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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• showea 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 1.44 , 65 watt IJV 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 datadeveloped in this program, projected operating and capital
costs are given for a 100,000 GPD pink water abatement
plant.

1



FOREWOR D

This is the final technical report describing work

performed under Contract DAAK l0-77-C-004l 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.

~

< 
~~~~~~

ii

- - ~~~•- -~~~--~~~~~• - —  ~~~~~~~~~~~~~~ •- -S- .- -~



TABLE OF CONTENTS

page

ABSTRACT . . . . . . . . . . . . . . . . . . . . . . i

F ORE WORD . . . . . . . . . . . . . . . . . . . . . . ii
• LIST OF TABLES . . . . . . . . . . . . . . . .

LIST OF FIGURES . . . . . . . . . . . • . . .

• SECTION 1 INTRODUCTION . . . . . . . . . . . . . . l— l

1.1 PROPERTIES OF PINK WATER . . . . . . . . 1-1
1.2 SOLUBILITY OF PURE cC-TNT IN WATER . . . . 1-2
1.3 DERIVATION OF PINK WATER . . . . . . . . 1-2
1.4 PRESENT PINK WATER CLEAN-UP METHODS . . . 1-3

SECTION 2 BACKGROUND INFORMATION ON UV-OZONE
OXIDATION OF MUNITION WASTE WATERS . . . 2-1

2.1 TNT OXIDATION . . . . • . . . . . . .  . . 2—1

2.2 PINK WATER OXIDATION . . . . . . . . . . 2-4
SECTION 3 PILOT PLANT TEST PROGRAM . 3-1

3.1 DESCRIPTION OF P602 ULTROX PILOT PLANT . 3-1

3.2 PILOT PLANT OPERATION .  . . . . .  . . 3-4
3.3 ENGINEERING TEST PROGRAM . . . . .  . . 3-6

3.3.1 OBJECTIVE . .  . 3—6
3.3.2 APPROACH . . . .  . . . . .  . . 3—7
3.3.3 TEST PLAN .  . 3—8
3.3.4 SHAKEDOWN TESTING . . . . .  . . 3-9
3.3.5 TNT-IN-WATER TESTS . . . . .  . . 3-10

11].



page

3.3.6 PINK WATER TESTS . . . . . . . . 3-10
3.3.7 SPECIFIC ANALYSIS . . . . . . . 3-16
3.3.8 DISCUSSION OF TEST RESULTS . . . 3-16

SECTION 4 ENGINEERING ANALYSIS . . . . . . . . . 4-1
4.1 REACTOR SIZING . . . . . . . . . . . . 4 —1

• 4.2 OZONE REQUIREMENTS .  . . . . .  .  4-2

4.3 UV LAMP REQUIREMENT 4-3

4.4 NUMBER OF REACTION STAGES . . . .  .  4-4

SECTION 5 PRELIMINARY DESIGN -
5,000 GPD PILOT PLANT . . . . .  .  5-1

5.1 DESIGN CRITERIA . . . . .  . . . .
5.2 PRELIMINARY DESIGN • . . . . .   . 5-1

5.2.1 REACTOR ASSEMBLY  5-2

5.2.1.1 Reactor Tank  . . . . .  .  5-2

5.2.1.2 Cover Assembly 5-6

5.2.2 NEMA BALLAST ENCLOSURE . .  .  5-7

5.3 OZONE GENERATORS . .  . . . . .  .  5-8

5.4 PILOT PLANT ELECTRICAL CIRCUITRY . . . 5-8
SECTION 6 5,000 GPD PILOT PLANT DEVELOPMENT

PROGRAM AND COSTS..... 6-i

6.1 COST OF PILOT PLANT . . . . . . . . . . 6-1
6.2 PROJECTED OPERATING COSTS . . . . . . . 6-2

6.2.1 ELECTRICAL POWER COST . . . . . 6-2
6.2.2 OPERATING PERSONNEL . . . . . . 6-3
6.2.3 ANALYTICAL SERVICES . . . . . . 6-4

iv



• - • -•

page

6.3 SUGGESTED OPTIMIZATION TEST PROGRAM . . 6-4
6.4 APPLICATION OF ThE OPTIMIZATION STUDY

RESULTS . . . . . . . . . . 6—6
SECTION 7 PROJECTED COSTS FOR A 100,000 GPD

AUTOMATED ULTROX SYSTEM . . . . . . . 7-1
APPENDIX BULLETIN #101 A-l

V

_ _ _  —— -~~~~~~~~~~~ •— ~~~~~~~~ --~



LIST OF FIGURES

FIGURE page

2 - 1 SCHEMATIC OF PILOT SYSTEM . . 2-2

3— 1 2 VIEWS OF P602 ULTROX PILOT PLANT . . . 3-2

3- 2 1,000 GPD PILOT PLANT REACTOR ASSEMBLYDRAWING . . . . . . . . . . . . . . . . 3—3
3— 3 SCHEMATIC OF TOP VIEW OF P602 ULTROX

PILOT P1.JANT . . . . . . . . . . . . . . 3—5
5- 1 5,000 CPD-PILOT PLANT, PINK WATER ABATEMENT 5-3

5- 2 FLOW SCHEMATIC FOR 5,000 GPD PILOT PLANT 5-4

5- 3 REACTOR ASSEMBLY, ISOMETRIC VIEW . . . . 5-5
5-4 SPECIFICATIONS FOR OREC OZONATORS . . . . 5-9

5 - 5 SPECIFICATIONS FOR PCI OZONE GENERATORS . 5-10

5 - 6 SPECIFICATIONS FOR WELSBACH CLP OZONATORS 5-12

5- 7 WIRING DIAGRAM FOR UV LAMPS AND LAMP
BALLASTS OF ULTROX STAC MODEL . . . . . 5-13

vi

-

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~•



- -w • •  -

LIST OF TABLES

TABLE page

2-1 PILOT PLANT TEST - TNT IN TAP WATER . . . 2-3

2-2 PILOT PLANT TEST - -j
PINK WATER FROM BURLINGTON IOWA AAP . . 2-5

3-1 TNT IN WATER - PILOT PLANT TESTS . . . . 3-11
3-2 ADDITIONAL DATA - TNT IN WATER

PILOT PLANT TESTS... .3-12

3-3 PINK WATER PILOT PLANT TESTS . . . . . . 3-13
3-4 ADDITIONAL DATA - PINK WATER

PILOT PLANT TESTS  . . . . 3-14
3—S COMPARISON OF TNT/H20 AND PINK WATER

TESTS AT APPROXIMATELY THE SANE 03/TOC
MASS RATIO . . . . . . 3—15

3-6 SPECIFIC ANALYSIS OF PROCESSED TNT/H20
AND PINK WATER . . . . .. . . .. ..3 -l 7

vii

• ~~~ •—“~
- 

~~~~~~~~~~~~~~~~~~~~



• ________-

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-

t ~r dissolved explosives. ~ -TNT is soluble in water

to the extent of approximately 100 ppm at ambient conditions ,

the exact value depending strongly upon temperature and the

presence or absence of other solutes.
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1.2 SOLUBILITY OF PURE O(-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
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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 dinitrotoluenr?s as well as a -TNT; that
frokn LAP operations contains essentially pure a-TNT,

often contaminated with RDX, I-IMX 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 explosives , 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~ied;

the result is a high cost operation and a black smoke aLr

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 l.~boratory 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
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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.

;ilJ
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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 each stage in equal proportion via 2

spargers per stage. The overaiLdimensions of the pilot

unit was 15 x 15 x 30 inches high.

2.1 TNT OXIDATION

Table 2-1 summ arizes the results of oxidizing 54 mg/i

TNT 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/i TOC can be

achieved at a ratio of 16:1 OJTOC 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/i

TOC CONC: 20 mg/i

pH: 7.6

TEMPERATURE : 31°C

ONE REACTOR USED - 25 GAL

4- 40 w UV LAMPS

03 MASS FLOW IN: 320 mg/mm

03 CONC: 1.4%

RESIDENCE TIME: 95 mm

FINAL EFFLUENT: <1 mg/i TOC

RATIO 03/TOC 16:1

2-3
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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/i TOC was achieved

with a residence time of 86 minutes and an 03/TOC ratio of-

18.8:1.

2-4
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Table 2-2

PILOT PLANT TEST

PINK WATER FROM BURLINGTON IOWA AAP

TOC CONC: 10 mg/i

pH: 9

TEMP: 25°C

ONE REACTOR USED 25 GAL

4- 40 watt UV LAMPS

• 03 MASS FLOW IN: 188 mg Ojmin

03 conc: 1.3%

RESIDENCE TIME: 86 MIN

FINAL EFFLUENT: <1 mg/i TOC

RATIO O3/TOC: 18.8:1

2-5
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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 piiot 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 (4)

water flow characteristics. Photographs of the pilot plant

are shown in Figure 3-1. The UV-ozone reactor assembly

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-i
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The reactor can accommodate up to 30, SL3GG, low pressure,

UV lamps. From 0 to 30 lamps can be turned 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 03 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.

-~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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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

rotazneter 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 tha 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 of the ULTROX Pilot System which attains
the minimum power demand and retention time for a given

concentration of pink water shipped from ARRADCOM.

3-6



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 foilowing:

(1) Conduct a series of tests usingo(-TNT in tap

water. The TNT content of this water was to be equivalent

to the pink water received from AR.RADCOM. These test

results would then be useful for setting operating levels

when treating the pink water.

(2) From the test results, previously derived mathe-

maticai models are to 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.

3-7



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) 03 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/i.

The actual TNT content of the pink water received from

ARRADCOM was 140 mg/i and the TOC content was 68 mg/i;

approximately double the assumed content. The analysis of

the pink water as furnished by ARRADCOM was as follows:

TNT - 140 mg/i; RDX -72 mg/i; wax - 10 mg/i

For more detail on this pink water and the effect of

these high concentrations, please refer to the next sub-

section.

3-8
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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/i (30 mg/i 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/i. Analysis provided by

ARRADCOM showed 140 mg/i TNT, 72 mg/i RDX, and 10 mg/l wax.

The TNT/H2O solution was then made i1ip to this high a con-

centration of TNT. The water contained large amounts of

undissoived 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/mm 03 (in

oxygen). A TOC of 4 mg/i was obtained with a 140 minute

residence time using 29 UV lamps and 2 wt% 03 in °2 at

1 gm/mm .

3-9
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3.3.5 TNT-IN-WATER TESTS

Table 3-1 summarizes the seven pilot plant tests

using 140 mg/i TNT in tap water. As shown, the TOC ~an be

reduced to 5 - 10 mg/i 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, O3/TOC and

UV/TOC ratios.

3.3.6 PINX 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 TNT in water. There was greater resistance to

oxidation when using pink water than TNT/H20, and the TOC

was only reduced to 17 mg/i 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 resuits 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/i TOC and 3 mg/i TOC.

3.3.7 SPECIFIC ANALYSIS 
- -

In Table 3-6, the analysis indicates that less than

1 ppm TNT 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/H20 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/i or less, the TNT is less than 1 ppm.

A gas chromatography-mass spectrometry anaiysis will iden-

tify the remaining organic residuals in the water. Some

3—16 
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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 ~l - 11

1024-2 Effluent from TNT/H20 <1 - 8

1025-2 Effluent from TNT/H20 <1 - 6

1028-2 Effluent from Pink Water <1 ‘1 12

1029-1 Effluent after 3 stages -

• ‘1 ‘1. 9from Pink Water

1029-2 Effluent after 6 stages -

‘1 ‘.1 1].from Pink Water

3-17
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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 ~ l ppm TNT

and RDX. As shown in Table 3-5, the input ozone and UV in

the first 3 stages was 13 mg 03/mg TOC and 11 watts/mg TOC

respectively. On a volume basis, assuming 70 mg TOC/l, the

ozone requirement is 910 mg/i and the UV requirements is

770 watts/i.

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

C6H2CH3(N0 2 )3+ 18 03 —> 7 CO2 + H20 + 3 HNO3+ 18 02

RDX -

C3H6N3 (N02 )3+ 18 03 —p 3 CO 2 + 6 HNO 3 + 18 02

3-18
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The above equations assume that the molecular 02 does

not enter into the reactions.

The pink water by analysis contained 140 mg/ i TNT and

72 mg/ l 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/i 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 O3/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/H20. 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

3-19
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carried out in the 5,000 GPD pilot plant if so desired.

From the TNT/H20 and the pink water pilot p lant 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/H20 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.)

1.
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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 m3/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 Q9

where

VR = wet volume of reactor gals (1)

Q = flow rate of waste water GPM (i/mm )

9 = hydraulic retention to achieve TNT,

RDX levels of ~.l ppm, mm

In the pink water pilot testing, an acceptable

effluent was achieved at 9 = 180 minutes.

Q = 3.47 GPM (13.1 1/mm ) is the design f l ow

rate for the selected pilot plant size.

Therefore , VR = 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/i and the RDX and TNT to~ -l 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 m
3/d) pilot plant tests.

The required mass flow of ozone required per day will

therefore be:

4-2
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900 mg 03 18.9 m 3 pink H 20 
~ 

1000 1 pink H20

pink H 20 day 1 m pink 1-120

l k g O3 l7 k g O 3 37.5 1b
X 1,000,000 mg 03 day 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 p ilot p lant.

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 LANP REQUIREMENT

The UV output of the G64T6 lamps per linear inch is

about the same as the G36T6 lamp used in the P602 Pil ot

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/l5.24 cm x 15.24 cm or 0.00861 lamps/cm 2

(8 lamps/ft2). For the Model 7606 Pilot Plant, the num-

ber of G64T6 lamps required will then be: 0.00861 1ain~s

x 91.44 cm x 182.88 cm = 144 lamps.

4-3 
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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 Mode l 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.

4-4

L  - -~~~~~~ ~~~~-—~~~~~~~~~~~-- —~~~~~~~~~~~~~~~~~~- --~~~~ — - — -~~~~ ~~~~--~~~~~~~~~~~~~ -~~~~~ -- - -



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

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 m3/d)

pilot plant:

Reactor Wet Volume 675 gal (2.6 m3)

Reactor Dimensions (w x L x H) ~ 3 x 6 x 5 f t
(0.9 x 1.8 x l.5m )

Water Flow Rate . . . . . . . . 3.47 GPM (13.1 1pm) or
5,000 GPD (l8.9m 3/d)

No. of UV Lamps @ 65 w/ lamp . • 144

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.

A-li 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 1ocat.~d longitudinally to create

6 reaction stages. Water flows in a tortuous path from

5-2
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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 st iffening.

Longitudinal st i f f ening 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

p late :

(1) 144 holes , 1 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 0-rings seal the quartz tubes to the cover.

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

gas outlets.

5-6



_
~~~~~~~ - -~~~~~~~~~~~~~

-- - _

(3) 6, l~ 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 , li~ inch NPT nipples for water inlets.

The lower lamp support structure consists of a lb”

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 disp lay

5-7
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within a glass window. The disp lay provides a visual m di-

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 (2 12ASTF) ac-

conimodates 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.
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(Fi re 5-4)

SPECII~~~~CATIONS
- OREC OZONATORS

(See footnote explanation of terms)

EST . STD t

OZONE OUTPUT ’
1
PARE NT GAS FLOW MAX ,WA IER I DIM.!.t.~SI0NS~ GROSS NOMINAL STANDARD

MODEL IGR/HRf iiS/DAYJ GASb ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ EOUIP MEN T F

03 V1 01 29J _ J o ~~~ tJ _J_ 5~~ ~~15 i1 22 ~~~O 1 _~~0 2 7 2
O3V~~O~~~~~~45J .2~_J O7 2.8~~_ ..i ~~ 10 ~~P54_ 22x 4~i4_4 6O ~~~~~~~~~~~~~~~~~~~~~~~

~_ O3V9 _~~~J~~~~~Q J__o2_ ~~~~~~~~~~~~~ ~o ~ ._~1 _. I -  2~1~ x 1i4.J jo~~Lj2~ 1-7 24_~~~~03B1 0 l9 _ i I ~~~~O~ _ 12 _~42_ _ _ 3O . 2 1  44x20x 16 I ?65 1 120 1 12. 24
03B2 0 3B 2 02 24 84 t 30 I 4 44x 20x 16T 315 ’ 120 ’ I 1 2 2
03B3-O~~~ 57 3 02 JTh6 126 30 6 46x26x2~~J 4 l O j_ 120 I 1 12 24
03B4.O 7 6 1  4 - 02_J 48 ! 1 7 1  30 

-~ - _ .8 
- 

46x26x24 480 
— 

230 
- 1-1 2.24

03v9-AR 
T 

.24 ~~~~ AI R 6.3 .22 - 10 .15 42* 14* 14 140 120 1-7 . 13-14. 24
03B1-AR - 9.5 ’ .5 AIR 13 .46 30 .2 1 46*26*30 390 120 1-11 . 13-20. 24

- 0392 AR
__

1 1 9 1 1 AIR _~~~~~_ ~~~~~~ ~~~~~~ ~~~~~ ~~~~~~~~~~~~~~~~~~~ 120 1-11 , 13-20, 24

~~~ O3B3-AR 28~~ 1.5 AIR 39 1.33 30 .4 46x26x30 475 120 1-1 1 . 13-20. 24
03B4-AR I _~38_ _~~~~~~_ _~~~~~~ _

~ L i~~ 
30 i~~~~~ x~~i~~ Q ~~~~0_ 230 i Lt. 13- 24

I 03DV4-AR 1 7 6  4 AIR — j  3.7 .9 36*75*42 850 230 1~11, 13- 24
030V5-AR 95_ 5 AI R _ j

~~~ 
30 1 36*75*42 900 230 1-11 , 13-24

03DV6-AR 113 6 AIR — 55 30 1.3 36~75x42 I 1-11 , 13-24
03DV7 AR 1 132~~~~~~~7 IR — 65 30 15 36x75x42 I 1000 1 230 

— 
1 1 1  13- 24

03D’~J 8A R - 1 5 1 ’ 
- 

8 AIR — 7A 30 L7 36x75x46 1070 1 230 1- 11 .~~~~~ 5~~~~
1 03010 AR 189 10 A I R l _ 9 2  30 2 72x72x54 2540 1 230 t 111 13-24
: 03012-AR 227 12 AI R — 11.1 30 2.5 72x 7~~54 2650 230 ( 1-11 . 13-24
! 0 3D15-AR 283 15 AIR — 13.9 30 3.1 72x 72x54 2800 I 230 1-11
- 03020-AR 378 20 AIR — - 18.5 30 4 1 72x72x54 3100 1 230 1-11. t~-24
- 

- 
03025-AR 

- _ 473 _ ?5 
-~~ - - 

AI~~~ 23~1_ _3Q_ ~~ 5 2 72x7~~54 33 0 0 1 2 3 0  1-1 1 , 13-25
- 031-125-AR 473 _ 25~~~~_ _A~~ —~±?3-LLJP_. ~~~~~~~~~ I_ 78~78x78 i 3 2 5 0 I 23o I 1.11 13~~3 2 ~~ J

03R35-AR 
- 

661 3 5 1  A1R IIL— 32.4 Jj p ~~ J.~~~ ~ 2 2 ~~~8~~ — 3~P~_L~~~~Q _~ 1-it 13-23 , 2 6 J
03k 75 AR 

- 
14~ 8 75 AIR — 6 9 3 1  10 i51 78x144x78 5300 460 

—~~~ i~~j j 3 23 26
O3H 100 AR 1890 1 100 l AIR I — 9?~i 10 1 21 I 78x144x781 6800 j 460_ I _ 1-11. 13-23. 261
031-4-150-AR I 2835 1 150 AIR f — 1 139 10 31 84x156x84 9800 460 1-11 . 13-23 , 26

EXPLANATIO N OF TER MS
a. Rated output at 1% wt. if parent gas is air or 2% wt. d. Cooling water f low of 70° water.

if oxygen at 60 Hz. Output reduced 16% at 50 Hz. e. Price adj ustment for ordering in other than
Maximum concentration in air is 4%; in oxygen 8%. standard volta ge. Standard 460 volt ozon-

b. Oiorialors which use atmospheric air have integral ators require 120 volts for control circuits.
au processing equipment. Ozonators which use f. See equipment listing by code number. 1-7 means
cy linder oxygen may operate from cylinder air or 1~ throug h 7 inclusive. Ozonators can be pro-
a pure air source of a dryness of —60° F dew point s ided ss-i th various additional non-stan dard
at 112 rated oxygen output. Models which are equipment : timers , measurement instrumenta-
l isted for air operation can be provided for tion , interlocks , etc.
oxygen operat ion and achieve twice the listed g. Rated output @ .2% concentration in oxygen.
( i /Ofl C output. Output and concentra t ion reduced to 1/5 of

c. Maxi mumpressureat which ozone may be delivered. cited values if parent gas is air. -

EQUIPMENT LISTING (Code numbers in Standard Equipment Column)
1. Sta in less  steel  ozo ne g enerator with diel- 15. Dry ing towers ammeter.

ectr ics. 16. Air pressure limit swit ch.
2. \‘aria ble voltage control. 17. A ir /o io ne tem perature gage.
3. High volta ge transformer. 18. Cooling w ater  pressure gage.
4. Ammeter , ozone gene rat or. 19. Co mpr essor pressure sage.
5. Gas flowme ter (air or oxygen ) . 20. Dry in g to ss er y ding signal li ghts.
6. Gas flow valve (air or oxygen. 21. Air/o zone temperature limit switch.
7. Ozone generator p ressure gage . 22. Horn and si gnal li ght indicatin g cause of auto
8. Vo ltmeter , ozone generator , shutdown.
9. Gas pressure regu lator (air or oxygen ). 23. Coo ling water exit t e mperature gage.

10. Gas pressure rel ief valve (air or oxygen ). 24. Inte g ral , ca binet en(ki-~(-d oio nator .
11. \Nater pressure limit switch. 25. Ixle rna l c ompr essor.
12. Thermal sa fet y oxygen s hut-off va lve. 26. Skid mount ed o lonator.
13. Air compresso r with filters. 

- 
27. Ultra- v io let OZOne generator.

14. Automaticall y cy clin g air processing (d ry ing)
to ss -ers.

_
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PCI OZO~ ECORR

J INDUSTRIAL0 - 
-. . .. OZONE GENERATORS

- 
- H I G H  OZON E CONC ENTR AT ION 2% F ROM AIR , 5% FROM OX Y GE N OR F R O M

OX Y GEN E N R I C H E D  A IR (40% 02).

r B R O A D  RANGE OF OPERATING TEMPERATU RES AND PRESSURES.

- 

- 
- 

- 

1 LOW OPERATING AND LOW MAINTENANCE COSTS.

- 
- 

~~~~~~~~~~~~ DESCRIPTION: The PCI Model G ozone generators have three main advanced design features:
- - 

- 
- a) Direct liquid cooling of the two electrodes and dielectric of the electric discharge field

leading to low discharge gas temperatures and avoiding thermal decomposition of the ozo’ne
produced.

- . 0 - . 
-~ 

b) High frequency (2000 CPS) and low voltage (—13,000 V RMS) operation using solid state
proprietary frequency inverters which essentially eliminate gtass failure.

- ~~ 
~~~ : c) Highly homogeneous electric discharge field achieved by precision manufacturing of elec-

‘‘ ~~~~~~~~~~~~~~~~ trodes and dielectric avoiding local overheating and stresses.

~~~~~~ ~~~~
.. ozot~ c t ~ct rv

) Oxygen
- - . . ,.. . or Air/Oxyge n

- 1 - - Oxygen Enriched Feed
.1’ 

~~~~~~~~~~~~~~~~~~ 
. Model Number From Air Air (40% 02) (SC FM)

~~~~~~ 
- _  “~ 4L.~ G100-40 40 gr/hr 80 yr/h r 2.5

~~ ~~~~~~~~ “C. ~
“ - G100-60 6O gr/h r 120 yr /h r 3.0

~~~ ~ , ~‘t~ ~~~~~~~~ 
‘
~ 

G100-8O 8O gr/hr 160 gr/hr 4.5
-
‘ ~~~~~~~~~~~~~ s~~ ~.c.- - G100.120 120 yr/hr 240 yr/hr 7.0

4._ I - — .~ -
.

G-1O 10 lb/day 20 lb/day 10.0
G-15 15 lb/day 30 lb/day 15.0
G-20 20 lb/day 40 lb/day 20.0

CAPACITY : The ozone generating capacity is determined using dry -60°F dew point feed gas
at 1% ozo ne concentration from air and 2% ozone concentration from oxygen .

- 
- . 

- - 
- I~~STRU~~EF~T PAr :~~L: Power w itch , ozone output control , ampere met er , pressure gauge ,

- - 

-

- . -
-  

- 

- : - pre ssure regulator , flow meter , pilot li ghts.

-;~ ~~4 - .. - SERVICE PANEL: Main circuit breaker (optional), power inlet , power outlet for air pre-
- .

- 
- ~ . 

- paration unit (optiona l), purge timer (optional), air inlet , ozone outlet and cooling water inlet

_ _ _ _ _ _ _  

~(is~
’
page)
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DIMENSIONS:
- 

(Figure 5-5)
Approximate ( 2nd page )Model Height Width Depth Shipp~~g Wgt. (lbs. )

G100-40-60 52” 22” 24” 750 lbs.
G100-80.120 62” 29” 36” 1,250 lbs.

G-1O-1 5 62” 29” 36” 1,350 lbs. 
-

G-20 71 ’~ 29” 26” 1,500 lbs.

POWER SUPPLY: 208/230/460 volts, 60 Hz, 3 phase, optional 550v, 60 Hz, 3 phase or 380/500v, 50
Hz , 3 phase.

AIR SUPPLY: Clean , oil free , dry (dew point -61fF at least) 0-100 PSIG pressure air. Dry
oxygen or oxyg e n enriched dry air (at least 40% oxygen content) increases ozone output

‘)roximate l y two fold.

COOLING WATER: 0.16-0.3 GPM of clean 80° F water per each lbs /day ozone capacity.

POWER REQUIREMENTS: 6.5-8.5 KWH/lb ozone from air; 2.5-3.5 KWH/lb ozone from oxygen (at
1% and 2% ozone concentration respectively).

DRY AIR PREPARATION UNIT: Auxiliary dry air preparation units for continuous op eration
of Airox Industrial Ozonators are desi gned for installations where no compressed dry air or
oxygen is availab le. These units are the most economical air suppl y equ ipment. They produce
compressed oil free dry air with a dew point of -60°F or below. All units are skid mounted, :~ ~~

‘

complete with non-lubricated compressor , dryer, air filters and controls for automatic operation. 
~~~~~~~~~~~~~~ ~

~~

/ ~~~~~!~~~~~~~
-L

~~~ 

-

~~~~~~

‘

Dry Air Recommended ,, ,, ~~~ “ — 
-

Model Capacity Approximate For Airox Ozonato r -
~~~c~~

---—- -

Number (SCFM) Shipping Weight Models

PS71 30  400 G100 40 -~~~~~~~~~~-~

PS72 4 0 400 G 100 60 -_-
~~

- - -
~
-

~ ~-:~~~~~~~~~~~~~
-:

PD72 60 430 G100 80
P073 8.0 500 G100-120 -~~~~~~~~~~~~~~~~~~ -~

PRE1t 11.0 650 G-10
PRE 17 17.0 850 G-15
PRE23 23.0 1000. G-20

TYPICAL OZONE APPLICATIONS INCLUDE:
a) Treatment of industrial waste water containing cyanide , phenol , sul phur compounds ,

surfactants , polymers;
b) Steril ization of process water;
c) Al gaecide for cooling towers;
d) Bleaching agent for paper and textile industries;
e) Odor control in waste water treatment plants and industrial plants;
‘) Treatment of domestic wast e water (tertiary treatment)
g) Disinfection of biolog icall y treated waste water.

The data g iven here are based on testing and experience and are believed to be accurate . However , we cannot
guarantee identica l results under all operating con ditions and no ob li gat ion or l iability is assumed in connection
with the use of this information . - -

SEND STANDARD PURCHASE ORDER OR USE COMPANY LETTERHEAD - 
--

PCI OZONE CORP.
A SUBSIDIARY OF POLLUTION CONTROL INDUSTRIES , INC. . 

- 
-

ONE FA IRFIELD CRESCENT , WES T CALDWELL , N.J. 07006 • 201-575-7052 - ,
~~~ ~~~~~~~ ~~~ ‘S’~~~~~~~~

h— 
(5-11)



c u x
.~.4 .Q O  0 0 0 0 0 0 0a~)~ -a 0 0 0 0 0 0 00 ..0.  sO Ce) o ’ O  0 0’ tO.~-~~+‘0 .  C’J CT) 

~~ sD N a) a’ -
CU) — N C O O

X 0 C ..’4 a)
-‘.1 ‘O+~ ~.)o ÷‘ ~ 

C
= sO 0

— ~C = = = = 0 0 0 :‘ 0 0) .4-)
0” 0 0 N 0’ ‘—4 .—I ~-4 ‘0 +‘ 0- “ -4

X .’-4 I I I I I I S • 0 c e O  0
U) 0 0 )  - - - - - - - ~~ ~~.4 a’Z ~~ E ‘0 ‘-0 ~0 N CC CC CC 0. O 4.-~ 0.

< ~5O  ‘ C 0 N O  (U
0 04 1-4 1—4 (T) — o 0
a-.4 •-1 < m ,c = = = = ~~—j • U)
CIIOZ <  ‘—~~~~~~ 0 0 ‘-a N CC a) CC N t1) C ~D
>‘ 0>  

1-4 ‘O I I I I S I i 1-i ~~I-~ N LU U) .,’4 - - - - - - 0 ~~~~~~~~ U)
0.4 c: ~~ ~n ‘C) ~C) sO (I) a) 0) 0 ‘a-’ .-4

LU 0 tO tO
o-o ~-a

~-4 -P 4-I C 0C .i~> = = = < 0 ~~(1) 0~~~~0 0 0 U’) U’) U’) tO 0) X 0  ~
• E C  i a a i i a i .

- - - — - - ~e -a-’ 
~~~~~~ >.. o

Ui Cl) C) .—) a) a) a’ 0’ a’ a’ 0’ • C ..Q N
. — ) N 0 )  U’) 00 = = a ’c~~-a • ‘o

_ _ _ _  I-’ ~‘ (‘.4 (‘4 ‘-i 1.4 N W  a~1—~~
- 

~—
-— 1 < 0) = = ~~ ~~~ 2 00:’ wI U) C4-’ ~~ ‘--‘ —a .-i .-i (‘4 S sO 0 0 :i 4”1 0 c o:’ ~~. 

—
‘s, S 

~ Cu&I r1 a w N 0 .~~~ (5) Ce) ,-
~ 

,,_
~ 

,_
~ 5 - . U 4’~

~~1 ~-~--~[ 1 /  
~~ 0 ‘~~0 0. . N  N c 0 )

IiE:r~x~ II -I-’ ,
~ > ~~ 0) 0) C

I 
~/ )  C). 0 0

I r -J ~~ GJ 1.4 S.4 C 00 4 C u 0 . ’O
Ui 5

~ 1’~~ l~’~ o ~ ~‘-a-’ O~ -’4 ‘0 ~C) ’0 .,-.~ Cu
J ~

—1 = C -4-’ ::~ 0 Cu: : = C ~~ 
0)

I o ~~ 0 (V0 “-I 1-4 (U 9-1 0) C ~y ‘—4I a--i C)  0~~~ IL. 0 ,•,~~~ o ~~~~~~~:: I _ 7~
__________ U) C 1-i = = = = .—i 0 U) 0 Cu C ~~- __________________ — .4 “4 0) C C’J (‘4 ~~ ~~ ,-4 ,—~ .—~ C) (V) ) $.4 .,.4 .,~Z I I-U C +-~l--4 N “-..._ ~~~~ ‘-.._.~ I C’J a 1-a >5

-~~~ 
.~ I Cu -4 ~-.4 ce) ~~~

- C 1-~ X
a~~~o W > ’ 0 O0 .0  C 1-i

.4 9-’ tt 0 1-i 0-
Ii. 0 0) N • “—4 0-

~~oo 
— • 

-o ~ 0 U) CU (0
~ D ~~~~~~~~~~~~~ 

>‘) 
~~~ U) 0)0. 0) (1) Cu a,
I I  z C(9 U. C C .,Q ia-. .~~~a, U)

us d ~~~~~~~~~~~~~ I 0 ‘.4 o N (‘4 N 0) 0 tO 0 4” 0) 0 1-’ ..C “ 4‘~~~~w ~~z lF~~~~~~~i~~~~~~ri) l i—i ,-4 1-4 C) 
~~
‘ 0 —4 CC CC N 0 ‘0 +-’

~~~~~~~~~ lii i F~ ~~~ 
O W N  -‘4 (‘4 CT) 10 N 0 1-i U) 1-a ‘~~~.,-i SD

20 ‘i’s lll~~ 44-4-~ t2~I .JH l 
~ < 0 -4-’ O W c u  C ,—4 +.’-~~-1

~~~~~ ~~~~~~~~~~~~~~~~~~ 
0 0~~~ © ‘-.4

I ~~~ j.z~ - - . U) W 0 ) W  0.:’4-.  000 f f ..-.~~\ \ I l lI  I I  .- o~~-a~~~~ (U 4’. EII UJI l l I I I l  l k  o ~~~~~~~~ U’) U’) —4 0) “-4 tO 0 a - - I C u : ’ : ’ 1 . - i  (U
‘1t~ “ -~ LU ~-4 0 I-L4 • • . . . . • I—’ 0 ) 0 ) 0 )  0) 0.

0. < ‘.-a 0 CT) N ‘4) 0) Ce) N ~~~
‘ U) U) - --4 -.4 a.c w ..-1 -~U) Ii. -1 (‘4 ‘sJ’ U’) N 4~~4~~~~~~~~~~~ Q

(I’ Id 
2 f-I ) () > I—I 0 -a-’ 0 ‘0

Ui 1-4 0 I-’4 O f-.~ +.a 4.i ’0
1- 0 C :‘ <0. I-. .0 a, U) 00 0 0 (1) 0 0 CC C”) “0 Ce) (‘4 sO .4 Cu ~ ~u a~ ‘-‘4

_ _ _ _  

. - a E C  N 10 CT) O~ a’ a’ a) 
~~ o9 ~~~~ 0—* s r”  ‘~ 8 4-’ (5 ‘-4 C’) 10 CC ‘ i  ~~

‘ Ct 0) Cl) ~~ >5 1-’
LU 0 1-~ 1-i 0 1.40 ..C Z —a 0 ~UII. 

—I ~-1
C -  

_ _ _ _  I ~ 
C

- /  1-i
L i.—. C).. > a Z iO W W I.U O

U’) 1X ”lO ~~~U’) 0-~~~~
W

LU 0) ’0C) N C’) “0 U’) (“1 0 ‘—0
Id . 

____ .4 C C • • • • . . • ( )  <Q  -‘-4 0. (‘4 0, 0. a)
o~~ 

‘ 0 1-a C’) CC N ‘-4 N C’) a)
N O W  —4 C’) ‘~~ “0 N0 0 0. C — — —

‘

~~~1 . 4 . 4. 4  _4 .4 ••_.1 .4 Q~ a’ a’- a’ a’ ~i~IC,’- 0’ ‘-4 .-4 ,-4 .-4 .—4
~~~- ~ —4 —4 C) C) C) C) 0 I-’.—4 C) C) I i a I I 0

I a) • I I C~ ~~‘ ,—4 CC U’) Z$o ‘0 0  ~~
‘ 0’ ‘—4 C”) U’) ‘-0 0) (5-12 )U o Z  a a i a S s a

~~ 0. 0. 0. 0. 0. 0. 0.
•_1 —1 ~4 •4 -J ~~ .4

L~ 
0 0 0 00 0  C) 

~~~~ — —- —— -



- -‘—_- - —~ - —~~~~- - - ---- ---—--—----- ~~~~

-
‘S.)

E~~~~_zI::~~:~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~ ~~~i—~~ ci~o ~~c..
_ _ _ _  

~~~~~~~

—

~~~_~~~.1 ~~~ —

• 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

—

~~~~~~~~~~~~~~~~~~~~~~~~~ 

( 1

~ -T•~ 
T T  T- TZ~ I 1T~I~-’~~~~~~~ — 

- . - . 
‘

~~ ~~
.. - -~~. 

-

~~~ ~~~~~~~
- 

. T T T ~~~~~~~~T ~~~~~~5~~TTT~~~~~~~~~~~~~~~~F 
, - 

- -- - -  

-

~~~~~~~

r C   — — —  — — — -  — I I t - ~M - _______

1 3rr [ — I _ _ _ _ _

— L_C 
1. 1kM ‘1 Ii’

>~~I



SECTION 6 5,000 GPD PILOT PLANT DEVE LOPMENT PROGRAM

AND COSTS

The design , fabrication, assembly, and installation

of the 5,000 GPD pilot p lant can be completed within four

months after rec .~ipt of the contract amendment. After

installation of the pilot plant , it is recommended tha t a

3-month , engineering design-of-experiment test program be

conducted on a slip-stream of pink water. Optimum operating

conditions can be established to obtain minimum operating

costs and capital costs for the 100,000 gal per day plant.

6.1 COST OF PILOT PLANT

The installed cost of the pilot plant as described

in Sections 5 and 6 is estimated to be as follows. This

cost includes shipping , set-up , check-out , instructions to

operating personnel , and an Instruction and Operating
*Manual.

Engineering

Supervision 1, 120

Engineering 3,000

Technician 3,900

$8 ,020
(continued on next page )

* These costs are for a non-exp losion-proof system. Costs
for an exp losion-proof system will be about 20% greater
than non-explosion-proof.
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Engineering $ 8 ,020

Materials 16,000

Outside Services 2 ,500

Packing and Shipping 2 ,000

Travel and Communication 2 ,000

30,520

G&A @ 75% 22 ,890

Fee @ 7.2% 3,845

57 ,255

Ozone Generator* 40,000

$ 97 ,255

6.2 PROJECTED OPERATING COSTS

The costs of operating the pilot plant involve oper-

ating labor, analytical services, and electrical power.

6.2 .1 Electrical Power Cost

The maximum power consumption (without optimization )

for the 5,000 GPD (18.9 m3/d) p lant will be as follows :

*Cost of ozone generator is negotiable. Westgate will
endeavor to make the best buy with the shortest delivery
time.

6-2
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Ozone Generation 15.6 KW
(10 KWH/LB 03)

UV Lamps 9.4 KW
( 144 lamps @ 65 W/lamp ) 

_ _ _ _ _ _

Total 25.0 KW

For 24 hour operation, the energy consumption will

be 600 KWH. If a KWH cost $0.02 , the daily cost will be

$12.00 (or $2.40/b OO gal).

6 .2 .2  Operating Personnel

One supervisor and one technician are required per

shift. The technician will monitor ozone mass flow, ozone

concentration, effluent flow rate , and will take the

necessary water samples. The supervisor will oversee the

operation and keep the operational log.

Estimated maximum time required per shift is

Supervisor 2 hours

Technician 6-8 hours

Costs involved depend upon labor rates and overhead

at the wastewater treatment site .
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6.2.3 AnalyticaL Services

Analytical service requirements depend upon the type

and frequency of analyses to be conducted. It is recom-

mended that for pink water TOC, TNT , and RDX analyses be

undertaken. In a test run, samples of effluent are usually

taken once every hour for 4 hours after the theoretical

hydraulic retention time has been reached. Samples are

taken of the influent , the mid-reactor effluent and the

final effluent. TOC analysis can be conducted on each

sample. TNT and RDX analysis can be made either on com-

posite samples of the two effluent streams and of the influ-

ent , or if the analytical laboratory workload allows , on

each sample as it is taken.

Costs for conducting these analyses depend on current

laboratory labor rates and overhead.

6.3 SUGGESTED OPTIMI ZATION TEST PROGRAM

It is recommended that an optimization study be

undertaken after the pilot plant is installed. A statis-

tically-desigried set of experiments will be conducted by

ARRADCOM personnel at a selected pink water site with West-

gate Research support. Approximately 24-30 tests will be

carried out. In the test program , instructions will be

telephoned to ARRADCOM to set the operating levels for the

6-4
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first three tests. ARRA DCOM will then telephone the test

results (e.g., flow rate, effluent analysis, pH and tempera-

ture). A new set of operating parameters will then be given

to ARRADCOM for the next three tests. This procedure will

be repeated until all of the tests are completed.

Existing mathematical models and computer programs

will be used to obtain minimum power usage and maximum flow

rate (minimum residence time ) to produce an effluent of

specified purity. The operating variables to be examined

include :

1) 03 mass flow per stage

2) UV lamp locations

3) number of UV lamps per stage

4) 03 concentration

This information would then be used to define the

ozone requirements and the number and location of UV lamp

placements both for the pilot plant and the 100,000 GPD

plant (see Section 7.4).

The total cost for carry ing out the optimization

study ( including Westgate Research Corporation supervisory

personnel , UCLA computer time , key punch operators , and

statisticians) wiLl be $9 ,700.00. An engineering report

will be issued by Westgate Research Corporation summarizing

6-5



the results of the optimization, and providing preliminary

designs, specifications , and costs for the 100,000 GPD

plant. The estimated time for carry ing out the optimiza-

tion test program is 7-10 weeks .

6.4 APPLICATION OF THE OPTIMIZATION STUDY RESULTS

With comp letion of the optimization program , the

installation details of UV lamps and ozone generating and

dissolution equipment can be defined. The pilot plant

(Standard Cell or STAC) is the basic building block for large

scale ULTROX plants. Any number of STAC ’s can be installed

in parallel in a rectangular concrete or steel tank to make

up a large ULTROX system.

If the optimum residence time is determined to be

150 minutes, the total wet volume of a 100,000 GPD (378.6

m 3~J) reactor will be 10,420 gals (89.4 in3). The number of

STAC ’s which make up a 100,000 GPD p lant will then be 15.

The approximate overall dimensions will be 12 x 24 x 5 feet

(W x L x H) or 3.7 x 7.3 x 1.5 meters.

If the optimum number of UV lamps are 72 , or 4 lamps/

f t 2 , in the pilot plant , the number of lamps required for

the full scale p lant will be 1,080 or 72 per STAC .

6-6
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Assuming an optimum amount of ozone is 800 mg/liter,

the total ozone requirement for the pilot plant or STAC

will be 36 lbs (16.3 kg), and for the 100 ,000 GPD plant ,

the total ozone quantity per day will be 666 lbs (302 kg).

6-7 
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SECTION 7 PROJECTED COSTS FOR A 100 ,000 GPD AUTOMATED

• ULTROX SYSTEM

As indicated in Section 6.4 , a 100 ,000 GPD ULTROX

plant can be constructed by using fifteen (15) Model No.

7606 STAC ’s , operating with 1,080 UV lamps and 666 pounds

of ozone per day . Table 7-1 provides a summary of the

capital costs and the annual operating cost for a 100,000

GPD plant which will accommodate pink water with 140 ppm

TNT and 70 ppm RDX.

Tables 7-2 to 7-5 provide detail on capital costs ,

ozone generator operating , UV operating , and maintenance

costs.
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T a b l e 7- ] .

Cost Analysis Summary

100,000 GPD ULTROX SYSTEM (AUTOMATED)
TO REMOVE 140 ppm TNT AND 70 ppm RDX FROM PINK WATER ,

EFFLUENT TO ‘1 ppm TNT and i~l ppm RDX

CAPITAL COSTS

ULTROX SYSTEM INSTALLED $962 ,500
INCLUDING ENGINEERING

AN1~flJAL OPERATING COST

OZONE GENERATION POWER COST 48 ,200
@ $0.02/KWH

UV LIGHT POWER COST 12,400

@ $0.02/KWH

MAINTENANCE COST 30 ,700

$ 91,300

TOTAL DIRECT COST/b OO CAL*= $2.61

*Assumes 350 day operating year
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Table 7 - 2

PINK WATER 100,000 GPD ULTROX SYSTEM

CAPITAL COST

REACTOR RESIDENCE TIME 150 mm

FLOW Q 69 gal/miTt (26lj /min)

OZONE PROD & CONTROLS 660 lb/day $500 ,000
(299 KG/day)

REACTOR W/l5 STACS/ 375 ,000
1080 tJV LAMPS iNSTALLE D 

_ _ _ _ _ _ _ _

TOTAL COST $875 ,000

+ 10% ENGINEERING 87,500

GRAND TOTAL $962 ,500
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Table 7 - 3

PINK WATER - 100,000 GPD OZONE GENERATION

POWER COST

~ 
O~ , FEED GAS AIR 660

(299 KG/Day)

INSTALLED KW 277

FOR 03 PROD 6600
(1% by wt from Air)

COST 
~ $0.02/KWH $132
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Table 7 - 4

PINK WATER - 100,000 GPD

UV LICE-IT POWER COST

INSTALLED KW 70 KW

1080 UV Lamps
@ 65 w/larnp

FOR UV 1685
DAY

COST 
~ $0.02/KWH $34

t~Y
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Table 7 - 5

PINK WATER - 100,000 GPD

MAINTENANCE COST

UV lAMP REPLACEMENT $59

AVE COST/DAY

LABOR AND PART S
AVE COST/DAY $25

TOTAL COST/DAY $84
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BULLETIN #101

ULTROX Systems STAC ~1odu1~.—c-- —

THE ULTROX tm STAC

The ULTROX STAC (STAndard Cell ) is a
compact modular unit  that uses UV/ozone
for  the removal of organics and fo r the

disinfection of water. Water treatment -

p lants from 1, 000 GPD to 10 , 000 , 000 GPD
can be quickl y instal led by using
multiple STAC units. -

APPLICATIONS

The ULTROX STAC equipment when optimally

adjusted can remove the TOC (total organic

carbon) values to practically zero. It Is -
.

an extremely powerful disinfectant. capable

of totally destroying viruses and micro-

organisms. ULTROX has been effective in
removing the following contaminants: -

alcohols kepone
aldehydes . - -microorganisms pestLci.Jes
chlorinated hydrocarbons . . .munition wastes PCB’s (polychiorinated
chloroform (e.g., TNT & RDX) biphenvis )

cyanides organic acids sugars

de tergen ts organic arnine s and o the r s

Operating Characteristics

- ULTROX oxidiz es organic s to a away from the p~rr~L tl oor or bc low
harmless carbon dioxide exhau st grade

- Selective contaminants or total - No regeneradve ~yc1e , no dispos-~1
organic values can be reduced to required of slud ges , no leaks or break-
practically zero through surges resultin~ from chw~~ing

- The ULTROX STAC requires little carbon adsorbent beds
operator attention and can be - ULTROX is simple , re~ i i1 ie , ~ind clean ,
installed as an automatic system r equ i r i n~. only minimum maintenance



Services: Laboratory and consulting services are available to most
effectively solve your specific water problems and to establish
proper operating parameters of ULTROX modules.

- Portable STACs are available on a rental basis . A short test program
will est~.blish the capital and operating cos ts for your optimum water
treatment facility.

- Support services include installation , operating manuals, maintenance,
and spare parts.

STANDARD CELL (STAC) SPECIFICATIONS

STAC Model No.* 
- 7604 7605 7606

Ext. Dimensions (ft - 4 x 4 x 5 1/2 x 6 x 5 4?~ x 6~ x 6
Shipping weight(lbs 1,000 1,000 1,800
Volume (gallons) 84 112 675
Capacity GPM 1.4 1.9 11.25

GPD 2,016 2,688 16,200

Lamp Watts 40 65 65
# Lamps 30 max 12 72 max
Total Watts 1200 max 780 4680 max

• ***Ozone Required
gm/mm 0.95 1.3 7.7
Lb/day 3 4.1 24.3

Power Required
UV KW 1.2 0.8 4.7

**0
3 

KW ‘ 1.2 1.7 10.1

Total KW 2.4 2.5 14.8

KWH/DAY 57.6 60.0 355

*Special ord er for addi tional sizes **Based on 10 KWH/LB 03
Power demand is dependent on nature and concentration of con-
taminants. Each STAC can be optimized to obtain minimum power
usage . Ozone quantity based on 15 ppm TOC in influent.

Interface Requirements

Electr ical - 115 Volts , 60 Ha, 1 phase power supply (Standard)
Piping - Water - 7604 - 3/8” NPT, female fitting , to PVC pipe

7606 - 1 1/4” NPT, male fitting, to PVC pipe

- Head - 6 foot - PVC or PP reservoir w/piping , floa t valve inlet
Venting - Spent ozone/air mixture - 1k” tubing, Liquid gas separator and

catalytic reactor to decompose residual ozone-outlet gas trap

Contact our Sales Department or our local authorized representative
for further information and detailed installation data

WESTGATE RESEARCH 1931 PONTIUS AVE WEST LOS ANGELES
CORPORATION / CA 90025

L 2l3/~ 73-454l
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WESTOATE RESEARCH CORPORATION
1431 PONTIUS AVENUE

• WEST LOS ANGELES, CAUFO~NIA 40025
213 .413.4441

\9
October 7, 1977

Defense Documentation Center
Cameron Station - ATTN : DDC
Alexandria VA 22314

Reference: Report No. 1701, Contract DAAK 1O-77-C-0041

Gentlemen:

Please find enclosed corrected pages 1-4/5, 7-2,

and 7-3, which replace the original pages 1-4, 1-5, 7-2,

and 7-3 respectively. These pages are to be included in

the two (2) copies of Report 1701 which were sent to

you last month.

Very tru ly yours

WESTGATE RESEARCH CORPORATION

enclosure s
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to burn any deposited explosives, a procedure which is

acceptable in their remote locations. The McAlester

lagoon cannot be flashed because it never evaporates to

dryness.

Other approaches that have been tried, at least in

the laboratory, include direct solvent extraction, re-

verse osmosis, f ly ash adsorption, and biodegradation.

None have been entirely satisfactory.

Activated carbon is very effective at removing TNT

from water solutions. Currently, carbon is used once and

then burned; the result is a high cost operation and a

black smoke, air pollution problem. Thermal regeneration

has been piloted and proven successful, significantly

reducing the cost of the carbon treatment.

It has been shown by several investigators that

ozonolysis, under normal laboratory conditions, degrades

TNT, but not fully. The TNT itself disappears; but re-

fractory, aromatic, degradation products have 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.
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Table 7-1

F
Cost Analysis Summary -

100,000 GPD ULTROX SYSTEM (AUTOMATED)
TO REMOVE 140 ppm TNT and 70 ppm RDX FROM PINK WATER,

EFFLUENT TO <1 ppm TNT and ~ 1 ppm RDX

CAPITAL COSTS

ULTROX SYSTEM INSTALLED $432,000
INCLUDING ENGINEERING

ANNUAL OPERATING COST

OZONE GENERATION POWER COST 46,200
@ $0.02/KWH

UV LIGHT POWER COST 11,900
@ $0.02/KWH

MAINTENANCE COST 29,400

$87,500

TOTAL DIRECT COST/b OO GAL* = $2.50

*Assumes 350 day operating year
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Table7-2

PINK WATER 100,000 GPD ULTROX SYSTEM

CAPITAL COST

REACTOR RESIDENCE TIME 150 mm

FLOW Q 69 gal/mm (261 ~L/min)

OZONE PROD & CONTROLS 660 lb/day $168,000
(299 KG/day)

REACTOR W/15 STACS/
1080 UV LAMPS INSTALLED 225,000

TOTAL COST 393,000

+ 10% ENGINEERING 39,000

GRAND TOTAL $432,000
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