and schedule submitted to the
USAF. The CERF staff thinks that there is a well-defined need for TWARDS
and that the system will effectively evaluate the effluent of existing waste-
water treatment facilities. The information which is generated by the TWARDS
will be extremely valuable because the system is large enough to model the
existing facilities accurately. Money will be saved in the design of new, up-
graded facilities because all of the design parameters will be well defined.




APPENDIX A
L DESIGN CALCULATIONS

Activated Sludge Unit (Reference 2)
Hydraulic Retention Time Design

HRT = 8 h
Q = 2 gal/min

¥ = (2 gal/min)(60. min/h)(8 h)(1 ft3/7.5 gal)

¥ =128 ft’
f = Freeboard = 0.65 ft
d = sidewater depth
i D=d+f
-- w = width 1.5d<w<2d
V= LWd - 2L(0.5 ft)” = 128 ft* "
w=15d |
! ¥ =6.93 ft (1.5)(d?) - 2(6.93 ft)(0.25 ft2) = 128 ft®
' i
d = 3.56 ft :
D = 4.50 ft Fa
w=5.33 ft ,
L = 6.93 ft f
3

Air Requirements:

Qurr = (2 9al/min)(60 min/h)(3 ft®/gal) = 360 ft® air/h

Activated Sludge Design Check |

i
: u = food-to-microorganism ratio
: u=0.2 to 0.5 1b BOD,/1b MLVSS-day (0.2 is conservative)
0, = mean cell resistance time (6 to 15 days)
Ha 151
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10 days
kq = microorganism-decay coefficient, time~?

kd = 0.10/day

Y = growth-yield coefficient, mass of microorganisms/mass of substrate
utilized

Y = 0.65 1b cells/1b BOD, utilized

E = efficiency of waste stabilization expressed in percentage form

S0 = mass concentration of influent waste

S = mass concentration of influent waste not biologically degraded appearing

in the effluent
volumetric flowrate

2 gal/min

concentration of microorganisms (MLVSS), mass/volume

3500 mg/£

BOD Loading = 35#B0D/1000 ft?

BOD, in effluent = 20 mg/£

Return sludge concentration = 12,500 mg/£ of suspended solids
= 10,000 mg/£ volatile suspended solids

Mixed-1liquor volatile suspended solids (MLVSS) = 3,500 mg/£ = 0.80 total MLSS

T=20°C¢C

BOD, = 250 mg/¢

35% removal of BOD5 by primary treatment

>x X O O
]

Solution:

1. Estimated Overall Efficiency

W
E =100 °s
0
_ 250 mg/£ - 20 mg/L &
E = 50 o/ e (100) = 92%

2. Reactor Volume

S = 6 mg/L€ Soluble BOD5

Yo, (S, - S)
oy kdd_
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3500 mg/L ¥ =
(0.65 1b cells/1b BODG)(Z gal/min) (1440 min/day)(10 day)(250 mg/£-6)
: ""':"'I'E'Iﬁlihyﬂﬁy)fih'ﬂhy)‘"""" S SaTaTr a
Vo 0L2.93 ygal
¥ = (652.53 gal)(ft?/7.5 gal)
¥ = 87.00 ft*

3. Sludge Production Rate

- X¥ (3500 mg/£)(87.00 ft3)(7.5 gal/ft®)(mgal/10® gal)(8.34 1b/ga1)
dx/dt = 0 days
c

dX/dt = 1.90 1b VSS/day

1.90 1b VSS/day _

Sludge Production Rate = 0.80 Total MLSS - 2.38 1b SS/day

4. Sludge Wasting Rate from Recycle Line

v~ VWX _ (87.00 ft®)(3500 mg/L - 3
VR ﬁo—aavs‘ﬂmgéﬂ = 3.05 ft'/day

5. Recirculation Ratio

VSS = 3500 mg/L Return VSS = 10,000 mg/£
3500(Q + Qr) = 10,000 Qr

g'-‘:
q - 0.54

6. Required Hydraulic Retention Time

3
HRT = & = R0 12 = 5.44 h

(2 9al/min)(60 min/h)(ft’/7.5 gal)

7. Compute Oxygen Requirements

b 0,/day = (dF/dt)L - 1.42 (dx/dt)

_ (250 mg/2 - 6 mg/£)(8.34 1b§§a11(o.oozsa mgal/day)
0.68 mg

- 1.42(1.90 1b VSS/day)
= 5.92 1b 0,/day
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8. Check U Ratio and Volumetric Loading

bk dF/dt _ (250 mg/t - 6 mg/¢)(8.34 1b/gal)(0.00288 mgal/day)
X

(3500 mg/£)(8.34 1b/gal)(87.00 ft’)(7.5 gal/ft’)(mgal/10° gal)
0.308 1b BOD,/1b MLVSS-day 0.2 < U < 0.5 = OK

[ ==
]

(250 mg/£)(8.34 1b/qal)(0.00288 mgal/day)(1000)
(87.00 ft’)(7.5 gal/ft’)
9.20 1b BOD5 removed

1000 ft’

Loading =

Trickling Filter Unit (References 2 and 3)

Q = volumetric flowrate
Q = 2 gal/min
BODL = 250 mg/L
R = 4 = recirculation ratio
L = applied BODL which is removable (not over 0.90 L,
where L is equal to the applied BODL)

LD = removable portion of BODL remaining at depth D
= fractional efficiency of BOD removal for process, including

recirculation and sedimentation
BOD loading to filter, 1b/day
volume of filter media, acre-ft
recirculation factor
unit organic loading on filter, in pounds of BOD per acre-ft
Total BOD = (250 mg/£)(8.34 1b/gal)(0.00288 mgal/day) = 6.005 1b BOD/day
Assume: 35% BODL removed by primary treatment

m

L

W
v
F
u

Effluent BODb < 30 mg/L
BOD, = 0.7 BODL
L =0.9 L,

1. BODL of the Effluent

BOD, = %?7 mg/L = 43 mg/L




2.

3.

4.

BOD that is not removable
BOD = 250(1 - .35)(0.1) = 1L
Compute LD and L

L

43 - 16 = 27 mg/L
250(1 - .35)(.9) = 146 mg/L

D
L

[}

Required Filter Depth D

: _ 21 mg/t _
Ly/L = TIE‘E%%Z - 0.185

0.185 = 1070-1%0
5.41 = 100- 190

2 1.097 _
D= 075 = 4.9 ft

Filter Design:

3 3
BODmax = 40 1b BOD/1000 ft*-day

Let D = 6.00 ft

y = JOTAL BOD

iy D

max

6.005 1b BOD/day

40 1b BOD/1000 ft'-day

A= % = 25.02 ft?

¥ = = 150.12 ft?

Use: D = 6.00 ft + 0.50 ft Freeboard
Length = 7.00 ft
Width = 3.57 ft
D = 6.50 ft
Efficiency:

35% 800L removed by primary treatment
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: F = 2.551
{ (1 + R210)
w = 6.005 1b BOD/day(1 - 0.35) = 3.90(1b BOD/day)
.
u-'_w: '

_ (3.90 1b BOD/day)(43,560 ft*/acre)
(150.12 ft')(2.551)

u = 443.6 1b BOD/acre-ft/day
5 i 100
"1+ 0.0085Vu
g 100
' 1 + 0.0085 V443.6 1b BOD/acre-ft/day
E = 84.82%

, BODe = 250 mg/£(1 - 0.35)(1 - 0.8482) = 24.67 mg/L

3 _ 250 mg/£ - 24.67 mg/L R

Clarifier Bank (Reference 2)

Q = 2 gal/min W = width

V < 100 ft/h L = length

W< L < 5W for Qopt D = total depth

Qopt = 2 gal/min d = liquid depth $
Qmin = 0.5 gal/min

Qmax = 3.5 gal/min

A = required surface area

Maximum Loading = 700 gal/day/ft?
For Qmax:

A (3.5 gal/min)(1440 min/day)

700 gal/day/ft’

A=7.20 ft’
if W=1.03 ft W = width
L=7.00 ft = LT L = length
R4 156




For Qopt:

Pk (2 gal/min)(1440 mig/day)
700 gal/day/ft

A=4.1 ft?
if W=1.03 ft
L=4.00ft=1L +1L,

M<L<SW = OK

For Qmin:
% (0.5 gal/min) (1440 min/day)
700 gal/day/ft’
A =1.03 ft2
if W=1.03 ft
Lx = 1.00 ft
Depth:
¥ = (3.5 gal/min)(60 min/h)(ft®/7.5 gal)(1.5 h)
¥ = 42 ft?
d=%
3
d =32t . 5833 ft; Freeboard = 0.50 ft
7.2 ft
Use: d = 5.833 ft
D =5.833 ft + 0.50 ft = 6.33 ft D = depth
W=1.03 ft L T AR W = width

-3

v = L2 gal/min)(ft®/7.5 ggl)(so min/h)
4.1 ft

vV =3.89 ft/h < 100 - QK

e l’-'%"'g§h:.:‘:‘ 2 :.“'%.'_f;), 4
sy ; .y




Rapid Mix and Flocculator Unit (References 2 and 3)

Q = volumetric flowrate = 2 gal/min
HRT = Hydraulic Retention Time

Rapid Mix:
HRT = 1 min
W=1.00 ft

_ (1 min)(2 gal/min)(ft®/7.5 gal)
A= T.00 ft

A = 0.267 ft?
Use: LRM = 0.75 ft
dRM = 0.36 ft
DRM = 0.75 ft
“RM = 1,00 ft
Flocculator:

v=3
3
V= 1_21113_?).&.(‘_%_‘_’9_).2 rminlfe f.3.9al) - g.119 ft/min

L =5.00 ft
; I
HRT v
. _5.00 ft o 9 .
HRT 0,179 ft/min 42.2 min > 15; < 60 ~ 0K
Use: L = 5.00 ft
| w=1.50 ft
; d =1.50 ft
' D = 2.00 ft
See Figure 25.
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Design of Flocculator Paddles

See Figure 24.

For: Q = 2 gal/min

¥ = 11.25 ft?
HRT = 42.2 min

CD = Drag Coefficient for Rectangular Paddles = 1.8
v, = 0.5 ft/s to 2 ft/s v=075v,

G= P/uv=175s""! P=u6=V

T = 60°F

M = 2.359 1b-s/ft? x 1075

p = 1.938 1b-s/ft"

(75 s~1)*(2.359 x 10°° 1b-s/ft2)(11.25 ft*) = 1.493 ft-1b/s
2.714 x 10°* hp

o ©
L] n

Cpev

. 2(1.493) = 16.232 ft2
Amax 1.8(1.938)[0.75(0.5)]°

vp=2 3
Amin iz

2(1.493)

- = 0.254 ft?
1.8(1.938)[0.75(2)]

2(1.493) 2 2 |
A, wherev_ =1.0 = = 2,029 ft A = 0.676 ft
"e P 1.8(1.938)(0.75)° . |

= = = 2
If Dpay = 1.25 ft d=1.417 ft Ap 1.771 ft
Aholes = 1.771 - 0.676 = 1.10 ft* = (6d)(1.333) => d = 0.14 ft

Used = 1-11/16 in
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Design of Flocculator Motor

vp, © 2 ft/s
2
0.625 ft vp =1 ft/s
.3 o
C=nd = 2(0.625)r = 3.927 ft

w 15.28 r/min

1

p=2.714 x 10°° hp = 3‘6%‘5'

Use a 1/250 hp Motor | ¢

Design of Impellar Motor

Given: Q = 2 gal/min
¥ = (0.36)(0.75)(1.00) = 0.270 ft?

HRT = 1.00 min

O
1]

D= Drag Coefficient for Rectangular Paddles = 1.8
=6 in

6 = VP/w¥

60° F

2.359 1b-s/ft2 x 107% = 7.59 x 10”* 1b-mass/s-ft
1.928 1b-s?/ft* = 62.353 1b-mass/ft®

6.30

r/s = 30 r/s

32.2 ft-1bm/s?-1bf

o
—e
1]

3 x D = -
" n ] ] "
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Design of Impellar Motor (Concluded)

NR = Reynolds Number > 10,000

Use NR = 50,000

NR M
n=-R_ 5478 r/s

Dinp

= 328.65 r/min

k ins
P R

9% pn°D
p = 354%91 (62.353)(5.478)°(0.33)°/550
P = 0.0143 hp = 1/70 hp . Use | 1/50 hp

- 550 ft-1b/s _
Puse = (35 hp)(——T'-p—L) = 11.00 ft-1b/s
T R

CDpv

(5.478/s)(n)(0.33 ft) = 5.70 ft/s

<
n

<
n

0.75 vp = 4.26 ft/s

A=—22_-0.034 ft2 = 4.90 in?

=

¥ e 4.802 = 2
Ap .- 0.82 in

where A6 = area of single vertical bar

See Figure 23.
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Fluidized Bed Urit Design Calculations (Reference 5)
See Figure 31.

Flowrate = 2 gal/min (Optimum)

Length = 12 ft - 3 in - 9 in = 11.00 ft

Detention Time = 10.5 min

Volume Required = (2 gal/min)(10.5 min) = 21.0 gal = 2.80 ft?
Area = 2.80 ft3/11.00 ft = 0.255 ft?

1/2
Diameter Required = (4 0255 ) = 0.569 ft = 6.83 in

Use: 8 in 0.D. Clear Acrylic Pipe
t = 0.125 in
I.D. 7.75 in
Area = 7(7.75/12)°/8 = 0.328 ft2
Volume - 0.328(11.00) = 3.603 ft?
Detention Time = Vol/(2 gal/min)(ft3/7.5 gal) = 13.51 min
Hydraulic Flux = 2 gal/min/0.328 ft? = 6.105 gal/min/ft?

CH,OH Requirements:
75 mg/L = 75 ppm

(2 gal/min)(8'33 ‘b)(454’°°° ma) . (2 gal/min)(3.785 £/gal) = 7.6 &/min

gal 1b
Q=7.6 £/min
= 0.82 £/day CH,OH
_ (1000 me\/ 1 da _ 0.7 me
N ( day )(21 X %U) ~ Tmin

Mixing Motor Design:

UG

2.35 x 10°°% 1b-s/ft?
75 s°!

2,67 ft?

= (0.353 ft-1b/s)() hp / 550 ft-1b/s) = 1/1558 hp)
Use: P = 1/250 hp

©
"

'}
G
"
P
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Fluidized Bed Unit Design Calculations (Concluded)

Area of Paddle Required = 2{1/250 ,550
CDpv

O
"

D 1.8 (Coefficient of Drag for Rectangular Paddles)
1.938 1b-s2/ft"

©
]

1.5 ft/s
(0.75)vp

<
n

Area = 0.886 ft2 = 127.6 in?

3d(22) + 9.5(1) = 63.8
d = 0.82 in
N = vp/nD ‘
D = diameter of impellar = 10 in

i N = 34.4 r/min
i Use: N - 35 r/min

Holding Tank Design:
Volume = (2 gal/min)(10 min)(ft3/7.5 gal) = 2.67 ft?
Detention Time = 10 min
Diameter Required = 14 in 0.D. = 13.5 in I.D.
Area = 0.994 ft?
Depth = Vol/Area = 2.69 ft
Height = 3.00 ft

Chemical Container Design:

Volume = (2 gal)(ft®/7.5 gal) = 0.267 ft®
Diameter = 6 in 0.D. = 5.75 in 1.D.

Area = 0.180 ft?

Depth = 0.267/0.180 = 1.50 ft

Height = 2.0 ft
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L

Sand Filter Unit

= 2.65

dﬁn = diameter of sand grains = 0.736 mm
Y, = specific weight of water = 62.4 1b/ft?
GI = specific gravity of sand grains
T = temperature range = 10°C to 50°C
Wgp = viscosity = 0.8004

1.82 0.94
0.00381 d_. [Yf(Ys - yf)]

1. me = Minimum Fluid Flux =

u0.88
Vi = 10.02 gal/min/ft?
pe(d, %)V
2. Remf = Minimum Fluid Reynolds Number = —j;-jﬁ——iﬂt

Rgps = 6-26 g < 10 = OK

3. Réu = Initial Reynolds Number = 8.45 Rq . = 8.45(6.26) = 52.90
m

n = Exponent of Expansion Equation =

4, Minimum Fluid

Use E 0.45

nominal
> n
Vof = R(omf)

R = 110.84 gal/min/ft?

5. V_. = 20 gal/min/ft> Expansion

wf
Vv = Re"

(4.45 + 18 d /D, )Rgo"| = 3.01

E = Void Ratio of Expanded Bed = 0.566

&l
!




Sand Filter Unit (Concluded)

6. Expanded Media Height
Lo(l - Eo) = Le(l - E)
(18 in)(1 - 0.45) = Le(l - 0.566)

Eo

"

initial void ratio

L

. 22.82 inches

7. Filtration Rate = 2 gal/min/ft?

A = __g_ﬂéllﬂiﬂ_? = 1.00 ft?
2 gal/min/ft

¢ = 1.128 ft
Use ¢ = 14 in = 1.17 ft
F.R. = 2 gal/min / 1.069 ft? = 1.871 gal/min/ft2 < 10

8. Sand
0.45 mm < dlo < 0.50 mm
1.50 < U.C. < 1.60
95% < 1.0 mm
100% < 2.0 mm
U.C. = 60%/10% Size (Uniformity Coefficient)

See Figure 26.
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Disinfection Contact Chamber (Reference 2)

Q = 2 gal/min

HRT = 15 to 45 min
Application Rate = 15 mg/L
¢ = diameter of pipes

Small Pipes
¢ =4 in
A = mr?

s 12
A = _12_1%= 0.0873 ft2
144 in /ft

¥ Q (4;931/m1n)(ft’/7 5 gal)
: 0.0873 ft

v

s 3.06 ft/min

Large Pipes

¢ =12 in
A = nr? :
2
- {69n)"n . o 7854 ft?
144 in’/ft

P % (2_gal/min) (/7.5 gal)

L 0.7854 ft
v, = 0.340 ft/min

Hydraulic Retention Time

Z(Tm‘évm » mv'mm) * 30 min

X =2Y Y = Total Length 12-inch ¢ Pipe
Y =4.173 ft X = Total Length 4-inch ¢ Pipe

Use L = 4,00 ft (per "bank")
HRT = 28.8 min -~ 0K
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&
é, Chlorine Required
L5 Rapp = (15 mg/£)(g/1000 mg)(kg/1000 g)(2.2046 1b/kg)(3.7854 £/gal)
| Rypp = 1.2518 x 10" 1b/gal

Q= (2 gal/min)(RApP)(GO min/h) (24 h/day) = 0.361 1b/day

Activated Carbon Columns Design Calculations (Reference 7)

Type: Upflow

Flowrate = 2 gal/min

Hydraulic ! oading = 5.1 gal/min/ft’?
Contact Time = 30 min

Area = 2 gal/min / 5.1 gal/min/ft? = 0.392 ft2

Volume = (2 gal/min)(30 min)(ft®/7.5 gal) = 8.00 ft* _ -

23 12
o= MO39 1) U7 . o 707 £t = 8.48 in

Use: 8.75 in ¢ Clear Acrylic Tubes : /
t = 0.125 in
1.D. = 8.50 in

Area = 0.394 ft?

Volume = 8.00 ft?
: Height = 8.00/4(0.394) = 5.075 ft
| Use: 4 Tubes, Height = 6 ft, 0 in

See Figure 28.

Reference

7. Process Design Manual for Carbon Adsorption, Environmental Protection
Agency, Technology Transfer, Program Number 17020 GNR, October 1971.
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I. Envirex Model 4189 Reverse Osmosis System

The Envirex Model 4189 Reverse Osmosis (RO) System is designed, built, and

tested to treat up to 7 gpm of feedwater. The feedwater is pretreated by fil-

tration in three 5 micron cartridge filters with throw away elements. The '
brine and product water may be recycled back to the feedwater tank to maintain

a constant feedwater concentration. A temperature controller maintains the

feedwater temperature between an adjustable dead band by controlling the flow

of hot or cold water through a cooling coil located within the feedwater tank.

Any group of three different types of RO modules may be easily connected into
the feed and discharge piping system for comparison studies. A given set of
modules may be tested in either series of parallel operation by opening and
closing the appropriate valves. More specific information on each type of mod-
ule, spiral wound, tube type, or hollow fine fiber type, can be found in the
appendix of this manual.]

The high pressure feed pump and piping system are built of stainless steel and
plastic materials of construction to resist corrosion. Further protection of
the RO modules is offered by an adjustable relief valve and pressure switches,
which are to be set at the maximum recommended pressure for the modules being
tested. An electronic memory system and set of trouble lights show the opera-
tor which operating condition shuts down the system: excessively high feed
pump pressure, low suction pressure, or low feed tank level.

The Envirex Model 4189 RO system is designed for continuous duty. The finest
components available were selected to allow its use as a reliable test bed for
experimenting with various feedwaters and various modules.

Footnote

1. Throughout this operations manual, reference is made to an appendix to the

' manual that contains specification sheets for the various elements making
up the reverse osmosit unit. The appendix to the manual is not included in
this report because much of the material it contains is unreproducible. It
will, however, be included in the TWARDS equipment 1isting.
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II. Description of Components

For ease in following the ensuing discussion, please refer to the process flow
sheet, photographs, assembly drawing, and electrical schematic in the appendix
of this manual. Read this manual in its entirety before attempting to start
the RO system.

A. Feed Water Tank System

The feedwater tank is provided in black polypropylene to resist attack
from a wide variety of chemicals and damage from sunlight. Fittings were
provided at the tank bottom for drainage, level monitoring, and drawoff.
A fitting near the tank top serves as an overflow outlet. The tank is
fitted with a stainless steel cooling/heating coil through which cold or
hot water flows. The zone at the tank bottom serves to collect sediment.

B. Temperature Controller

Located on the side of the control panel is a dead band temperature con-
troller. When the fluid in the remote capillafy fbbe bulb expands or con-
» tracts due to water temperature change, a bellows arrangement in the con-
: troller opens or closes the contacts of two switches. One switch operates H
a cold water solenoid valve and the other a hot water solenoid valve. The é
flow of either hot or cold water through the cooling coil maintains the ‘
tank temperature within the set range (dead band). :

C. Booster Pump

The all plastic and stainless steel booster pump is used to maintain a :
positive pressure on the high pressure feed pump, while overcoming the ;
head loss through the cartridge filters. This pump is controlled solely |
by the head loss through the cartridge filters. A valve on the suction
pipe and the three cartridge filter inlet valves can be closed to service
this pbmp. A plug in the side of a tee at the pump discharge can be re-
h \ moved for draining the pump. ;




D. Cartridge Filters

The (3) cartridge filters provide final protection against solids or pre-
cipitates larger than 5 microns from entering the RO modules. Each filter
is flow rated for 5 gpm at 100 psi and 100°F. Only two filters should be
in operation at one time, with the third filter on standby to be rotated
into use when one of the others becomes clogged.

* E. High Pressure Feed Pump

The feed pump provided on this RO system is the Goulds Model 3933 Series

MB 13 Multistage Centrifugal Pump, size 13500. It has a 7-1/2 hp, 3500

rpm motor which runs on 230/460, 3-phase, 60-cycle current. A mechanical

seal is provided, thus eliminating lubrication and adjustment common to

packings. This pump is constructed of 316 stainless steel and "Noryel"

plastic for corrosion resistance. ' ]

F. Pressure Switches

Pressure switches sense the feed pump suction pressure and discharge
pressure. The suction pressure switch is factory set to shut down the RO
system and turn on an indicator light if the pressure gets below 6-8 psi. | ;
The feed pump discharge pressure switch should be set to shut down the RO

system and turn on an indicator light when the discharge pressure exceeds ‘
400 psi for the DuPont modules, 600 psi for the Gulf Atomic modules, and H
600 psi for the Fluid Sciences modules. These two switches are located on ‘
the right side of the control panel and are of the static "0" ring type.

Pressure acts on a small diaphragm held in place by an "0" ring in the

switch stem.

A diaphragm actuated mercury switch mounted above the feed tank monitors
the fluid level in the tank. If the water level gets below a predeter-

mined point, the switch shuts down the RO system and turns on an indica-
tor light on the panel.

o A

S i B v e
A S o 5 i




G. Reverse Osmosis Modules

The Envirex Model 4189 RO system is equipped with three DuPont “Permas?p“
modules, three Fluid Sciences tubular modules, and three Gulf Atomic
spiral wound modules. A1l modules have been adapted to use the 37° flared
connector at all ports. These modules are all mounted on the RO system
frame for convenience in handling and shipping. They can be removed eas-
ily for replacement, examination, or maintenance, should it be required.
More specific information about each type of module can be found in the
appendix of this manual.

H. Flowmeters

The raw feed water flow into module No. 1 is measured by a direct reading
Vare.-Meter (variable area of flow meter). Increased flow pushes a metal
“float" higher in a tube of increasing cross sectional area. The float
magnetically moves a level attached to the pointer which indicates the
float position, and thus the quantity of flow. The read out is in gpm,
and accuracy is 2% of full scale.

The product water (permeate) from each module is measured by direct read-
ing varea meters. These meters are simple, clear plastic units read by
the position of a steel ball relative to a fixed vertical scale. Read out
is in gpm and accuracy is 2% of full scale.

I. Piping System

The piping system is made entirely of stainless steel and plastic for
good corrosion resistance. PVC ball valves allow the operator to take in-
dividual cartridge filters out of line for replacement. Stainless steel
ball valves are used to change the flow of feedwater to the modules from
parallel flow to series. Needle valves are also used for this purpose,
besides used to control the flow of feedwater to each module when opera-
ting in parallel. An adjustable relief valve prevents the modules from
being over pressurized. It must be set to bypass excessive flow back to
the recirculation tank. A stainless steel ball valve is used to throttle
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the flow from the feed pump to minimize the flow through the relief
valve, thus decreasing power consumption and wear on the relief valve
seat.

A11 high pressure ports (feed inlets and concentrate outlets) are fed by
teflon lined high pressure hoses with female 37° swivel fittings. The
modules all have male 37° fittings. Any set of modules can be connected
to the piping system by removing the storage caps and screwing the hoses
to the module fittings. The storage caps should be kept in place on the
unused modules to prevent drying out. Plastic tubing is used to carry
product water to the flowmeters and back to the recirculation tank. Rub-
ber discs in the product water outlet tube nuts serve as storage caps and
should be saved for storage or shipping. '

J. Electrical Control Panel

The Model 4189 control panel requires grounded 460-480 volt, 3 phase,

60 Hz power, with at least 30 amp capacity. The panel has been designed
and built according to the National Electrical Code, with overload and
short circuit protection.

Each motor is provided with a fused automatic/manual reset starter which

will cause a system shutdown in case of a motor overload. The short wait
necessary while allowing the motor starter heaters to cool serves as the

indication that the motors were overloaded. The system will start imme-

diately if other safeguards cause a shutdown.

A system of relays and pressure switches allows the appropriate trouble
' light to remain on in event of an automatic shutdown, thus indicating the
cause of the shutdown. To restart the system, the operator must manually
restart the system and correct the cause for shutdown. If not corrected,
the system will continue to stop after switching to "automatic." If the
cause for shut down is excessive feed pressure, the operator must also
press the reset button before attempting to restart the system.
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III.

Start Up Procedure
A. Mounting

The entire Model 4189 RO system is mounted on an aluminum base with
castered wheels for easy handling and portability. It can be wheeled
into place and connected to the utilities.

B. Connections

1. Wire the control panel with a source of 460-480 volt, 3 phase,
60 Hz power of at least 30 amp capacity.

2. Pipe the hot and cold water sources into the appropriate solenoid
valve, as marked.

3. Connect a hose or pipe to the cooling coil discharge, overflow
discharge, and tank drain, as required, and extend these hoses
or pipes to a drain.

C. Preparations

1. Fill the feed tank with water and adjust the pH with acid as re-
quired for the type of modules being put into service. If the
system is being run for the first time after shipment, the mod-
ules should be flushed according to the instructions for each
type of module in the appendix [to this manual] to remove ship-
ping preservatives.

2. Connect the appropriate hoses to the desired modules, being care-
ful to connect the feed hose to the feed inlet, the concentrate
hose to the concentrate outlet, and the product water tube to the
product water outlet. These hoses and tubes are marked and the
modules are numbered 1, 2, 3 from top to bottom. Feed and concen-
trate hoses are marked at the end where they join into the hard
pipe manifold. ; :

3. Open or close the appropriate valves to allow parallel flow to
the modules. Use the following table of valve positons and draw-
ing No. FG-4189-C-1 in the appendix to set the valves:
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Valve No. Valve Position Valve Type
1 Open Needle
2 Closed Ball
3 Open Ball
4 Open Needle
5 Closed Ball
6 Open Ball
7 Open Needle

Open the inlet and outlet ball valves of any two cartridge fil-
ters and close the inlet and outlet valves of the third filter.
Set the pressure switches. Refer to the module specifications in
the appendix [to this manual] to find the proper feed pump dis-
charge pressure. The high pressure switch can be adjusted by re-
moving the cover and turning the adjustment nut up or down to de-
crease or increase the desired set point. A numbered scale within
the switch serves as an approximate guide. See the appendix [to
this manual] for more instructions on pressure switches.

The low pressure switch can be set in the same manner, except
that the set point should be 6-8 psi.

The tank level switch is actuated by the column of compressed
air trapped above the liquid in the external tube connected to
the feed tank bottom. Make sure that the tube does not leak, or
is not removed; otherwise the feed tank will have to be emptied
to trap a new column of air above the liquid in the tube. This
switch is adjusted by removing the cover and increasing or de-
creasing spring tension with a screw driver. Two screws must be
adjusted; the high level (spring tension) and the range or low
level (magnet position). Scales in this switch give the approxi-
mate settings. Adjust the switch to open the circuit when the
tank water level falls below the desired level. The minimum dead
band of this switch is 7 inches. This switch should be as level
as possible to work well.

Set the high and low temperature limits on the temperature con-
troller. Pull open the case and set the high temperature limit by
turning the high temperature adjustment knob until the red
pointer is positioned as desired. Slide the low temperature indi-
cator (yellow clip-on pointer) to the desired low temperature
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limit. See the appendix [to this manual] for more detailed in-
structions on the temperature controller.

With the main ball valve throttle open, start the booster pump to
purge the high pressure feed pump, the modules, and piping of
air. Observe the concentrate return tubes and product flowmeters
to determine when all lines are purged of air.

With the main ball valve throttle closed, jog the high pressure
feed pump to determine its rotation. Interchange any two of the
three feeder wires at the terminal strip in the panel if the ro-
tation is not clockwise as viewed from the motor end of the pump.
See the warning labels on the pump and the instruction booklet in
the appendix [to this manual].

DO NOT RUN THE PUMP WITHOUT WATER OR SERIOUS DAMAGE TO THE
PUMP COULD OCCUR.

Starting the RO System

Start the booster pump if it is not already running, by moving
the switch to "Manual Start" position.

Close the main throttling ball valve. DO NOT START THE HIGH
PRESSURE FEED PUMP UNLESS THE MAIN THROTTLE BALL VALVE IS CLOSED.
SUDDEN VARIATIONS OF PRESSURE COULD DAMAGE THE RO MODULES. Start
the high pressure feed pump by moving the start switch to "Manual
Start" position.

Slowly open the main valve to the full open position.

Adjust the three needle type throttle valves (valve numbers 1, 4,
and 7 with black plastic knobs) until the desired concentrate
pressure is reached.

Adjust the pressure relief valve until the feed pressure is 600
psi for the spiral wound and tubular modules, or 400 psi for the
hollow fine fiber modules. Loosen the lock nut on the relief
valve adjustment screw and turn the adjustment screw with a
socket head wrench (Allen wrench) clockwise to increase or
counter-clockwise to decrease the feed pressure. Lock the screw
with the locknut when the discharge pressure is adjusted as de-
sired.
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Slowly close the ball valve until the feed pressure just begins
to drop. By so doing, noise, chatter, flow fluctuation, relief
valve wear, and power consumption will be minimized.

Quickly flip the pump switches from "Manual Start" to "Automatic
Run" position. Slowly moving the switches will allow the motor
starters to drop out long enough for pressure to drop below the
low pressure switch set point, thus shutting down the system.
System "Bounce" can also occur, a condition during which the
starters bounce on and off, thus causing sudden pressure surges
which are damaging to the modules.

Note: If this is the first time the unit is to be run since
shipment, flush the shipping preservative out of the modules.
Direct the concentrate return tubes (from the feed tank) into a
sewer or disposal vessel, and refill the feed tank with water
while the system is running. See the module instructions [in the
appendix to this manual] for the time period.

Another method is to recycle the water through the modules,
drain the tank, refill the tank and continue recycling water
through the modules. Repeat this process until the number of
gallons of flush water used in the first method above have been
pumped through the system.

The system is now in operation, and comparitive tests of the
modules may be taken. Water samples may be taken directly from
the return tubes at the feed water tank. If the operator wishes
to change operating pressures, readjustment of the valves wiil be
necessary. It may take some "fine tuning" adjustment between the
concentrate throttle valves and the main throttle valve before
the desired operating pressures are obtained.

E. Restarting the RO System

1.
2.

See Section D above and carry out steps 1, 2, 3, 6, and 7.
If excessive feed pressure stops the system, press the high pres-
sure switch reset button, before proceeding with the above steps.
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F. Operation with the Modules in Series

The previous discussion was for parallel operation of the RO system. To

{

operate the system in series, follow these steps.

1.

With the system shut down, open or close the valves according to
this table: !

Valve No. Valve Position

Closed
Open
Closed
Closed
Open
Closed
Open

NO O A WN —

Perform all of the operations outlined earlier up to Section D as
required.

Refer to Section D as previously discussed, and carry out steps
1, 2, and 3. Close valve No. 7 slowly until the desired module
No. 3 concentrate pressure is reached. Continue to carry out
steps 5, 6, and 7 as in Section D.

G. Determining Flow

See the module specifications, graphs, tables, and sample calcu-
lations in the appendix [to this manual] for theoretical flows at
various pressures and temperatures. Perform the necessary calcu-
lations to determine the pressure settings for the desired flows.
For parallel flow, the product water flows are directly as indi-
cated on the three product flowmeters. If the feed pressures are
all equal, the feed flows can all be assumed to be equal to that
read on the feed flowmeter of module No. 1. The concentrate flow
is found by subtracting the product flow from the feed flow.

For series flow, the entire feed flow enters the No. 1 module
flowmeter and is read directly. The feed flow to each successive
module is the concentrate of the previous module and is found in-
directly by subtracting the previous module's product water flow
from its feed flow (measured or calculated).
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Iv.

Operating the RO System

A. Check the feed water temperature. If the coolant is not cold enough,
overheating could occur even if coolant is flowing through the cool-
ing coil. Shut down the RO system if the feedwater temperature gets
above the values recommended in the module specifications [appendix
to this manual].

B. Check the pH. Readjust as necessary to maintain the desired range
(see appendix [to this manual]).

C. Check the feed and concentrate pressures. If they vary from the de-
sired values, adjust as required. If the feed and concentrate pres-
sures vary by more than 50 psi, flush the modules.

D. Check the pressure drop and feed pump suction pressure. If the drop
is 10 psi or more, or the suction pressure is near or below 8 psi,
cycle in a reserve cartridge filter and replace the clogged cartridge
filter elements. See the appendix [to this manual] for replacement
procedures.

E. Check the flow from the relief valve. If there is considerable flow, _
close the main ball valve slightly until the feed pressure just be- g
gins to drop.

F. Check the feed tank water level. Insufficient feed volume will not !
derive the full cooling benefit from the cooling coils. Add enough '
feed water to keep the cooling coil submerged. !

G. Periodically test the product water for total dissolved solids (TDS).
If TDS is abnormally high, the problem may be too high a conversion
rate, too low a feed pressure, fouling, or module damage. Readjust
operating conditions or flush the modules. If neither action recti-
fies poor module productivity, consult Envirex Inc.

180

o A ey




L

When adding water to the feed tank, be sure that the chlorine and
other chemicals detrimental to the modules in the water are below
the concentrations allowed as listed in the module specifications
[appendix to this manual].

If the high pressure switch is tripped by feed pressure exceeding the
switch setting, the high pressure reset switch must be pressed to al-
low restarting of the system. Check the switch setting, or valve po-
sitions if tripping persists.

V. Precautions

Never operate the unit without filter elements in the cartridge fil-
ters. To allow continuous operation, only two filters should be on
‘ine at one time. The third clean filter is to be "rotated" into op-
eration as the other filters blind.

Never operate with closed concentrate throttling valves. This causes
100% conversion and rapid membrane fouling.

Keep the feed pressure at the recommended values.
Do not exceed the recommended temperatures.

Maintain lubrication of the feed pump as required by the instructions
in the appendix [to this manual].

Keep permeators wet during shutdown. Do not allow siphoning or drain-
age during shutdown. For extended periods.of shutdown, see the spe-
cial shutdown instructions in this manual.

Do not allow the feed-concentrate pressure difference to exceed the
module manufacturers specified values. Cleaning is more difficult,
if possible at all. '

Do not disconnect or bypass the pressure switches when in continuous
operation.
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I. Do not run the RO system at feed pressures higher than recommended.
Always maintain the proper relief valve adjustment.

J. Make sure cartridge filter cartridges are properly installed to pre-
vent unfiltered water from reaching the modules.

VI. Shut Down, Shipping, and Storage Procedure
A. Short Term Shutdown

1. Turn off the RO feed pump and the booster pump.
Turn off the power.
Close all valves to trap the water in the system to keep the mem-
branes wet.

B. Long Term Shutdown (For Storage or Shipping)

1. If the unit will not be used for 2 or more days, a 1% formalde-
hyde solution should be recirculated through the modules to pre- -
vent biological growth. DO NOT USE CHLORINE OR QUATERNARY
AMMONIUM type sanitizing agents ("ZEPHIRAN").

2. If the unit is in danger of freezing during shipment or storage, :
an 18% by weight glycerine solution with 1% formaldehyde should %
be recirculated through the system to prevent freeze damage down
to a temperature of 0°F (-18°C).

3. Use the feed water tank and booster pump to feed the RO pump
through the cartridge filters. Recycle the product water and
brine back to the tank. Readjust pressure switches or disconnect i
them if necessary to maintain continuous operation.

4. Operate the RO system at 300-400 psig at low conversion rates for .
at least 2 hours. Provide cooling coils in the tank to PREVENT .
THE TEMPERATURE FROM RISING OVER 90°F.

5. Turn off the system and close all valves and plug all outlets to
prevent the leakage and loss of preservative.

6. Use the above procedure before removing a module from service to

. preserve it for storage or shipping.
{ , 7. Drain the feedwater tank by opening the bottom drain valve.
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VII. Flushing Procedure

A. The high pressure feed pump can be used for flushing the RO modules
if the feed pressure is reduced to 150-250 psi. Feed the detergent
solution in the same manner as formaldehyde and glycerine (see Sec-
tion VI, Shutdown Procedure). Use the feed tank for the detergents
recommended in the Technical Bulletins [appendix to this manual] for
the modules.

B. Start the pumps, and flush at the recommended rates for the recom-
mended times (see appendix [to this manuall).

C. Drain the detergent solution. Flush with clean water and drain. Fill
with the fresh water to be used in the tests and continue operations.

VIII. Trouble Shooting Guide

If the RO system shuts down, refer to this trouble shooting guide before re-
starting the system.

The causes of the various alarm conditions and corrective action are as

follows:
Problem Probable Cause _
A. High Permeator Pressure 1. Pressure relieve valve (PRV) is set

too hfgh or inoperative. Readjust
to lower pressure or disassemble
and clean.

2. While the contrary can be true, the
PRV is not intended to mask over-

pressure due to possible plugged
feed lines or valve orifice ports.
Step by step inspection of the high
pressure plumbing from the reject
flow control valve is required to
locate the pluggage.
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Problem Probable Cause
B. Low Concentrate Pressure 1. Fouling of the membranes by hydra-
ted metal oxides will increase AP
rapidly within 24 hours. Slower AP
buildup may be due to colloids,
calcium precipitates, or pacterial
slimes. See appendix [to this man-
ual] (Modules) for the cléaning
reagents and Section VII for flush-
ing procedures.
2. At excessive feed flows, module in-
ternal headloss could account for a
greater AP. Adjust the main control
valve and concentrate valves to
minimize internal headloss.
C. Low Pump Suction Pressure 1. Insufficient feed pressure to high
pressure pump. Open cartridge fil-
ter inlet and outlet valves on
“fresh" cartridge. Isolate and re-
place the plugged filter cartridge.
2. If cartridge filter elements are
“new," check for sufficient feed
volume to booster pump and/or air
leaks in suction piping.
D. Decreasing Product Flow 1. Productivity of membranes decreases
with time due to a variety of fac-
tors, a natural characteristic of
all RO systems.
2. A decline in product flow outside
these guidelines may be attributed
to the following: ,
a. Fouling by calcium precipitated
(e.g., CaCO,, CasO,, CaPO, ).

b. Water or wastewater with a high
osmotic pressure (high feed
TDS). Flush the system.
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To start the system after an alarm condition, push the alarm reset button and
follow the start-up sequence detailed earlier (i.e., start booster pump, wait
for low pressure build-up and any entrapped air to purge, start RO feed pump).
If proper corrective action has not been taken, an alarm condition will once
again shut down the booster pump and RO feed pump. A re-check of the system
and troubleshooting guide may then be necessary.

A false alarm condition can exist if an overload or short circuit occurs. See
section on Electrical Control, for identifying procedure (Section II, Item J).
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APPENDIX C
OPERATING INSTRUCTIONS FOR ROMICON MODEL HF1SSS/HF2SSS
ULTRAFILTRATION SYSTEMS'
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1.0 DESCRIPTION

1.1 GENERAL

The Romicon HF1SSS/HF2SSS (Figure C-1) is a complete, self-contained, sanitary
cartridge ultrafiltration system for the ultrafiltration of aqueous solutions.
The system consists of a process circulation pump, a backflush pump, a hollow
fiber ultrafiltration cartridge(s), a permeate tank, and appropriate valving
and pressure and temperature gauges. The system is mounted on a structural
steel frame with sanitary legs. A1l pressure control valves, drain valves,
pressure gauges, thermometer, and pump control switches are mounted for easy
access on the frame of the unit. An electrical control box on the unit con-
tains two motor starters, fuse blocks and electrical relays. A1l process pip-
ing is sanitary stainless steel. The unit is designed to operate in conjunc-
tion with a process tank supplied by the customer.

1.2 PROCESS SYSTEM

The process system consists of a circulation pump, a strainer, ultrafiltration
cartridge(s), 2 pressure control valves, pressure gauges, a thermostat, a
thermometer, and 2 process drain valves.

1.2.1 Process Circulation Pump

A Ladish centrifugal pump is used to circulate the process stream through the
hollow fiber ultrafiltration cartridge. The pump is driven by a totally en-
closed fan-cooled 1-horsepower 3600 rpm motor. The pump is controlled by a
pull-to-start, push-to-stop button, with a built-in amber pilot lamp.

1.2.2 Strainer

A Ladish sanitary strainer with a 100-mesh (104 u) screen is provided at the
circulation pump outlet to eliminate large particles from the solution.
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1.2.3 Ultrafiltration Cartridge

A Romicon hollow fiber ultrafiltration cartridge is used to concentrate the
solution. Two types of cartridges are available; one has 30 square feet of
membrane area with a molecular cutoff of 50,000, the other has 25 square feet
of membrane area with a molecular cutoff of 10,000. The cartridge is connected
at each end, by means of 3-1/2 inch sanitary-design clamps, to special adap-
ters. The adapters are in turn clamped to upper and lower process fittings on
the unit with 1-1/2 inch sanitary design clamps and gasket. Two permeate out-
lets on the sides of the cartridge are clamped to upper and lower permeate
fittings on the unit by means of 1-inch sanitary design clamps and gaskets.
The upper permeate outlet is used for discharging the permeate; the lower per-
meate outlet is used to pressurize the cartridge for backflushing the fibers.
A valve is provided at the upper permeate outlet discharge to divert permeate
for sampling or to a remote receiver.

1.2.4 Process Pressure Control Valves (V1, V2)

Two 1-1/2 inch Ladish sanitary diaphragm valves, one at the circulation pump
outlet and one at the system outlet, are used to control pressure into and out
of the hollow fiber cartridge.

1.2.5 Pressure Gauges (P1, P2)

Two pressure gauges on the cartridge process inlet and outlet lines monitor
process pressure. A pressure switch guards against accidental damage as a
result of overpressurization of the system.

1.2.6 Thermometer

A thermometer is provided on the process stream outlet line to monitor opera-
ting temperature. An operating temperature of 120°F maximum should be ob-
served.

1.2.7 Thermostat

A safety thermostat is provided on the process stream outlet to shut down the
system at 120°F.
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1.3 BACKFLUSH SYSTEM

The backflush system consists of a pump, a permeate tank, a pressure control
valve, and attendant piping.

1.3.1 Backflush Pump

A miniature, close-coupled, all plastic centrifugal pump is used to pump clean
ultrafiltrate, or permeate, from the permeate tank back into the cartridge for
cleaning. The pump is driven by a 1/5-horsepower universal motor. An electri-
cal interlock prevents the backwash pump from operating simultaneously with
the process circulation pump. The pump is controlled by a pull-to-start,
push-to-stop button with a built-in blue pilot lamp on the front panel.

1.3.2 Permeate Tank

An ll-Qa]lon Polyethelyne tank mounted on the base of the unit stores permeate
for backflushing the cartridges. The permeate outlet on the bottom of the tank
is connected to the backflush pump. The permeate outlet on the side of the
tank is a one inch female pipe thread for connecting to the customer's drain
or process line. A level control switch consisting of a stainless steel float
and magnetic switch is immersed in the tank. The switch is set to the minimum
practical volume allowable before the pump runs dry. At that point, the switch
shuts down the pump.

1.3.3 Permeate Sampling Valve (V5)

A 3-way PVC valve is provided at the permeate inlet to the tank. This valveiis
used for diversion of the permeate for sampling or to a remote reservoir.

: 2.0 SPECIFICATIONS
Cartridge type....cccovuve.. vesesesessss HF30-20-XM50... HF22-20-PM10
Membrane area.........oveeveeeveseees.so 30 square ft... 22 square ft
Circulation rate.......cevevvvveevveees. 15 to 20 gpm... 4 to 6 gpm
Nominal molecular cutoff........ccovuuue 50,000 mw...... 10,000 mw




OPErATING PrOSSURE. « « o5 o cia sia s s s iais s sisie siaialeisislsiaia sias siaioio viois 25 psi maximum

1 v Operating temperature........cccceeeeereneeennneeenneenns 120°F maximum
Cieeulation pumpn: .&.c5nns SARRE kL dang AL AEsaIR Ladish C114-4
Circulation pump motor........ccvveeeeeneencenncnnannnns 1 hp 3600 rpm, TEFC
BACKT VESNUPUMD. 5 < o555 aios v 3o 5 oalars sriias ol aiums ol eis e oisieiiese siome Eastern P7
Backflush pump motor.........covvviiinnnnneennenennnnnns 1/5 hp 6000 rpm
Wetted MABERTANS. , oo oy o oirs sin s vis aeestavstorsis alstate ores s nmetstotate Stainless steel, CPVC
Bimensians. o2 seaile B 0 s P AT N e T A L S 46 inches high

37 inches wide
36 inches deep

Electrical requirements. .iiv. . nasiads diilie dai odeai ds. 230 V / 30/60 Hz,
6.4 A
460 V / 30/60 Hz,
3.2A
Overload heaters for circulation pump motor starter..... 230 V: GE#CR123C3.26A

460 V: GE#CR123C1.63A

3.0 PRINCIPLES OF OPERATION

3.1 ULTRAFILTRATION

The Romicon HF1SSS/HF2SSS hollow fiber ultrafiltration system is designed to
be used as a pilot plant or small production plant for a wide range of ultra-
filtration processes. An aqueous solution is pumped through a cartridge con-
taining hollow fibers. The inner membrane skin of the fibers rejects large
molecules while allowing smaller molecules, ionic species, and water to pass
freely. The solution becomes progressively more dewatered as it moves through
the fibers and returns to the source.

3.2 BACKFLUSHING
Affer dewatering most organic materials, a film of high molecular weight mate-
f rial will coat the inside of the fibers, forming secondary membrane which will

impede the permeate flux. This film must be removed between runs or every 24 id
hours, whichever is shorter, if optimum 1ife of the hollow fiber cartridge is
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to be maintained. After each run, the permeate retained in the permeate tank
is pumped into the shell of the cartridge. The pressure of the permeate out-
side the fibers will loosen any foreign material inside the fiber lumens and
drive it out through both ends of the cartridge.

4.0 PREPARATION FOR OPERATION
4.1 INSTALLATION

a. Locate the HF1SSS/HF2SSS unit near a drain. Connect the drain line
on the right hand side of the unit to a drain.

b. Connect the pump inlet to a source of process fluid, usually a tank
of at least 10-gallon capacity.

NOTE

If the run will be long or the tank is small,
a plate-type heat exchanger may be required
to insure that the process fluid temperature
does not exceed 120°F.

c. Connect the process outlet, high on the left-hand side of the unif,
to a pipe or hose returning to the process fluid tank. :

d. Connect the permeate outlet either to drain or to another tank, de-
pending on whether or not the permeate is to be retained for addi-
tional processing.

e. Bring in a 230 or 460 volt, 3 phase, 60 Hz power line to the electri-
cal enclosure on the back of the unit. In the main fuse block, in-
stall fuses appropriate to the voltage used. Connect the transformer
Jjumpers in accordance with the wiring diagram. Install correct heat-
ers for the motor in the motor starter.

f. Wire the motor connections in the motor terminal box for appropriate
voltage, following the printed instructions on the motor. '

g. Jog (start and stop quickly) the circulation pump motor to see if it
is turning in the proper direction (clockwise when viewed from the
back of the motor). If the direction is incorrect, reverse any two
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of the three wires between the motor starter and the motor.
Repeat the procedure for the backflush pump.

4.2 PREPARATION FOR OPERATION

Remove the cartridge(s) from its packing.

Connect the two end adapters to the cartridge(s) using the 3-inch
sanitary gaskets and special Marman clamps.

NOTE

Orient the cartridge permeate ports 90° from
the adapter ports before tightening clamps.

Attach the cartridge with its adapters to the flanged process fit-
tings on the right-hand side of the unit using two 1-1/2 inch gaskets
and two 2 inch sanitary clamps. Attach the permeate outlets on the
cartridge to the permeate fittings on the unit with two 1 inch gas-
kets and two 1-1/2 inch sanitary clamps.

Charge the customer-supplied tank with process solution.

Open all valves between the tank and the circulation pump inlet and
between the process outlet and the tank.

Turn on the main electrical disconnect switch to supply power to the
system.

5.0 OPERATION
(Refer to Figure C-1)

5.1 SETTING THE VALVES

b‘

Close drain valves V3, V4 and turn the permeate outlet valve V5
towards permeate tank.

Close input pressure valve V1 and open back pressure valve V2.
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5.2 ULTRAFILTRATION OF PROCESS SOLUTIONS

a. Pull out CIRCULATION PUMP button.

b. Slowly open input pressure valve V1 until a pressure of 20 psi is
attained on the adjacent pressure gauge (P1).

c. Slowly close back pressure valve V2 until a pressure of 8 to 10 psi
is attained on the adjacent gauge (P2). ,

d. Readjust the input pressure control valve V1 until the input pressure
is stabilized at 25 psi maximum and the back pressure stabilized at
10 psi.

NOTE

The system will now continue unattended. Be
sure to observe the pressure gauges at 10 to

15 minute intervals to insure that the pres-
sure has not changed due to the inevitable
change in viscosity of the process stream.
Check the thermometer from time to time to
insure that the maximum temperature of 120°F

is not exceeded. If the temperature is rising,
install a heat exchanger in the process tank or
in line with the process fluid stream.

5.3 SHUTDOWN

a. Open the back pressure valve V2 fully.

b. Close down the inlet pressure valve V1 until the pressure 1nd1cated
is less than 10 psi.
c. Press the CIRCULATION PUMP button.
d. Drain the concentrate outlet line.
e. Open the inlet pressure valve V1.
3 f. Connect the drain outlet of the system to a suitable vessel and open

drain valves V3 and V4 to remove remaining process fluid.
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5.4 BACKFLUSHING AND STORAGE BETWEEN RUNS

NOTE

Backflushing must be done after each run or
every 24 hours, whichever is less, to insure
long-term flux stability.

Open drain valves V3 and V4.

Reconnect drain port to drain.

Close permeate shutoff valve V5.

Close inlet pressure valve V1 and back pressure valve V2.
Pull out BACKFLUSH PUMP button.

T o 0 T o

NOTE

The backflush cycle will now run unattended
until the contents of the permeate tank have
been depleted. The film of material accumu-
lated inside the fibers will loosen and be
carried out through both ends of the
cartridge(s) and into the drain.

NOTE

The cartridge sleeve will remain full of clean
permeate, preventing the fibers from drying
out. In this mode, the system and cartridge(s)
can remain for several days.

5.5 LONG-TERM STORAGE

CAUTION

If the system and cartridge(s) are to be left
unattended for a week or more, it is necessary
to prevent bacterial growth in the cartridge(s).
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This may be accomplished by adding a bacteriastat

concentrate to the permeate in the tank before

backwashing, or by a second backwashing cycle with
w a diluted bacteriastat solution. ’ |

5.5.1 Adding Bacteriastat Concentrate

a. Start backwashing as in Section 5.4 and allow to run for about fif- }
teen seconds to lower the permeate level in the tank. Stop the back-
wash pumg.

b. Using a small funnel, pour 8 g of sodium azide or 3.2 g of Neogermi-
tol into the permeate tank. s 4

c. Start the backwashing cycle as in Section 5.4

; 5.5.2 Ruining a Second Backwash Cycle with Bacteriastat Solution : {

Start the normal backwash cycle as in Section 5.4 and allow the cycle
to run to completion.

b. Pour at least three gallons of a 25% solution of ethanol or a 5%

§ solution of formalin into the permeate tank.

3 c. Start the second backwashing cycle as in Section 5.4.
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APPENDIX D
INSTALLATION AND OPERATING INSTRUCTIONS
FOR OZONE GENERATOR, MODEL Hc2p-18

S TR

Description

1. Ozone Generator, Model HC2P-18
2. Installation
3. Operation
4. HC2P Ozone Cell Disassembly and Cleaning Instructions
5. Pressure Checking Ozone Generator
k]
Footnote
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? OZONE GENERATOR, MODEL HC2P-18

Description:

The ozone generator is a Model HC2P-18 Ozone Generator which has a capacity of
18 grams/hour of ozone from air.

Instrument Panel:

Main switch, pilot light, ozone output control (voltage control), volt meter,
pressure gauge, pressure regulator, flow meter, flow control.

Dimensions:
Model HCZi--18: 16 inches high x 26-1/2 inches deep x 19 inches wide.

Electrical Supply:

115 volts, 60 cycle, 1 phase.

Air Supply:

Compressed filtered oil free air at a pressure up to 100 psig is to be

delivered at a flow of 60 SCFH. The dew point of the air is -40°F or better. |
The pressure regulator of the ozone generator reduces the inlet air pressure !
to 0-15 psig.

Cooling:
: E Air cooled.
Capacity:

The ozone capacfty is determined using dry, -40°F dew point, oil-free, fil-
tered air. The capacity of the Model HC2P-18 Ozone Generator is 18 grams/
hour. '




Operation:
The ozone generator is supplied with fine controls to permit the control of
ozone concentration in the range of 0-1% as well as the control of air flow

and pressure. They are designed for use in laboratory and pilot plant
studies.

INSTALLATION

Ozone Generator:

The Ozone Generator should be located in a dry and clean area, not subject to
water sprays. The Ozone Generator has HIGH VOLTAGE, approximately 7,000 VAC
RMS inside;, thus caution should be exercised locating it. The atmosphere
should be clean and not contain a large amount of dust. It should be free of
corrosive gases and oily organic chemical vapors which can cause corrosion in
internal components of the ozone generator. Failure to keep the ozone genera-
tor in the proper environment will increase the chances of its malfunctioning.

Air supply should be connected to gas inlet on back panel of ozone generator
marked "AIR", "OXYGEN". Fitting is 3/8-inch tube. Use copper tubing or other
tubing that can withstand pressures to 100 psig. Ozone outlet on the back
panel is marked "OZONE". The fitting is also 3/8-inch tube. Use aluminum,
stainless steel or PYC tubing. Do not use copper or brass tubing.

A plug for the electrical connection for the ozone generator is supplied with

the unit. It should be plugged into 110-120 volts, 60 cycle, 5 amp circuit.
The recommended fuse is 5 amps.

OPERATION

Start Up:

1. Turn on dry (-40°F dew point), oil-free and particle-free air supply.
2. Set air flow to about 60 SCFH through the ozone generator by using the
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pressure regulator and the flow regulator valve on the flow meter. The
back pressure read on the pressure gauge is dependent on the air flow rate
through the system and the pressure drop through the piping after the
ozone generator.

3. Turn ozone output switch located on front panel to extreme counter-
clockwise position.

4. Turn "ON-OFF" switch to "ON" position.
Select ozone output with ozone output switch located on front panel.

Turn Off:

Turn ozone output switch to extreme counter-clockwise position.
Put "ON-OFF" switch to "OFF" position.

Wait 10 minutes to let air purge ozone generator.

Turn off air supply.

S W N -
e

Air or Oxygen Supply:

Dry air, heving a dew point of -40°F or lower, should be used exclusively. The
use of wet air (dew point -20°F or higher) will damage the equipment and void
the guarantee. The dry air supply should have a pressure of 10-100 psig. Be
sure that tubing between air supply and ozone generator is properly rated.

Maintenance:

If the ozone generator is placed in a reasonably clean environment and the
proper air supply is used, the ozone generator should be practically main-
tenance free.

Keep records of maintenance and hours of operation.

2. Clean ozone generator cells every 6-12 months of 24-hour operation or as
needed. Frequency of cleaning depends on the quality of the air passing
through the ozone generator.

[Instructions for disassembly and cleaning of ozone generating cells
are available in CERF project files.]
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10.
11.
12.

13.

15.

16.

HC2P OZONE CELL DISASSEMBLY
AND CLEANING INSTRUCTIONS

Turn off all power to ozone generator. Pull out plug to ozone generator.
Loosen brass 1/4-20 hex nut on high voltage terminal on cell head.
(Caution - Hold bottom stud firmly so it will not turn; this procedure
will prevent the breaking of wires inside the stud.)

Loosen 2 slotted 10-32 screws.

Loosen 1/4-20 hex head bolts.

Gently slide PVC head assembly horizontally until cell head is free of
cell body.

Check cell head for excessive build up of dirt, moisture or oil and for
pitting of ceramic, which will cause failure of cell from electrical
arcing.

Clean cells in mild detergent solution or in organic solvent (alcohol).
The ceramic plates and head assembly must be absolutely dry before reas-
sembly. (If cells were excessively dirty it will be necessary to clean
the metal cell body.)

To clean the cell body, loosen Swagelok nuts on cell bodies to be re-
moved.

Remove connecting tubing.

Remove 4 corner 1/4-20 stainless steel hex nuts.

Lift cell body vertically off vertical studs.

Remove balance (nine) 1/4-20 stainless steel hex nuts from cell body and
open cell body exposing center electrode.

Remove 0-ring material from grooves.

Clean thoroughly all surfaces including grooves with mild detergent solu-
tion or alcohol. (Before reassembly, make sure all components of cell
are thoroughly dry.)

Replace 0-ring material. O-ring material can be obtained by contacting
PCI Ozone Corporation.

Reassemble cells by reversing steps of disassembly (steps 1-14).
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PRESSURE CHECKING OZONE GENERATOR

After cells are reassembled, ozone generator should be checked for air leaks
before unit is turned on.

Make sure ozone generator power is disconnected.

Close ozone discharge line and turn on air preparation unit.

Set air pressure to 15 psig using pressure regulator on instrument panel
of ozone generator.

4. Shut off air flow by closing air flow control at the bottom of flow meter
on instrument panel of ozone generator. Turn off air preparation unit.

5. Wait 20 minutes. If pressure decrease is less than 1/2 psi, the system
doe< not have any leaks. If pressure decrease is greater than 1/2 psi,
there are leaks in the system.

6. Open air flow control on instrument panel of ozone generator. Turn on
air preparation unit.

7. Set pressure to 15 psig with pressure regulator and check ail fittings
and around cell head and cell body with leak detector solution (soap-
water solution).

Bubbles will form around leak. Tighten necessary fittings.
Repeat steps 2-5 to determine if system still has leaks.

10. IMPORTANT! Make sure ozone generator is completely dry before unit is

turned on.
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