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Preface

As part of the U.S. Army's ongoing program related to the research and development of red water
treatment technologies, the U.S. Army Environmental Center (USAEC) contracted IT Corporation
to prepare conceptual designs and plans for pilot-scale demonstrations of two treatment
technologies: wet air oxidation (WAO) and circulating bed combustion (CBC). The project
objectives also included development of a Test Plan and Health and Safety Plan for these
demonstrations, and preparation of a Project Report. This Project Report is intended to
summarize the conceptual designs, Test Plan, and Health and Safety Plan and to serve as a guide
for activities when the next phase of this program (i.e., conducting the demonstrations) is

implemented.

Red water is not currently generated by the U.S. Army or any other part of the U.S. Department
of Defense nor has it been generated in the recent past. An accurate and complete database does
not exist in regard to the chemical and physical nature of red water. Due to this lack of waste
characterization data, it was not possible to complete an accurate analysis of the associated testing
and treatment requirements. Additionally, the source of red water for testing and the location
where the tests will be conducted (i.e., the host facility) have not been identified. Therefore,
waste- and site-specific concerns and requirements cannot be accurately or completely addressed
at this time. As a result, this phase of the investigation included completion of plans and
conceptual designs. Completion of system designs and finalization of test and safety plans must

be completed in the future prior to initiation of the demonstration program.

This Project Report outlines the current project status and identifies the steps which must be
completed prior to conducting the demonstrations. These include: selecting a host facility,
obtaining red water for the demonstrations, characterizing the red water, preparing final process
and equipment designs, finalizing Health and Safety and Test Plans, and acquiring the test
equipment. Because of the unique and largely undocumented nature of red water, once a source
has been identified, a critical initial objective will be characterization of the physical and chemical
nature of the waste and a review of the associated treatment requirements.

322243/Draft Red Water Project Report/10-95/so 1
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Conceptual Design : Wet Air Oxidation Pilot Plant For Red Water Project No.: UJ41014
Red Water Treatment Technology Test Plan & Site Preparation Project Revision : 1
U.S. Army Environmental Center, Aberdeen Proving Ground, Maryland Date :12/23/94
1.0. GENERAL DESCRIPTION

1.1. INTRODUCTION

Red water is the waste water generated from the purification stage of the
manufacturing process of 2,4,6-trinitrotoluene (TNT). During the purification stage,
a sellite solution is added to the crude TNT to remove unsymmetrical isomers. The
red water generated contains dinitrotoluene (DNT) sulfonated compounds and
products of incomplete nitration of toluene to TNT (i.e. priority pollutants 2,4-DNT
and 2,6-DNT).

Red water is currently classified by the EPA as an RCRA-regulated reactive hazardous
waste (KO47). The feasibility of using Wet Air Oxidation (WAO) for the treatment of
TNT red water was confirmed by the study which was performed by the Department
of Civil Engineering at the University of Maryland, under contract with the U.S. Army
Construction Engineering Research Laboratory. As a result, the U.S. Army
Environmental Center (USAEC) has decided to investigate a piloting program to treat
TNT red water in a Wet Air Oxidation system.

This document is prepared as part of the task entitled "Red Water Treatment
Technology Test Plan and Site Preparation” for the USAEC. The objectives of this
task are to prepare test and safety plans, determine the best conceptual designs, and
prepare layouts for pilot scale Circulating Bed Combustors (CBCs) and WAO
treatment systems. Due to the uncertainty of the pilot plant demonstration location,
the units are designed to be transportable.

This design package presents the conceptual design, layout and cost estimate of a
mobile Kenox Wet Air Oxidation pilot plant. Further process engineering and detailed
design engineering is necessary prior to construction of the Kenox pilot plant.

The Kenox WAO system presented here is a transportable pilot plant consisting of a
feed preparation and preheat section, reaction section and separation and pressure let
down section. The red water is diluted and preheated in the feed preparation section
and then mixed with air prior to entering the reaction section. The reactor system
operates at 484 deg F and 1000 psia. Spent air and oxidized waste leaving the reactor
system are cooled and fed into a two stage pressure let down and separation system
prior to being discharged from the WAO system. '

This design package contains the following major sections:

o 1.0 General Description - Presents a brief introduction to the project and contents,
the WAO design basis and a WAO block diagram.

o 2.0 Process Description - Presents a process overview of the Kenox WAO system
and a description of each key system section.

Page1 KENOX Corporation




Conceptual Design : Wet Air Oxidation Pilot Plant For Red Water Project No.: UJ41014
Red Water Treatment Technology Test Plan & Site Preparation Project Revision : 1
U.S. Army Environmental Center, Aberdeen Proving Ground, Maryland Date :12/23/94

¢ 3.0 PFD and P&IDs Package - Presents the Process Flow Diagram (PFD) and the
Piping and Instrumentation Diagrams (P & IDs) for the WAO system.

4.0 Equipment List - Presents a table of the key equipment components.

o 5.0 Equipment Specifications - Presents the process specification sheets for each
key WAO component.

e 6.0 Utility Consumption - Presents the utility consumptions of the WAO system.

e 7.0 General Arrangement Drawings - Presents the general arrangement plans for
the WAO system.

e 8.0 Electrical One-Line Drawing - Presents the electrical one-line drawing for the
WAO system.

¢ 9.0 Mass & Energy Balance Outputs - Presents the basis and results of mass and
energy balances conducted for normal operations.

o 10.0 Pilot Plant Cost Estimate - Presents the cost estimates for purchase and lease of
Kenox WAO equipment.

e Wy,

o 11.0 Treatability Study - Presents the autoclave procedures and results.

e 12.0 Operations & Safety Considerations - Presents the health and safety
considerations of the WAO operations.

e 13.0 Sampling Plan - Presents the general process and emissions sampling
procedures.

o 14.0 Operations Manual - Presents a draft Kenox WAO operations manual.

—
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Conceptual Design : Wet Air Oxidation Pilot Plant For Red Water Project No.: UJ41014
Red Water Treatment Technology Test Plan & Site Preparation Project Revision : 1
U.S. Army Environmental Center, Aberdeen Proving Ground, Maryland Date :12/23/94
1.2. DESIGN BASIS

In preparing this conceptual design, Kenox has relied to a significant extent on the
experimental data, observations and results presented in the Phull (1992) and Hao
(1993) reports and Kenox' preliminary treatability study on the TNT red water.
Additional assumptions and considerations were also made in the absence of data.
These assumptions and the literature review results require confirmation through an
extended treatability study before the design of the system is to be finalized. The
initial conceptual design basis and considerations are discussed below.

1.2.1. Red Water Characteristics

The manufacturing process of 2,4,6-trinitrotoluene (TNT) consists of two
stages: (i) nitration of toluene to crude TNT and (ii) sellite purification to
remove the unsymmetrical TNT isomers and other impurities. During the
purification stage, the sodium sulfite (sellite) that is added to crude TNT,
reacts selectively with the unsymmetrical TNT isomers to produce
dinitrotoluene (DNT) sulfonated compounds. The waste water which is
generated during this stage (also known as red water) contains the
dinitrotoluene sulfonated compounds, products of incomplete nitration of
toluene to TNT from the first stage and other complex byproducts formed
during the nitration and purification stages.

Based on Radford Army Ammunitions Plant data on red water characteristics
(forwarded by IT Corporation to Kenox, see Tables 1.1 and 1.2), red water in
general has a COD range of 65,000 mg/l to 120,000 mg/l, a pH of 7.0 to 9.7
and contains 15 to 30 percent solids. Inorganic salts make up 45 wt% of the
solids and nitrobodies make up the remaining 55 wt%.

This conceptual design assumes that dinitrotoluene sulfonated (DNTS)
compounds constitute the major COD contributor in red water. Due to limited
physical data available on DNTS, the mass and energy balance assumed the
following sequence of reaction pathways: (1) removal of the sulfonic group
from DNTS to form dinitrotoluene and sulfuric acid, and (2) oxidation of
dinitrotoluene with air to produce carbon dioxide, water and nitrogen.

1.2.2. Dilution of Feed

The selection of the design pressure of the reactor system will have to take into
account the overpressurization of the system in the event of an uncontrollable
reaction. Kenox' preliminary evaluation indicated that the optimum system
design pressure can be achieved at a feed concentration of 6 % COD.

Page 3 KENOX Corporation
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1.2.3.

1.2.4.

1.2.5.

Design Conversion Levels and Feed Rates

The Kenox pilot plant is designed to treat 1.5 USGPM of raw red water at a
COD level of 120,000 mg/l. The incoming red water will be diluted to a COD
level of 60,000 mg/l with a treated effluent recycle stream due to safety
concerns and excessive evaporation in the Kenox reactors with the high
incoming COD level. The design throughput after dilution of the feed stream
is 3.0 USGPM. Experimental data reported in Phull's dissertation (1992),
predict a COD conversion in the 85% range at WAQ reaction conditions of
485 deg F .

pH Adjustment

Initial pH of the waste feed stream can have a significant impact on the
performance of the oxidation reaction. In this Kenox design, a feed pH of 5 is
required.

Definitions of Kenox Inside Battery Limits

The Kenox inside battery limits are defined as follows:

o Inlet of the Kenox unit: Feed to the suction of the waste feed pump, P-
101.

o Outlet of the Kenox unit: Effluent from the discharge of the final effluent
pump, P-105.

o Refer to the attached PFD in Section 3.0 for details on the definitions of
Kenox inside battery limits.

1.2.6. Design Inlet Battery Limit Conditions

Raw Feed Flow, USGPM 1.5
pH 7.0-9.7
COD, mg/l (min/max) 65,000/120,000
Temperature, deg F 60
Compositions v see Tables 1.1 & 1.2
1.2.7. Design Outlet Battery Limit Conditions'
pH 20-40
Temperature, deg F 107
Pressure, psia 50
COD, conversion 85%
Page 4 - KENOX Corporation
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1.2.8.

1.2.9.

1.2.10.

.

Material of Construction

As reported in Phull's dissertation, the corrosivity of red water is aggravated
under process conditions of high temperature, high pressures and low pH of
oxidized solutions. Sulfonated nitroaromatics are expected to be more
corrosive when subjected to WAO due to the formation of inorganic salts. On
the basis of the corrosion testing performed by Phull, titanium is selected as the
material of construction for Kenox reactors and associated equipment and
piping when the process temperature exceeds 100 °F. For process effluent
temperatures less than 100 OF, equipment and piping will be constructed from
316 stainless steel. pH adjustment on the rundown effluent from the Kenox
unit, if required is not included in the design scope.

Plot Area

Due to the uncertainty of the pilot plant demonstration location, the unit is
designed to be transportable and to be operable indoors or outdoors. The
required minimum plot space for this Kenox unit is approximately 16'x 48'.

Service Factor

It is anticipated that the service factor for the Kenox system will be in the order
of 90 %. Rotating equipment spare parts inventories are at the client's choice
and judgment between the penalty for short term shutdown versus the cost of
the spare equipment. However, Kenox recommends that spare parts for
critical and long term delivery items be stored. A list of spare parts will be
provided upon the completion of detailed engineering.

-
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.

Table 1.1 Red Water Characteristics

Chemical Oxygen Demand, mg/L 65,000 - 120,000

Total Solids, % 15-30
Specific Gravity 1.1
Nominal Solids Heat Value 3,200 BTU/Ib
Suspended Solids, mg/L 32
pH 7.0-9.7
Soluble Chloride, mg/L 70
Total Kjeldah! Nitrogen, mg/L 11,129
Nitrate Nitrogen, mg/L 1,739
Nitrite Nitrogen, mg/L 6,788
Ammonia Nitrogen, mg/L 150
Metals, mg/L
Calcium 39 -346
Iron 4.9 -307
Magnesium 25-90
Potassium 42
Aluminum 21-10
Chromium 0.14-49
Barium 022-3.0
Copper 23
Cadmium 0.7
Silver 0.4
Zinc 6.4

Reference: Radford Army Ammunitions Plant, 1988, "Review of Canadian Industries
Limited's Boloeil Facility as a Candidate for a SRP Pilot Test."

-
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Red Water Treatment Technology Test Plan & Site Preparation Project
U.S. Army Environmental Center, Aberdeen Proving Ground, Maryland

Project No.: UJ41014
Revision : 1
Date :12/23/94

Table 1.2 Composition of Red Water Solids

Inorganic Salts, wt%
NayS03-NapS04
NaNO; (sodium nitrite)
NaNOj3 (sodium nitrate)
NAHS-Na,$ (sodium sulfide)
Sodium bicarbonate/carbonate
Subtotal Inorganic Salts, wt%

Nitrobodies, wt%
Sodium sulfonate of 2,4,5 TNT
alpha - TNT - Sellite complex
Sodium sulfonate of 2,3,4 TNT
Sodium sulfonate of 2,3,5 TNT
Sodium sulfonate of 2,3,6 TNT
2,4,6-TNBA (trinitrobenzoic
acid) Na salt
White compound sodium salt *
TNBAL - bisulfite addition
compound
(trinitrobenzaldehyde)
TNBOH (trinitrobenzyl
alcohol)
Sodium nitroformate
3,4 - DNBA (dinitrobenzoic
acid) Na salt
2,3 - DNBA (dinitrobenzoic
acid) Na salt
TNB (trinitrobenzene) - Sellite
complex ’
Dissolved 2,4-DNT
(dinitrotoluene)
Dissolved alpha - TNT
(trinitrotoluene)

Subtotal Nitrobodies, wt%

323

11.2

1.5

may be present
may be present
45

22.7
16.2
9.6

2
trace
1.0
1.0
1.0
1.0

0.5
trace

trace
trace
trace
trace

S5

* "White compound" is believed to be 2,2-dicarboxy-3,3"5,5"-tetranitroazoxybenzene

Reference: Radford Army Ammunitions Plant, 1988, "Review of Canadian Industries
Limited's Boloeil Facility as a Candidate for a SRP Pilot Test".
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Conceptual Design : Wet Air Oxidation Pilot Plant For Red Water
Red Water Treatment Technology Test Plan & Site Preparation Project
U.S. Army Environmental Center, Aberdeen Proving Ground, Maryland

2.0. PROCESS DESCRIPTION

2.1

2.2,

2.3

The following process description refers to equipment shown on the PFD and P&IDs in

Section 3.

FEED PREPARATION & PREHEAT

To prevent excessive evaporation in the Kenox reaction section, the maximum COD
concentration for TNT red water to be processed in this WAO system is 6%. For
TNT red water containing COD level above 6%, feed dilution is required before being
introduced to the Kenox reactor. TNT red water from storage outside Kenox' battery
limits is pumped at a rate of 1.5 USGPM by waste feed pump, P-101, to the feed
drum, D-104. At the inlet of this drum, the waste is mixed with a treated Kenox
effluent recycle stream which is delivered by the final effluent pump P-105, or service
water via dilution feed pump P-102 to maintain the maximum COD in the feed at 6
%. This blending is performed by the flow ratio controller, FFRC-401.

The diluted feed is pumped from the feed drum by high pressure feed pump, P-103 to
the inlet tubeside of feed/effluent exchanger, E-101 where it is preheated by the
reactor system's effluents to the required inlet temperature to the Kenox reactor
section. During start up, the electric heater E-102 will be used to heat the feed up to
the desired reaction temperature.

REACTION & SEPARATION SECTIONS

The Kenox reaction section comprises of reactors connected in series. Compressed air
is injected into the reactors to supply the required oxygen for the reaction. Reactor
effluent is cooled to 104 deg F via the feed/effluent exchanger E-101 and the water
cooler, E-103. Spent air and oxidized waste water leave the cooler and proceed to a
two stage pressure let down and separation system, D-101 and D-102.

The off-gas, which at this point is mainly carbon dioxide, nitrogen and water vapor is
vented to the atmosphere. The oxidized waste water is sent to the effluent drum, D-
105. From the outlet of D-105, part of the oxidized waste water is recycled back via
the effluent recycle pump, P-105 to the discharge of the feed waste pump, P-101. The
other portion is pumped to the client's storage outside Kenox' battery limits.

COMPRESSED AIR

Air is supplied to the Kenox reactors by the reciprocating compressor, C-101.
Compressed air leaving the compressor at 1050 psia flows to the air accumulator D-
103. The total air flow to the Kenox reactors is controlled by an oxygen analyzer
which measures the Oy content of the offgas leaving the system.
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COMPRESSOR DATA SHEET

Equipment Name

Air Compressor

Total Number Required One
DESIGN CONDITIONS C-101
Gas Handled Air
Std. Capacity SCFM 112
Weight Flow Ib/hr 510
Critical Pressure psia 547
Critical Temperature deg F -221
Relative Humidity
Molecular Weight 28.8
Inlet
Pressure psia 14.7
Temperature deg F Ambient
Cp/Cv 1.4
Compressibility 1
Inlet Volume ACFM 113
Outlet
Pressure psia 1050
Temperature deg F
Cp/Cv
Compressibility
Discharge Volume CFM
Miscellaneous
Adiabatic kW
BHP kW
Speed pm
Compressor Connections (1) Motor
Suction Size in., Rating Motor hp
Discharge Size in., Rating Volts 460 Phase 3 Hertz 60

Cooling Water

Electrical Classification

Class | & Il, Div. 1

Inlet Temp. 68 deg F Materials
Differential Temperature 18 deg F Casing
Max. Allowable Pressure Drop psi Piston

Shaft

Remarks:

1. Compressor vendor to confirm and supply all applicable information to fully complete data sheet.

2. Cooling is not required for final stage.

3. Compressor vendor to supply:

(i} Suction air filters and silencers

{ii) Pressure relief valves.

{ii) Local temperature and pressure gauges for all stages

(iv) Shutdown protection switches

(v) Compressor control system to be mounted in_appropriate enclosure.

{vi) Motor starter with enclosure.

g

PROJECT: PROJECT NO. DIVISION NO.
IT Corporation - TNT Redwater KENOX UJ41014
EQUIPMENT NO. REV.
CLIENT:
IT Corporation C-101 0
0 |11/2294|For Quotation BM ﬁ/{/ LOCATION: -
NO. |DATE REVISION BY | CHK. | APP. SHEET 1 OF 1




VERTICAL VESSEL DATA SHEET

Equipment Name:
Total Number Required

H. P. Separator
1

Design Data
Max Operating Pressure 970 psia
Design Pressure 1070 psia
Max Operating Temperature 104 oF
Design Temperature 155 °F
Corrosion Allowance . in.
Radiography Per ASME Code ® @
Stress Relieved
Code ASME Code (Latest Edition)
Estmated Weight (Empty) ib

3

Material Specification
Shell - 31688 — ©
Internals - Note (1)
Lining - @ '— .

(=)
Supports - <
Insulation - Personnel Protection
- 13" —»
Nozzle Schedule @ l’——‘ —‘ @
Nozzle Mark | Qty. |Size, in. Rating @ I— /
No.
Inlet A 1 [0.75in. 600# RF
Liquid Outlet B 1 {0.50in. 600# RF
Vapor Outlet Cc 1 0.75 in. 600# RF
Level Transmitter D 1 1.50 in 600# RF
Level Transmitter E 1 1.80 in 600# RF
Level Switch F 1 1.0 in. 600# RF
Hand Hole G 1 6.0 in. 600# RF
Relief Valve H 1 1.0in. 600# RF
Remarks:
1. Vortex breaker at liquid outlet to be provided.
2. Ellipsoidal heads.
3. Final complete data sheet subjected to Kenox approval.
PROJECT: PROJECT NO. DIVISION NO.
IT Corporation - TNT Red Water KENOX UJ41014
EQUIPMENT NO. REV.
CLIENT:
1 }1221ma|n0z20E W' ADDED BM IT Corporation D-101 1
0 [11/16/84]For Quotation BM LOCATION:

NO. |DATE REVISION BY | CHK. APP, SHEET 1 OF 1
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VERTICAL VESSEL DATA SHEET

Equipment Name: L. P. Separator

Total Number Required 1

Design Data
Max Operating Pressure 50 psia
Design Pressure 75 psia
Max Operating Temperature 107 °F
Design Temperature 160 °F
Corrosion Allowance in.
Radiography Per ASME Code
Stress Relieved
Code ASME Code (Latest Edition)
Estmated Weight (Empty) b

Material Specification

Shell - 316SS

internals - Note (1,2)

Lining -

Supports -

insulation - Personne! Protection

Nozzie Schedule

rett—— 13" —P»

Nozzle Mark { Qty. [Size, in. Rating @ |——— /
No.
Inlet A 1 0.50 in. 150# RF
Liquid Qutlet B 1 0.50 in. 150# RF
Vapor Outlet C 1 0.50 in. 150# RF
Level Transmitter D 1_]1.50in 150# R
Level Transmitter E 1 1.50 in 150# RF
Relief Valve F 1 0.50 in. 150# RF
Hand Hole G 1 6.0 in. 150# RF
jRemarks:

1. Vortex breaker at liquid outlet to be provided.

2, Ellipsoidal heads.

3. Demister at vapor outlet to be provided.

4. Final complete data sheet subjected to Kenox approval.

PROJECT: PROJECT NO. DIVISION NO.
IT Corporation - TNT Red Water KENOX UJ41014
EQUIPMENT NO. REV.
CLIENT:
IT Corporation D-102 0
0 1111684 For Quotation BM ﬁ’V LOCATION:
NO. {DATE REVISION BY | CHK.| APP. SHEET 1 OF 1
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HORIZONTAL VESSEL DATA SHEET

Equipment Name: Air Accumulator
Total Number Required 1
Design Data
Max Operating Pressure 1050 psia
Design Pressure 1160 psia
Max Operating Temperature 255 (1) °F
Design Temperature 310 (1) °F
Corrosion Allowance in. L 40" o
Radiography Per ASME Code ' '
Stress Relieved
Code ASME Code (Latest Edition) © O) ©
Estmated Weight (Empty) Ib
T o m
A
Material Specification @
Shell - Carbon Steel 14"
Internals - None
Lining - None /
Supports - A
Insulation - Heat Conservation ] @
18" 6" -
Nozzle Schedule A 2 | @
Nozzle Mark | Qty. |Size, in. Rating
No.
Inlet A [ 1 lorsin. 600# RF ©
Outlet B 1 ]0.75in. 600# RF
Safety Valve C 1 0.75in. 600# RF
Drain D 1 10.75in. 600# RF
Level Gauge E 1 1.0in. 3000# NPT
Level Gauge F 1 1.0in. 3000# NPT
Pressure Gauge G 1 0.75 in. 3000# NPT
Temperature Gauge H 1 1.0in. 3000# NPT
fRemarks:
1. To be verified with air compressor vendor.
2. Ellipsoidal heads.
3. Final complete data sheet subjected to Kenox approval.
{PROJECT: PROJECT NO. DIVISION NO.
IT Corporation - TNT Red Water KENOX uJ41014
EQUIPMENT NO. REV.
CLIENT:
IT Corporation D-103 0
0 [112104For Quotation BM 2%/ |LocaTion: '
NO. |DATE REVISION BY | CHK. APP, SHEET 1 OF 1
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VERTICAL VESSEL DATA SHEET

Equipment Name: Feed Drum
Total Number Required 1
Design Data
Max Operating Pressure 15 psia
Design Pressure 30 psia
Max Operating Temperature 85 °F
Design Temperature 135 °F
Corrosion Allowance in.
Radiography Per ASME Code ® ©
Stress Relieved
Code ASME Code (Latest Edition)
Estmated Weight (Empty) b
® T
Material Specification
Shell - 316SS — ©
Internals - Note (1)
Lining - .
()
Supports - Carbon Stee! (skirt) ©
Insulation - No
t—— 40" —
@ C
Nozzie Schedule
Nozzle Mark | Qty. [Size, in. Rating @ I———- ——‘ @
No.
Inlet A | 1 _|o50in. 150# RF 1
Outlet & Drain B 1 1.0in. 150# RF
Vent c 1 [1.0in. 150# RF ™
Level Gauge D 1 1.50 in 150# RF
Level Gauge E 1 1.50in 150# RF
Leve! Switch F 1 1.0in. 150# RF __J —l;
Hand Hole G 1 [8.0in. 150# RF
Sample Point H 1 {0.75in. 3000# NPT
|Remarks:
1. Vortex breaker at liquid outlet to be provided.
2. Ellipsoidal heads.
3. Final complete data sheet subjected to Kenox approval.
PROJECT: PROJECT NO. DIVISION NO.
IT Corporation - TNT Red Water KENOX UJ41014
EQUIPMENT NO. REV.
CLIENT:
1 |12122/4]Nozzle 'H' added BM %/ IT Corporation b-104 1
0 {11/16/04{For Quotation 8M LOCATION:
NO. |[DATE REVISION By | cHk.| “APP. SHEET 1 OF 1




VERTICAL VESSEL DATA SHEET

Equipment Name:

WAQO Effluent Drum

Total Number Required 1
Design Data
Max Operating Pressure 15 psia
Design Pressure 30 psia
Max Operating Temperature 107 °F
Design Temperature 160 °F
Corrosion Allowance in.
Radiography Per ASME Code @ @
Stress Relieved
Code ASME Code (Latest Edition)
Estmated Weight (Empty) ib
Material Specification
Shell - 3165S — ®©
Internals - Note (1)
Lining - .
o
Supports - Carbon Steel (skirt) ©
Insulation - No
-— 40" —P
® o | — ®
Nozzle Schedule
Nozzle Mark | Qty. {Size, in. Rating @ @
No.
Inlet A 1 10.50in. 150# RF 1
Outlet & Drain B 1 1.0in. 150# RF
Vent c 1 [1.0in. 150# RF )
Level Gauge D 1 1.50 in 150# RF
Level Gauge E 1 1.80 in 150# RF
Level Switch F 1 1.0 in. 150# RF ] r
Hand Hole G 1 {8.0in. 150# RF
Sample Point H 1 0.75 in. 3000# NPT
Remarks:
1. Vortex breaker at liquid outlet to be provided.
2. Ellipsoidal heads.
3. Final complete data sheet subjected to Kenox approval.
PROJECT: PROJECT NO. DIVISION NO.
IT Corporation - TNT Red Water KENOX UJ41014
EQUIPMENT NO. REV.
CLIENT:
1 |1221/04|Nozzle 'H' added BM M IT Corporation D-105 1
0 |111em4For Quotation BM A7/ |LOCATION:
NO. |DATE REVISION BY | CHK. APP. SHEET 1 OF 1
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l HEAT EXCHANGER DATA SHEET
) E-101 REACTOR FEED/EFFLUENT EXCHANGER
Size Type: Double Pipe {Horiz/Vert} Horiz. Connected in
' Surf/Unit Shells/Unit Eff. Surf/Shell ft2
SHELL SIDE TUBE SIDE
' Fluid Name Oxidized Wastewater Feed
Fluid Quantity, Total Ib/h 2007 1544
IN OouT iN ouT
. Vapour Ib/h 1043 646
Liquid Ib/h 964 1361 1544 1544
Steam 1b/h
Water 1b/h
l Noncondensible Ib/h
Temperature °F 483 403 61 362
Density Liquid/ Vapour + NC Ib/cf}53.00/2.52 55.45/3.01 66.67/ 57.52/
’ Viscosity Liquid/ Vapour 4+ NC cP{0.10/0.02 0.10/0.02 1.27/ 0.10/
Molecular Weight Liquid/ Vapour + NC
Molecular Weight, Noncondensible
Specific Heat Liquid/ Vapour + NC Btu/Ib°F|1.19/0.44 1.08/0.33 0.91/ - 1.00/
' ThermalConductivity Liquid/ Vapour + NC Btu/hrft-F|0.34/0.03 0.37/0.02 0.34/ 0.38/
Latent Heat Btu/lb
) Inlet Pressure psia 990 1050
Velocity ft/s
' Pressure Drop, Allow/Calc psi 10/ 20/
Fouling Resistance hft2°F/Btu 0.002 0.002
Heat Exchanged 430577 Btu/h ;MTD (Corrected) 213 - °F
' Transfer Rate Service Clean Btu/hft2°F
CONSTRUCTION OF ONE SHELL
SHELL SIDE TUBE SIDE SKETCH
l { Design / Test Pressure psig 1090/ 1160/
b Design Temperature °F 535 415
No of Passes per Shell
Corrosion Allowance in
Connection in (Size & Rating) 600# 600#
Connection out (Size & Rating) 600# 600#
Tube No ; OD Thickn Length Pitch
Tube Type Plain Material Titanium
Shell Titanium :ID in; OD in Shell Cover {Integ.)
Channel or Bonnet Channel Cover
Tubesheet - St Tubesheet - Fl
Floating Head Cover impingement Protection yes
Baffles - Cross ; Type Vert/Seg ; %Cut{Area) ; Spacing c/c in
Baffles - Long - Seal Type
Supports - Tube U Bend Type
Bypass Seal Arrangement Tube - Tubesheet Joint
Expansion Joint Type
pv2 - Inlet Nozzle -Bundle Entrance - Bundle exit
Gaskets - Shellside - Tubeside
- Floating Head
Code ASME Section VIil, Div | latest issue
Weight/ Shell Filled with Water ' Bundle Lb.
JRemarks: (1) : Exchanger Vendor to confirm and supply all applicable information to fully complete data sheet.
(2): Material: Shellside =fl'itanium; Tubeside = Titanium
PROJECT: PROJECT NO. DIVISION NO.
IT Corporation - TNT Redwater - KENOX uJ41014
EQUIPMENT SPEC. NO. REV.
CLIENT:
IT Corporation E-101 0
0 |ssr11:21]Initial BM 21,/ |LOCATION:
NO. DATE REVISIONS BY |CHK.}]APP. SHEET 1 OF 1




l ELECTRIC HEATER
' Equipment Name Reactor Feed Heater
‘ Line, Size / Spec. 0.5 in. / 660
Duty, KW: g5
l Fluid Name TNT Red Water
Fluid Quantity, Total Ib/hr 772
I Vapour Ib/hr
Liquid Ib/hr 772
Steam Ib/hr
Water Ib/hr
l Noncondensible Ib/hr
Temperature Deg F In: 61 Out: 480
inlet Pressure psia 1050 Aliowable Pressure Drop, psi: 20
l Specific Gravity 1.07 )
Viscosity, Liquid cp 1.28
' CONSTRUCTION
' Design Pressure ,psia 1160
Design Temperature , Deg F 530
{Flange Size, in: Rating:
l Material, Sheli: Titanium Note (7) Element: Ti, non-direct contact. See Note (4).
Volitage
Wattage
l Length, mm
Wall Sheath thickness, mm
Welded Elements :
% Built-in Thermostat well - Note 5 ] No [x] Yes, Length,mm: 1.D.,mm :
. Vented or Stilted Housings required
Built-in Thermocouples
Passivated sheet required ?
I Moisture resistant terminal housing required?
Code
Class: I &I Division : 1 Group :
I Manufacturer:
Model Number:
Remarks: 1) Equipment vendor to insert all applicable data to fully complete data sheet.
. 2) Final data sheet is subject to Kenox approval.
3) Auto ignition temperature 295 to 330 deg C.
4) Heating elements to be capsulated so that process fluid does not come
l in contact with the elements.
5) Vendor to supply temperature trip on power supply for element high temperatures.
6) Operation of the heater will be intermittent.
l 7) Shell to be supplied by Kenox.
. PROJECT: PROJECT NO. DIVISION NO.
IT Corporation - TNT redwater KENOX uJ41014
' EQUIPMENT NO. REV.
( CLIENT:
\ . IT Corporation E-102 0
. 0 |11/22/88}For Quotation BM m_ LOCATION:
NO. DATE REVISION BY | CHK. ]| APP. SHEET 1 OF
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I HEAT EXCHANGER DATA SHEET
IEquipment Name EFFLUENT COOLER
Type: Double Pipe (Horiz/Vert) HORIZ Connected In
fSurf/Unit ft2 Shells/Unit Eff. Surf/Shell 12
|
l SHELL SIDE TUBE SIDE
IFIuid Name Cooling Water Oxidized Waste Water
Friuid Quantity, Total Ib/h 33935 2007
IN ouT IN ouT
Vapour Ib/h 646 516§
Liquid Ib/h 1361 1491
Steam Ib/h
Water Ib/h 33935 33935
Noncondensible tb/h
Temperature °F 68 86 403 104
BDensity Liquid/ Vapour + NC Ib/cf 63.13 62.66{55.45/3.01 64.66/5.18
IViscosity Liquid/ Vapour + NC cP 1 0.79710.1/0.02 0.76/0.02
lMoIecular Weight Liquid/ Vapour + NC
[Molecular Weight, Noncondensible
ISpecific Heat Liquid/ Vapour + NC Btu/lb°F 0.97 0.97 [1.078/0.331 ]0.946/0.27
|ThermaIConductivity Liquid/ Vapour + NC Btu/hrft-F 0.349 0.357 ]10.374/0.023 |0.359/0.017
JLatent Heat Btu/ib
Ilnlet Pressure psia 60 980
Ivetocity ft/s
IPressure Drop, Allow/Calc psi 10/ 10/
IFouIing Resistance hft2°F/Btu 0.001 0.002
§Heat Exchanged 588919 Btu/h ;MTD (Corrected) ~ 129 °F
JTransfer Rate Service Clean Btu/hft2°F
| CONSTRUCTION OF ONE SHELL
| SHELL SIDE TUBE SIDE SKETCH
J0esign / Test Pressure psig 720/ 1080/
lDesign Temperature °F 140 455
INo of Passes per Shell
ECorrosion Allowance in
Connection in (Size & Rating) 600# 600#
Connection out {Size & Rating) 600# 6004#
Tube No ; OD Thickn Length Pitch in
Tube Type Plain Material Titanium
Shell Carbon Steel ;ID in; OD in Sheli Cover Carbon Steel {integ.)
Channel or Bonnet Channel Cover
Tubesheet - Stationary Tubesheet - Fioating
JFloating Head Cover Impingement Protection yes
lBafﬂes - Cross . Type ; %Cut{Area) ; Spacing c/c in
JBaffles - Long - Seal Type
ISupports - Tube U Bend Type
|Bypass Seal Arrangement Tube - Tubesheet Joint
IExpansion Joint Type
pv2 - Inlet Nozzle -Bundle Entrance - Bundle exit
IGaskets - Sheliside - Tubeside
| - Floating Head
Pde ASME Section VIli, Div | latest issue ; TEMA Class , R
Weight/ Shell Filled with Water Bundle Lb.
JRemarks: (1) : Exchanger Vendor to confirm and supply all applicable information to fully complete data sheet.
p2): Material: Shellside = Carbon Steel; Tubeside = Titanium
PROJECT: PROJECT NO. DIVISION NO.
IIT Corporation - TNT Redwater KENOX UJ41014
| EQUIPMENT SPEC. NO. REV.
| CLIENT:
| IT Corporation E-103
| 0 J11/21/94]nitial | LY E LOCATION:
NO. DATE REVISIONS ] 8Y |CHK. [APP. ) SHEET 1 OF 1
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CENTRIFUGAL PUMP DATA SHEET

Equipment Name P-101 - Waste Feed Pump
Total Number Required One

Design Data Motor
Service Raw Wastewater “IMotor hp
Erosion/Corrosion Volts 460 Phase 3 Hertz 60

Min.| Norm | Max. JElectrical Classification Class | & Il; Div. 1

Pump Temperature F 60
Specific Gravity 1.08
Viscosity cP 1.2078
Vapour Pressure psia 14.7 Turbine
Flow Rate Ib/hr 772 Inlet Steam Temp. F
Solids Percent Notes 2 & 3 15 30]inlet Steam Pressure psia

Pressure for Max. Flow Exhaust Steam Temp F
Suction Press. 16  psiajExhaust Steam Pressure psia
Discharge Pressure 46 psia
Diff. Press. . 30 psi
Diff.Head 64 ft
Min. NPSHA 5 ft
Hyd hp 0.04 bhp

Materials Pump Connections
API Spec 610 Suction Size , Rating Cl. 3000 NPT
Case 316SS Discharge Size , Rating Cl. 3000 NPT
Shaft 316SS
Impeller 316SS
Packing Type
Mechanica! Sea! Type
Remarks: 1) Supplier to insert all applicable data to fully complete the data sheet.

2) Total Suspended Solids: 1% maximum.
3) Consider solids abrasive.
H
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IT Corporation - TNT Redwater KENOX UJ41014
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CENTRIFUGAL PUMP DATA SHEET

Equipment Name

P-102 - Dilution Feed Pump

Total Number Required One

Design Data Motor
Service Service Water Motor hp
Erosion/Corrosion Volts 460 Phase 3 Hertz 60

Min.| Norm | Max. JElectrical Classification Class | & iI; Div. 1

Pump Temperature F 60
Specific Gravity 1.015
Viscosity cP 1.1197
Vapour Pressure psia 14.7 Turbine
Flow Rate Ib/hr/GPM 1544/3 inlet Steam Temp. F
Solids Percent 0 inlet Steam Pressure psia

Pressure for Max. Flow Exhaust Steam Temp F
Suction Press. 16 psiajExhaust Steam Pressure psia
Discharge Pressure 46  psia
Diff. Press. 30 psi
Diff.Head 68 ft
Min. NPSHA 5 ft
Hyd hp 0.07 bhp

Materials Pump Connections
AP} Spec 610 Suction Size , Rating Cl. 3000 NPT
Case 316SS Discharge Size , Rating Cl. 3000 NPT
Shaft 316SS
Impeller 316SS
Packing Type
Mechanical Seal Type
Remarks: 1) Supplier to insert all applicable data to fully complete the data sheet.

1]
PROJECT: PROJECT NO. DIVISION NO.
IT Corporation - TNT Redwater KENOX uJ41014
EQUIPMENT NO. REV.
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POSITIVE DISPLACEMENT PUMP DATA SHEET
Equipment Name P-103 High Pressure Feed Pump
Total Number Required One
Design Data Motor
Service Raw Waste Water Motor hp
Erosion/Corrosion Volts 460 Phase 3 Hertz 60
Min. | Norm | Max. §Electrical Classification Class |, Il Div.1
Pump Temperature F 60 Variable Speed Drive Required: Yes
Specific Gravity 1.065
Viscosity cP 1.206
Vapour Pressure psia 14.7 Turbine
Flow Rate ib/hr 1544 Infet Steam Temp. F
Solids Percent Notes 2 & 3 15 30]Inlet Steam Pressure psia
Pressure for Max. Flow Exhaust Steam Temp F
Suction Press. 20  psia]Exhaust Steam Pressure psia
Discharge Pressure 1050 psia
Diff. Press. 1030 psi
Diff.Head 2224 ft
Min. NPSHA 5 ft
Hyd hp 2.3 bhp
: Materials Pump Connections
Displacement Chamber 316SS Suction Size in.
Casing 316SS Discharge Size in.
Plunger Piston
Diaphragm
Check valves & Seats 316SS
Shaft
Packing Type
Mechanical Seal Type
Notes:
1) Supplier to insert all applicable data to fully complete the data sheet.
2) Total Suspended Solids: 1 % maximum.
3) Consider solids abrasive.
PROJECT: PROJECT NO. DIVISION NO.
IT Corporation - TNT Redwater KENOX UJ41014 ‘
EQUIPMENT NO. REV.
CLIENT:
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CENTRIFUGAL PUMP DATA SHEET

Equipment Name P-105 - Final Effluent Pump
Total Number Required One

Design Data Motor
Service Oxidized Wastewater Motor hp
Erosion/Corrosion Volts 460 Phase 3 Hertz 60

Min.] Norm | Max. JElectrical Ciassification Class | & II; Div. 1

Pump Temperature F 107
Specific Gravity 1.03
Viscosity cP 0.733
Vapour Pressure psia 25 Turbine
Flow Rate Ib/hr| 772 1544]Inlet Steam Temp. F
Solids Percent Notes 2 & 3 15 30]inlet Steam Pressure psia

Pressure for Max. Flow Exhaust Steam Temp F
Suction Press. 18  psiajExhaust Steam Pressure psia
Discharge Pressure 53 psia
Diff. Press. 35 psi
Diff.Head 78 ft
Min. NPSHA 5 ft
Hyd hp 0.08 bhp

Materials Pump Connections
APl Spec 610 Suction Size , Rating Cl. 3000 NPT
Case 316SS Discharge Size ., Rating Cl. 3000 NPT
Shaft 316SS
Impeller 316SS
Packing Type
Mechanical Seal Type
Remarks: 1) Supplier to insert all applicable data to fully complete the data sheet.

2) Total Suspended Solids: 1% maximum.
3) Consider solids abrasive.
PROJECT: PROJECT NO. DIVISION NO.
IT Corporation - TNT Redwater KENOX uJ41014
EQUIPMENT NO. REV.
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Conceptual Design : Wet Air Oxidation Pilot Plant For Red Water
Red Water Treatment Technology Test Plan & Site Preparation Project
U.S. Army Environmental Center, Aberdeen Proving Ground, Maryland

Project No.: UJ41014
Revision : 1
Date :12/22/94
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UTILITY CONSUMPTION
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Conceptual Design : Wet Air Oxidation Pilot Plant For Red Water
Red Water Treatment Technology Test Plan & Site Preparation Project
U.S. Army Environmental Center, Aberdeen Proving Ground, Maryland

Project No.: UJ41014
Revision : 1
Date :12/23/94

6.0. UTILITY CONSUMPTION

6.1. ELECTRICAL

¢ Waste Feed Pump, KW 0.5

« Dilution Feed Pump, KW 0.5

o High Pressure Feed Pump, KW 1.6

o Final Effluent Pump, KW 0.75

e Air Compressor, KW 60

¢ Electric Heater, KW 95

¢ Reactor Section, KW 4
6.2. COOLING WATER

o Effluent Cooler, USGPM 68

o Air Compressor, USGPM 12

¢ Reactor Section, USGPM 15

Page 29 KENOX Corporation




Conceptual Design : Wet Air Oxidation Pilot Plant For Red Water Project No.: UJ41014

Red Water Treatment Technology Test Plan & Site Preparation Project Revision : 1

U.S. Army Environmental Center, Aberdeen Proving Ground, Maryland Date :12/22/94
SECTION 7.0.

GENERAL ARRANGEMENT DRAWINGS
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Conceptual Design : Wet Air Oxidation Pilot Plant For Red Water
Red Water Treatment Technology Test Plan & Site Preparation Project
U.S. Army Environmental Center, Aberdeen Proving Ground, Maryland

Project No.: UJ41014
Revision : 1
Date :12/22/94

SECTION 8.0.

ELECTRICAL ONE LINE DRAWING
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9.0. MASS & ENERGY BALANCE OUTPUTS

9.1

REACTION PATHWAYS

The process modelling of the mass and energy balances for a Kenox WAO plant
treating red water assumed that dinitrotoluene sulfonated compounds constitute the
major COD contributor in the red water. Reaction pathways used in the process
model were based on those proposed by Phull (1992) from his experimental work on
the wet air oxidation of 5-nitro-o-toluene sulfonic acid (NTSA), a sulfonated aromatic
similar in structure to dinitrotoluene sulfonates.

Due to limited physical data available on DNTS, the following simplified sequence of
reaction pathways were assumed: (1) removal of the sulfonic group from DNTS to
form dinitrotoluene and sulfuric acid and (2) oxidation of the dinitrotoluene with
oxygen to produce carbon dioxide, water and nitrogen. Mass balances for sulfur and
nitrogen from Phull's kinetic experiments (1992) confirm the validity of the simplified
reaction pathways. The experiments indicated sulfur initially present was almost
stoichiometrically converted to sulfates. For the nitrogen balance, a significant amount
of nitrogen was present in the reactor offgas with an absence of nitrite and nitrate in
the aqueous phase.

Reaction 1:

CH3CeH2(NO2)2803H + HO  ------- > CH3CgH3(NO2)2 +  H2S04
(DNTS) (dinitrotoluene) (sulfuric acid)

Reaction 2:

CH3CgH3(NOp)y + 13207 =--mmm- > 7CO7 + 3Hy0 + Np

(dinitrotoluene)
Experimental data reported in Phull's dissertation (1992), predict a COD conversion in
the 85% range at an oxidation reaction temperature of 485 deg F.

Recommended analyses to be conducted during the pilot plant test stage to confirm
the effluent characteristics are documented in Section 13.

. vie
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9.2. REACTOR PROCESS CONDITIONS

Process conditions assumed for the reactors in the process simulation model are: 484
deg F reaction temperature and 1000 psia operating pressure. The raw red water feed
needed to be diluted to 6% to prevent excessive evaporation in the reactors resulting
from the exothermic heat of reaction released during the oxidation reaction.
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10.0. PILOT PLANT COST ESTIMATE

10.1. SCOPE OF KENOX SUPPLY

Kenox shall supply IT Corporation's client with the following services and equipment.

Basic Process Engineering Design Package.

Detailed engineering, procurement, manufacturing/fabrication and assembly of the
total Kenox skid mounted system.

Kenox' skid mounted system includes all equipment as per the equipment list in
Section 4, fabrication and installation of piping within the skid battery limit and
instrumentation.

Separate trailer unit to contain DCS and MCC.

All vessels and piping within the skid battery limits requiring insulation will be
insulated.

All electrical equipment and materials within the skid arrangement to be pre-
installed and terminated at junction boxes.

Operating and maintenance manuals.

10.2. SCOPE OF IT CORPORATION SUPPLY

IT Corporation or its client shall supply the following equipment and services:

Foundation and drainage system to accommodate Kenox skid mounted system.
All utility connections to and from Kenox system.
Unpacking and locating the skid in the designated area.

Electrical interconnecting wiring and conduit between skid mounted Kenox
supplied junction boxes and Kenox supplied trailer unit.

Power feed to Kenox disconnect switch at power distribution panel.

Appropriate system registration with governing State authorities.

R
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10.3. PURCHASE OPTION

The price for a fully operational skid mounted plant capable of treating TNT red water
in a continuous operation at the rate of 3 USGPM delivered CIF Toronto, Ontario,
Canada is $ 1,900,000 US - 5% + 15 %. This price is valid for 90 days from the date
of this proposal.

The cost of shipment, insurance, transportation to IT Corporation or its client and all
applicable federal and state taxes and permits will be on the account of the purchaser.

The price quoted includes the scope of supply by Kenox Corporation as outlined in
Section 10.1.

10.4. LEASE OPTION

The cost schedule for the leasing option is outlined below:

4 equal payments of $225,000 US

first payment due upon signing of the purchase order

o second payment due on delivery of the equipment to the site

« third payment due 90 days after deliyery of the equipment to the site

o fourth payment due 120 days after delivery of the equipment to the site

« the cost of shipment, insurance, transportation to IT Corporation or its client and
return to Kenox and all applicable federal and state taxes and permits will be on the

account of the purchaser.

« operations and maintenance costs not included

The leasing cost and terms are valid for 90 days from the date of this proposal.

Kenox will be pleased to provide additional information, if required, at the time the
contract is negotiated.
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11.0. OPERATIONS & SAFETY CONSIDERATIONS

11.1. INTRODUCTION

This section presents a description of special health and safety precautions
related to the operations and sampling of a Kenox Wet Air Oxidation system for
the treatment of red water.

11.2. REGULATIONS AND GUIDELINES

All activitities conducted during the wet air oxidation of red water must be in
compliance with applicable requirements of the following publications:

e 29 Code of Federal Regulations (CFR) 1926, Construction Industry, OSHA
Safety and Health Standards

e 29 CFR 1910, General Industry OSHA Safety and Health Standards

e 29 CFR 1910.120, OSHA Final Rule dated March 6, 1989, "Hazardous Waste
Operations and Emergency Response"

o NIOSH/OSHA/USCG/EPA, "Occupational Safety and Health Guidance
Manual for Hazardous Waste Site Activities,", October 1985

e American Conference of Government Industrial Hygienists (ACGIH),
"Threshold Limit Values and Biological Exposure Indices", 1989 - 1990, or most

current version

e U.S. Department of Health and Human Services, (DHHS) "NIOSH Sampling
and Analytical Methods," DHHS (NIOSH) Publication 84-100

o ANSI, Emergency Eyewash and Shower Equipment, Z41.1 (1983)
o ANSI, Protective Footwear, Z358.1 (1981)

o ANSI, Practice for Occupational and Educational Eye and Face Protection,
Z87.1 (1968)

o ASTM D4687, Vol. 11.04, Standard Guide for General Planning of Waste
Sampling, ASTM, Philadelphia, PA.
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11.3. EMERGENCY SHUTDOWN SYSTEM

The prime area of concern is the reaction of the excess oxygen in the reactor system
with an inadvertent introduction of an excess of oxidizable chemicals or a material
(such as a combination of copper, iron and cobalt) that could act as a catalyst and
increase the rate of reaction. The rapid oxidation would result in an increase in the
reaction temperature and a corresponding increase in pressure. However, the pressure
increase would be mitigated by the pressure control valve PCV-312 opening in
response to the pressure surge.

The system is equipped with two levels of alarm. The first alarm, with indication on
the CRT, warns of high temperature or high pressure in the system prior to activation
of the Emergency Shutdown System.

The second alarm on high temperature or high pressure reading in the reactor system
will trigger the Emergency Shutdown System. If the temperature sensor, TSHH-208,
on the the reactor system's outlet line senses a temperature over 500 OF (Note: this
setting can be changed) or the high pressure sensor, PSHH-313, on the reactor
system's outlet line senses a pressure over 1050 psig (resulting from a rapid pressure
rise or a malfunction of pressure control valve, PCV-312) , the WAO system will go
into automatic shutdown as follows:

1. High temperature alarm is sounded with an indication on the CRT in the control
room as to which sensor has activated the shutdown.

2. The microprocessor control unit will automatically initiate the following steps
simultaneously:

« Air to system is stopped by the closing of the emergency shutdown valve
XCV-603 located on the outlet line from the air accumulator, D-103.

« Ifthe electric heater E-102 is in use, a signal will be sent to shut down the
heater to prevent any additional heat from being introduced into the system.

o The waste water feed to the system is stopped by closing of the feed shutdown
valve XCV-601 located upstream of the high pressure feed pump, P-103.

o Service water is introduced to the system by the full opening of the valve
XCV-602 located upstream of P-103.

The operator should proceed as follows:

e Acknowledge the alarm.
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e Lower the pressure on the system to 900 psig by resetting PCV-312.
e Increase the flow through the high pressure pump, P-103 to 4 USGPM.
All the above steps can be done from the CRT in the control room.

If the pressure and temperature sensors fail to respond or a fault occurs in the control
system, then the pressure will be relieved via the safety relief valve PSV-317. A high
pressure alarm, PAH-316 would indicate that either the relief valve has been activated
or that the rupture disc is leaking. The relief valve will discharge to the atmosphere
via a safe location. If the relief valve is activated then the operator should immediately
implement the shutdown of the facility via pushing button HS-XXX on the panel or an
equivalent icon on the CRT. The rupture disc PSE-314 should be replaced, relief
valve settings rechecked and lines between the rupture disc and the safety valve
cleaned to remove any residual waste lodged against PSH-316 and PI-315.
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11.4. HAZARD ASSESSMENT

11.4.1 Waste Feed

Explosion Potential - Red water has a solids content of 15% and a
solids heat content of 3200 BTU/Ib. As the initial raw waste stream
will be diluted with a recycle effluent stream and a very high reactor
recycle stream prior to entering the reactor system (exceeding the 20:1
dilution factor), the effects of temperature and pressure excursions
resulting from a detonation type of reaction is negligible. Section 11.3
discusses the Emergency Shutdown System in place to handle
temperature and pressure excursions.

Contaminated Surfaces - The raw red water will be pumped to the
feed drum from the client's storage tank located outside Kenox' battery
limits. In the unlikely event that red water is spilled or leaked, it should
be cleaned using wet methods and not be allowed to dry. If it is
allowed to dry, the concentrated solids must be considered as explosive
and susceptible to initiation by impact, friction, heat or electrostatic
charge.

11.4.2 Burn Hazards

All equipment with surface temperatures over 100 deg F have been
provided with insulation for personnel protection.

11.4.3 Confined Space Entry

The WAO system shall be evaluated during detailed engineering to
determine if any spaces are permit required confined space. A permit
required confined space is a space that:

Contains or has the potential to contain a hazardous atmosphere
Contains a material that has a potential for engulfing an entrant

Is configured such that an entrant could be trapped or asphyxiated
Contains any other safety or health hazard.

A sign reading, "DANGER - PERMIT - REQUIRED CONFINED
SPACE, DO NOT ENTER" will be posted at the entrance to any
confined space.
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11.4.4 Sampling

Red water may present potential inhalation and skin contact hazards
during the sampling and sample handling activities. ~Appropriate
personal protective equipment should be worn (i.e. safety glasses, hand
protection, apron). Material Safety Data Sheets on some major
components of red water are presented in Section 11.4.5.
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MATERIAL SAFETY DATA SHEETS
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12.0. SAMPLING PLAN

12.1. INTRODUCTION

This section describes the general process liquid and gas sampling procedures to be
used including: the analytical parameters, typical locations and methods. The sampling
and monitoring procedures described in this section have been selected to determine
the properties and compositions of the feed stream, oxidized effluent stream and the
off gases, thereby demonstrating the performance of the Wet Air Oxidation system.

12.2. SAMPLING EQUIPMENT, PROCEDURES AND LOCATIONS

The sampling equipment, procedures and locations are summarized in Table 12 -1.

* Figure 12-1 shows the incoming red water sampled at point 1, diluted red water
sampled at point 2; oxidized effluent sampled at point 3 and offgases sampled at point
4. No sampling points were provided within the reactor system to minimize safety
hazards associated with the cooling and pressure let down of hot samples.

12.3. ANALYTICAL PROCEDURES

The analyses planned for the samples are listed in Table 12 - 2.

12.4. OPERATIONAL PARAMETERS

The operational parameters to be monitored by the DCS system include:

pH of diluted red water to reactor system

Level in feed drum

Differential pressure across duplex strainer

Flow of raw red water

Flow of effluent recycle stream

Flow of diluted red water to reactor system

Temperature of feed at the tubeside outlet of the feed/effluent exchanger
Temperature and pressure on the outlet line of the reactor system
Temperature of oxidized effluent at the outlet ‘of the feed/effluent exchanger
Temperature of oxidized effluent at the outlet of the water cooler

Level in high pressure separator

Level in low pressure separator

Pressure on vapour line of high pressure separator

Pressure on vapour line of low pressure separator
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o Temperature of oxidized waste water in effluent drum
o Level in effluent drum

e Air flows to the reactor system

 Air flow to the inlet of the feed/effluent exchanger

o Oxygen content in the offgas line

e Total offgas flow rate

Page 73
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Table 12 -1 : Sample Collection Locations and Equipment

Fig. Description Access Equipment General
12-1 Procedure
Loc'n
1 Raw Red Tap Glass Hourly Grab
Water Bottle Sample
2 Diluted Red Tap Glass Hourly Grab
Water Bottle Sample
3 Oxidized Tap Glass Hourly Grab
Effluent Bottle Sample
4 Offgases Port Bag Sample Hourly Grab
Sample
Page 75 KENOX Corporation
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Table 12 - 2 : Summary of Analytical Requirements and Methods

SAMPLE ANALYSIS METHOD
Raw Red Water/ pH SM No. 4500-H*
Diluted Red Water/
Oxidized Effluent
COD SM No. 5220 "D"
TOC SM No. 5310 "B"
Total Volatile Solids SM No. 2540
Total Solids SM No. 2540
Chlorides ASTM D4327-91
DNT sulfonates Gas Chromatography
alpha - TNT Gas Chromatography
2,4 DNT Gas Chromatography
2,6 DNT Gas Chromatography
1,3,5 TNB Gas Chromatography
1,3 DNB Gas Chromatography
Nitrite SM No. 4500 - NO»
Nitrate SM No. 4500 - NO3
Sulfate ASTM D4327-91
Offgases CO Gas Chromatography
CO» Gas Chromatography
NO Infrared
Spectrophotometry
NO» Electrochemical Sensor
N» Gas Chromatography
NH3 Infrared
Spectrophotometry
0y Gas Chromatography
SOy Infrared
Spectrophotometry

"ASTM" refers to Annual Book of ASTM Standards, Water and Environmental Technology,

Section II, American Society for Testing and Materials.

"SM" refers to Standard Methods for the Examination of Water and Wastewater, 18th

Edition, 1992.
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13.0. OPERATIONS MANUAL

13.1. GENERAL DESCRIPTION

13.1.1 MANUAL PURPOSE

This manual provides instructions for the operations and maintenance
of the red water WAO pilot plant.

13.1.2 SYSTEM DESCRIPTION

This section discusses the objectives, process equipment and process
flow of the treatment system for red water. The pilot plant consists of
the following processes :

. Kenox Wet Air Oxidation (WAOQ) system

. Utility systems.

KENOX WAO System

The operating flow rate of the WAO system which is comprised of red
water and recycled effluent is 3 USGPM. Refer to Process Flow
Diagram (PFD) in Section 3 for the following flow description.

Incoming TNT red water from the local storage tank is delivered to the
Kenox feed drum D-104 via a dual strainer and the waste feed pump P-
101. An excess differential pressure reading from local PDI-301
indicates the basket is plugged. The flow should be directed to the
other basket and the plugged screen should be removed and replaced
by a clean screen.

At the inlet of feed drum D-104, the TNT red water is blended with a
treated effluent stream from the final effluent pump P-105 at a ratio
that has been preset in the flow ratio controller, FFRC-401. The
diluted feed is pumped from the feed drum by high pressure feed
pump, P-103 to the tubeside of the feed/effluent exchanger E-101. In
this exchanger, the feed stream temperature is heated to the required
reactor inlet temperature by the reactors' effluents.

The Kenox reactor system comprises of reactors connected in series.
Compressed air is injected into the reactors to supply the required
oxygen for the reaction.
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The combined oxidized liquid and spent air is withdrawn from the
reactors and cooled to 104 OF via E-101 and the water cooler E-103.
Gases and oxidized waste water leave the cooler E-103 and proceed to
a two stage pressure let down and separation system, D-101 and D-
102.

The off-gas, which at this point is mainly carbon dioxide , nitrogen and
water vapor is vented to the atmosphere. Part of the oxidized waste
water is recycled back via the effluent recycle pump, P-105 to the inlet
of the feed drum, D-104 and the other portion is discharged.

Compressed air is supplied to the Kenox reactors by the reciprocating
compressor C-101. Compressed air leaving the compressor flows to
the air accumulator D-103 before entering the Kenox reactors. The
total air flow to the Kenox reactors is controlled by an oxygen analyzer
which measures the Oy content of the off gas leaving the system.

UTILITY SYSTEMS
Instrument air is assumed to be available on site.

Cooling water is assumed to be available on site. The cooling water
supply/return system is shown in Dwg. No. 941014-FD-105.

13.1.3 KEY OPERATING PARAMETERS

The primary control for any Wet Air Oxidation system including
"Kenox" is

. Feed Rate

. Oxygen Flow (Air Demand)

. Pressure in Reactors

. Reaction Temperature

Feed Rate
The feed to the Kenox System is limited by the size of the reactors and

by the COD level to a lesser extent as there is a correlation between the
flow rate and residence time.
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Oxygen Flow

Excess oxygen is analyzed by AT-501 (Dwg. No. 941014-FD-104)
located on the gas line releasing to the vent stack. Test runs will
determine the optimum air supply requirements to the reactors.

Reactor Pressure

The pressure must be set so as to prevent boil-off and maintain a liquid
phase in the reactors. The reaction enthalpy is used for heating up the
liquid and oxygen containing gas feeds to the reaction temperature,
evaporation of water up to the vapour-liquid equilibrium and
compensation for heat losses from the reactors. This pressure is
maintained by PCV-312 located on the vapor exit from separator D-
101.

Reaction Temperature

The temperature is the most important process variable in the WAO
process as it determines the rate of the oxidation reaction. The
required temperature is determined by the chemical composition of the
waste water and the desired conversion efficiency. For low COD heat
must be added via the electric heater.
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13.2. START-UP PROCEDURE

13.2.1 START UP COOLING WATER SYSTEM
« Open valve on the 2" main cooling water line to the pilot plant.

« Open cooling water supply and cooling water return isolation valves to the
following equipment:

1. Air compressor, C-101

2. Reactor Effluent Cooler, E-103

3. Reactor System

13.2.2 ACTIVATE INSTRUMENT AIR SYSTEM
o Open all air supply valves to pneumatic instruments.

o Start up instrument air system. Check if pressure setting on valve PRV-XXX
on the instrument air line is at 90 psig.

13.2.3 SYSTEM WATER FILL
o Activate process control system.
« Open suction and discharge valves around high pressure feed pump, P-103.

« Open all manual in-line process valves around the following equipment: E-101,
E-102, reactor system, E-103, D-101, D-102 and inlet to D-105.

o Open service water supply isolation valves and XCV-602 by-pass valve to
allow water flow to suction of P-103.

« Set reactor pressure controller, PIC-312 on the reactors to 590 psig.

o Start pump P-103. Adjust the variable speed drive to maintain a flow of 4
USGPM as indicated by FT-404.

o The following equipment will fill with water:
a) Tube side of exchanger E-101
b) Reactors
c) Shell side of exchanger E-101
d) Tube side of E-103
e) H.P. Separator, D-101
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« After D-101 fills to the 50 % level, open control valve, LCV-108, manually to
allow water flow to L.P. Separator, D-102. Maintain 50 % level in D-101.

« Fill L.P. Separator, D-102 to the 50 % level and open LCV-110 manually to
allow flow to D-105. Maintain 50 % level in D-102. Caution: do not overfill
D-102. Oxygen analyzer AT-501 must not be in contact with water.

o Allow D-105 to fill to 50% level.

o Open discharge valve at the outlet of D-105 , suction and discharge valves
around effluent recycle pump, P-105 and valve to allow water to leave the
system.

« Start pump, P-105.

13.2.4 INCREASE SYSTEM TEMPERATURE
o Adjust P-103 VSD to maintain a flow rate of 3 USGPM.
o Set temperature controller TIC-202 to 484 OF.

« Refer to electric heater, E-102, start-up procedure in the vendor's manual and
start heater.

« Reactor system temperature, TI-209 should stabilize at 484 deg F.
13.2.5 PRESSURIZE SYSTEM

« Once the reactor temperature reaches 484 deg F , the system pressure, PI-312,
will be approximately 590 psig.

« Open all manual in-line valves between the air compressor and the reactor
system.

« Refer to compressor start-up procedure in vendor's manual.

o Start air compressor C-101.

« Oxygen analyzer controller AIC-501 should be set on override to allow full air
flow into the reactor system.

« Set air flow controller FIC-407 at 232 Ibs/hr and air flow ratio controller FFIC-
408 to proportion the second air flow in the range of 50% of the total air flow.
(FIC-407/408 to be operated manually). :

o,
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o Increase the pressure set point on pressure controller, PCV-312 in increments
of 100 psig until the system stabilizes at 985 psig.

o Check system for leaks while raising pressure. It is expected that the reactor
temperature will drop slightly when air is first admitted to the reactors.

o System stabilized at 985 psig - check discharge pressure on the high pressure
feed pump; pressure gauge PI-307 should read 1035 psig plus.

o Check all level instruments for appropriate settings.
13.2.6 INTRODUCTION OF WASTE WATER FEED STREAM
Once the reactor system stabilizes at 484 OF:

« Set the flow ratio control FFRC-401 such that flows of effluent recycle stream
and feed waste meet the dilution factor.

o Open all manual valves on discharge of P-105 to allow recycle stream to flow
to D-104.

« Start waste feed pump, P-101. Check PI-303 for discharge pressure. Reading
should be approximately 30 psig.

« Observe FI-401 and FI-402, the flow ratio should agree with the dilution factor
as set by FFRC-401.

e Allow D-104 to fill to 50 % level.

 Open manual discharge valve on D-104.

« Set oxygen analyzer, AT-501 at' 5 % excess Op,

o Close all service water valves leading to thé suction of P-103.

o Change air flow ratio controller FFIC-408 from manual to automatic mode
(i.e. flow of air now on AIC-501 control).

o Optimize as necessary feed flow rate, FIC-407, FIC-408 and TI-209 to
maintain temperature around 484 OF.

« Monitor reactor inlet temperature of waste water stream, TI-202 and reactor
outlet temperature, TI - 209.
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« Take a sample of the oxidized waste water periodically and have it analyzed
for COD concentration and pH.
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13.3. SHUTDOWN PROCEDURE

For a planned shutdown, waste water from the feed tank and partially oxidized
waste water remaining in the system will be processed. After the processing of
the waste, the system will be completely flushed so that all contaminated piping
components are thoroughly cleaned and free of TNT red water.

The level of waste water in the feed drum will be decreased to the minimum
operating level before commencing with the shutdown procedures. This will
shorten the shutdown duration as well as save energy costs associated with
operating the electric heater, E-102.

« Open service water isolation valve to waste water feed line no. 101. Close
waste water feed valve to stop the flow of raw waste into drum D-104. This will
allow service water to flush the incoming feed line.

o Adjust flow ratio controller FFIC-401 to allow 100 percent flow from P-101
and no flow of the effluent recycle stream.

This can be considered as time, T = 0 hr. (i.e. no contaminated liquid is being fed
to D-104). Assuming the flow rate is 3 USGPM and D-104 is full, the
approximate shutdown time is equal to 4 hours (i.e. 1.5 hours system liquid
retention plus 2.5 hours D-104 volume).

As the feed from D-104 becomes increasingly dilute and the demand for COD
decreases, the requirement for air will diminish and system temperatures will
start to fall. As a result, air flow control valves FCV-407/8 will automatically
close responding to the high oxygen level measured from the oxygen analyzer.

o Shutdown air compressor C-101 (refer to compressor operating manual).
Control valves XCV-604/5 will close automatically cutting off the supply of air
to the reactor system.

o Set temperature controller TIC-202 to 20 OC. Electric heater, E-102 will
automatically return to 'Stand by' mode. All system temperatures will gradually
fall. ’ )

« Decrease the set point of pressure controller PIC-312 in increments of 100 psi
to slowly ‘walk' the system pressure down.

At time T = 4 hours or later, adjust flow ratio controller FFIC-401 to allow rinse
water discharged from P-105 to flush the effluent recycle line into D-104. After
a few minutes reset FFIC-401 to 100 % flow from P-101.
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o Shutdown P-101.

» When the water in D-104 has reached the desired level shutdown P-103. The
water remaining in D-104 can be used to dilute the next batch of raw waste.

o Shutdown P-105. The water left in the system can remain there until the next
start-up. If maintenance is required, vent, drain and/or isolate as required.
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