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ABSTRACT

\)
|

This report summarizes engineering effort to obtain
firm design, operating and cost data for a 5,000 GPD pink
water abatement, pilot plant using ULTROX (UV-ozone) tech-
nology. This 5,000 GPD pilot plant can be directly
scaled-up to a 100,000 GPD pilot plant using the ULTROX
modular system concept.

In this program, a short pilot plant test program
was carried out to obtain design, operating, and cost in-
formation needed for developing the 5,000 GPD pilot plant.
This test program used an available 1,000 GPD ULTROX pilot
plant at Westgate Research Corporation's facilities in Los
Angeles. Initially, TNT in tap water equivalent in content
to ARRADCOM pink water was used to establish minimum power/
residence time operating conditions. The final tests were
made using pink water shipped from ARRADCOM.

~,The engineering analysis of the pilot plant data
showed that the 5,000 GPD pilot plant reactor should have
a wet volume of 625 gallons and will require up to 37.5
pounds of ozone per day and 144, 65 watt UV lamps. The
pilot plant should contain a maximum of six reaction stages.
Preliminary design drawings have been prepared for the 5,000
GPD pilot plant. Overall assembly, reactor assembly, and UV
wiring schematic prints are included in this report as well
as specifications on standard ozone generators. -

A program for developing the 5,000 GPD pilot plant
including the costs involved is presented along with the
costs for operating the pilot plant. =Based upon the data
developed in this program, projected operating and capital
costs are given for a 100,000 GPD pink water abatement
plant.




FOREWORD

This is the final technical report describing work
performed under Contract DAAK 10-77-C-0041 for the period
May 1, 1977 to July 31, 1977.

The contract was under the direction of Mr. Milton
Roth of the U.S. Army Armament R&D Command, Dover, New

Jersey.
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SECTION 1 INTRODUCTION

Pink water which is a solution of TNT in water
appears everywhere TNT is made, processed or loaded. There
is as yet no completely satisfactory way of purifying such
waste streams to an acceptable level for release to receiv-
ing waters; however; UV-ozone shows promise of solving this

problem.

1.1 PROPERTIES OF PINK WATER

- water is a solution of TNT in water and may con-
£ cr dissolved explosives. & -TNT is soluble in water
to the extent of approximately 100 ppm at ambient conditioms,
the exact value depending strongly upon temperature and the

presence or absence of other solutes.
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1.2 SOLUBILITY OF PURE &-TNT IN WATER

Freshly-made solutions of TNT in water are virtually
colorless; but exposure to ultraviolet light, including
sunlight, causes the formation of highly-colored, complex,
incompletely identified substances similar to dyes. They
impart a characteristic pink color which persists even
after dilution down to a few ppm with clean water. The
release of pink water to receiving streams is thus objec-
tionable even at concentrations below any known visible

level because TNT is toxic below levels of visibility.

There is also a pink color which develops in TNT
solutions when the solutions are made alkaline, but the
color bodies are different from those generated by UV
exposure. The alkaline color is reversible upon acidifi-
cation, but acidification does not discharge the color of
sun-exposed solutions. Under field conditions, where TNT
solutions may be in contact with (alkaline) concrete or
earth and exposed to sunlight, the chemistry of the color

bodies becomes hopelessly complex.

1.3 DERIVATION OF PINK WATER

Pink water comes from both manufacturing plants and

from LAP's. That from manufacturing plants arises from

1-2




the stack fog filters of SAR units, from nitration fume
scrubbers, from red water concentration distillates, from
finishing building hood scrubbers and washdowns, and from
some spent acid recovery operations. Pink water from the
manufacturing and acid recovery operations may contain
TNT isomers and dinitrotoluenss as well as & -TNT; that
from LAP operations contains essentially pure of -TNT,
often contaminated with RDX, HMX and wax. Pink Water also
arises from unloading or demilitarization of munitions,
and its composition there resembles that from LAP opera-
tions. The volumes and concentrations of particular pink
water streams vary widely, but 80,000 gpd at 100 ppm is

a not unrealistic case.

1.4 PRESENT PINK WATER CLEAN-UP METHODS

In some operations, particularly small-volume and
remote ones, pink water is given essentially no treatment
except dilution; but this is not considered acceptable
practice, and a variety of treatment processes have been
and are being tried. In the dry West and Southwest parts
of the country, pink water is simply run into holding
lagoons where it either evaporates to dryness (as at NAD
Hawthorne) or evaporates enough so that the lagoon never
overflows to receiving waters (as at NAD McAlester).

Dried-up Hawthorne-type lagoons are occasionally flashed

1-3




to burn any deposited explusives, a procedure which is
acceptable in their remote locations. The McAlester lagoon

cannot be flashed because it never evaporates to dryness.

Fresh carbon is very effective at removing TNT from
water solutions, but no fully satisfactory way of regener-
ating the carbon has yet been found. Thermal regeneration
leads to high attrition losses as granules burst from
internal pressure and abrade in the bed, and the regenerated
carbon also exhibits greatly reduced capacity upon a‘tempted
re-use. Currently, carbon is used once and then bur:ed;
the result is a high cost operation and a black smoke air

pollution problem.

Still other approaches that have been tried, at least
in the laboratory, include direct solvent extraction,
reverse osmosis, fly ash adsorption, biodegradation and
ozonolysis. None has been successful, but the last still

holds promise.

It has been shown by several Army laboratories and
contractors that ozonolysis under normal laboratory con-
ditions degrades TNT, but not fully. The TNT itself dis-
appears; but refractory, aromatic, degradation products
persist even after prolonged, vigorous ozone treatment.

Attempts to identify and characterize these products have

1-4




met with little success; and that has led to unease,
because many of TNT's refractory, incomplete degradation
products are known to be more toxic to aquatic life than

TNT itself.

1-5.
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SECTION 2 BACKGROUND INFORMATION ON UV-OZONE OXIDATION

OF MUNITION WASTE WATERS

Prior to award of contract, Westgate conducted a
number of tests on the bench and in pilot plants on TNT
in water and pink water. A brief review of the pilot plant

tests are given in this section.

One 25 gallon reactor was used in these tests. As
shown in Figure 2-1, the reactor contains 5 stages with an
accommodation of 3 - 40 watt UV lamps per stage. Ozone was
introduced into eaéh stage in equal proportion via 2
spargers per stage. The overall dimensions of the pilot

unit was 15 x 15 x 30 inches high.

2.1 TNT OXIDATION

Table 2-1 summarizes the results of oxidizing 54 mg/l

INT in Los Angeles tap water.

Four, 40 watt lamps were used in these tests. Three
lamps were used in the first stage and one lamp in the

second stage. No lamps were used in the subsequent stages.

As shown in the table, less than 1 mg/l TOC can be
achieved at a ratio of 16:1(5/TOC with this UV input arrange-

ment and a residence time of 95 minutes.

2-1
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Table 2-1

PILOT PLANT TEST

TNT IN TAP WATER

TNT CONC: 54 mg/1
TOC CONC: 20 mg/1
pH: 7.6
TEMPERATURE : 31°¢

ONE REACTOR USED - 25 GAL

4- 40 w UV LAMPS

03 MASS FLOW IN: 320 mg/min
03 CONC: 1.4%
RESIDENCE TIME: 95 min
FINAL EFFLUENT: <1 mg/1 TOC
RATIO 03/TOC 16:1
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2.2 PINK WATER OXIDATION

A 55 gallon drum of pink water was obtained from the
Burlington, Iowa AAP. The oxidation of this water is
summarized in Table 2-2. The UV lamp placement was the
same as the TNT test. Less than 1 mg/l TOC was achieved
with a residence time of 86 minutes and an 03/TOC ratio of

18.8:1.

2-4




Table 2-2

PILOT PLANT TEST

PINK WATER FROM BURLINGTON IOWA AAP

TOC CONC: 10 mg/1
pH: 9
'TEMP: 75°¢

ONE REACTOR USED 25 GAL

4- 40 watt UV LAMPS

03 MASS FLOW IN: 188 mg 03/min
O3 conc: 1.3%
RESIDENCE TIME: 86 MIN

FINAL EFFLUENT: <1 mg/1 TOC
RATIO 03/TOC: 18.8:1
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SECTION 3 PILOT PLANT TEST PROGRAM

Prior to establishing the design criteria and the
preliminary design of the 5,000 GPD pilot plant, a series
of engineering tests were conducted in Westgate Research
Corporation's P602 pilot plant, nominally rated at 1,000
GPD.

3.1 DESCRIPTION OF P602 ULTROX PILOT PLANT

This recently developed pilot plant is designed to
demonstrate on a scale larger than bench size, the prac-
ticality and cost effectiveness of UV-ozone oxidation for
cleaning up organics in waste water. The pilot plant is
designed to be transported to a waste water treatment site

and to operate on a slip-stream of the polluted water.

The pilot plant can vary (1) UV light, input and
intensity, (2) ozone introduction, (3) mixing, and (&)
water flow characteristics. Photographs of the pilot plant
are shown in Figure 3-1. The UV-ozone reactor assembly y
drawing is presented in Figure 3-2. The pilot plant reactor
is 28" wide x 45" long and 45" high, and is fabricated from

304 stainless steel, which is passivated and electropolished

to reduce chemical attack and increase UV reflectivity.

There are six operating stages within the reactor.

3-1
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View of Reactor
with
UV Lamps Exposed

Figure 3-1

View Showing Skid-
Mounted Reactor &

NEMA Eunclosure for
UV Lamp Ballasts

P602 ULTROX PILOT PLANT
Westgate Research Corporation =2
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The reactor can accommodate up to 30, SL36G, low pressure,

UV lamps. From O to 30 lamps can be turmed on in a test

run. Ozone is uniformly diffused from the base of the reac-
tor through spherical, porous spargers, which generate gas
bubbles of €2.5mm diameter to obtain maximum mass transfer.
The number of spargers can be varied from stage to stage;
also, the overall pattern of ozone introduction and diffusion

can be changed if required.

The reactor is designed for low-pressure operation
(2 psig maximum) to reduce the cost for pumping water and
compressing air for O3 generation. Low pressure operation
also provides greater safety and reduces the thickness,
weight, and cost of materials of construction; both for the

pilot plant and for large-scale plants.

As shown in Figure 3-1, a separate NEMA cabinet
enclosure mounted on the skid with the reactor houses the

ballasts for the UV lamps.

3.2 PILOT PLANT OPERATION

Figure 3-3 shows the pattern of water flow through
the 1,000 GPD pilot plant reactor. The water passes through
each of the stages in a tortuous path to achieve a greater
degree plug~flow. In each stage, the water is contacted by

the ozone gas -- and in certain stages, UV light.

3-4
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The pink water is fed to the reactor by the use of
a single, gear type, seal-less, magnetic drive pump with
integral solid-stage speed control. The flow of pink water
through the reactor can be varied by this pump from 0.2 to
2 GPM, and the retention time will vary from 37 to 375

minutes.

The incoming pink water flow rate is measured by a
rotameter in-line between the pump and the reactor inlet.
The purified water, as it leaves the reactor, overflows
into a gas-water separator to eliminate any entrainment of
water in the exhaust gas. The water then drains from the
reactor by gravity to a receiving sump. No internal level

controls are required within the reactor.

3.3 ENGINEERING TEST PROGRAM

3.3.1 OBJECTIVE

- >

The objective of the P602 ULTROX Pilot Plant testing
was to define the level and combination of operating and
design variables 6f the ULTROX Pilot System which attains
the minimum power}demand and retention time for a given

concentration of pink water shipped from ARRADCOM.




3.3.2 APPROACH

The approach of Westgate Research Corporation to
establish the best combination of operating parameters for

the ULTROX Model P602 Pilot Plant was the following:

(1) Conduct a series of tests usinge-TNT in tap
water. The TNT content of this water was to be equivalent
to the pink water received from ARRADCOM. These test
results would then be useful for setting operating levels

when treating the pink water.

(2) From the test results, previously derived mathe-
matical models areto be refined to aid in defining the
relationship between power demand or reactor design and

the operating variables.

From the derived data, capital and operating costs
for the pink water would then be predicted for a 5,000 GPD
pilot plant, and the 100,000 GPD full-scale plant.

The cost of the program to construct the 5,000 GPD
pilot plant would then be derived from the test results and

the data analysis.




3.3.3 TEST PLAN

From previous test experience on pink water, TNT in
water, and other waters of similar composition, it has been
determined that the following variables have the greatest

influence on total power demand and reactor size:

1) 05 Concentration in Sparging Gas

2) UV Light Intensity

3) Placement of UV Lamps within Reactor
4) Temperature of Incoming Water

5) Composition and Concentration of
Waste Water Influent

It was assumed that the pink water shipped from
ARRADCOM would have a dissolved solids content of 70-80 ppm,
consisting mainly of TNT and RDX. The TOC content was

assumed to be about 30 mg/l.

The actual TNT content of the pink water received from
ARRADCOM was 140 mg/l and the TOC content was 68 mg/l;
approximately double the assumed content. The analysis of

the pink water as furnished by ARRADCOM was as follows:

TNT - 140 mg/1l; RDX -72 mg/1; wax - 10 mg/1

For more detail on this pink water and the effect of
these high concentrations, please refer to the next sub-

section.
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3.3.4 SHAKEDOWN TESTING

The shakedown tests were designed to find the best
approximate levels of ozone mass flow, ozone concentration,
UV lamp density, and residence time for TNT concentrations
of 80 mg/l1 (30 mg/l TOC). It was thought that this would
be the concentration of the pink water sample being shipped

from ARRADCOM.

After receipt of the 5 drums of the sample, it was
found that the TOC was 68 mg/l. Analysis provided by
ARRADCOM showed 140 mg/l TNT, 72 mg/l1 RDX, and 10 mg/l wax.
The TNT/HZO solution was then made yp to this high a con-
centration of TNT. The water contained large amounts of
undissolved TNT which went into solution and reacted as the
oxidation progressed. It was difficult to control operating
conditions and effluent quality. This problem was corrected
by dissolving smaller quantities of TNT in boiling water
prior to dilution and by the use of an in-line filter up-

stream to the inlet of the pilot plant.

With this high concentration of TNT, additional ozone
generator capacity was needed. Both an OREC 03B2-0 and a
Welsbach W-20 were used to provide up to 2 gm/min 03 (in
oxygen). A TOC of 4 mg/l was obtained with a 140 minute
residence time using 29 UV lamps and 2 wt% 03 in 0, at

1 gm/min.

3-9




3.3.5 TINT-IN-WATER TESTS

Table 3-1 summarizes the seven pilot plant tests
using 140 mg/l TNT in tap water. As shown, the TOC ¢an be
reduced to 5-10 mg/l TOC in the first 3 stages with a 118
minute residence time, using 13 lamps (Test No. 1024), or
9 lamps (Test No. 1025). To reduce the TOC further to 1- 3
mg/l. 9 to 14 lamps are required in the last 3 stages, and
an additional residence time of 118 minutes is required.
Table 3-2 provides data on pH, temperature, 03/T0C and
UV/TOC ratios.

3.3.6 PINK WATER TESTS

Tables 3-3 and 3-4 summarize the results of pilot
plant tests using ARRADCOM pink water. The first test (No.
1027) was run at the same approximate conditions as Test
No. 1026 for INT in water. There was greater resistance to
oxidation when using pink water than TNT/HZO, and the TOC
was only reduced to 17 mg/l in a 240 minute residence time.
The residence time and number of UV lamps had to be increased
in subsequent tests (1028 and 1029) to obtain a greater

degree of oxidation.

Table 3-5 shows a quantitative comparison of conditions

and results for TNT/H20 and pink water in Test No. 1024 and

1029. The ozone to organic carbon ratios are about the same

3-10
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for the first 3 stages and the last 3 stages; however, the
UV input power to carbon ratio had to be increased in both
the first 3 stages and second 3 stages in order to achieve

5 mg/1 TOC and 3 mg/1 TOC.

3.3.7 SPECIFIC ANALYSIS

In Table 3-6, the analysis indicates that less than
1 ppm INT and 1 ppm RDX remained in all effluent samples
analyzed. The wax did not appear to be affected by UV-
ozone, since the original pink water contained 10 ppm wax.
This analysis is suspect since wax is reported in effluent
samples 1023-2, 1024-2 and 1025-2; which were oxidized
TNT/HZO samples and contained no wax. Test No. 1029 indi-
cates that the TNT and RDX levels were below 1 ppm after the
pink water had passed through the first 3 stages of the
reactor. This result was most encouraging, since at these
operating conditions, the residence time, the number of UV
lamps and ozone mass flow input can be reduced by one-half

of the total values used in Test No. 1029.

3.3.8 DISCUSSION OF TEST RESULTS

A comparison of TOC and TNT analyses indicates that
when the TOC is 5 mg/l or less, the TNT is less than 1 ppm.
A gas chromatography -~ mass spectrometry analysis will iden-

tify the remaining organic residuals in the water. Some
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Table 3-6

Specific Analysis of Processed TNT/H20 and Pink Water

Test TNT RDX Wax
* Number Type of Sample Conc Conc Conc
ppm ppm ppm
1020 Feed TNT/H20 76 - -
1020-2 Effluent from TNT/H20 <1 - -
| 1023-2 Effluent from TNT/H20 <1 - 11
f 1024-2 Effluent from TNT/HZO <1 - 8
| 1025-2  Effluent from TNT/H,0 <1 - 6
1028-2 Effluent from Pink Water <1 <1 12
1029-1 Effluent after 3 stages -
from Pink Water =L & 2
1029-2 Effluent after 6 stages -
<1 <1 11

from Pink Water
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organic or inorganic acid forms after oxidation as indicated

by a pH of 3.8.

Referring to Table 3-6, in Test 1029 the effluent,
after passing through 3 reaction stages, attained <1 ppm TNT
and RDX. As shown in Table 3-5, the input ozone and UV in
the first 3 stages was 13 mg 0;3/mg TOC and 11 watts/mg TOC
respectively. On a volume basis, assuming 70 mg TOC/1, the
ozone requirement is 910 mg/l and the UV requirements is

770 watts/1.

The mass ratio of ozone to TOC in Test 1029 for the
first 3 stages was 13 which is 1.6 x the stoichometric
ratio. Bench testing and pilot plant testing on a wide
variety of waste waters indicate that the minimum stoicho-
metric ratio of 03/TOC usually runs between 1.3 and 2.0,
depending upon TOC concentration and the chemical structure
of the organic contaminants. However, this calculation

does not account for hydrogen and nitrogen oxidation.

It is more accurate to examine the total oxidation

of TNT and RDX, as follows:

TNT

3

RDX -
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The above equations assume that the molecular 0, does

not enter into the reactions.

The pink water by analysis contained 140 mg/l TNT and
72 mg/1 RDX. According to the above equations, the theo-
retical amount of ozone required per liter to carry out the
complete oxidations is 813 mg. Since the testing found
that 910 mg/l was required to obtain an acceptable effluent,
the ratio of actual to stoichiometric ozone is 1.12:1 (or an

ozone efficiency of 89.3%).

It may be possible to reduce the ozone input in the
last stages of the reactor and decrease the 03/consumption
further. This should be investigated in the 5,000 GPD pilot

plant testing.

A greater number of UV lamps were required when the
pink water was oxidized than when oxidizing TNT/HZO. The
specific number of lamps required per square foot and in
each reaction stage has not been defined. From the tests,
the number per square foot will be anywhere from 4 to 8. The
exact number will be established in the 5,000 GPD pilot

plant testing.

There is a question of whether the wax analysis is
accurate and whether the wax can be removed by UV-ozone

oxidation. Further study of the oxidation of wax can be
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carried out in the 5,000 GPD pilot plant if so desired.

From the TNT/HZO and the pink water pilot plant tests,
nominal values for ozone mass flow, ozone concentration,
residence time, and UV lamp placement can be established for
the 5,000 GPD pilot plant. Due to an apparent large differ-
ence in UV requirements between pink water and TNT/HZO there
was insufficient data obtained on the number of UV lamps per
stage and number of UV lamps per unit area. It was therefore
not possible to refine the existing mathematical models which

represent the P602 pilot plant.

More detailed, design-of-experiment testing using the
5,000 GPD pilot plant and the utilization of the present
mathematical models and computer programs will define the
optimum operating conditions for achieving the minimum fixed
and operating costs for the 100,000 GPD plant. (See Section
6.3.)




SECTION 4 ENGINEERING ANALYSIS

The engineering analysis in this section is based
upon pilot plant data and other previously generated UV-
ozone information. The purpose of the analysis is to
derive the operating and design parameters for the 5,000

GPD (18.9 m>/d) pilot plant.

4.1 REACTOR SIZING

The volume of the reactor is selected on the basis

of flow rate and hydraulic retention time.

VR = Q0

where
Vg = wet volume of reactor gals (1)
Q = flow rate of waste water GPM (1/min)
© = hydraulic retention to achieve TNT,

RDX levels of <1 ppm, min

In the pink water pilot testing, an acceptable

effluent was achieved at 6 = 180 minutes.

Q = 3.47 GPM (13.1 1/min) is the design flow

rate for the selected pilot plant size.

Therefore, Vp = 13.1 (180) = 625 gal (2,366 1)
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The height of the reactor is fixed by the length of

the UV lamps. The longest UV lamp available with a prac-
tical life and low cost is the G64T6 lamp. This lamp is

64 in  (162.6 cm) long x 3/4 in (19 mm) diameter, draws 65
watts, has a life of 7500 hours, and has average UV power
output through life of 25.5 watts. The height of the reac-
tor will therefore be approximately 5 ft (152.4 cm), the
working or arc length of the lamp. The L/W ratio of the
ULTROX type reactor is 2:1. The W x L for a 625 gal (2366 1)
reactor will then be 2.9 ft x 5.8 ft (88 cm x 176 cm).

This size reactor is approximately the same as West-
gate's ULTROX STAC Model No. 7606. (See Bulletin No. 101
in the Appendix.) To reduce design cost, it is suggested
that this STAC model be adapted for use as the 5,000 GPD
(18.9 m3/d) pink water pilot plant.

4.2 OZONE REQUIREMENTS

The pilot plant testing determined that about 900 mg
of ozone at 1.8 - 2.0 wt% was required to reduce the TOC
to 5 mg/1l and the RDX and TNT to<1l ppm. It is possible
that less than this amount will be needed, but this has

yet to be proven in 5,000 GPD (18.9 m3/d) pilot plant tests.

The required mass flow of ozone required per day will

therefore be:
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F .

900 mg O3 - 18.9 m~ pink HZO " 1000 1 pink H,0
pink HZO day 1 m° pink H20
1 kg 04 17 kg 04 37.5 1b

X ~T,000,000 mg 0, bl s —day

This direct linear scale-up assumes that the dif-
fusion of ozone throughout the reactor stages and the
bubble sizes will be the same as in the P602 pilot plant.
Equivalent diffusion can be accomplished by proper selec=-
tion, sizing, and placement of the ozone diffusers in the

5,000 GPD pilot plant.

4.3 UV LAMP REQUIREMENT

The UV output of the G64T6 lamps per linear inch is
about the same as the G36T6 lamp used in the P602 Pilot
Plant. Therefore, the number of lamps per unit cross-
sectional area will be the same for the STAC No. 7606 as
for the P602 Pilot Plant.

In the P602, the number of lamps per unit area
are 2 lamps/15.24 cm x 15.24 cm or 0.00861 lamps/cm2
(8 lamps/ft?). For the Model 7606 Pilot Plant, the num-

ber of G64T6 lamps required will then be: 0.00861 léﬂ%ﬁ
cm
x 91.44 cm x 182.88 cm = 144 lamps.
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4.4 NUMBER OF REACTION STAGES

Testing in the P602 Pilot Plant (Test 1029) indicated
that 3 stages were sufficient for achieving a satsifactory
quality water. In the Model 7606 STAC any number of stages
up to 6 can be installed by the use of stainless steel
baffling. For maximum flexibility and versatility, up to 6

reaction stages will be incorporated by the use of movable

and removable baffles.




SECTION 5 PRELIMINARY DESIGN - 5,000 GPD PILOT PLANT

This section describes the design of the 5,000 GPD
pilot plant as derived from the P602 Pilot Plant tests and

the engineering analyses.

5.1 DESIGN CRITERIA

From the engineering analysis, the following design
criteria were established for the 5,000 GPD (918.9 m>/d)

pilot plant:

Reactor Wet Volume . . . . . . . 675 gal (2.6 m3)

Reactor Dimensions (W x L x H) . 3 x 6 x 5 ft
(0.9 x 1.8 x 1.5m)

Water Flow Rate . . . . . . . « 3.47 GPM (13.1 1lpm) or
5,000 GPD (18.9m>/d)

No. of UV Lamps @ 65 w/lamp . . l44
0, Required (1% by wt) from Air . 37.5 lb/day (17 kg/day)

5.2 PRELIMINARY DESIGN

The major components of the pilot plant are:

(1) Reactor Assembly
(2) NEMA Ballast Enclosure

(3) Ozone Generator
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Components (1) and (2) are assembled on one skid and
Component (3) is mounted on a separate skid. The entire
pilot plant assembly is illustrated in Figure 5-1 and a

flow schematic is shown in Figure 5-2.

5.2.1 Reactor Assembly

The reactor assembly is presented in Figure 5-3. The
assembly consists of a stainless steel tank with baffles
and a cover assembly consisting of the reactor cover, ozone

diffusers, UV lamps, and supporting structure.

5.2.1.1 Reactor Tank

The reactor tank, 3' x 6' x 5' deep, is fabricated
from 3/16", 316 stainless steel sheet. The bottom of the
tank is formed from stainless steel. Sides of the tank are
supported horizontally by 1 3/8" 90°L -~onfining rectangles.
All parts are certified heliarc welded. A 4 inch wide lip
is welded to the top periphery of the tank to form a gasket
flange. A groove is cut into the flange to accommodate a
rectangular Hypalon seal to enclose and seal the reactor.
The tank is mounted by bolting onto the metal skid as shown

in Figure 5-1.

Five baffles are located longitudinally to create

6 reaction stages. Water flows in a tortuous path from
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stage to stage via holes of sufficient size,strategically
placed at alternate ends of the baffles. The baffles are
designed for easy removal to alter the number of reaction

stages if so desired.

The manifolds for the ozone inlet tubes, lamp venting
tubes and lower and upper lamp conduits are welded across
the reactor and provide adequate crosswise stiffening.
Longitudinal stiffening is achieved by 3 strips of 3/16" x
4 " SS welded intermittently to the cover plate and to the

manifolds to ozone air vent and wiring conduit.

Effluent outlets are located 2 inches from the top of
the tank in 2 positions to control the water level at design

flow conditions.

5.2.1.2 Cover Assembly

The following openings are punched into the cover

plate:

(1) 144 holes, 1 /8 inch diameter in a geometric
pattern for the quartz tubes which enclose the
UV lamps. Nipples are welded at the top sur-
face of these openings so that compression nuts

with O-rings seal the quartz tubes to the cover.

(2) 6 holes, 1 inch diameter for the spent ozone

gas outlets.




(3) 6, 1% inch square holes for mating with the lamp

support structure.

(4) 6, 5/8 inch holes for the outboard lamp support/

cooling air vent lines.

(5) 2, 1% inch NPT nipples for water inlets.

The lower lamp support structure consists of a 1%"
square tube with .0625 inch wall thickness. Holes of 1"
diameter are drilled on the upper side of the tube at
appropriate positions to install the quartz tube support
and sealing assemblies, which are welded to the upper side
of the tube. A %" diameter hole is drilled through the
outboard end of the conduit to attach the vent tube which
also acts as a support for the end of the square tube. The
center of the square tube is supported by welding the ozone

line to the diffusers running parallel to the conduits.

5.2.2 NEMA Ballast Enclosure

A standard 5' x 3' x 1' deep NEMA 16 gauge cabinet
is used to contain and cool 72 lamp ballasts. The ballasts
are mounted on racks in 6 rows within the NEMA. A rotary
air blower mounted at the base of the cabinet directs the
air upward for cooling the rows of ballasts. The air exits

at the top of the cabinet.

The cabinet door contains a mounted LED display
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within a glass window. The display provides a visual indi-
cation of the number of UV lamps "on" in the reactor. The
door is sealed to the NEMA housing by means of elastomer

gasketing and spring-loaded screw clamps.

5.3 OZONE GENERATORS

A number of manufacturers of ozone generators can
supply generators which meet the 5,000 GPD pilot plant cri-
teria of 37.5 pounds of ozone per day. Specification sheets,
Figures 5-4, 5-5, and 5-6 for OREC, PCI, AND Welsbach ozone
generators provide examples of the size, weight, and charac-
teristics of these standard generators. It is recommended
that in the case of either OREC or PCI, two 20 lb/day ozone
generators be acquired since neither manufacturer has an
off-the~-shelf 40 pound generator. The Welsbach generator
is oversized, but it can produce 40 pounds efficiently by
lowering the input voltage using a variable voltage trans-

former.

5.4 PILOT PLANT ELECTRICAL CIRCUITRY

Figure 5-7 shows the wiring diagram for the UV lamps
and lamp ballasts. As shown, each ballast (212ASTF) ac-
commodates 2 lamps. The design of the circuitry is devised
to allow the individual lighting of any number of lamps,
so that there is maximum flexibility in the application of

UV light.




SPECIFICATIONS
OREC OZONATORS

(See footnote explanation of terms)

v
!
!
|
!
!
|
|

1
!
'
’

EST. | stDE
OZONE OUTPUT’ PARENT | GAS FLOW | MAX WATER ! DIMENSIONS' GROSS |NOMINAL| STANDARD
MODEL |GR/HR|LBS/DAY| GAS® [L/MINICFM PSIG®| GPM® | W"xH"xD" | WT./LBS. VOLTAGE| EQUIPMENT ¥
“o3avi0 | 29| | O 1 ';"":1" 5 |15 | 22x14x14 40 120 2.7, 24, 27
03V5-0 | —7-54_;21_ 0, | 28 14 10 105 | 22x14x14 60 120 7.28
“o03ve0 | 9 | a8 | 0, | 57 1 2 | 101 1 1 _a2x14x14 100 120 1-7. 24
T 03810 | _19 4 1| 0. | 12 .42 30 i .2 | 44x20x16 | 265 120 1-12, 24
0320 38 | 2 10, | 24 |84 30 | 4 ! aax20x16 | 35S | 120 | 112,24
03830 | 57 . 3 0O, | 3 126 30 _ .6 | 46x26x24 | 410 | 120 | 1-12, 24
03840 | 76 | 4 O, | 48 |17 | 30 . 8 | 46x26x24 | 480 | 230 | 11224
T03V9-AR_ |45 | 24 AIR 63 ' .22 10 .15 | 42x14x14 |___140 | 120 1-7,13-14, 24
" 03B1-AR 95 ! 5 | AR 13 46 | 30 2 | a6x26x30 30 | 120 1-11, 13-20, 24
"03B2AR_| 19 | 1| AR 26 .92 | 30 -3 46x26x30 450 120 1-11, 13-20, 24
"03B3AR | 28 | 15 | AR 39 {138 | 30 4 46x26x30 | 475 120 1-11, 13-20, 24
T 03B4&AR_| 38 | 2 | AR 52 (185 | 30 5 46x61x30_| 650 | 230 | 1-11,13.24
"03DV4AR | 76 | 4 | AR — |37 | 30 9 36x75x42 | 850 | 230 1-11, 13-24
"03DV5AR | 95 | 5 AR — Jas | 30 1 36x75x42 | 900 | 230 1-11, 13-24
"~ 03DV6-AR 13 6 AIR — |55 | 30 1.3 36x75x42 | 950 230 1-11, 13-24
03DV7-AR | 132 | 7 | AR — 1 65 30 1.5 36x75x42__|__ 1000 230 1-11,13-24
| 03DVBAR | 151+ 8 | AR _ | — |74 30 1.7 36x75x46 | 1070 230 1-11, 13-:25
T03D10AR 189 10 ' AR | — 192 30 2 | 72x72x54 2540 230 1-11, 13-24
T03D12.AR 227 12 . _AIR_' — 111 | 30 | 25 | 72x72x54 2650 230 1-11, 1324
" 03D15AR___ 283 15 AR — 139! 30 | 31 72x72x54 2800 230 1-11.13-24
03D20-AR 378 20 3 AIR — 185 ! 30 ! 4.1 72x72x54 | 3100 230 | 1-11. 13 24
03D25AR __ 473 25 1\ AR ! — 2311 301 52 1 7oyxs54 | 3300 | 230 ! 4-11.1325
"03H25AR 473 25 1 AR | — '231| 10 ! 52 | 78x78x78 i 3250 | 230 | 1.1