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1.0 INTRODUCTION 

1.0.0.1. This document presents the objectives, design details, and results of the 

Peroxone Groundwater Treatment Demonstration Program (Program) that was conducted 

at the Cornhusker Army Ammunition Plant (CAAP) in Grand Island, Nebraska 

(Figure 1-1). The Program was carried out under the auspices of the US Army 

Environmental Center (USAEC) with technical assistance from the US Army Corps of 

Engineers, Omaha District (COE) and the Defense Evaluation Support Activity (DESA). 

A Project Advisory Board was formed from representatives of the above organizations, as 

well as two project technical advisors: Professor William Glaze from the University of 

North Carolina, and Mr. Kerwin Rakness of Process Applications, Inc. Dr. Glaze is an 

international expert on advanced oxidation processes, and Mr. Rakness has extensive 

experience in the design and optimization of ozonation systems. The Project Advisory 

Board reviewed the project progress and provided guidance to the project team 

throughout the project duration. All major project decisions were made with consultation 

and approval from the Advisory Board. 

1.0.0.2. The Program, which was implemented by TRW and Montgomery Watson was 

intended to demonstrate the effectiveness of Peroxide/Ozone (Peroxone) oxidation 

treatment for groundwater impacted with explosive compounds. Explosives- 

contaminated groundwater exists at CAAP as a result of load, assembly, and packing 

(LAP) of explosives into munitions for World War II, the Korean conflict, and the 

Vietnam conflict. The contaminants of concern include 2,4,6-trinitrotoluene (TNT); 

1,3,5-trinitrobenzene (TNB); hexahydro-l,3,5-trinitro-l,3,5-triazine (RDX); and other 

nitrobodies. 

1.1 PURPOSE AND OBJECTIVES 

1.1.0.1. The purpose of the Program was to demonstrate the technical and economic 

feasibility of the Peroxone system to remediate explosives-contaminated groundwater at 

the CAAP. 

1.1.0.2. The following objectives were established for the demonstration program: 

•    Further define the Peroxone system treatment requirements for nitrobodies 
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• Design and construct a field-scale Peroxone system based on the requirements 

developed by the Technical Advisory Board and included in the Statement of 

Work (SOW) and results of the WES pilot-scale testing. 

• Conduct demonstration testing of the Peroxone system and gather the 

necessary data to perform a technical and economic evaluation of the 

Peroxone system for treatment of explosives-contaminated groundwater. 

• Develop recommendations on the feasibility of using Peroxone technology for 

a full-scale treatment system. 

1.1.0.3. This document presents a summary of the activities undertaken to complete the 

above objectives and the results obtained during the demonstration testing. This 

document further evaluates the demonstration testing results to provide recommendations 

for a full-scale Peroxone system. 

1.2 PROJECT BACKGROUND 

1.2.0.1. Numerous US Army installations have sites that contain groundwater that has 

been contaminated with explosives. The use of granular activated carbon (GAC) is listed 

as the best available technology by the United States Environmental Protection Agency 

(U.S. EPA) for removal of such organic compounds from water. The disadvantage of 

using GAC is that it accumulates organic compounds on the carbon medium instead of 

actually destroying the contaminants. There are also problems associated with disposal 

of explosives-laden GAC. Processes which result in the immediate destruction of the 

contaminants and are more cost effective than GAC are being sought for the restoration 

of Army sites. 

1.2.0.2. The effectiveness of chemical oxidation is highly dependent on the nature of the 

organic compounds, the oxidant used, and other contaminants in the water. Among the 

most promising oxidation processes is the ozone decomposition initiated by hydrogen 

peroxide.* Hydrogen peroxide alone is a moderately powerful oxidizer, but in 

combination with ozone it is even more powerful because hydroxyl radicals are 

generated. The hydroxyl radicals that form in a Peroxone system are more effective than 

ozone alone for oxidation of natural and synthetic organics.* 

AWWARF & CGE. "Ozone in Water Treatment: Applications and Engineering," Cooperative 
Research Report, Lewis Publishers, Chelsea, MI, (1991). 
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1.2.0.3. The Corps of Engineers Waterways Experiment Station (WES) has developed a 

laboratory scale Peroxone system for the treatment of explosives-contaminated 

groundwater. Preliminary laboratory results have shown that TNT and RDX are oxidized 

by this system. In August 1995, a 2-gpm laboratory scale pilot system was field-tested by 

WES at the CAAP.' 

1.3 SCOPE OF THE DEMONSTRATION PROGRAM 

1.3.0.1. The scope of the demonstration program was limited to the following: 

• Design, construct, and operate a 25-gpm Peroxone groundwater treatment 
system at the CAAP in accordance with the requirements of the Technical 
Advisory Board. 

• Conduct a 12-week demonstration test in accordance with the approved 
experimental plan. 

• Analyze data from demonstration testing to evaluate effectiveness of the 
Peroxone system in treating explosives-contaminated groundwater. 

• Develop recommendations for a 1,000 gpm Peroxone system based on the 
demonstration testing results. 

1.4 ORGANIZATION OF THE REPORT 

1.4.0.1. Section 1.0 presents the Program goals and objectives and provides the 

background for the Peroxone technology and the CAAP Program. The Peroxone system 

design details are presented in Section 2.0. Section 3.0 describes the activities undertaken 

during the Peroxone system construction and installation. Details about the 

demonstration testing and results obtained during the testing period are presented in 

Section 4.0. The system demobilization and the site restoration activities performed at 

the conclusion of the demonstration testing are summarized in Section 5.0. Results 

obtained during the demonstration testing were evaluated to develop recommendations 

for a full-scale Peroxone system. Section 6.0 presents the evaluation process and 

provides recommendations for a full-scale Peroxone system for treatment of explosives- 

contaminated groundwater. 

1   Fleming, E.C., M.E. Zappi, J. Miller, R. Hernandez, and E. Toro (1997). "Evaluation of Peroxone 
Oxidation Techniques for Removal of Explosives From Cornhusker Army Ammunition Plant Waters" 
Technical Report SERDP-97-2, U.S. Army Engineer Waterways Experiment Station, Vicksburg, MS. 
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1.4.0.2. The sequence of construction for the Peroxone system is presented using a series 

of photographs which are included in Appendix A. The results obtained during the 

optimization period are listed in Appendix B. The results of the demonstration testing are 

summarized in Appendix C. The as-built drawings for the Peroxone system are included 

in Appendix D. The project Experimental Plan is included in Appendix E. (The actual 

experimental approach differed slightly from the experimental plan due to the ongoing 

analysis of the results during the course of the project. The deviations are explained in 

Section 4.0 of this report). The project team contact list is included in Appendix F. 

1-4 



2.0 PEROXONE SYSTEM DESIGN 

2.1 INTRODUCTION 

2.1.0.1. This section presents the details of the Peroxone system used to conduct the 

CAAP demonstration testing program.    It is notec that the process selection and 

configuration was specified by the Technical Advisory Board with the concurrence of 

USAEC.   The system design criteria is presented ir l Table 2-1 (A schematic of the 

treatment system is 5 depicted in Appendix E, Figure 1). It is noted that photographs of the 

treatment system during construction are shown in Appendix A of this report. 

Table 2-1 

Demonstration Program Peroxone Syst em Design Criteria 

Equipment Description Criteria 

Extraction Well Number of existing wells 
Existing well casing 
Groundwater level 
Well head finishing 

2 
4" or larger 
11 feet bgs (appr.) 
Above ground with no vaults 

Extraction Pump Number of pumps 
Type 
Capacity 
Total dynamic head 

Pump horsepower 
Control 
Manufacturer 

2 (one for each well) 
Submersible, electrical 
25 gpm each 
One at 75 feet TDH; One at 90 feet 
TDH 
3/4 Hp (each) 
Local control panel 
Grundfos - Clovis, CA 

Conveyance Line Total length 

Size and material 
Type 

1,130 feet (600 ft and 530 ft from 
the wells, respectively) 
2" PVC, Sch 80 
Single wall, above ground 

Influent Flow Meter       Range 
Type 
Indicators 
Signal type 
Manufacturer 

0-30 gpm 
Paddle wheel 
Instantaneous flow/totalizer 
4-20 mA 
Signet Scientific - El Monte, CA 

1 
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Table 2-1 

Demonstration Program Peroxone System Design Criteria 
(Continued) 

Equipment Description Criteria 

Ozone Contactor Number of contactors 6 
Type Unpacked column with co-current 

and counter-current flow; saddles 
for packing ring 

Capacity 500 gal (each) 
Size 3 feet diameter, 10 feet above 

diffuser; 13 feet total height 
Material 304 SS 
Diffuser type Ceramic Dome diffuser 
Level indicator Sight glass 
Fabricator Denver Mineral Corporation - 

Denver, CO 

Effluent Tank Capacity 500 gal 
Type HDPE 
Control High-level alarm (system shut off) 

Low-level stop switch 

Sump Pump Number 1 
Type Submersible, electrical 
Capacity 25gpm 
Total dynamic head 25 feet (max) 
Control Internal float switch 
Manufacturer Little Giant - Ryan Herco (rep) 

GAC Number of vessels 3 in series 
EBCT 30 min. total at 25 gpm flow 
Carbon Quantity 1,000 lb./unit 
Manufacturer Calgon Corp. - Pittsburgh, PA 

Effluent Flow Meter Range 0-30 gpm 
Type Paddle wheel 
Indicator Instantaneous/totalizer 
Signal type 4-20 mA signal 
Manufacturer Signet Scientific - El Monte, CA 
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Table 2-1 

Demonstration Program Peroxone System Design Criteria 
(Continued) 

Equipment Description Criteria 

Ozone Generator Capacity 100 lb./day 
Ozone Dosage (each vessel) 55 mg/1 at 10% 03 at 25 gpm 
Flow measurement Rotameter (internal) 
Control Panel Local control panel 
Dosage control Flow paced 
Manufacturer (rented) Ozonia - Lodi, NJ 

Hydrogen Peroxide Capacity 16 lb./day of 35% solution 
System Storage 55-gallon drums of 35% solution 

Applied dosage 18 mg/1 (total) at 1.5% solution at 
25 gpm 

Feed pump type Pulsafeeder 
Number of pumps 6 (one for each reactor) 
Pump flow rate 0.75 gph (max) 
Control panel Local control panel 
Dosage control Flow paced 

Sodium Thiosulfate Storage 50 lb. bags; photo grade 
System Applied dosage 7 mg/L per mg/L residual ozone 

Feed pump type Pulsafeeder 
Number of pumps 1 
Pump flow rate 3 gph (max) 
Control panel Local control panel 
Dosage control Flow paced 

Oxygen Storage Tank Capacity 3,000 gal 
Type Liquid oxygen mixed with 3% 

nitrogen 
Owner (rented) Linweld - Grand Island, NE 

Oxygen Vaporizer Capacity 500 scfh at 15 psi discharge 
Controls Local/Manual 
Owner (rented) Linweld - Grend Island, NE 
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Table 2-1 

Demonstration Program Peroxone Syst 
(Continued) 

em Design Criteria 

Equipment Description Criteria 

Ozone Destructor Capacity 
Controls 
Manufacturer (rented) 

8 scfm 
Local/Manual 
Ozonia - Lodi, NJ 

Ozone Monitor High concentration 
Ambient concentration 

1 
1 

Off-gas Stack Height 
Velocity 
Size 
Material 

20 ft 
100 fpm 
2 inch 
Carbon steel 

Alarm System System shut-down mode 

Control logic 

High-level alarm in effluent tank 
Major equipment failure 
PLC control with auto dialer for 
off-hour operation 

Process Piping Type 
Size and Material 

Single wall 
3" PVC, Sch 80 

Containment Pad Size 30-feet x 40-feet x 12-in (wall) 

Utilities (provided by 
Water 
Electricity 
Sewer 

owner) 
Capacity 
Capacity 
Capacity 

150 gpm tap water 
480V, 3 Phase, 200 Amp 
150 gpm 

Control/Equipment 
Room (provided by 
owner) 

Number 
Size 

2 
20-feet x 20-feet (each) 

Operation Mode Normal mode 

Number of operators 
Operator hours 

Automatic with PLC control and 
monitoring 
2 
40 hr/wk/operator 
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2.1.0.2. The basic design of the process components was defined by the Technical 

Advisory Board with concurrence of USAEC based on the results of the previous testing 

conducted by WES. Minor modifications were made during the construction and 

demonstration testing phases, however, and these changes are discussed in the following 

text. The information presented in the SOW was used to develop the design criteria and 

to prepare the Peroxone system design. 

2.1.1. Sources of Contaminated Water 

2.1.1.1. Two (2) existing groundwater wells (Well No. 66 and New TRW Well, also 

referred to as Wells A and B, respectively, in Appendix E) were used to provide 

contaminated water to the Peroxone system. Each well was assumed to be capable of 

producing a continuous flow of 25 gallons per minute (gpm). However, this assumption 

proved to be false for one of the wells as testing progressed. 

2.1.2. Design Hydraulic Capacity 

2.1.2.1. The Peroxone system was sized for a maximum hydraulic capacity of 25 gpm. 

This assumed that either one well is operated at a given time, or that the combined flow 

from the two wells would not exceed 25 gpm. 

2.1.2.2. The components designed for a 25 gpm hydraulic capacity include the 

groundwater extraction well pumps and the conveyance pipe, ozone contactors, activated 

carbon vessels, and appurtenance. The system support facilities were also sized to handle 

a maximum flow of 25 gpm at the design influent concentrations discussed below. 

Flexibility was provided to turn-down the Peroxone system to handle a lower flow; 

however, no provisions were provided for an effective treatment at a higher flow rate. 

2.1.3. Influent Concentrations and Treatment Goals 

2.1.3.1. The anticipated influent concentrations in the groundwater are listed in Table 2- 

2. During the design period, no information was available on expected influent 

concentrations from individual wells. After that time, data were collected for actual 

influent concentrations from individual wells and are included in Section 4.0. The 

treatment goals listed in Table 2-2 represent the effluent limits established by the 

Nebraska Department of Environmental Quality (NDEQ) for discharge of treated water to 
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a swale or to a storm drain. The GAC effluent stream met these limits without exception 

during the demonstration period. 

Table 2-2 

Design Influent Concentrations and Treatment Goals 

Design Influent Target Treatment 

Contaminant Concentration (ug/L) Goals (ug/L) 

TNT 500 2 
RDX 200 2 
TNB 100 2 
Total Nitrobodies 1,000 30 

2.2 EXTRACTION SYSTEM 

2.2.1. Extraction Wells 

2.2.1.1. The existing groundwater wells were 4-inch in diameter with a capped riser on 

top. The boring logs indicated that the groundwater table was at approximately 11 feet 

below ground surface (bgs) for both wells. This proved to be true in the field. 

2.2.1.2. Each well was equipped with an electric submersible pump rated for 25 gpm 

maximum flow. The electric pump assembly was to include a power supply and a local 

disconnect switch for isolation of individual wells. A junction box was installed instead 

of the disconnect switch. This still allowed removal of the pump, but ensured that the 

operator turned off and locked out power at the main control panel. 

2.2.1.3. A 2-inch Schedule 80 PVC pipe was used for connecting the wellhead to the 

conveyance pipe. A ball valve was installed to control the actual flow from each well. 

Due to the short duration of the demonstration project, an above-ground well vault was 

not provided; however, temporary barricades were located at the wellhead to protect the 

wellhead equipment from accidental damage. 

2.2.2. Conveyance Piping 

2.2.2.1. An above-ground, single-walled, 2-inch Schedule 80 PVC pipe was used to 

convey extracted groundwater to the Peroxone system.   The Schedule 80 pipe offered 
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additional strength to minimize accidental damage. Individual pipe runs from extraction 

wells were manifolded to provide a single run to the Peroxone system. 

2.2.2.2. A flow meter with a range of 0-30 gpm and equipped with a local indicator and 

totalizer was installed on the conveyance pipe to record flow rates from individual wells 

and to provide information needed for system operation. The flow meter was located at 

the treatment pad for ease of readout and maintenance. The flow meter was calibrated 

using a 50-gallon barrel and a stop watch for three flow rates. 

2.3 PEROXONE SYSTEM DESCRIPTION 

2.3.1. Ozone Contactors 

2.3.1.1. Six (6) conventional, bubble-diffuser type contactors were used to accomplish 

the chemical oxidation. Each contactor was 3 feet in diameter with a 10-foot side wall 

depth above the diffuser base. Each contactor provided a retention time of approximately 

20 minutes at a flow rate of 25 gpm. A 2-foot head space was provided in each contactor 

above the water column for off-gas collection. 

2.3.1.2. The contactors were 1/8-inch thick, 304 stainless steel (SS 304) shells with 3/16- 

inch SS 304 top and bottom plates. Each contactor included a 20-inch manway integral 

to the contactor shell. The manway was located near the bottom of the contactor and was 

used to position the dome diffuser. It was noted during construction and debugging that 

the manway was critical to making alignments and repairs. A clear sight glass was 

included with each contactor for visual observation of the water level inside the 

contactors. However, visual inspection of the interior of the contactor through the sight 

glass proved to be difficult due to the inavailability of sufficient lighting to the inside of 

the contactor. 

2.3.1.3. The first contactor was provided with additional features to allow further studies 

in the future. An additional 20-inch manway opening was located near the top of the 

contactor. The top manway may be used in the future to fill the contactor with packing 

material. A saddle ring to facilitate packing of the contactor in the future and two, 2-inch 

clear acrylic windows were also included in the first contactor to allow observation of the 

bubble pattern and size. 
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2.3.1.4. Two dome diffusers were located at the bottom of each contactor to facilitate 

even distribution of ozone inside the contactors. The number of diffusers per contactor 

was selected based on the required gas flow rate and the manufacturer's specifications for 

those specific diffusers. The dome diffusers were 8-inch in diameter and constructed of 

ceramic material which offers excellent resistant to ozone corrosion. Each contactor was 

fitted with the diffusers as planned, although several diffusers were replaced during 

debugging due to irregular bases that did not allow for an air-tight seal around the 

diffusers. 

2.3.1.5. The contactors were designed to operate in both the co-current and the counter- 

current flow conditions. The piping and valves between the contactors were installed 

such that the contactors could be manually switched to operate in either co-current or 

counter-current flow mode. The interconnecting piping between the contactors was 

Schedule 80 PVC with plastic valves. Although the system was piped for both flow 

conditions, it was only operated in the counter-current condition during the demonstration 

testing. 

2.3.2. Ozone Generation and Feed System 

2.3.2.1. Liquid oxygen was used for ozone generation at the demonstration plant, and 

was selected for ease of operation and maintenance. Liquid oxygen was stored in a 

supplier-provided bulk storage tank located adjacent to the treatment pad. A local 

supplier set up and stocked the tank as planned, then emptied the tank and removed it as 

planned at the end of the demonstration testing. 

2.3.2.2. The ozone generator was designed to deliver an applied ozone dosage of 55 

mg/L to each contactor at 10 percent by weight ozone concentration and at a maximum 

flow rate of 25 gpm. This equates to 100 pounds of total ozone per day for the Peroxone 

system. A gas flow meter with a local indicator and an ozone monitor was provided to 

track the ozone generation rate. At each injection point, a local rotameter with a manual 

control valve was used to calibrate the ozone dosage to an individual contactor. The 

ozone generator was delivered with all the features expected and produced over 108 

pounds per day of ozone, although the full capacity was not used during the 

demonstration testing. An air compressor was provided to deliver a nitrogen-containing 

air stream to the oxygen feed flow. The added nitrogen is believed to result in a catalytic 

reaction that may increase the efficiency of ozone generation by as much as 15% to 20%. 
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This was based on Montgomery Watson's experience with the design of ozone systems, 

and the recommendation of the ozone generator supplier. 

2.3.2.3. The supply piping from the liquid oxygen tank to the ozone generator was 1 1/2- 

inch copper pipe specifically designed for liquid oxygen systems. The ozone feed piping 

was 1 1/2-inch 304 SS. Flexible polyethylene tubing was to be used to connect the ozone 

feed pipe to individual contactors. The cooling water pipe for the ozone generator was 

1 1/2-inch Schedule 40 PVC capable of providing the 70-gpm cooling water flow 

required for the operation of the ozone generator (required by the generator 

manufacturer). The copper piping for the oxygen and the stainless steel piping for the 

ozone feed worked well. During the System Debugging task, the polyethylene tubing 

degraded under the ozone concentrations used, and was then replaced with high-grade 

teflon tubing which proved to be resistant to the operational environment at the 

demonstration testing. 

2.3.3. Chemical Feed System 

2.3.3.1. The hydrogen peroxide storage system was designed for a thirty-five percent 

industrial grade solution stocked in 55-gallon drums at the site. The peroxide solution 

was diluted to 2 percent strength using deionized water from an on-site, ion exchange 

system. Two, 275-gallon day tanks were used to stock 2 percent peroxide solution which 

was fed to the Peroxone system. The purpose of diluting the peroxide solution was to 

increase the volume of the solution actually fed to the contactors, thereby allowing a 

more precise control over pumping rates and system operation. At times the strength was 

reduced to 1.5 percent and 1 percent to maintain better control of the peroxide dose. 

2.3.3.2. The peroxide solution was fed to the contactors through flexible, polyethylene 

tubing connected through injection points located in the piping between the contactors. 

Positive displacement pumps were used to feed peroxide into the system. An individual, 

dedicated pump was used for each contactor. All pumps fed off a single day tank to 

ensure that the concentration of the peroxide solution fed to each contactor was constant. 

Back-pressure control valves were added to the positive displacement pumps to prevent 

loss of prime on the suction side of the pumps. 

2.3.3.3. Sodium thiosulfate was selected to neutralize the residual ozone in the effluent 

from the contactors. Fifty-pound bags of photograde thiosulfate crystals were stored at 

the site for this purpose.   Thiosulfate solution was prepared on a daily basis using 
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deionized water from an on-site, ion exchange system. Thiosulfate was then fed directly 

into the effluent tank through a 1/2-inch Schedule 40 PVC pipe. A positive displacement 

pump was used to feed the thiosulfate solution to the effluent tank. The 1/2-inch PVC 

feed line into the effluent tank was replaced with a 3/8-inch polyethylene tubing to 

increase the flow velocity and thus allow for a more efficient pumping system. 

2.3.4. Effluent Tank and Effluent Pump 

2.3.4.1. Effluent from the ozone contactors was fed into the effluent tank via gravity 

flow. The effluent tank was used as a reaction tank to neutralize the residual ozone 

before discharging the water into the GAC vessels as described in Section 2.3.5. This 

tank was placed next to a sump built into the containment pad. The tank worked well for 

equalization of the effluent and addition of the thiosulfate solution. It was also connected 

to the sump pump to permit transfer of rain water or spills on the pad into the tank 

allowing treatment through the GAC vessels before discharge. 

2.3.4.2. An end suction, centrifugal pump rated for 25 gpm at 15 psi total head was used 

to transfer treated water from the effluent tank through GAC vessels to the discharge 

connection. The pump worked as expected, outpacing the gravity flow to the effluent 

tank and allowing intermittent operation of the pump. 

2.3.5. Activated Carbon Polishing System 

2.3.5.1. Treated water from the Peroxone system was routed through GAC vessels for 

additional treatment. The GAC system was a vendor-supplied package consisting of 

three (3) vessels operated in series. Each vessel contained 1,000 pounds of virgin 

activated carbon and provided 10-minute retention time at a flow of 25 gpm. The total 

retention time for the GAC system was 30 minutes. The carbon vessels worked 

successfully, preventing discharge of any contaminants above the permit requirements. 

2.3.6. Ozone Destruction System 

2.3.6.1. Off-gas from the ozone contactors was collected and treated through an ozone 

destruction unit. The ozone destruction unit consisted of a dual catalyst bed with an 

electric heating coil which converts ozone to innocuous byproducts. Exhaust from the 

ozone destruction unit was discharged to the atmosphere through a stack.   The ozone 
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destruction unit was delivered with the ozone generator and worked as planned, reducing 

ozone gas concentrations in the stack to non-detect levels. 

2.3.6.2. Polyethylene tubing was installed on top of each of the ozone contactors for off- 

gas collection. The tubing was then manifolded into 2-inch Schedule 80 PVC pipe which 

ran to the ozone destruction unit. During the testing, the polyethylene tubing proved to 

be incompatible with high ozone concentrations, therefore, the off-gas tubing was 

changed to teflon to prevent further failures. This piping setup worked well, with no 

failures detected during the demonstration testing. 

2.3.6.3. The exhaust stack from the destruction unit was to be a field-installed PVC vent, 

but it was changed to 2-inch steel pipe to allow for a more rigid installation without guy 

wires. Sampling points were located downstream of the destruction unit to collect air 

samples into a single ozone analyzer. A high ozone condition in the exhaust stack 

triggered an alarm. The discharge stack was also equipped with a local flow meter to 

monitor the exhaust flow but the flow rate out of the stack proved to be so low that a 

manometer and pitot tube had to be used instead to check the flow. 

2.4 PROCESS CONTROL NARRATIVE 

2.4.1. Groundwater Extraction System 

2.4.1.1. As shown in the as-built drawings in Appendix D, each extraction well pump 

was controlled from a hand switch on the control panel (HS-101 or HS-102). The well 

pumps shut down automatically from the low flow switch (FSL-200) on the influent pipe, 

with a time delay to restart the pumps. The well pumps also shut down at a high-level 

alarm from the first ozone contactor (LSH-301), and the well pump power was 

interlocked with the main treatment system alarm (Alarm Level I) for an emergency shut 

off. 

2.4.1.2. A flow meter (M-l) was provided with a local indicator/totalizer (FIT-203/FIQ- 

203) and a pen recorder (FIR-203) to monitor the influent flow rates. 

2.4.1.3. The first ozone contactor (OT-1) was equipped with a high water level switch 

(LSH-301). LSH-301 signaled the system alarm (Alarm Level I). 

2.4.2. Peroxide Feed System 
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2.4.2.1. Hydrogen peroxide was fed from one of the two day tanks (DT-l/DT-2). Each 

day tank had a low level switch (LSL-601/LSL-602). A selector switch (LSS-600) was 

included to determine which day tank was to be in service and thus which level switch 

was functional. LSL-601/LSL-602 were used to shut off the peroxide metering pumps 

and signal the system alarm (Alarm Level I). The day tanks were connected to the feed 

lines using ball valves. When the operator wanted to draw from a specific tank, the 

appropriate valve was opened and the other tank valve closed. The tank low-level 

switches LSL-601 and LSL-602 were installed as described, but instrumented together. 

Both switches were operational at the same time, allowing the operator to withdraw 

solution from both tanks simultaneously. 

2.4.2.2. Chemical mixers (MX-l/MX-2) in the peroxide day tanks were controlled 

manually at the local switch (see Facility Plan in as-built drawings). 

2.4.2.3. All peroxide metering pumps were turned on by a single local switch (HS-603) 

that was interlocked with the low flow switch (FSL-200). In the "ON" position, the 

pumps automatically turned on or off. The dosage from each metering pump was 

adjusted manually from the speed and stroke controls on the pump. A dedicated peroxide 

metering pump was used for each ozone contactor. All peroxide metering pumps were 

shut off by the level switch (LSL-601/LSL-602) in the peroxide day tank, and interlocked 

with the system alarm (Alarm Level I). 

2.4.3. Ozone Feed and Destruction Systems 

2.4.3.1. Ozone was fed from the ozone generator OG-1. A flow meter (FI-300) with a 

local indicator and a central ozone monitor (AI-300) was included to track the ozone 

generation rate. At each injection point, a local rotameter (FI-301 through FI-306) with a 

manual control valve was used to calibrate the ozone dosage to an individual contactor. 

On the off-gas line from each ozone contactor, the residual ozone concentrations were 

monitored with a central ozone monitor (AI-300) to track the actual ozone transfer 

efficiency. The ozone monitoring worked as planned, allowing the operator to observe 

the ozone absorption concentrations and to adjust each rotameter during the 

demonstration testing. 

2.4.3.2. The ozonator was equipped with vendor-supplied control panel (LCP) for ozone 

generation rate control, liquid oxygen (LOX) usage, and cooling water systems. The LCP 
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was turned on manually and it was interlocked with the low flow switch (FSL-200). The 

LCP included an ozonator alarm to shut off the ozonator and to initiate the system alarm 

(Alarm Level I). The ozonator was also interlocked with the system alarm (Alarm Level 

I). The LCP alarm was triggered by ozonator malfunction, ozone leak, or an LOX feed 

problem. The vendor-supplied LCP provided all the controls for the ozone generator, but 

required a remote connection from the main control panel to ensure a shut down of ozone 

production if there was a main system alarm or a failure of the ozone destruction unit. 

This connection worked well and was tripped during actual operation. 

2.4.3.3. Off-gas from each ozone contactor was forced through the ozone destruction unit 

(OD-1) prior to discharge. The destruction unit was equipped with vendor-supplied LCP 

for controls. The LCP was turned on manually and it was interlocked with a low-flow 

switch (FSL-200) (see as-built drawing 1-1). The LCP was equipped with an alarm to 

shut off the ozone destruction unit and to initiate the system alarm (Alarm Level I). The 

ozone destruction unit was also interlocked with the system alarm (Alarm Level I). 

Discharge from the destruction unit was monitored by the central ozone monitor (AI- 

300), and was tied to a high ozone concentration alarm (Alarm Level II) at the control 

panel. The off-gas discharge stack included a flow meter (FI-702) with a local indicator 

to monitor the discharge flow rate through the stack (OGS-1). These features were 

installed as specified, although the vendor-supplied LCP did not shut off the ozone 

destruct unit if a low-flow occurred. Since the unit worked independently of all other 

components, this was not changed. 

2.4.4. Effluent Tank 

2.4.4.1. Effluent from the last ozone contactor was designed to gravity flow to the 

effluent tank (TK-2) which was equipped with three level switches. Switch LSHH-501 

(which stands for Level Switch High-High-501) signaled a high-high level alarm (Alarm 

Level II); switch LSH-501 would turn on the effluent transfer pump (P-2), and switch 

LSL-501 shut off the effluent transfer pump (P-2) and the thiosulfate metering pump 

(DF-7). LSLL-501 (which stands for Level Switch low-low-501)signaled an alarm 

(Alarm Level II). 
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2.4.5. Thiosulfate Feed System 

2.4.5.1. Sodium thiosulfate was fed from a day tank (DT-3). The day tank was equipped 

with a low-level switch (LSL-611). LSL-611 shut off the thiosulfate metering pump and 

signaled an alarm (Alarm Level II). 

2.4.5.2. Chemical mixer (MX-3) in the thiosulfate day tank was turned on manually at 

the local switch. 

2.4.5.3. The thiosulfate metering pump was turned on by a local switch (HS-610) and it 

was interlocked with the effluent transfer pump (P-2) fail status. The metering pump was 

adjusted manually from the speed and stroke controls on the pump. The thiosulfate 

metering pump was turned off from the low-level switch (LSL-611) in the thiosulfate day 

tank and it was interlocked with the system alarm (Alarm Level I). 

2.4.6. Effluent Transfer Systems 

2.4.6.1. Effluent transfer pump (P-2) had a hand-off-auto (H-O-A) switch (HS-502) 

located on the control panel. When the pump was in AUTO, the effluent transfer pump 

(P-2) was controlled by the level switches (LSH-501 and LSL-501) in the effluent storage 

tank (TK-2). The pump was interlocked with the system alarm (Alarm Level I). Instead 

of locating the H-O-A switch on the control panel, it was located by the pump in the field. 

Otherwise the pump functioned as designed. 

2.4.6.2. Each GAC vessel was to be equipped with a pressure gauge fitting to allow 

visual observation, but the vendor did not supply the gauges. Since this was not an 

essential parameter to measure, the pressure gauges were left out. 

2.4.6.3. Discharge from the Peroxone system was to be monitored through a flow meter 

(M-2). The flow meter was equipped with a local indicator/totalizer (FIT-701/FIQ-701) 

and a pen recorder (FIR-701) located at the control panel. This flowmeter was installed 

down stream of the carbon contactors. 

2.4.7. Support Systems 

2.4.7.1. The system alarm (Alarm Level I) was designed to shut off the entire system; the 

alarm status was displayed on the Control Panel (CP-1). An auto-dialer was to be used to 
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notify the operator of any alarm condition during off-hour operation. The system alarm 

was connected as designed and successfully shut down the entire system as required. The 

auto dialer was not installed since the treatment process was monitored full time during 

the day and would shut down automatically if a failure occurred at night. However, it is 

noted that no failures or shut-downs occurred during the testing period. 

2.4.7.2. Alarm Level II was displayed on the Control Panel (CP-1); however, Alarm 

Level II would automatically re-set when the alarm condition disappears. This worked as 

planned with the annunciation light coming on during each Level II alarm. 

2.5 TREATMENT PAD 

2.5.0.1. The treatment pad was sized to accommodate all components of the Peroxone 

system except for the liquid oxygen tank and chemical storage. The treatment pad was 

designed for a seismic zone 1 and for other local conditions per the Uniform Building 

Code (UBC). 

2.5.0.2. A 12-inch berm was provided on all sides of the pad for secondary containment. 

The containment pad and the berm were designed to provide adequate capacity to hold 

the volume of all contactors and GAC vessels plus 10 percent. The berm and the pad 

were constructed as designed and were poured monolithic allowing for a more water-tight 

structure. 
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3.0 PEROXONE SYSTEM CONSTRUCTION 

3.0.0.1. This section contains a review of the construction portion of the Peroxone 

system demonstration program. It is organized chronologically by weekly progress. This 

discussion contains information about successful components of the construction process 

as well as lessons learned during assembly of the system. 

3.1 ADVANCE PREPARATION 

3.1.1. Procurement 

3.1.1.1. During development of the conceptual design for the system, it was proposed 

that the individual components be shipped to Montgomery Watson's test facility in 

California and pre-assembled to ensure proper operation at the CAAP. Montgomery 

Watson suggested that the schedule could be expedited if the system was assembled and 

tested on site using a field engineer. After agreement that the schedule was tight and the 

system should be assembled on site, it became necessary to procure equipment and 

services immediately as the design was being developed. In order to allow ten weeks of 

operation before winter set in, it was necessary to construct the system within a window 

of four to five weeks. 

3.1.1.2. Early procurement involved ordering and fabricating the contactor vessels two 

months ahead of the scheduled construction period. Since the design was in process, the 

design group was diverted to focus on the long lead items first. The fabrication company 

was enlisted to help with detailed design issues and the contactors were designed in 

parallel with the rest of the treatment system. The same approach was used to select the 

ozone generator. 

3.1.1.3. The design documents were abbreviated in detail to expedite the schedule. Any 

details that were not shown on the design drawings were completed by the on-site 

Montgomery Watson engineer during field fabrication. This expedited approach saved 

three weeks in additional engineering time and reduced the subsequent cost of 

engineering. 

3.1.1.4. As soon as the size, model, and the manufacturer of each component were 

decided, the design was sent out for procurement and scheduled for delivery to the project 

site during the construction window. Advance procurement of all components proved to 
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be successful, with all equipment arriving before or within the first week of construction. 

A collection of photographs showing assembly of the system components is included in 

Appendix A. 

3.1.2. Slab Preparation 

3.1.2.1. The concrete containment slab for the treatment system required 28 days to cure. 

Advance procurement of a local subcontractor was necessary to ensure that the slab was 

ready for system installation as soon as the equipment and materials arrived on the site. 

A local engineering company was hired to inspect the steel reinforcing prior to pouring 

concrete, and to take quality control samples during placement of the concrete. The 

concrete slab was poured the week of 12 July 1996. 

3.2 CONSTRUCTION CHRONOLOGY 

3.2.1. Extraction Wells 

3.2.1.1. Although the original project scope called for the use of three wells for the 

demonstration testing, the plan was changed to utilize only two wells just before start of 

construction. The wells had already been installed and developed during the previous 

studies, so they only required installation of pumps and piping. Both wells were expected 

to produce 25 gpm in order to operate the treatment system at the design flow rate. After 

the wells were connected and pumping started, it was discovered that Well 66 would not 

produce more than 13 to 15 gpm of flow. This reduced flowrate was factored into the 

demonstration testing. Piping to the wells was completed 19 July 1996, and the pumps 

were installed and connected 9 August 1996. 

3.2.2. Ozone Generator 

3.2.2.1. The ozone generator was delivered to the site and set up on 23 July 1996. The 

liquid oxygen tank for the generator was delivered and set up 25 July 1996 by Linweld, a 

local oxygen supplier. 

3.2.3. Contactors 

3.2.3.1. The first three contactors were delivered on 26 July 1996 and the first contactor 

was set the same day.  Piping to the first three contactors was completed 29 July 1996. 
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The last three contactors were delivered 30 July 1996 and were set and plumbed by 2 

August 1996. 

3.2.4. Activated Carbon Vessels 

3.2.4.1. Three carbon vessels were delivered to the project site on 1 August 1996. They 

were placed on the pad and connected 7 August 1996. 

3.2.5. Reverse Osmosis Unit 

3.2.5.1. A reverse osmosis (RO) treatment unit was leased to produce deionized make-up 

water for the hydrogen peroxide solution. The reverse osmosis unit was delivered and set 

up 8 August 1996. The unit was leased from Culligan's local distributor. 

3.2.6. Sodium Thiosulfate Feed System 

3.2.6.1. This system consisted of a chemical metering pump, a mixing tank and a mixer, 

level controls and the associated piping. The assembly was installed during 5 to 8 August 

1996. 

3.2.7. Chemical Feed Pumps 

3.2.7.1. Six chemical feed pumps were set up and connected to supply and delivery 

tubing on 5 and 6 August 1996. 

3.2.8. Piping and Fittings 

3.2.8.1. All piping and fittings for the Peroxone system were connected by the end of the 

week of 8 August 1996. This included the stainless steel ozone delivery lines, the well 

water delivery lines, the effluent piping, and the RO effluent water piping. 

3.2.9. Water System 

3.2.9.1. The potable water system was connected on 7 August 1996. The piping was 

tested that day for leaks and repaired as required. 
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3.2.10. Power 

3.2.10.1. The power company set the main power supply pole and the three-phase 

transformers during 29 July 1996 to 2 August 1996. Power conduit and wiring from the 

control panel was run to the equipment on the pad the week of 5 August 1996. Power 

connection to the system was completed 6 August 1996. 

3.2.11. Instrumentation and Controls 

3.2.11.1. Instrumentation wiring was pulled in with the power wiring the week of 

5 August 1996. The instrumentation was connected and tested the week of 12 August 

through 17 August 1996. 

3.3 STARTUP 

3.3.0.1 Startup of the Peroxone system was divided into three efforts; clean water testing, 

debugging, and optimization. Clean water testing is discussed below. Debugging and 

optimization are discussed in Section 4.0. 

3.3.1. Clean Water Testing 

3.3.1.1. As individual portions of the system were completed they were tested prior to 

startup. First the conveyance piping was connected to the contactors. The piping and the 

contactors were then filled with clean water and hydraulically tested for leaks. Then all 

tanks, piping and tubing on the pad were filled and checked prior to debugging. The 

carbon vessels were filled with water and the air pressure in each vessel was bled off until 

they flowed smoothly. The connections were then completed between each GAC vessel 

to check for leaks under operating pressure. This took place 12 through 14 August 1996. 

3.3.1.2. Once the tanks, piping, tubing, and pumps were checked and all repairs 

completed, the system was turned over to the operator for debugging and optimization 

testing. 
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4.0 PEROXONE SYSTEM TESTING PROGRAM 

4.1 INTRODUCTION 

4.1.0.1. This section describes the testing program implemented at the Peroxone 

groundwater treatment system. The testing approach and analytical methods used in the 

program are first described, followed by the experimental conditions and results obtained 

from each of the optimization and demonstration testing programs. Finally, a 

mathematical model describing the destruction of TNT, TNB, and RDX with 

ozone/hydrogen peroxide is proposed. The model is then calibrated using the 

optimization and the demonstration testing results. 

4.1.0.2. The following legend has been used for figures in this section: 

INF - Influent Concentration 

Cl - Effluent Concentration from Contactor 1 

C2 - Effluent Concentration from Contactor 2 

C3 - Effluent Concentration from Contactor 3 

C4 - Effluent Concentration from Contactor 4 

C5 - Effluent Concentration from Contactor 5 

C6 - Effluent Concentration from Contactor 6 

4.2 TESTING APPROACH 

4.2.0.1. The overall testing program extended over a period of 12 weeks. After the plant 

was constructed and all the equipment was installed, the demonstration plant operators 

conducted three primary tasks: (1) System Debugging, (2) System Optimization, and (3) 

System Demonstration. The following is a brief description of each task, and they are 

discussed in more detail later in this section. 
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4.2.1 Task 1 — System Debugging 

4.2.1.1 During this task, which extended over two weeks, the plant pumps and chemical 

feed systems were started up at a low flow rate (approximately 10 gpm) using tap water, 

and checked for any water or chemical leaks. The system was also checked for 

malfunctions of chemical feed equipment and shut-down alarms. After the leaks and 

malfunctions were adjusted, the flowrate through the plant was continuously increased 

until the design flow of 25 gpm was reached. The plant was then operated at the design 

flowrate for a period of two days. During this period all water and chemical feed 

equipment were checked for operational stability. Tracer testing was also conducted 

during this phase to characterize the hydraulic residence time distribution of the system. 

A summary of significant problems and their resolution is discussed in Section 4.5.5. 

4.2.2 Task 2 — System Optimization 

4.2.2.1 During this task, which also lasted for two weeks, process optimization testing 

was conducted using water from each of the two test wells. Process optimization 

involved operating the system at various ozone doses and hydraulic retention times, 

collecting water samples from the effluent of each of the six contactors, as well as from 

the wall taps along the water depth of the first contactor, and analyzing them for ozone 

residual and explosives. The applied ozone dose tested ranged from 38 mg/L to 

115 mg/L. The flowrate tested ranged from 13 gpm to 25 gpm. Steady-state conditions 

were reached (a minimum of 3 hydraulic retention times) before any operational 

parameter was changed. These optimization tests were used to determine the operating 

conditions that would result in the reduction of the target contaminants to the desired 

effluent quality. 

4.2.3 Task 3 — System Demonstration 

4.2.3.1 During this task, which was conducted over a period of eight weeks, the system 

was operated under two sets of conditions using water from New TRW Well only. 
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System demonstration involved operating the system at constant conditions over an 

extended period of time, collecting water samples from the effluent of each of the six 

contactors, and analyzing them for ozone residual, pH, oxidation-reduction potential 

(ORP), and explosives concentrations. These tests served to demonstrate that the system 

can achieve the anticipated performance on a long-term basis. 

4.3 ANALYTICAL METHODS 

4.3.0.1. Samples were taken from the Peroxone system influent, the effluent from each 

ozone contactor, and the effluent of the granular activated carbon (GAC) contactors on a 

daily basis. The following analyses were routinely conducted on these samples during 

the demonstration project: 

explosives 

nitrate 

ozone residual 

hydrogen peroxide residual 

oxidation reduction potential (ORP) 

PH 

temperature. 

4.3.0.2. Samples were packaged in insulated containers, cooled with ice, and shipped to 

GP Environmental Labs in Gaithersburg, MD for analysis. A total of 15 explosives 

contaminants were reported including the three target compounds: TNT, TNB, and RDX. 

The mass sum of all the compounds analyzed for with EPA Method 8330 and reported by 

GP Environmental Labs was referred to as Total Nitrobodies. Nitrate samples were 

routinely taken from the influent and each contactor effluent. These samples were 

analyzed by GP Environmental Labs using EPA Method 9056. Ozone residual analyses 

were conducted on site using Standard Method 4500-O3B Indigo colorimetric method. A 

known volume of Indigo Reagent II was drawn into a 10-mL gas-tight glass syringe. The 

remaining volume in the syringe was filled with the sample being analyzed.     The 
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absorbance of the mixture at 610 nm was then determined with a Hach DR-700 

colorimeter. The hydrogen peroxide residual was measured using the method described 

by Masschelein et al. (1977).' Oxidation-reduction potentials were performed using 

proposed Standard Method 2580 (ORP). An Orion Model 9678BN oxidation-reduction 

probe and Orion model 920 ion selective electrode meter were used. pH analyses were 

conducted on site using a Hach EC-10 portable pH meter and probe with automatic 

temperature compensation. The temperature of samples was measured using an alcohol 

thermometer graduated in 1 degree centigrade increments and was recorded during the 

determination of the oxidation-reduction potential. Tracer tests using Fluosilicic Acid 

were conducted at process flow rates of 13 and 25 gpm. Fluoride analyses were 

conducted during tracer testing using Standard Method 4500F. An Orion fluoride probe, 

Model 9609BN, and Orion model 920 ion selective electrode meter were used. 

4.3.0.3. In addition, numerous analyses were conducted by GP Environmental Labs on a 

less frequent basis. The analyses conducted and methods used are listed below: 

• Volatile Organic Compounds EPA Method 8260 

• Semi-Volatile Organic Compounds EPA Method 8270 

• Iron, Calcium, Magnesium, Manganese SW846, EPA Method 6010 

• Nitrate, Nitrite and Sulfate EPA Method 9056 

• Carbonate, Bicarbonate, Ammonia, 

& Phosphorous, Total Kjeldahl Nitrogen Standard Method 4500 

• Total Suspended Solids, Total Dissolved Solids Standard Method 2540 

• Alkalinity Standard Method 2320 

• Total Organic Carbon Standard Method 5310 

4.3.0.4. It should be noted that all analytical results were proven to be reliable. The 

QA/QC data for the project are listed in the Independent Evaluator's report. 

Masschelein, W.; M. Denis, and R. Ledent, "Spectrophotometric Determination of Residual Hydrogen 
Peroxide", Journal of Water & Sewage Works, pp. 69-72 (August, 1977). 
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4.4 GROUNDWATER QUALITY 

4.4.0.1. During the beginning of the optimization testing, groundwater samples were 

collected and analyzed for various general physical/mineral water quality parameters, as 

well as an array of volatile organic chemicals (VOC). The results of the general/mineral 

analyses are listed in Table 4-1. Both waters can be characterized as relatively high 

alkalinity, high hardness waters. The results suggest that Well #66 water had a 

substantially lower organic content than New TRW Well water. 

Table 4-1 

General Physical/Mineral Groundwater Quality Characteristics 

Unit 
Value 

Parameter New TRW Well Well #66 

Alkalinity mg/L as CaC03 311 326 
Nitrate mg/L 1.41 9.51 
Ammonia mg/L 0.29 13.6 
Calcium mg/L 63.6 82.5 
Iron Mg/L <52 <52 
Magnesium mg/L 10.7 16.8 
Manganese mg/L 0.637 0.564 
Total Phosphorous mg/L as P 0.301 0.668 
Total Dissolved Solids mg/L 452 BKN 
Total Organic Carbon mg/L 5.32 1.92 
pH — 7.0 7.0 

BKN: Broken Sample Vial 

4.4.0.2. The types and concentrations of the synthetic organic chemicals (SOCs) 

analyzed for during the optimization testing period are listed in Table 4-2. The results 

show that waters from New TRW Well and Well #66 did not contain VOCs above the 

compound-specific detection limits. 

4.4.0.3. In addition, during the optimization testing period and the demonstration testing 

period, the influent water to the Peroxone treatment system was analyzed daily for 

explosives, including the target contaminants of TNT, TNB, and RDX. The average 

concentration and range of each of these compounds, as well as the sum of Total 

Nitrobodies measured in New TRW Well and Well #66 waters are listed in Table 4-3 for 

each of the optimization and demonstration testing periods. The results are also plotted in 
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Figure 4-1 on the following page. The analytical results showed that the contaminant 

concentrations varied significantly throughout the testing period. This wide variation 

impacted the ability to interpret the Peroxone system performance data since reaching 

steady-state conditions was virtually impossible. In addition, the data presented in 

Table 4-3 and Figure 4-1 show that the influent concentrations of all contaminants 

decreased substantially from the beginning of the project (during the optimization period) 

to the end of the project (Phase II demonstration period). This should also be considered 

when comparing the performance of the Peroxone system under the different conditions 

of the optimization period and the demonstration period. For optimum data analysis, no 

average influent concentrations were used, but rather each effluent concentration was 

coupled with its corresponding influent value. In order to facilitate the comparison of 

system performance under different influent contaminants' concentrations, the 

performance was expressed in terms of percent removal and not as effluent concentration 

values. 

4.4.0.4. In addition, the analytical results show that the concentration of nitrate in the 

groundwater decreased through the testing period. Figure 4-2 shows a plot of the daily 

average concentration of nitrate in the New TRW Well water during Phases 1 and 2 of the 

demonstration period. The results show that the daily average nitrate level continuously 

decreased from a high of 2.3 mg/L at the beginning of Phase 1 of the demonstration 

period to a low of 0.6 mg/L at the end of Phase 2 of the demonstration period. It should 

be noted that this decrease in influent nitrate level should not have had any impact on the 

process performance since no reaction between ozone and nitrate is expected because 

nitrate is the highest oxidation state for nitrogen. 
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Table 4-2 

Types and Concentrations of SOCs in New TRW Well and Well #66 Waters 
(All Concentrations Were Below the Indicated Detection Limits) 

Detection Detection Detection 

Limit Limit Limit 

Chemical (ug/L) Chemical (Mg/L) 

10.5 

Chemical 

1,1,2,2-Tetrachloroethane 

(ug/L) 

1,2,4-Trichlorobenzene 10.5 Benzo[b]fluoranthene 5 

1,2-Dichlorobenzene 10.5 Benzo[g,h,i]perylene 10.5 1,1,2-Trichloroethane 5 

1,3-Dichlorobenzene 10.5 Benzo[k]fluoranthene 10.5 1,1-Dichloroethane 5 

1,4-Dichlorobenzene 10.5 Benzyl alcohol 10.5 1,1-Dichloroethene 5 

2,4,5-Trichlorophenol 52.5 bis(2-Chloroethoxy) methane 10.5 1,2-Dichloroethane 5 

2,4,6-Trichlorophenol 10.5 bis(2-Chloroethyl) ether 10.5 1,2-Dichloropropane 5 

2,4-Dichlorophenol 10.5 bis(2-Chloroisopropyl) ether 10.5 2-Butanone 10 

2,4-Dimethylphenol 10.5 bis(2-Ethylhexyl)phthalate 10.5 2-Chloroethylvinyl ether 10 

2,4-Dinitrophenol 52.5 Butyl benzyl phthalate 10.5 2-Hexanone 10 

2,4-Dinitrotoluene 10.5 Chrysene 10.5 4-Methyl-2-pentanone 10 

2,6-Dinitrotoluene 10.5 di-n-Butylphthalate 10.5 Acetone 10 

2-Chloronaphthalene 10.5 di-n-Octylphthalate 10.5 Benzene 5 

2-Chlorophenol 10.5 Dibenzofuran 10.5 Bromodichloromethane 5 

2-Methylnaphthalene 10.5 Dibenz[a,h] anthracene 10.5 Bromoform 5 

2-Methylphenol 10.5 Diethylphthalate 10.5 Bromomethane 10 

2-Nitroaniline 52.5 Dimethyl phthalate 10.5 Carbon tetrachloride 5 

2-Nitrophenol 10.5 Fluoranthene 10.5 Chlorobenzene 5 

3,3'-Dichlorobenzidine 21 Fluorene 10.5 Chloroethane 10 

3-Nitroaniline 52.5 Hexachlorobenzene 10.5 Chloroform 5 

4,6-Dinitro-2-methylphenol 52.5 Hexachlorobutadiene 10.5 Chloromethane 10 

4-Bromophenyl-phenylether 10.5 Hexachlorocyclopentadiene 10.5 eis-1,3-Dichloropropene 5 

4-Chloro-3-methylphenol 10.5 Hexachloroethane 10.5 Dibromochloromethane 5 

4-Chloroaniline 10.5 Indeno[ 1,2,3-cd]pyrene 10.5 Ethylbenzene 5 

4-Chlorophenyl phenyl ether 10.5 Isophorone 10.5 Methylene chloride 5 

4-Methylphenol 10.5 N-Nitroso-di-n-propylamine 10.5 Styrene 5 

4-Nitroaniline 52.5 N-nitrosodiphenylamine 10.5 Tetrachloroethene 5 

4-Nitrophenol 52.5 Naphthalene 10.5 Toluene 5 

Acenaphthene 10.5 Nitrobenzene 10.5 trans-1,2-Dichloroethene 5 

Acenaphthylene 10.5 Pentachlorophenol 52.5 trans-1,3-Dichloropropene :   5 

Anthracene 10.5 Phenanthrene 10.5 Trichloroethene 5 

Benzoic acid 52.5 Phenol 10.5 Vinyl Acetate 10 

B enzo [a] anthracene 10.5 Pyrene 10.5 Vinyl chloride 10 

Benzo[a]pyrene 10.5 1,1,1 -Trichloroethane 5 Xylenes (total) 5 
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Table 4-3 

Concentrations of TNT, TNB, RDX, and Total Nitrobodies (in ug/L) 
in the Test Groundwater 

Total 
TNT TNB RDX Nitrobodies 

Optimization Task - New TRW Well 
No. of Samples 13 13 13 13 

Average 733 453 54.1 1624 
Std Deviation 168 124 10.7 398 

Median 692 456 52.0 1520 
Range 517-1200 134-711 41.5-74.4 978 - 2570 

Optimization Task - Well #66 
No. of Samples 9 9 9 9 

Average 515 398 24.7 1083 
Std Deviation 99 195 5.1 270 

Median 508 461 27.6 1120 
Range 335 - 645 114-711 14.4 - 29.7 755 - 1560 

Demonstration Task Phase 1 - New TRW Well 
No. of Samples 93 93 93 93 

Average 437 397 33.0 1005 
Std Deviation 97 67 6.1 190 

Median 423 395 32.9 972 
Range 114-692 119-540 10.4 - 49.5 285 -1470 

Demonstration Task Phase 2 - New TRW Well 
No. of Samples 100 100 100 100 

Average 312 346 22.5 758 
Std Deviation 64 57 6.1 135 

Median 297.5 336.5 21.8 729 
Range 198-538 233 - 546 0.01-38.8 535 - 1200 
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4.5 SYSTEM DEBUGGING 

4.5.1. Objectives 

4.5.1.1. The objectives of this two-week task were as follows: 

Start up the demonstration plant 

Ensure that all its components were fully operational 

Calibrate all chemical feed systems 

Test all alarms and emergency shut-down systems 

Check for leaks and malfunctions. 

4.5.1.2. A description of the tests that were conducted in this task is described below. 

4.5.2 System Startup 

4.5.2.1. Following the initial hydraulic testing done after construction was complete, tap 

water was pumped into the system at a flowrate of 25 gpm to fill up the six contactors 

with water. 

4.5.2.2. The water was then adjusted to a flow rate of 10 gpm. The ozone system was 

turned on, and ozone was fed to the six contactors at 40 percent of capacity. Soap-Bubble 

tests were conducted on all gas-phase pipe connections outside the ozone generator, 

ozone monitor, and ozone destruction unit. While ozone was being fed to the system, the 

hydrogen peroxide feed system to the six contactors was turned on. The peroxide system 

was checked for any hydrogen peroxide leaks. Any leaks discovered in the ozone system 

or the hydrogen peroxide system resulted in shutdown and draining of the system, and the 

leaks were repaired. This test was repeated until both feed systems were void of 

detectable leaks. 
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4.5.2.3. After all system components were checked for leaks, tap water flow rate was 

increased gradually to 25 gpm, accompanied by a corresponding increase in the ozone 

generator setting and hydrogen peroxide feed rates to deliver the design doses of 330 

mg/L ozone and 108 mg/L hydrogen peroxide. The system was operated under these 

conditions for a period of 30 minutes during which a final leak check was conducted on 

all system components. These procedures were repeated three times over a period of 

2 days until all ozone and hydraulic leaks were corrected. 

4.5.3 Equipment Calibration 

4.5.3.1. The following instruments and monitoring equipment were calibrated during this 

task: 

• Influent water flowmeter 

• Hydrogen peroxide metering pumps 

• Ozone monitor 

4.5.3.2. Influent Water Flowmeter. The influent flow meter was calibrated with tap 

water using a 55-gallon polyethylene drum. A total of three (3) indicated flow rates were 

evaluated: 10, 18, and 25 gpm. A constant flow rate was allowed through the meter. 

The water was diverted from the effluent of the first contactor through a flexible hose to 

the drain. After 10 minutes of steady flow, the water was diverted into the 55-gallon 

calibration drum. Time was kept using a stopwatch until the 50 gallon mark was reached. 

The ratio of 50 gallons divided by the fill time (in minutes) constituted the actual flowrate 

value in gpm. This test was repeated in triplicate for each of the three flow rates. Once 

the calibration curve was developed, the "actual" flow rate, instead of the "indicated" 

flow rate, was used in all subsequent testing. 

4.5.3.3. Hydrogen Peroxide Metering Pumps. Hydrogen peroxide metering pumps 

were calibrated according to the manufacturer's recommendation: the pump stroke was 

adjusted to a level that produced the desired output at an approximate speed setting of 

60 percent.  The output per stroke was then calculated by measuring the volume drawn 
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from a 1-liter graduated cylinder over a 100-stroke period. This procedure was repeated 

for each pump. The approximate required pump setting during testing was set by 

calculating the pump stroke rate required to produce the desired output. This output was 

then verified with a 1-Liter graduated cylinder on a daily basis. 

4.5.3.4. Ozone Monitor. The ozone monitor was factory-calibrated by the manufacturer 

at the beginning of the study. 

4.5.4 Alarm Checks 

4.5.4.1 The Peroxone treatment system contained several operational safety alarms, 

including the following: 

Low process flow alarm 
Overflow alarm on the first contactor 
Containment pad spill alarm 
Three chemical feed tank low-level alarms 
Ozone generator failure plant shutdown alarm 
Ozone destruct failure alarm 
Numerous ozone generator alarms. 

4.5.4.2. All of the above alarms were checked prior to system startup. 

4.5.5. Summary of Problems 

4.5.5.1. During debugging, several minor problems were identified and corrected: 

1. The influent gas lines to the contactors kept filling with water that backed up 

through the rotameters into the tubing; water almost flowed into the header 

piping. To remedy this problem the gas tubing was lengthened and run up 

above the top of the contactor to prevent water from backing up the tubing 

higher than the water level in the contactor vessel. 

2. Several CPVC fittings on the off-gas analyzer tubing connections began to 

dissolve from contact with the ozone gas mixture. These were replaced with 

teflon or stainless steel fittings. 
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3. The metering pumps were inconsistent in flowrate.     The problem was 

diagnosed as a loss in prime to the pumps. This was remedied by lowering the 

feed piping from the hydrogen peroxide day tanks and installing back-pressure 

control valves on the pump intake lines. This correction prevented a break in 

suction to the pumps, and prevented them from losing their prime. 

4. The ozone generator had two failure episodes where the control panel showed 

a high DC voltage alarm. This problem was traced to the main power source 

which was delivered at 500 volts rather than the 480 volt service requested. 

The over-voltage burned out several components in the control panel which 

resulted in the need to bring a representative from the manufacturer to the site 

for repairs and calibration. Repairs were made and the inlet voltage was 

adjusted to a proper operating level within the DC transformer that fed the 

ozone generator vessel. Repairs to the generator were made 27 and 28 August 

1996. 

5. The north well pump (Well No. 66) kept shutting down with an overload. The 

motor starter was adjusted to a higher amperage trip-out and restarted. The 

pump ran without interruption, but the influent groundwater stream was filled 

with air bubbles after a few minutes of operation. The water level was 

checked in the well and it revealed that the well was not producing enough 

water to maintain a flow of 25 gpm as expected. The well was pressurized to 

improve the yield and the pump was lowered slightly. The remedy for this 

well was to reduce the flowrate to about 15 gpm to maintain a sustained flow. 

6. The rotameters controlling the gas flow into the contactors were beginning to 

cloud up and could not be read easily. The acrylic bodies were not holding up 

to the concentration of ozone in the feed gas. This was remedied by replacing 

the original rotameters with glass-bodied units. 

7. The gas flow into the contactors was not producing the fine bubble mist in the 

water that was anticipated. Closer inspection revealed that the manufacturer 

had sent the wrong kind of gaskets to seal the diffuser stones to the gas header 

in the contactors, and that two of the twelve stones were cracked and 

defective. This resulted in ozone leaking around the connections and forming 
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large bubbles in the tanks.    The problem was remedied by replacing the 

defective stones and gaskets. 

4.6 SYSTEM OPTIMIZATION 

4.6.0.1. The objective of the system optimization phase was to run the Peroxone system 

under varying conditions of water source, water flow rate (i.e., varying reaction times), 

and ozone doses to determine the impact of these variable conditions on the destruction of 

TNT, TNB, RDX, and total nitrobodies through the system. The following is a 

discussion of the experimental conditions used and results obtained. 

4.6.1 Experimental Conditions 

4.6.1.1. The experimental conditions evaluated during the two-week optimization 

program are outlined in Table 4-4. A total of 10 tests were conducted. Six of these tests 

(Tests #1 through #4 and Tests #9 and #10) were conducted on New TRW Well water, 

while the remaining four tests (Tests #5 through #8) were conducted on Well #66 water. 

The flow rates tested were 13 gpm, 18 gpm, and 25 gpm, which equate to average 

hydraulic retention times (HRT) of 46 minutes, 33 minutes, and 24 minutes, respectively, 

in each of the six contactors. The total applied ozone dose ranged from a low of 228 

mg/L (38mg/L per contactor) to a high of 690 mg/L (115 mg/L per contactor). To 

achieve these doses, the percent ozone in the oxygen feed gas ranged from a low of 3.3 

percent to a high of 10.5 percent. The applied ozone dose was varied by changing the 

ozone concentration in the feed gas while maintaining a constant feed gas flow rate. Note 

that the ozone generator was designed to deliver 55 mg/L ozone per contactor at 25 gpm 

flow rate. Therefore, in order to increase the applied ozone dose to greater than 55 mg/L, 

the water flow rate had to be decreased below its design value of 25 gpm, which in turn 

increased the HRT value through the contactors. Therefore, for ozone doses greater than 

55 mg/L, two variables — ozone dose and contact time — had to be varied 

simultaneously, which is not ideal for an optimization testing program. Therefore, when 

analyzing the results of the study, it is important that comparisons be made between tests 

that differed by only one variable at a time. 
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4.6.1.2. As shown later in this report, two of the independent variables, hydrogen 

peroxide dose and water source, had little to no effect on the performance of the Peroxone 

process for explosives treatment within the range of values tested. The only two 

remaining independent variables were 1) water flow rate, and 2) ozone dose (which is a 

direct result of changing the percent ozone in the feed gas stream). Therefore, it was 

realized that simultaneously changing these variables during the optimization testing was 

not an ideal experimental approach. However, as mentioned above, the limitation of the 

ozone generator capacity forced the project team to lower the flow rate in order to achieve 

a higher ozone dose. In order to overcome this shortcoming, the project team relied on 

mathematical modeling as opposed to direct analysis of the results. Thus, an empirical 

mathematical model was developed specifically for this project. The model, which is 

presented and discussed later in this report, focused on both the ozone dose and the 

hydraulic behavior (including the water flow rate) in interpreting and sorting through all 

the results of the optimization and demonstration tasks. Once the model was calibrated 

with the experimental results, it was then used to optimize the design of the 1000-gpm 

facility. The project team believes that this approach eliminated the concern over the 

impact of simultaneous variation of the ozone dose and water flow rate through the 

system on the ability to interpret the experimental results. 

4.6.1.3. During Tests #1 through #8, the hydrogen peroxide feed rate was varied with the 

ozone dose in order to maintain a mass Peroxone ratio of approximately 0.3 (i.e., 0.3 mg 

hydrogen peroxide per mg of ozone transferred to the water).+ This ratio was based on 

the stoichiometry of reaction between ozone and hydrogen peroxide. However, the ozone 

residual concentration measured in the effluent of each contactor was substantially higher 

than expected (greater than 1 mg/L). Accordingly, the Peroxone ratio during Tests #9 

and #10 had to be increased to approximately 0.54 and 0.47 respectively, in order to 

maintain the ozone residual in the effluent of each contactor at less than 1 mg/L. There is 

no explanation at this point as to why this ratio is significantly higher than the commonly 

used stoichiometric ratio of 0.3.   However, it is important to note that the ozone doses 

All H^Oj/O;, ratios or Peroxone ratio presented in this report are based on a mass ratio of hydrogen 
peroxide dose to transferred ozone dose. A mass ratio of 0.3 mg/mg is equivalent to a molar ratio of 
0.42 mole/mole. 
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used in this treatment system are almost two orders of magnitude higher than those used 

in conventional ozone applications in drinking water treatment, where the bulk of the 

industry's understanding of ozone/hydrogen peroxide reaction chemistry was developed. 

It is likely that the reactions at such high ozone doses may vary from those experienced at 

the low ozone doses, resulting in an increase in the optimum Peroxone ratio. 

4.6.2 Experimental Results 

4.6.2.1. The results obtained during the optimization period are listed in Appendix B.2 

The data show that TNB was the critical compound in that it was the most difficult to 

oxidize compared to TNT or RDX. Table 4-5 shows a summary of the results for New 

TRW Well. The objective of this table is to show the impact of ozone dose and HRT on 

the average percent removal of TNB through each of the six contactors. For example, 

Tests #1 and #10 had similar average transferred ozone doses to each contactor (within 

10% difference). However, the contact time through each contactor in Test #10 was 46 

minutes compared to 24 minutes in Test #1. Although the contact time was doubled 

while maintaining the same transferred ozone dose, the average percent removal only 

increased from 39 percent to 49 percent. This is primarily due to the fact that each 

contactor is completely mixed as will be shown and discussed later in this section. It is 

also noted that the ozone transfer efficiency varied from a low of 62% to a high of 82%. 

4.6.2.2. On the other hand, comparison of Tests #4, #9, and #10 shows the impact of 

increased transferred ozone dose on TNB removal at a constant average HRT of 

46 minutes through each contactor. As the dose was increased from 31 mg/L, to 

42 mg/L, to 80 mg/L, the percent TNB removal increased from 36%, to 49%, to 62%, 

respectively. 

As noted earlier, the QA/QC results for explosives analysis are included in the Independent Evaluator's 
report for ESTCP titled: "Peroxone Demonstration: Performance and Cost Evaluation" 
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Table 4-4 

Experimental Conditions Used During the System Optimization Program 

Total 
Applied HA Peroxone 

Flow HRT 03 Dose Percent Dose Ratio* 
Test* Well 

New TRW 

gpm 

25 

min mg/L Ozone mg/L (mg/mg) 

1 24 360 10.1% 87 0.39 

2 New TRW 18 33 390 7.9% 90 0.30 

3 New TRW 18 33 510 10.2% 108 0.30 

4 New TRW 13 46 690 10.5% 135 0.27 

9 New TRW 13 46 228 3.3% 101 0.54 
10 New TRW 13 46 336 4.9% 119 0.46 

5 #66 18 33 258 5.5% 54 0.31 
6 #66 18 33 390 7.9% 90 0.31 
7 #66 18 33 510 10.2% 108 0.29 

8 #66 13 46 690 10.5% 135 0.27 

The Peroxone Ratio is calculated as the ratio of hydrogen peroxide dose (in mg/L) to the transferred 
ozone dose (in mg/L) 

Table 4-5 

Summary of the Optimization Results for TNB Removal From 
New TRW Well Water 

Ave. Transferred Ozone Average 
03 Dose/Chamber Transfer Ave. HRT Average %TNB 

Test* mg/L Efficiency mm cycinr Removal 

1 37 62% 24 0.61 39% 
2 48 74% 33 0.62 38% 
3 57 67% 33 0.35 65% 
4 80 70% 46 0.38 62% 
9 31 82% 46 0.64 36% 
10 42 75% 46 0.51 49% 

4.6.2.3. The results from Tests #2 and #3 are unusual in that the changes in TNB removal 

do not reflect the changes in the transferred ozone dose and/or hydraulic retention time. 

For example, comparing the operating conditions of Test #2 to those of Test #1 show an 
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increase in the average transferred ozone dose from 37 mg/L to 48 mg/L per contactor 

with a parallel increase in the hydraulic contact time from 24 minutes to 33 minutes. 

However, there was no change in the average percent removal of TNB. Similarly, while 

the average transferred ozone dose and average contact time in Test #3 were significantly 

lower than those in Test #4, the average percent TNB removal was higher in Test #3. 

Examination of the raw data sheets from Tests #2 and #3 shows a substantial scatter in 

the TNB removal data, which may explain the observed anomalies in the summary results 

presented in Table 4-5. 

4.6.2.4. These observations are important because they have direct implications to the 

design of the full-scale Peroxone treatment system. For example, based on the percent 

removals listed in Table 4-5, Table 4-6 lists various configurations of Peroxone treatment 

system required to achieve 99% removal of TNB. It is important to note that the 

configurations listed in Table 4-6 are simulated based on the average percent TNB 

removal observed during the optimization task. 

4.6.2.5. Some interesting observations are made from the configurations listed in Table 

4-6. The first and fourth configurations have virtually identical total hydraulic residence 

times, which means the same size contactor. However, increasing the number of 

chambers from five to nine, and reducing the contactor HRT from 46 minutes to 

24 minutes, increased the contactor efficiency and reduced the required total transferred 

ozone dose from 400 mg/L to 333 mg/L, approximately 17% reduction in required ozone 

capacity. 

4.6.2.6. Four optimization tests were also conducted on Well #66 water. The summary of 

these results are listed in Table 4-7. The results from Test #6 were highly scattered, and 

are thus not listed in Table 4-7. 
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Table 4-6 

Simulated Peroxone Treatment System Configurations 
That Would be Required to Achieve 99% Removal of TNB 

Transf. Ozone Total 
Number of       HRT/Chamber       Total HRT       Dose/Chamber      Transf. Ozone 
Chambers minutes hrs mg/L Dose, mg/L 

9 24 3.6 37 333 
10 46 7.7 31 310 
7 46 5.4 42 294 
5 46 3.8 80 400 

Note:     The values listed in this table were estimated based on linear extrapolation of the experimental 
results reported in Table 4-5. 

Table 4-7 

Summary of the Optimization Results for TNB Removal 
From Well #66 Water 

Ave. Transferred Average 
Os Dose/Chamber       Ave. HRT Average % TNB 

Test# mg/L min Cel/Clnf Removal 

5 
7 
8 

27 33 0.82 18% 
60 33 0.74 26% 
80 46 0.38 62% 

4.6.2.7. Due to the anomalies observed in Tests #2 and #3 during New TRW Well testing 

(as discussed earlier in paragraph 4.6.2.3), the results of Tests #5 and #7 cannot be 

reliably used to compare the performance of the Peroxone treatment system on Well #66 

water to that on New TRW Well water. However, the operational conditions of Test #8 

(i.e., transferred ozone dose and average contact time) using Well #66 water were similar 

to those of Test #4 using New TRW Well water. The corresponding TNB removal in the 

two waters was identical at 62%, suggesting that the performance of the Peroxone 

treatment system was independent of the water quality differences between New TRW 

Well and Well #66. It is interesting to note that the results suggest that the HRT had a 

more significant impact on TNB removal than the ozone dose. 
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4.7 SYSTEM DEMONSTRATION 

4.7.0.1. Based on the results of the optimization testing, two sets of operating conditions 

were selected for the demonstration testing. In addition, after discussions with the 

various project members, it was decided that the demonstration testing was only to be 

conducted on New TRW Well water (due to its low yield, and the similarity in the 

Peroxone performance for explosives' oxidation in both waters). 

4.7.1 Experimental Conditions 

4.7.1.1. For the first four weeks of the demonstration period (Phase I), the Peroxone 

system was operated under conditions predetermined to achieve the target water quality 

goals of 0.002 mg/L of each of TNT, TNB, and RDX, and 0.3 mg/L of Total Nitrobodies. 

The operating conditions for Phase I demonstration testing are listed in Table 4-8. 

During the second four weeks of the demonstration period (Phase II), the Peroxone 

system was operated at higher flowrate (i.e., lower contact time), and lower ozone dose 

than those used in Phase I. The experimental conditions for Phase II testing are also 

listed in Table 4-8. Based on the system optimization results, it was clear that the 

conditions used in Phase II were not going to achieve the target effluent concentrations. 

However, the project team decided to evaluate these conditions with the idea that a hybrid 

system of a PEROXONE process operated under these conditions followed by a GAC 

adsorption process for complete contaminants removal may actually be more cost 

effective than a PEROXONE process alone. However, it is noted that this approach does 

not address the possible formation of oxidation by-products which may consume the 

GAC capacity more rapidly. During Phases I and II testing, the ozone transfer efficiency 

was approximately 78% and 76%, respectively. 
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Table 4-8 
Operating Conditions During Phases I and II 

of the Demonstration Testing Period 

Value 
Parameter Unit                  Phase I Phase II 

Well Number —                  New TRW New TRW 
Water Flowrate gpm                       13 25 
Total Ave. Contact Time hrs                        4.6 2.4 
Applied Ozone Dose mg/L                     100 58 

(95 to 115) (55 to 60) 
Transferred Ozone Dose mg/L                     78 44 

(72 to 92) (42 to 47) 
Transfer Efficiency Percent                   78% 76% 
H,02 Dose mg/L                      35 25 

(24 to 46) (24 to 28) 
Peroxone Ratio mg/mg                    0.45 0.57 

(0.29 to 0.59) (0.51 to 0.64) 

Note: numbers in parentheses represent minimum and maximum values. 

4.7.1.2. It should be noted that the Peroxone mass ratio during Phase I of the 

demonstration period was increased from a low of 0.29 to a high of 0.59 mg/mg. This is 

due to the fact that when the demonstration period started, the target Peroxone ratio was 

still at 0.3 (as stated in the RFP documents). However, it was then decided that the 

hydrogen peroxide dose (and thus the Peroxone ratio) should be increased until the ozone 

residual concentration in the effluent of the contactors was at levels less than 1 mg/L. 

Accordingly, the average Peroxone ratio was increased to approximately 0.55. Figure 4-3 

shows the profile of the average Peroxone ratio (among the six contactors) throughout the 

demonstration period. 
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Figure 4-3 

4.7.2 Experimental Results 

4.7.2.1 Explosives Removal. The results of the demonstration period are summarized in 

Appendix C of this report. The data gathered during this period are shown graphically in 

Figure 4-4 for Phase I and Phase II of the demonstration period. The results show that 

with an average HRT of 4.6 hours and an average transferred ozone dose of 78 mg/L per 

contactor during Phase I of the demonstration period, all influent concentrations of TNT, 

TNB, and RDX were reduced to less than 2 ug/L in the effluent of the Peroxone treatment 

system, with TNB being the most difficult compound to remove. When the contact time 

and transferred ozone dose were reduced to 2.4 hrs and 44 mg/L, respectively (in Phase 

II), the effluent concentrations of TNT and RDX were still lower than the target level of 2 

ug/L. The effluent concentration of TNB ranged from 2 to 4 ug/L. While this was higher 

than its target level of less than 2 ug/L, it represents significant removals considering the 

substantially lower ozone dose and contact time used. This result suggests that a hybrid 

system of a Peroxone process for partial contaminants removal followed by another 
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process (such as GAC adsorption) for final treatment may be more economically feasible 

than a stand-alone Peroxone process for complete treatment. 

4.7.2.2. It is interesting to note that the removal of TNB (as well as the other compounds) 

did not substantially change throughout Phase I of the demonstration period, despite the 

fact that the Peroxone ratio increased from a low of 0.27 mg/mg to a high of 0.59 mg/mg. 

This suggests that the oxidation of the target contaminants was not limited by the 

concentration of hydroxyl radicals (or other highly reactive radicals) in the treatment 

process, but rather by the rate of reaction between these radicals and each of the target 

contaminants. 

4.7.2.4. Nitrate Formation. The influent and effluent water to and from each contactor 

was also analyzed for nitrate concentration. The results of the nitrate analysis are shown 

in Figure 4-5 for the influent water and the last contactor (C6) effluent. The results 

clearly show an increase in the concentration of nitrate through the Peroxone treatment 

system. As a daily average value, the nitrate concentration increased by an average of 

0.86 mg/L during Phase I testing period, and by 0.60 mg/L during Phase II testing period. 

It is clear that the higher ozone dose and contact time used during Phase I testing resulted 

in the higher formation of nitrate. There are two potential sources for the additional 

nitrate: 

1. Oxidation of ammonia-nitrogen to nitrate-nitrogen via the following half- 

reaction: 

NH3 + 3H20 -» NO/ + 9H+ + 8e" 

2. Oxidation of the nitrogen in the organic nitrobodies (i.e., TNT, TNB, RDX, 

etc.) to nitrate. 
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Figure 4-5 

4.7.2.5. A few measurements were made of the ammonia concentration in the influent 

and effluent waters to and from the Peroxone treatment system. The average 

concentration of ammonia in New TRW Well water was 0.29 mg/L, whereas the average 

concentration of ammonia in the effluent of the treatment system was approximately 0.17 

mg/L. This translates into an equivalent increase in nitrate concentration of 

approximately 0.44 mg/L. However, it should be noted that the influent and effluent 

ammonia measurements were not made on the same day, and therefore, the calculated 

ammonia removal may not be accurate. If it is assumed that all the ammonia (0.29 mg/L) 

was converted to nitrate, the corresponding increase in nitrate concentration would be 

estimated at 1.06 mg/L (see chemical half-reaction in paragraph 4.7.2.4). Therefore, the 

oxidation of ammonia-nitrogen to nitrate-nitrogen may account for the majority, if not all 

of the increase in nitrate concentration in the water (due to the high solubility of ammonia 

in water, no significant volatilization of ammonia is expected). 
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4.7.2.6. The complete oxidation of organic nitrobodies can convert the organic nitrogen 

into inorganic nitrate-nitrogen. Assuming that complete oxidation did occur in the 

Peroxone treatment system, an influent TNT concentration of 0.5 mg/L would result in 

the formation of 0.41 mg/L nitrate.* Therefore, considering all the other organic 

nitrobodies in the influent water, the oxidation of the organic nitrogen to inorganic 

nitrate-nitrogen can also account for all of the measured increase in nitrate concentration. 

Therefore, no conclusion can be made regarding the exact source of nitrogen that was 

converted to nitrate. 

4.7.2.7. pH & ORP Measurements. Daily samples were collected from the effluent of 

each of the six contactors and analyzed for pH and oxidation-reduction potential (ORP). 

The profiles of the pH in the influent and effluent of the Peroxone treatment system are 

shown in Figure 4-6. The results show that the average pH of the influent groundwater 

was between 6.5 and 7.0. As the water went through each of the six contactors, the pH 

increased to 7.1, 7.3, 7.5, 7.6, 7.8, and 7.9, respectively. No specific testing was 

conducted to determine the cause of the pH drift. It may be due to C02 stripping from the 

groundwater during treatment, or a result of the reaction between ozone and hydrogen 

peroxide. The ORP results are listed in Appendix C. In general the ORP of the water 

increased from an average of 400 mV in the influent water to approximately 900 mV in 

the effluent of the sixth contactor. This increase in the ORP level is expected considering 

the high doses of oxidants (ozone and hydrogen peroxide) added to the water. 

*      C7H5(N02)3 + 17H,0 -» 3NO/ + 7CO, + 39H* + 36e' 

4-25 



8.5 

8.0 

5. 7.5 

7.0   - 

6.5 

9/4/96 9/14/96      9/24/96       10/4/96      10/14/96     10/24/96      11/3/96      11/13/96 

Profile of pH in the Influent Water and Effluent Waters from 
Contactors #2, #4, and #6 During the Demonstration Period 

Figure 4-6 

4.8 FORMATION OF OZONATION BY-PRODUCTS 

4.8.0.1. Ozonation of natural water is known to produce several inorganic and organic 

by-products. These include bromate (in bromide-containing waters), aldehydes, 

haloacetic acids, and other compounds. In order to determine the levels of ozonation by- 

products formed by the Peroxone process, two water samples were collected from the 

influent and effluent of the treatment system during Phase II of the demonstration period 

and analyzed for a wide range of organic compounds. The types and concentrations of 

the analyzed organic compounds in the two samples are listed in Table 4-9. The results 

show that, of the analyzed compounds, only one compound, formaldehyde at 11 ug/L, 

was present in the effluent of the Peroxone system.   Considering that formaldehyde is 

4-26 



highly biodegradable, however, it is anticipated that natural biodegradation of this 

compound will occur shortly after discharge of the treated water into the environment. 

Interestingly, trichlorotrifluoroethane (Freon) was measured at 66.3 ug/L in the New 

TRW Well water. However, this compound was removed by the treatment system to 

levels less than its detection limit of 0.5 ug/L. 

4.8.0.2. It should also be noted that the influent and effluent samples were analyzed for 

total organic carbon (TOC) concentration. The influent water sample had a TOC 

concentration of 2.2 mg/L, whereas the effluent sample had a TOC concentration of 

0.8 mg/L. This represents approximately 64% removal of the organic carbon. The 

removal mechanism is believed to include the oxidation of the organic carbon to 

inorganic carbon (i.e., C02) as a result of the extremely high ozone doses added to the 

system, and the formation of elevated levels of the highly reactive free radicals. 

Table 4-9 

Types and Levels of Organic Chemicals in the Influent and Effluent 
of the Peroxone Treatment System 

Level, ug/L Level, MS/L 

Chemical                              Inf.  Eff. Chemical Inf. Eff. 

Aldehydes: Bromodichloromethane <0.5 <0.5 

Aetaldehyde                      <1.0 <1.0 Benzene <0.5 <0.5 
Butanal                             <1.0 <1.0 Bromobenzene <0.5 <0.5 

Formaldehyde                      <5.0   11 Bromochloromethane <0.5 <0.5 
Glyoxal                           <1.0 <1.0 Bromomethane <0.5 <0.5 
M-Glyoxal                       <1.0 <1.0 eis-1,2-Dichloroethene <0.5 <0.5 
Pentanal                           <1.0 <1.0 Chlorobenzene <0.5 <0.5 
Propanal                          <1.0 <1.0 Carbon tetrachloride <0.5 <0.5 

Haloacetic Acids: eis-1,2-Dichloropropene <0.5 <0.5 
Bromochloroacetic acid    < 1.0 < 1.0 Bromoform <0.5 <0.5 
Bromodichloroacetic acid <1.0 <1.0 Chloroform <0.5 <0.5 
Chlorodibromoacetic acid <1.0 <1.0 Chloroethane <0.5 <0.5 
Dibromoacetic acid          <1.0 <1.0 Chloromethane <0.5 <0.5 
Dichloroacetic acid           <1.0 <1.0 Dibromochloromethane <0.5 <0.5 
Monobromoacetic acid     <1.0 <1.0 1,2-Dibromo-3-Chloropropan e<1.0 <1.0 
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Table 4-9 

Types and Levels of Organic Chemicals in the Influent and Effluent 
of the Peroxone Treatment System 

(Continued) 

Level, 112/L Level, ue/L 

Chemical                              Inf.  Eff. Chemical Inf. Eff. 

Monochloroacetic acid     <2.0 <2.0 Dibromomethane <0.5 <0.5 
Tribromoacetic acid          <1.0 <1.0 Dichlorodifluoromethane <0.5 <0.5 
Trichloroacetic acid          <1.0 <1.0 1,2-Dibromoethane <0.5 <0.5 

Volatile Organic Compounds:          Ethylbenzene <0.5 <0.5 
1,1,1,2-Tetrachloroethane<0.5 <0.5 Hexachlorobutadiene <0.5 <0.5 
1,1,1-Trichloroethane      <0.5 <0.5 Isopropylbenzene <0.5 <0.5 
l,l,2,2-Tetrachloroethane<0.5 <0.5 Methylene Chloride <0.5 <0.5 
1,1,2-Trichloroethane      <0.5 <0.5 m+p-Xylenes <0.5 <0.5 
1,1-Dichloroethane          <0.5 <0.5 Methyl tert-butyl ether <5.0 <5.0 
1,1-Dichloroethene          <0.5 <0.5 Naphthalene <0.5 <0.5 
1,1-Dichloropropene       <0.5 <0.5 n-Butylebenzene <0.5 <0.5 
1,2,3-Trichloropropane   <0.5 <0.5 n-Propylbenzene <0.5 <0.5 
1,2,4-Trichlorobenzene   <0.5 <0.5 Tetrachloroethene <0.5 <0.5 
1,2,4-Trimethylbenzene  <0.5 <0.5 p-Isopropyltoluene <0.5 <0.5 
1,3-Dichlorobenzene       <0.5 <0.5 sec-Butylbenzene <0.5 <0.5 
1,3-Dichloropropane       <0.5 <0.5 Styrene <0.5 <0.5 
1,4-Dichlorobenzene       <0.5 <0.5 trans-1,2-Dichloroethene <0.5 <0.5 
2,2-Dichloropropane       <0.5 <0.5 tert-Butylbenzene <0.5 <0.5 
2-Chlorotoluene              <0.5 <0.5 Trichloroethene <0.5 <0.5 
4-Chlorotoluene              <0.5 <0.5 Trichlorotrifluoroethane 66.3 <0.5 
trans-1,3-Dichloropropene<0.5 <0.5 Toluene <0.5 <0.5 
Trichlorofluoromethane  <0.5 <0.5 Vinyl Chloride <0.3 <0.3 

4.9 MATHEMATICAL MODELING 

4.9.0.1. The scope of work for this project did not include the development of a 

mathematical model for the Peroxone treatment system. However, Montgomery Watson 

believes that such a model can be an effective tool for optimizing the design of any future 

large-scale Peroxone treatment system for the removal of TNT, TNB, and RDX from 

contaminated groundwaters.     Such an optimized design results in a cost-effective 

treatment system. 
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4.9.1. Characterization of System Hydraulics (Tracer Testing) 

4.9.1.1. In order to develop a mathematical model for a continuous flow process, such as 

the Peroxone treatment system, it is imperative that the hydraulic residence time 

distribution of the system be fully characterized. This was accomplished by conducting 

two tracer tests on the first contactor at two water flowrates, 13 gpm and 25 gpm. The 

results of the tracer tests were then used to mathematically describe the hydraulic 

behavior of the Peroxone demonstration system. 

4.9.1.2. Tracer Testing Methodology. Fluosilicic acid was used as the tracer chemical, 

with fluoride being the conservative tracer ion. A 25% Fluosilicic acid solution was 

purchased from VWR Scientific. A total of 22.3 grams of the tracer were diluted to 

2 liters for both the 13 gpm test and the 25 gpm test. Based on a 79% fluoride content in 

Fluosilicic acid, the fluoride mass injected was 4.4 grams. The tracer solution was then 

injected through an injection port installed in the influent line to the first contactor, 

immediately before the water enters the top of the contactor. Tap water was pumped into 

the system during this test. The oxygen flowrate through the contactor was maintained at 

1.5 scfm. However, no ozone was added to the influent stream in order to prevent 

possible interference with the fluoride analytical method. 

4.9.1.3. At time zero, the tracer solution was injected into the influent water stream. 

Water samples were then collected from three taps along the depth of the first contactor 

(at 2 ft, 5 ft, and 8 ft from the bottom of the contactor), as well as from the effluent of the 

contactor at various time intervals. The sampling was continued over a period of time 

equivalent to three HRTs of the contactor. In addition, samples of the influent were 

collected throughout the testing period to obtain a good estimate of the background 

fluoride concentration in the water. Using an ion-selective electrode, all samples were 

analyzed on site for fluoride concentration. 
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4.9.1.4. Tracer Testing Results 

The results of the two tracer tests are shown in Figures 4-7 and 4-8. Overlayed on each 

graph is the theoretical tracer result that would be obtained if the contactor is simulated 

by a completely stirred tank reactor (CSTR) of equal hydraulic retention time. The CSTR 

model line is virtually on top of the experimental results obtained from all taps sampled. 

This shows that, for all practical purposes, each contactor in the Peroxone system 

behaved as a CSTR. 
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4.9.2. Model Development 

4.9.2.1. With the hydraulic behavior of each contactor in the Peroxone system well 

characterized, a basic rate equation is required to complete the model development. 

Based on our experience with other oxidation reactions, a pseudo first-order reaction in 

explosive concentration as a function of time is a likely representation for the destruction 

of each of TNT, TNB, and RDX in the Peroxone system. In addition, the reaction rate 

constant is assumed to be proportional to the transferred ozone dose. Therefore, the 

resulting rate equation is expressed as follows: 

rate=—=-kDmC 
dt 

(4-1) 

where,     k   =  basic reaction coefficient, (mg/L)"m (min)"1, 

m   =  empirical constant, 

D   =  transferred ozone dose, mg/L, and 
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C   =  concentration of target contaminant, |ag/L (i.e., TNT, TNB, or RDX) 

4.9.2.2. The mass balance equation on a CSTR operating under steady-state conditions 

is: 

CH- Ceff+ (rate)x = 0 (4-2) 

where, Cinf   =  influent contaminant concentration, ug/L, 

CC1T   =  effluent contaminant concentration, ug/L, 

x   =  average hydraulic retention time in the contactor, minutes. 

4.9.2.3. Substituting Equation 4-1 into Equation 4-2, and deriving an expression for Ccfr 

gives Equation 4-3 describing the performance of each of the six contactors in the 

Peroxone system: 

r £M— (4-3) 
C
*"(1+*D"T) (     ' 

4.9.2.4. This model suggests that the effluent concentration of TNT, TNB, or RDX from 

any of the six contactors can be calculated if its influent concentration is known, along 

with the transferred ozone dose to the contactor, the contactor average hydraulic retention 

time, and the two model constants, k and m. 

4.9.3 Calibration of Model Parameters 

4.9.3.1. In the design of a full-scale system, all model parameters are known except for 

the basic reaction coefficient 'k' and the empirical constant 'm'. Therefore, the 

experimental results obtained during the optimization and demonstration testing programs 

were used to estimate the values of 'k' and 'm' for each of TNT, TNB, and RDX in the 

Peroxone process. 

4.9.3.2. To achieve this, all the experimental results obtained in this project were 

tabulated. The data included the following parameters: 
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• Water flow rate 

• Average hydraulic retention time through each contactor 

• Transferred ozone dose to each contactor 

• Measured influent concentration of TNT, TNB, and RDX to each contactor 

• Measured effluent concentration of TNT, TNB, and RDX from each contactor. 

4.9.3.3. Using the values of the transferred ozone dose, hydraulic retention time, and 

influent contaminant concentration, Equation 4-3 was used to calculate the effluent 

concentration of TNT, TNB, and RDX for an assumed value of the basic reaction 

coefficient, k, and the empirical constant, m, for each compound. The calculated 

concentrations were then compared to the measured values. Using the SOLVER macro 

in Microsoft EXCEL, the optimum k and m values resulting in the minimum sum of the 

square of the error between the calculated and measured concentrations were determined 

for each contaminant. These values are listed in Table 4-10. It is important to note that 

these values are only applicable to the destruction of TNT, TNB, and RDX in Grand 

Island groundwater, and may vary significantly with changes in water quality and water 

source. 

Table 4-10 

Estimated Values of the Basic Reaction Rate Constants and Empirical Constants for 
the Oxidation of TNT, TNB, and RDX with Peroxone 

Compound k m 

TNB 0.0152 0.237 

TNT 0.00569 0.662 

RDX 0.0544 0.000 

4.9.3.4. The quality of fit between the calculated concentrations (using the proposed 

model), and the measured concentrations from the effluent of each of the six contactors 

during the optimization and demonstration period are shown in Figure 4-9. The lines in 

Figure 4-9 are not linear regression lines through the data, but rather the "perfect fit" 
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lines. In other words, the lines represent the ideal situation where the model-calculated 

values are equal to the measured values. If all the data points fall on the "perfect fit" 

lines, then the model is considered to be the "perfect" model to represent these data. 

4.9.3.5. The model fit to the results of the demonstration testing is also presented in 

Figure 4-10 as plots of measured concentrations and model-calculated concentrations as a 

function of time. These graphs also show that the model was able to well represent the 

removal of TNB, TNT, and RDX during Phase I of the demonstration period, as well as 

that of TNB during Phase II of the demonstration period. However, the graphs show that 

the model underestimated the removal of TNT and RDX during Phase H of the 

demonstration period. 

4.9.3.6. No explanation for this underestimation can be given at this time. Nevertheless, 

the model is still a useful tool for the design of larger scale Peroxone treatment systems 

for the following reasons: 

• The model well predicted the removal of the critical design compound, TNB, 

in all the tests conducted at the various contact times and ozone doses 

• The use of the model for TNT and RDX removal would, in the worst case, 

result in a conservative design, thus maintaining the required removals of 

these compounds. 

4.9.3.7. It should be noted that the value of the empirical constant 'm' for RDX was 

estimated by the model at zero suggesting that RDX removal through the Peroxone 

process is independent of ozone dose. This is clearly not realistic since the removal 

efficiency of all compounds increased with increasing ozone dose. This model behavior 

is primarily due to the lack of sufficient high-concentration RDX data for a wide range of 

ozone doses and contact times (all RDX data are below 40 ug/L in the optimization 

testing, and below 16 ug/L in the demonstration testing compared to greater than 250 

Ug/L for TNT and TNB). 
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4.9.3.8. The plots presented above in Figure 4-9 show some scatter around the perfect-fit 

lines. This scatter is due to several known and unknown factors involved in experimental 

work and mathematical modeling such as the following: 

Experimental Errors. In any field (or laboratory) testing program, experimental errors 

are inevitable. These include errors in the measurement of operational parameters such as 

water flowrate, air flowrate, ozone dose, hydrogen peroxide dose, etc. 

Analytical errors. All field and laboratory analyses conducted on the project include 

some level of analytical error that is attributed to instrument calibration, analytical 

technique, etc. 

Variations in the Influent Concentrations of the Target Contaminants. Significant 

variations were measured in the groundwater concentrations of TNT, TNB, and RDX. 

Since the model is based on calculating the effluent concentrations as a function of the 

influent concentrations, these variations in the groundwater concentration levels have a 

direct impact on the model's ability to accurately predict the effluent concentrations. It is 

noted that, in the calibration of the model, the average groundwater concentrations 

measured during each test were used as the influent concentrations to the first contactor. 

Empirical Nature of the Model. The model was developed empirically, and is not based 

on any known fundamental chemical reactions between the target contaminants, natural 

constituents of the groundwater, and the various oxidants produced as a result of the 

reaction of ozone with hydrogen peroxide. Therefore, it is understandable that the model 

will not predict the "exact" effluent concentration of each contaminant under all 

conditions. 

Nonideal Hydraulic Flow Regimes in the Contactors. Based on the two tracer tests 

conducted, each contactor was modeled as a CSTR. However, ideal mixing conditions 

are only theoretical.    Therefore, there is always some variation between the actual 
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hydraulic conditions in the contactor and those in an "ideally" mixed contactor. These 

variations can result in slight discrepancies in the model predictions. 

4.9.3.9 It is important to note that the proposed model is purely empricial and is not 

based on any fundamental analysis of the chemical reactions taking place in this process. 

Therefore, the model should be used with caution and should not be extrapolated to 

operating conditions (i.e., ozone dose and hydraulic retention times) outside the limits of 

the conditions used in this project. In addition, the performance of the Peroxone process 

is highly dependent on water quality. Therefore, the estimated model parameters can 

only be used to estimate the removal of TNT, TNB, and RDX from the Grand Island 

groundwater, and should not be extrapolated to other waters. 

4.9.4 Sensitivity Analysis 

4.9.4.1 Figure 4-11 shows a model sensitivity plot depicting the model-calculated 

percent TNB removal with the Peroxone process in one contactor as a function of the 

HRT and transferred ozone dose in that contactor. The plot clearly shows that the process 

performance, as interpreted by the proposed model, has low sensitivity to either dose or 

HRT. In other words, the plot suggests that substantial increases in either ozone dose or 

HRT would result in small increases in % TNB removal. This is more apparent with the 

impact of the ozone dose on TNB removal where an increase from 60 mg/L to 90 mg/L (a 

50% increase in dose) resulted in a modest increase of only 2% removal of TNB through 

the contactor. 

4.9.4.2 The above analysis explains the difference in performance between Phase I and 

Phase II testing conditions. To illustrate this difference, the predicted percent TNB 

removals under each set of conditions are superimposed on Figure 4-11. Due to the low 

sensitivity of the process to either ozone dose and HRT, the model shows that increasing 

the ozone dose from 44 mg/L (Phase II) to 78 mg/L (Phase I), and increasing the contact 

time from 24 minutes (Phase II) to 46 minutes (Phase I) would result in an increase in the 

percent TNB removal from 47% (Phase II) to 66% (Phase I). 
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4.10 IMPLICATIONS FOR DESIGN 

4.10.0.1. The results of the demonstration testing program have shown that TNT, TNB, 

and RDX can be removed from contaminated waters with the Peroxone treatment system, 

with TNB being the critical compound for the determination of the design criteria (i.e., 

most difficult to oxidize). The availability of a mathematical model for the Peroxone 

system provides an additional tool for design of the planned 1,000 gpm treatment system. 

With this simple model, design engineers can quickly simulate various conditions of 

influent concentrations, hydraulic retention times (i.e., treatment system sizes), and 

ozone doses and determine initial configurations of the full-scale system for the treatment 
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of TNT, TNB, and RDX to desired effluent quality.   Section 6.0 presents a proposed 

design configuration for the full-scale Peroxone treatment system. 
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5.0 PEROXONE SYSTEM DEMOBILIZATION 

5.1 REVISION TO WORK PLANS 

5.1.0.1. The Work Plans (Montgomery Watson, 1996) for this project called for 

shutdown and dismantling of the Peroxone treatment system after completion of the 

demonstration period. Each of the reactors was to be disconnected and shipped to a US 

Army storage facility to be named after shutdown. The pumps, mixers, electronic 

instruments, and control panels were to be warehoused at CAAP. The remaining 

equipment that was leased or rented would be returned and the piping, wiring, and power 

lines would be torn up and hauled away as scrap. The concrete pad would then be broken 

up and hauled to the landfill. 

5.1.0.1. At the conclusion of the demonstration period, however, it was decided by 

USAEC that the system would be useful for further testing in the near future. Therefore, 

the contactors and the connecting piping were left in place, and only the equipment that 

may be weather sensitive was removed and warehoused. 

5.2 SHUTDOWN 

5.2.0.1. The demonstration period was completed 8 November 1996. After the last 

gallon of groundwater was treated through the system, the well pumps were turned off 

and clean water from the hydrant was diverted into the system to flush the contactors 

clean. The hydrogen peroxide feed pumps were shut off and the sodium thiosulfate feed 

system was also turned off. The ozone generator was shut down when flow from the 

wells was stopped, and the lines were purged with oxygen from the oxygen feed system. 

After several hours of flow with clean water, the water was shut off and the contactor 

tanks were shut down. Each of the contactor tanks was drained into the pad and pumped 

from the sump into the effluent tank. After all the contactors were emptied, the hydrogen 

peroxide day tanks were emptied and rinsed. The softened water tank was also emptied 

as was the sodium thiosulfate tank. All tanks were rinsed and all water was collected and 

pumped through the carbon vessels for final treatment. The piping on the pad was drained 

and anything that was subject to freeze damage was drained. 

5.2.0.2. The system was turned off just before a cold front moved into the Grand Island 

Area on 10 November 1996. Though the treatment system had been shut down and 

drained, some water was still in the 2-inch conveyance lines from the wells and froze 
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before the lines could be drained. The well pumps were removed and all valves were 

opened to allow drainage back into the wells when the lines thawed. 

5.3 DECOMMISSIONING 

5.3.0.1. To decommission the facility, the water supply was shut down, the power was 

turned off and disconnected, the unused chemicals were returned to the respective 

suppliers, the telephone was disconnected, and the office trailer was hauled away. All 

local utilities were notified that the site was closed. 

5.4 DISMANTLING AND STORAGE 

5.4.0.1. As discussed above, the Army decided to leave the treatment system at the 

CAAP for possible future use. It was decided that the contactors, tanks, and the 

secondary containment pad would remain in place. The demobilization efforts changed 

from complete dismantling and storage of the system to removal and storage of pumps, 

motors, electronics and return of rented equipment. The two well pumps, seven chemical 

feed pumps, mixers, meters, sump pump, transfer pump, hoses, effluent pump, and 

calibration equipment were all stored at the Comhusker Facility in Building S-6 under the 

direction of Tom Jamieson, the Facility Administrator. Table 5-1 shows a list of items 

stored. 

5.4.0.2. The contactors, piping, tanks, tubing, valves, and equipment supports were left 

in place on the pad. All tanks were drained prior to leaving the site. 

5.4.0.3. The ozone generator was dismantled, crated, and shipped back to the leasing 

company with the control panel, the ozone destruct unit and the small air compressor 

used as a nitrogen source. The reverse osmosis unit was likewise returned, and the 

carbon vessels were drained and sampled. The GAC was tested by the vendor (Calgon 

Carbon) and was determined to be nonhazardous. The GAC was transported to the 

Laidlaw landfill in Utah (RCRA subtitle C landfill). The remaining equipment was kept 

inside a fenced, locked area around the Line 2 assembly buildings. 
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Table 5-1 

Stored Equipment Inventory 

Item Quantity 

Rotameters and stainless steel connection piping 6 

Box of wire 1 

Little Giant sump pump with level switch 1 

LMI chemical metering pumps 7 

2 inch in-line static mixer 1 

1/2 inch glass rotameter 1 

Effluent pump 1 

Paddlewheel flow meters (Signet) 2 

Extraction well pumps (Grundfos) 2 

Buckets (2.5 gallons) 7 

10 ft. long by 2 in. dia. flexible hoses (camlock) 2 

Fire hydrant backflow preventer attachment 1 

Bubble wrap packing in boxes 12 

Broom 1 

Mop 1 

Garden Hoses (50 ft.) 2 

Trailer power cord - 4 conductor, 100 ft. 1 

20 ft. braided stainless steel hose 1 in. dia. 1 

3/8" copper tubing - 25 ft. 1 

Buckets (5 gallons) 2 

3/8" plastic tubing - 25 ft 1 

Box of miscellaneous CPVC fittings 1 

Hand operated drum pump 1 

Electric Mixers 3 

Lab Equipment, boxes/containers 5 
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6.0 DEVELOPMENT OF FULL-SCALE PEROXONE SYSTEM 

6.1 INTRODUCTION 

6.1.0.1. This section discusses the recommendations for a full-scale Peroxone system 

based on the results of the demonstration testing program. The full-scale system 

developed and presented in this section is based on the Peroxone technology tested at the 

CAAP. No effort was made to evaluate alternative designs such as baffled or packed-bed 

contactors, using ozone bubble recombination, or other diffuser types or to evaluate the 

Peroxone technology in combination with other technologies (such as UV/ozone and 

GAC technologies) for a more economical treatment of explosives-contaminated 

groundwater. 

6.1.0.2. A conceptual Process Flow Diagram (PFD) and preliminary capital and 

operations and maintenance (O&M) cost estimates for the recommended full-scale 

system are included. 

6.1.0.3. As part of this effort, computer simulations and input from equipment vendors 

were used to determine the optimum treatment system with respect to performance, 

capital cost, operational cost, flexibility, and ease of operation. 

6.2 SYSTEM SCALE-UP AND DEVELOPMENT PROCESS 

6.2.0.1. The scale-up and development effort can be categorized as a five-step process 

outlined below. Each step is described in detail later in this section. 

(1) Scale up of the Peroxone contactors to 1,000 gpm capacity. 

(2) Use the Peroxone model developed in Section 4.0 to conduct computer 
simulations for a full-scale system (1,000 gpm flow rate per the Contract 
requirements). 

(3) Evaluate the system configurations generated from the model simulations for 
technical feasibility, cost effectiveness, and ease of system operation and 
maintenance. 

(4) Select a configuration for the full-scale design. 

(5) Present preliminary capital and O&M cost estimates for the selected system. 
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6.2.1. Model Limitations 

6.2.1.1. The Peroxone system model (Section 4.0) was used in the scale-up process as a 

tool which allowed for a quick relative comparison of numerous reactor configurations 

and oxidant doses. It is not intended to serve as the only tool for design of a full-scale 

system. The model is reliable within the boundary conditions which include the reaction 

kinetic parameters, contaminant type and concentration range, minimum and maximum 

applied ozone dosage, ozone transfer efficiency, and hydrogen peroxide dosage based on 

the Peroxone ratio. However, like other empirical models, there is little certainty in the 

accuracy and reliability of the model under conditions that are outside the boundary 

conditions of the data used to calibrate the model. 

6.3 CONTACTOR SCALE UP 

6.3.0.1. The contactor vessel used for the demonstration testing was a cylindrical tank 

3 feet in diameter with a 10-foot side wall depth. It was determined through tracer testing 

that each contactor was completely mixed and that it acted as a continuously stirred tank 

reactor (CSTR). 

6.3.0.2. Effluent sampling and analyses from individual contactors showed that all 

contactors provided approximately equal percent destruction of contaminants indicating 

that the contactor design was independent of the influent concentrations or oxidation 

chemical doses. Equal percent destruction in all contactors suggests that each contactor 

can be considered as a single CSTR for the purpose of the system design and scale up. 

6.3.0.3. Assuming that contactors for the full-scale system can be considered as CSTRs, 

and that the number of CSTRs per contactor equals one, the contactor scale-up process 

simply involves selecting cylindrical tanks with diameter to side wall depth ratios similar 

to those provided for the demonstration testing. It is noted that preliminary cost analysis 

showed that the cost of utilizing cylindrical tanks for the 1000 gpm plant was comparable 

to that of a concrete contactor with multiple chambers. Therefore, the use of cylindrical 

steel tanks is not necessarily a recommendation at this time, but only an option for cost 

estimation purposes. 

6.3.0.4. The initially selected tank diameter varied from 4 feet to 12 feet while the side 

wall depths ranged from 12 feet to 36 feet. Each combination was evaluated for holding 
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capacity, ozone transfer efficiency (assumed at 90%), number of tanks required for 1,000 

gpm system, and area requirements to hold the required number of tanks for a full-scale 

system. The evaluation showed that selection of tanks with a diameter less than 6 feet 

would necessitate too many tanks for a 1,000 gpm system and cause excessive head loss 

in the system. Thus, tanks with a diameter less than 6 feet were deleted from evaluation. 

6.3.0.5. Montgomery Watson's experience suggests that no appreciable mass transfer 

between ozone and the liquid phase is realized beyond 23- to 25-foot side wall depth. In 

order to maintain a minimum side wall depth to diameter ratio of 3, this meant 

eliminating all tanks with side wall depth greater than 25 or a diameter greater than 8 feet. 

6.3.0.6. Tanks passing the initial selection criteria included those with diameter between 

6 and 8 feet and side wall depths ranging between 18 and 25 feet, and were retained for 

the simulation process. Table 6-1 shows the tank combinations that were used for 

computer simulations. 

Table 6-1 

Selected Tank Configurations 

Tank Diameter (feet)     Side Wall Depth (feet) 

6 18 

6 19 

6 20 

6 21 

6 22 

6 23 

6 24 

6 25 

7 21 

7 22 

7 23 

7 24 

7 25 

8 24 

8 25 
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6.4 PEROXONE MODEL SIMULATIONS 

6.4.1. Model Development 

6.4.1.1. For each simulation, the total flow to the system was fixed at 1,000 gpm and the 

influent concentrations were assumed to be 400 ug/1 TNB, 600 ug/1 TNT, and 200 ug/1 

RDX. These compound-specific concentrations resulted from sampling and analyses of 

the groundwater during the demonstration testing. The system flow rate and the influent 

concentrations were assumed constant during each simulation. 

6.4.1.2. For each simulation, the target effluent concentration for each contaminant was 

set at 2.0 ug/L or less. 

6.4.1.3. Certain parameters in the model were provided with preset values including: 

(1) ozone transfer efficiency = 90%, (2) peroxide-to-ozone ratio = 0.5, and (3) number of 

continuously stirred tank reactors (CSTRs) per contactor = 1. These values were assumed 

constant during each simulation. Although the transfer efficiency measured during 

project was consistently below 85%, it is believed that increasing the sidewater depth 

from 10 ft to greater than 18 ft would increase the ozone transfer efficiency to greater 

than 90%. This is based on the project team's experience with the design of ozone 

contactors for water treatment plants where greater than 95% ozone transfer efficiency is 

achieved with 20-ft side water depth. 

6.4.1.4. The minimum applied ozone dosage tested during the testing program was 

approximately 30 mg/L, and this was used as a boundary condition for the model. This 

means that even though the model suggests that it may be possible to achieve effluent 

goals with an ozone dosage less than 30 mg/L, this condition was not simulated. 

Similarly, the maximum applied dosage during the demonstration testing was 115 mg/L, 

and this was used as another boundary condition for the model. 

6.4.1.5. Simulations were conducted with 2, 3, and 4 parallel trains. In other words, the 

first simulation called for two trains with a flow of 500 gpm through each train. For the 

second simulation, the total flow was split evenly into three 333-gpm trains, and so on. 

A single treatment train would require too many contactors in series or such a large 

capacity ozonation system that it would be cost prohibitive. For this reason, no 

simulations were conducted for a single treatment train system.   Similarly, a Peroxone 
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system with greater than 4 treatment trains would require too many contactors and may 

not be practical from an operational standpoint. 

6.4.1.6. Head loss is a consideration in design of treatment systems with multiple 

reaction tanks and gravitational flow. The head loss increases with an increase in the 

number of tanks per treatment train. A higher head loss in the treatment train requires 

either a system design in which the first reaction tank is the tallest with consecutive tanks 

having a smaller side wall depths so that the liquid can flow by gravitational head or 

increasing the inter-connecting pipe size. Changing the side wall depth means that each 

reaction vessel would produce a different percent removal efficiency. An extra large pipe 

would increase the total height of the tank and impact the system cost. To minimize the 

impact of head loss on the system design, the total number of tanks per treatment train 

was limited to eight and this criterion is based on experience gained from the 

demonstration system design. 

6.4.1.7. Table 6-2 shows the various combinations that were simulated during the full- 

scale Peroxone system development process. Note that the simulations were conducted 

for each tank configuration described in Table 6-1. 

Table 6-2 

Simulated Configurations 

Number of Contactors per Total Number of Applied Ozone Dose per 
Trains Train Contactors Contactor (mg/L) 

2 6 12 30-115 

2 7 14 30-115 

2 8 16 30-115 

3 6 18 30-115 

3 7 21 30-115 

3 8 24 30-115 

4 6 24 30-115 

4 7 28 30-115 

4 8 32 30-115 
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6.4.2 Peroxone Model Simulation Results 

6.4.2.1. Simulation results indicate that for 6-foot or 7-foot diameter tanks, none of the 

combinations of number of trains, number of contactors per train, and applied ozone 

dosage within the model boundary conditions were capable of treating influent 

groundwater to the desired effluent quality. Results of these simulations are thus not 

included for discussion. Table 6-3 shows the simulation results using an 8-foot diameter 

and 24-foot side wall depth contactor. Note that only the combinations capable of 

meeting the desired effluent quality within the model boundary conditions are shown on 

the table. 

Table 6-3 

Simulation Results: 8-Foot Dia And 24-Foot Swd Contactor 

Run     Number     Contactors    Total Number        03 Dose per Cumulative 03 

No.     of Trains      per Train      of Contactors    Contactor (mg/L) Demand 
(lb./day) 

13 7 21 85 7,140 

2 3 8 24 38 3,648 

3 4 7 28 30 2,520 

6.4.2.2. A typical output from the model simulations is shown on the following page. 

The model predicts the number of contactors required in each train to meet the effluent 

quality, lists the pounds per day of ozone required for each train, and estimates the total 

daily ozone requirement of the system. The model also predicts the effluent 

concentration of each contaminant from individual contactors. As an example, for the 

model simulation with 4 trains, seven contactors are required in each train for a total of 

28 contactors and the total cumulative ozone demand of the treatment system is 2,520 

pounds per day to meet the effluent quality. 

6.5 EVALUATION OF PEROXONE SYSTEM MODEL SIMULATIONS 

6.5.0.1. This section evaluates the results obtained from the model simulations described 

above. The purpose of this evaluation is to weigh the technical effectiveness of each 

system configuration against capital and O&M costs and operational strategy. 
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6.5.1. Technical Evaluation 

6.5.1.1. For evaluation of technical feasibility, only the three combinations shown in 

Table 6-3 are considered. Each configuration is capable of meeting the effluent quality 

goals and is thus technically effective. However, the ozone demand for Run No. 1 

(three trains and seven contactors per train) is significantly higher compared to Run No. 2 

and No. 3. This higher ozone demand would necessitate a much larger and a very 

different type of ozonation which is generally not used for hazardous waste treatment 

facilities. For this reason, Run No. 1 is deleted from further discussions. 

6.5.2. Cost Evaluation 

6.5.2.1. Table 6-4 presents the capital cost, annual O&M costs, and the 20-year present 

worth cost for the two configurations under consideration. 

Table 6-4 

Preliminary Cost Estimates 

Run 
No. 

Number 
of Trains 

Contactors    System Capital   System Annual 
per Train              Cost               O&M Cost 

System 20-Year 
Present Worth 

2 

3 

3 

4 

8                $14,160,000          $1,113,000 

7               $13,447,000           $906,000 

$26,924,000 

$23,837,000 

6.5.2.2. The cost estimates are for a complete groundwater extraction, conveyance, and 

treatment facility including extraction wells, groundwater conveyance piping network, 

influent storage, treatment facilities, effluent storage and discharge, ozonation systems, 

and a chemical feed system. Cost for the treatment system also include a structural pad, 

a metal building, electrical and instrumentation, and civil and mechanical work. 

6.5.2.3. The costs are based on parametric cost estimates with a +50% to -30% accuracy. 

Cost data were obtained from equipment vendors, Means Building Construction Cost 

Data 1995, the Environmental Restoration Unit Cost Book, and other available sources. 
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Some of the constraints related to the full-scale system costs are included on Table 6-6 as 

footnotes. 

6.5.2.4. As shown on Table 6-4, both the capital and O&M costs are reduced with an 

increase in the number of trains. The primary reduction in the full-scale system capital 

cost results from reduced ozone demand and hence a smaller ozone generation system 

which is the primary cost for the Peroxone system. 

6.5.2.5. The full-scale system O&M costs are primarily dependent on the total ozone 

demand of the system with minor contributions from hydrogen peroxide demand, system 

labor requirements, and other operational activities. Since the total ozone demand of the 

system decreases with increasing number of trains, the annual O&M costs for the full- 

scale system is reduced as the number of trains is increased. 

6.5.2.6. Present worth costs were calculated over a 20-year project duration using an 

6 percent annual compound interest rate. 

6.6 FULL-SCALE PEROXONE SYSTEM 

6.6.0.1. Selection of a full-scale system would require detailed evaluation of site 

conditions, influent concentrations, contactor design options, and other considerations 

described earlier in this section. Based solely on the model simulations and evaluation 

results presented in this section, a system with 4 parallel trains (i.e., flow evenly split into 

4 trains) should provide the most technically feasible and cost-effective system for 

treatment of explosives-contaminated groundwater at the CAAP. The selected 

configuration also provides other benefits that are discussed below. However, it should 

be emphasized that the proposed design criteria is only one of many viable alternatives. 

A more detailed and comprehensive cost analysis is required in order to fully optimize the 

design of the treatment plant. 

6.6.0.2. Splitting the flow evenly into 4 parallel trains provides flexibility in the system 

operation. An individual treatment train can be removed from operation without 

adversely affecting the entire treatment process. With 4 trains, removal of an individual 

train reduces the total treatment capacity by only 250 gpm. 

6.6.0.3. A treatment process with multiple trains provides flexibility to construct the 

system in phases.   A multi-phase construction program would eliminate the need for a 
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large capital investment up front and still satisfy regulatory requirements for a treatment 

system. Treatment trains can be added later as desired. 

6.6.0.4. A multi-train treatment process also offers the benefit of reducing the treatment 

capacity in phases toward the end. Early removal of unneeded capacity will result in 

O&M cost savings without affecting the treatment process. 

6.6.1. Full-Scale Peroxone System Design Criteria 

6.6.1.1. Preliminary design criteria for a hypothetical extraction and treatment system are 

included on Table 6-5. The design criteria for the Peroxone treatment process are based 

on the flow requirements and treatment goals stated in the SOW. The design criteria for 

the groundwater extraction and conveyance system is hypothetical and will depend on 

site conditions, site geology and hydrogeology, as well as state and local codes and 

guidelines. It is noted that a LOX system was assumed as an oxygen source for ozone 

generator. Preliminary cost estiamtes have shown that the total annual cost of a PSA or 

VS A system is comparable to, if not slightly higher than, a LOX feed system. 

6.6.1.2. Table 6-5 is not intended as an exhaustive inventory of materials, but 

summarizes major components of the full-scale treatment system. 

6.6.1.3. Figure 6-1 presents a conceptual Process Flow Diagram (PFD) for the 

recommended full-scale Peroxone system. Note that several other supporting equipment 

and components would be required for a full-scale Peroxone treatment system which are 

not shown on the PFD. 

6.6.2. Full-Scale Peroxone System Cost Estimates 

6.6.2.1. A detailed preliminary capital and O&M cost estimate for the recommended full- 

scale Peroxone system is presented in Table 6-6. These costs estimates are not intended 

for use as a construction estimate. 
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Table 6-6 

Preliminary Cost Estimate for 1,000 gpm Peroxone System 

Item/Description Quantity Unit Unit Cost Total Cost 

DIRECT CAPITAL COSTS 

General 
(2) 

Contractor Mobilization lump sum $100,000 $100,000 

(2) 
Contractor Demobilization lump sum $50,000 $50,000 

(3) 
Treatment System Pad 556 cubic yard $230 $127,778 

(4) 
Excavated Soil Disposal 9,228 ton $50 

Subtotal 

$461,421 

$739,199 

Groundwater Extraction System 

Vertical Extraction Wells 40 each $15,000 $600,000 

Conveyance Pipe 50,000 linear foot $35 

Subtotal 

$1,750,000 

$2,350,000 

Groundwater Treatment System 

Equalization Tanks 2 each $12,000 $24,000 

Influent Transfer Pumps 5 each $12,500 $62,500 

Automatic Pressure Filters 4 each $12,500 $50,000 

SS 316 Contactors 28 each $35,000 $980,000 

Ozonation System lump sum $2,000,000 $2,000,000 

(9) 
Chemical Feed System lump sum $50,000 $50,000 

Effluent Holding Tank 1 each $12,000 $12,000 

Effluent Transfer Pumps 3 each $15,000 $45,000 

Polishing GAC Vessels (optional equipment - see footnote 10) 
Subtotal $3,223,500 

Total Direct Capital Costs (DCC) $6,313,000 

INDIRECT CAPITAL COSTS01) 

Equipment Installation (10%ofDCC) lump sum $631,300 

Mechanical Piping/Accessories (10% of DCC) lump sum $631,300 

Electrical and Instrumentation (18% of DCC) lump sum $1,136,340 

Civil/Site Improvements (10% of DCC) lump sum $631,300 

Building/Facilities (6% of DCC) lump sum $378,780 

Design/Engineering (15% of DCC) lump sum $946,950 

Permitting and Approvals (2% of DCC) lump sum $126,260 

Construction Management (8% of DCC) lump sum $505,040 

Contractor's Fee (4% of DCC) lump sum $252,520 

Contingency (30% of DCC) lump sum $1,893,900 

Total Indirect Capital Costs $7,133,690 

TOTAL CAPITAL COSTS(16) $13,447,000 



Table 6-6 
Preliminary Cost Estimate for 1,000 gpm Peroxone System 

(Continued) 

Item/Description 

Ozonation System 

Chemical Additives 

(12) 

Electrical Power 
(14) 

(13) 

Labor 
.(15) Analytical Cost 

General Maintenance 

Quantity 

OPERATION AND MAINTENANCE COSTS 

12 

12 

150 

2,920 

12 

12 

Unit 

per month 

per month 

kw-hr 

per hour 

per month 

per month 

Unit Cost Annual Cost 

$38,430 $461,160 

$15,000 $180,000 

$0.08 $105,120 

$30 $87,600 

$5,000 $60,000 

$1,000 $12,000 

ANNUAL O&M COSTS 
(16) 

PRESENT WORTH 
Interest Rate = 6% Project Life = 20 Years 

20-YEAR PRESENT WORTH 
(16) 

$906,000 

$23,837,000 

1 Parametric cost estimate based on standard engineering practice and costing methods. Refer to Section 6.0 of the Report for items 

not included in the cost estimate. Accuracy of cost estimate is within the +50% to -30% range. 
2 Single mobilization and demobilization assumed for the treatment system construction. 
3 A 200-foot x 100-foot x 1-foot thick concrete slab on footings with a 1-foot containment berm. 
4 50 percent of excavated soil disposed at a Subtitle D (non-hazardous) landfill. 
5 A 6-inch diameter well, average vertical depth 30 feet bgs, 15-foot SS screen. Cost includes drilling, installation, well-head 

completion, development, pump electrical, and controls. Number of wells will vary depending on site hydrogeology 

and groundwater yield rates. 
6 Assumes 2-inch double-contained HDPE pipe. Total pipe length will vary depending on well locations, pipe routing and layout, 

and the treatment system siting. 
7 Each contactor 8 feet in diameter and 24 feet tall; SS 316 shell material with a top and bottom manway; no packing included. 
8 Vendor quote (Ozonia, Lodi, NJ) for a complete system including liquid oxygen storage and feed, ozone generators, nitrogen 

generator and feed system, demisters, preheaters, residual ozone destruct units, vent gas blowers, and power 

supply and control systems. 
9 Complete chemical feed system including chemical storage, day tanks, chemical feed pumps and piping, and control systems. 

# GAC vessels may be required by NDEQ. Cost not included in the estimate. 
# Parametric cost estimate based on standard engineering practice and costing methods. 
# Vendor quote (Ozonia, Lodi, NJ) based on per pound of ozone generated, excluding labor and chemical additives. 

# Excluding cost for the ozonation system which is included in item 12 above. 
# One operator, 8 hours per day, 7 days a week at $30 per hour. 
# Analysis for pH, oil & grease, explosives, general minerals, and other parameters. 

# Cost values rounded to the nearest $ 1,000.  



7.0 SUMMARY, CONCLUSIONS, & RECOMMENDATIONS 

7.1 INTRODUCTION & SYSTEM DESIGN 

7.1.1. This project was aimed at demonstrating the applicability of the Peroxone process 

(i.e., Ozone with Hydrogen Peroxide) for the remediation of explosives-contaminated 

groundwater at the Cornhusker Army Ammunition Plant (CAAP) in Grand Island, 

Nebraska. The primary contaminants were TNT, TNB, and RDX. The measured 

concentration of each of these contaminants in the groundwater varied from 114 ug/L to 

1200 ug/L for TNT, 114 mg/L to 711 ug/L for TNB, and 0.01 ug/L to 74 ug/L for RDX. 

The treated water concentration goal for each contaminant was set at 2 ug/L. 

7.1.2. The Peroxone demonstration plant design criteria, developed by the project 

Technical Advisory Board, was based on bench-scale and pilot-scale testing conducted by 

the US Army Corps of Engineers (USACE) at the Waterways Environmental Station 

(WES). The plant consisted of three main parts. The first part was a groundwater 

extraction system drawing water from two wells at CAAP. The second part was the main 

Peroxone treatment process which consisted of six (6) 12-foot high stainless-steel 

contactors operated in series (the sidewater depth in each contactor was approximately 10 

ft). Hydrogen peroxide was added to the influent stream to each contactor while an 

ozone-rich gas stream was bubbled through each contactor via two stone diffusers 

installed at the bottom of each contactor. The third part was a Granular Activated Carbon 

(GAC) treatment process intended to capture any contaminants present in the effluent of 

the Peroxone treatment process prior to discharging the water into a nearby ditch. The 

GAC treatment process consisted of three GAC vessels operated in series. 

7.1.3. The Peroxone treatment process was designed to treat a maximum groundwater 

flow rate of 25 gpm at a maximum applied ozone dose of 55 mg/L in each of the six 

contactors. This results in a maximum total applied ozone dose of 330 mg/L. At the 

design flow rate of 25 gpm, the average hydraulic residence time (HRT) in each contactor 

was 24 minutes for a total HRT of 144 minutes. The hydrogen peroxide feed system was 

designed to provide sufficient hydrogen peroxide to result in a Peroxone weight ratio of 

0.3 mg/mg. The Peroxone weight ratio is the ratio of applied hydrogen peroxide dose 

(expressed in mg/L) to the transferred ozone dose (expressed in mg/L). 
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7.2. SYSTEM TESTING PLAN 

7.2.1. The treatment train was operated for a total of 14 weeks. During the first two 

weeks, debugging of the treatment processes and equipment was conducted. During the 

next four weeks, an optimization task was conducted during which the Peroxone process 

performance for contaminants destruction was evaluated under varying conditions of 

ozone dose, contact time, and water source. During the final eight (8) weeks of the 

testing schedule, a demonstration task was conducted during which the system was 

operated under two sets of conditions for a period of 4 weeks each. 

7.2.2. During the first phase of the demonstration task, the system was operated at an 

average flow rate of 13 gpm (which corresponded to an average HRT of 46 minutes in 

each contactor), an average transferred ozone dose of 78 mg/L, and an average Peroxone 

ratio of 0.45 mg/mg. During the second phase of the demonstration task, the system was 

operated at an average flow rate of 25 gpm (which corresponded to an average HRT of 24 

minutes in each contactor), an average transferred ozone dose of 44 mg/L, and an average 

Peroxone ratio of 0.57 mg/mg. 

7.2.3. The performance of the treatment process was monitored on a daily basis. Water 

samples were collected from the effluent of each of the six contactors, as well as from the 

effluent of the GAC process, and transported to GP Laboratories in Gaithersburg, MD. 

7.3. SYSTEM PERFORMANCE 

7.3.1. The experimental results obtained showed that TNB was the most difficult 

compound to remove with the Peroxone process, followed by RDX, and finally by TNT 

which was the most readily removed compound. However, the results of the project 

showed that the Peroxone system was not capable of achieving the target explosives' 

removals at the design dose of 330 mg/L and a total contact time of 144 minutes (2.4 

hours). In order to achieve the target water quality goals, the contact time was increased 

to 276 minutes (4.6 hours) by reducing the groundwater flow rate into the system from 25 

gpm to 13 gpm, and the applied ozone dose was increased to 600 mg/L. With an ozone 

transfer efficiency of approximately 78 percent, the transferred ozone dose was 

approximately 470 mg/L. 
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7.3.2. This project also demonstrated that the Peroxone ratio had to be increased from the 

design value of 0.3 mg/mg to approximately 0.5 mg/mg in order to maintain a low ozone 

residual in the effluent water and a high ozone transfer efficiency. Therefore, at the 

transferred ozone dose of 470 mg/L and a Peroxone ratio of 0.5 mg/mg, the required 

hydrogen peroxide dose was 235 mg/L divided equally among the six contactors. 

7.3.3. While a high transferred ozone dose of 470 mg/L and a long contact time of 4.6 

hours were required to meet the effluent water quality goal of 2 ug/L for each individual 

contaminant, a lower transferred ozone dose of 265 mg/L and a shorter contact time of 

2.4 hours removed TNB to an effluent concentration of 2 to 4 ug/L, while achieving 

complete removals of TNT and RDX. Since the cost of the Peroxone process is highly 

impacted by the required ozone dose, this finding suggests that a hybrid treatment system 

of a Peroxone process for partial explosives removal, followed by a polishing treatment 

process (such as GAC adsorption) for removing the remaining explosives, may be far 

more cost effective than a stand-alone Peroxone process designed for complete explosives 

removal. However, it is noted that this approach does not address the possible formation 

of oxidation by-products which may consume the GAC capacity more rapidly. 

7.4. MODEL DEVELOPMENT 

7.4.1. In order to develop the design criteria for a 1000-gpm Peroxone treatment process, 

Montgomery Watson developed an empirical model to simulate the removal of TNT, 

TNB, and RDX by the Peroxone process. The model contained two empirical 

coefficients which were estimated by fitting the model calculated removals to those 

measured through each contactor. The model was successful in simulating the 

optimization task results and those of the first phase of the demonstration task. However, 

it somewhat underestimated the removals of TNT, TNB, and RDX measured during the 

second phase of the demonstration task. 

7.4.2. It is emphasized that the mathematical model developed in this project is purely 

empirical, and is limited to the ranges of concentrations, doses, and contact times 

evaluated in this project. In addition, its accuracy is highly dependent on the hydraulics 

of the contactor, as well as the quality of the source water. Therefore, the model should 

be used with caution when estimating the removals of TNT, TNB, and RDX with the 

Peroxone process. 
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7.5. DESIGN & COST OF FULL-SCALE SYSTEM 

7.5.1. Based on the results of the testing program, the empirical model was used to 

develop a preliminary design criteria and cost of a 1000-gpm Peroxone treatment system 

for removing TNT, TNB, and RDX from CAAP groundwater. There are several design 

configurations that are applicable for this plant. One of the configurations was selected 

for this plant, and is listed in Table 7-1. It should be noted that the design criteria is 

highly dependent on the influent concentrations of TNT, TNB, and RDX. For the 

purposes of this design, the groundwater concentrations of TNT, TNB, and RDX were 

assumed at 600 ug/L, 400 ug/L, and 200 ug/L, respectively. The target effluent 

concentration of each contaminant was set at 2 ug/L. 

Table 7-1 

Conceptual Design Criteria of 1000-gpm Peroxone Treatment Plant 

Parameter Unit Value 

Total Water Flow Rate 

Number of Parallel Trains 

Flow Rate per Train 

Number of Contactors per Train 

Total Number of Contactors 

Contactor Type 

Contactor Diameter 

Side-water Depth 

Contact Time per Contactor 

Total Contact Time 

Ozone Dose per Contactor 

Total Ozone Dose per train 

Ozone Capacity 

Ozone Transfer Efficiency* 

Peroxone Ratio 

Total Hydrogen Peroxide Dose 

Hydrogen Peroxide Capacity 

gpm 

gpm 

1,000 

4 

250 

— 7 

— 28 

stainless-steel cylindrical columns 

ft 8 

ft 24 

min 36 

min 252 

mg/L 30 

mg/L 210 

lbs/day 2,520 

% 90 

mg/mg 0.5 

mg/L 95 

lbs/day 1,135 
* The ozone transfer efficiency of 90% was assumed based on the project team's 

experience with the design of ozone contactors with such side water depth. 
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7.5.2. The plant consists of four (4) parallel trains, each with a capacity of 250 gpm. 

Each train included seven (7) stainless-steel cylindrical contactors in series. Each 

contactor had a diameter of 8 ft and a side-water depth of 24 ft. At a flow rate of 250 

gpm per train, the estimated contact time through each contactor is estimated at 36 

minutes, for a total contact time of 252 minutes. The applied ozone dose to each 

contactor was estimated at 30 mg/L for a total of 210 mg/L of water treated, which 

translates into a required ozone generation capacity of 2,520 lbs/day. An ozone transfer 

efficiency of 90% was assumed. With a Peroxone ratio of 0.5 mg/mg, the required 

hydrogen peroxide dose was thus estimated at 95 mg/L, which translates into a total 

required hydrogen peroxide consumption of 1,135 lbs/day. 

7.5.3. Based on the above design criteria, a preliminary capital and O&M cost estimates 

were developed for the 1000-gpm Peroxone treatment system. The cost breakdown is 

summarized in Table 7-2. The total system capital cost is estimated at $13,447,000 and 

the annual Operations & Maintenance costs are estimated at $906,000/yr. Assuming an 

amortization period of 20 years and a 6% cost of money, the total annual cost is estimated 

at $2,079,000/yr. The 20-yr present worth of the system is estimated at $23,837,000. 

Table 7-2 

Preliminary Cost Breakdown 

for the 1,000-gpm Peroxone System 

ITEM/DESCRIPTION COST 

Direct Capital Cost 

General 

Groundwater Extraction System 

Treatment System 

Total Direct Capital Costs (DCC) 

Indirect Capital Costs 

$739,200 

$2,350,000 

$3,223,500 

$6,313,000 

$7,133,690 

Total Capital Costs   $13,447,000 

Amortized Capital Costs (8%; 30 yrs) $1,195,000 

Annual O&M Costs $906,000 

Total Annual Cost $2,079,000 

 Total Costof water__ $3.95AOOOgal 

20-year Present Worth $23,837,000 
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7.5.4. It should be noted that the capital cost includes $600,000 for the construction of a 

total of 40 wells, and $1,750,000 for conveyance piping. These wells are required 

because the maximum individual well capacity was estimated at 25 gpm. If 

hydrogeological studies at CAAP determine that wells can deliver significantly higher 

flow rates, significant savings can be realized by reducing the number of wells and length 

of piping required. In addition, due to the preliminary nature of the cost estimate, the 

indirect capital cost estimate includes approximately $1,900,000 in capital cost 

contingency. 

7.6. CONCLUSIONS 

7.6.1. While this project demonstrated that TNT, TNB, and RDX can be reliably 

removed from groundwater using the Peroxone process, the amount of ozone and 

hydrogen peroxide needed, as well as the required contact time, are higher than initially 

anticipated. At CAAP, the required transferred ozone dose was estimated at 470 mg/L, 

with a required hydrogen peroxide dose of 235 mg/L and a contact time of 4.6 hours. 

These are high values when compared to ozone doses and contact times required for 

conventional groundwater remediation of typical organic contaminants. Due to these 

high chemical doses and high contact time, the total annual cost of a Peroxone treatment 

system designed to treat 1000 gpm of CAAP groundwater was estimated at 

$2,079,000/year. 

7.6.2. However, this project also demonstrated that substantially lower chemical doses 

and lower contact time can achieve near complete removals of TNB, which was the most 

difficult contaminant to remove. This suggests that a hybrid treatment system of a 

Peroxone process for partial explosives removal, followed by a polishing treatment 

process (such äs GAC adsorption) for removing the remaining explosives, may be far 

more cost effective than a stand-alone Peroxone process designed for complete explosives 

removal. However, it is noted that this approach does not address the possible formation 

of oxidation by-products which may consume the GAC capacity more rapidly than 

anticipated. Therefore, the concept of the hybrid system should first be tested before a 

conclusion can be made about the cost effectiveness of such a system. 
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7.7. RECOMMENDATIONS 

7.7.1. The following is a list of recommendations developed as a result of the outcome of 

this project. The objective of these recommendations is to possibly further minimize the 

overall system cost. 

7.7.2. Applicability of a Hybrid System Design. It is recommended that a desktop 

study be conducted to evaluate the hybrid process design alternative discussed above, 

develop the optimum design criteria for each of the two processes (i.e., Peroxone and 

GAC), and verify whether this hybrid system will result in a minimum total system cost. 

Using the empirical Peroxone process model developed in this project and various GAC 

adsorption models presented in the literature, system design optimization should be 

feasible. If such models are not available, simple laboratory studies can be conducted 

using CAAP groundwater samples to evaluate the adsorption of TNT, TNB, and RDX 

onto various types of GAC. It was noted that an identical recommendation was included 

in the WES report in order to help meet the desired system performance criteria while 

minimizing the overall system cost. 

7.7.3. Evaluation of Alternative Peroxone Design Criteria. As indicated earlier, the 

design parameters for the Peroxone system used in this project were set by USAEC. 

There are various other modes of ozone application during water treatment. Considering 

that the performance of an ozonation process is highly dependent on the mode of ozone 

application and contactor hydraulics, it is recommended that a study be conducted to 

evaluate various Peroxone system design criteria and come up with the most cost 

effective design. 

7.7.4 Confirmation of CAAP Site Results. The performance of the Peroxone process is 

dependent on the water quality of the groundwater being treated. This project was 

conducted at a single site, and evaluated the remediation of explosives from one 

groundwater source. The chemical dose requirements and reaction kinetics are known to 

be function of the background organic matrix of the water being treated. Therefore, 

before the results of this study are extrapolated to other sites, it is recommended that the 

performance of the Peroxone process be tested at other sites using other groundwater 

sources to confirm whether or not such high chemical doses and contact times are also 

required for the treatment of other waters. 
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7.7.5 Challenging the 2 ug/L Discharge Limit. The basis for the minimum 

concentration requirement of 2 ug/L for each of TNT, TNB, and RDX set in the RFP is 

not known, and may not be based on scientific information regarding the health effects of 

these contaminants. It is noted that the chemical doses and contact time (i.e., system size) 

required to achieve an effluent TNB concentration of 4 ug/L were virtually half those 

required to meet the 2 ug/L limit. Therefore, it is our recommendation that this limit be 

challenged by conducting a wide review of all available information on the health effects 

of TNB in water. If the TNB discharge limit can be raised to 5 to 10 ug/L, the cost of the 

treatment process may be substantially reduced by as much as 50 percent. 

7.7.6 Conducting a more detailed cost estimate. The cost estimate developed in this 

report is a budgetary estimate. A more comprehensive engineering estimate should be 

developed in order to get a more accurate estimate of the treatment plant cost. 
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Appendix A 

Peroxone System Construction Photographs 
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18 Foot x 48 foot secondary containment slab ready for Peroxone system. 
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Setting the first two stainless steel contactors on the slab. 
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Workers connecting distribution piping from extraction wells into contactor number 1. 
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All contactors set and 3" connection piping completed. 3 Carbon vessels delivered and 
set on pad (right). 
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Completed wellhead for new TRW well showing 2" conveyance piping and sample port. 
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Water distribution system from fire hydrant (yellow object) to treatment system pad. 
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Three 1,000 pound Carbon vessels rented from Calgon Corporation. 
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Six hydrogen peroxide chemical feed pumps, one for each contactor vessel. 
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10 lb/day ozone generator (right) with power supply and control panel (left). 
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Ozone destruct unit, not yet connected to off-gas piping. 
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Leased liquid oxygen storage tank (right), oxygen evaporator (left), supplied by 
Linweld Oxygen. 
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Reverse osmosis water purification unit. Carbon filter canister (left), R.O. units 2" gray vertical 
piping (right center). 
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Power company installing 480 volt, three phase transformers with pole. 
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Conveyance piping, power conduits, influent water line coming from building housing the 
ozone generator to the treatment pad. 
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Sodium thiosulfate day tank with chemical metering pump and mixer. 
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Hydrogen peroxide day tanks (right-center foreground) with mixers and R.O. water 
supply connections. 
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Ozone analyzer, showing connection tubing from ozone delivery lines. Contactor off-gas lines 
and oxygen supply line. 
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Completed peroxone 
demonstration system. 
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Appendix B 

Peroxone System OptimizationTesting Data 
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Appendix C 

Peroxone System Demonstration Testing Data 
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Appendix D 

Peroxone System As-Built Drawings 
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FACE OF WALL 
EDGE OF PAVEMENT 

MTC 
MTD 
MTC 
MTL 
MTR 

NC 
NEC 

NFPA 
NC 

NO 
NPS 

NS 
NTS 

DC 
00 
OF 
OH 
OPER 

MFfH.HTH -TYPE COUPLNC 
MOUNTED 
MOUNTNG _ 
MATERUL OR METAL 
MOTOR 
MBSR 

NATKMAL BUREAU OF STANDARDS 
NORMALLY aOSED        
NATKMAL ELECTRJCAL CODE  
NATKMAL ELECTRCAL MANUFACTURERS 
ASSOCIATION 
NATKMAL FFC PROTECTION ASSOCIATION 
NATURAL GRADE OR NATURAL GAS 
NOT M CONTRACT   
NUMBER OR NORMALLY OPEN 
NONNAL PFE SB- »-ORMERLY IP4U 
OR RATIONAL PARK SERVICE 
NATKMAL PFE THREAD 
NON-MSNC STEM 
NEAR »J"g 
NOT TO SCALE 

OVER-CROSSMO OR ON CENTER   
OUratC CUMETER OR OVERALL Ot—NSON 
OVERFLOW OR OUTSBE FACE 
OVER HEAD 
OPERATOR OR OPERATM 

02 

PC 

PL 
PNEU 
POT 

PREFAB 
PRESS 

OUNCE 
PRESSURE GACE 
HYDROGEN KM CONCENTRATION 
PONT OF MTERSECTION 
PLATE. PROPERTY UNE OR PLACE 
PNEUMATIC 
POMT OF TANGENT     
POWER POLE OR POLYPROPYLENE 
POUNDS PER DAT 
POUNDS PER HOUR 
PARTS PER MLLKM 

ATED 

& 

PRESSURE REGULATMC. RELEF OR 
REOUCMG VALVE 

UC 
uo 
use 
UH 
UL 

V 
VAR 
VCP 
VERT 
VOL 
VTC 
VTR 

W 
w/ 
BOO 
WH 
Wl 

xs 
xxs 
YD 
TR 

Z 
ZN 

TOP OF CUP- 
TEMPERATURE OR TEMPORARY 
TMCK OR TMCKRESS 
TANK 
TELEPHONE POLE OR TELECRAPH POLE 
TRANSmON OR TRAMS-TIER  , 
TOP OF WALL OR THERMOMETER WELL 
T—CAL 

UMON BONNET 
UNDER-CROSSMC 
UNDERCROUND 
UNDERCROUND CONCUI 
UMT HEATER   
INOEP—TERS LABORATORCS 

VACUUM. VALVE. VERTICAL. VENT. VOLT OR VOLUME 
VARCS OR VAMABLE 
VITRFCD CLAT PFE 
VERTICAL 
VOLUME 
VENT TO CEUNC 
VENT THROUGH ROOF 

BEST OR WASTE 
WITH 
WALL CLEANOUT 
WATER HEATER 

WATER SURFACE 
WATER STOP 
BOOHT 
WATER 

EXTRA STRONG  
DOUBLE EXTRA STRONG 
YARD 
YEAR 
ZERO OR ZONE AS BUILT 

DATEI    10/14/17 VW 

© MUNIUUMHRI   WATSON 

react». DBiONSTjuTiotiPgoaAij 
C»OMJSIlER ARMY AUHNTON PUHT 

ABBREVUTrONS AND SYMBOLS 
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,WELL * * 

4 

2' PVC SCH 10- 
QROUNMATER PIPE 

-ELECTRIC 
COMMIT 

,• ~r *n, .n ««MTn Pipr jgj. 
IL™ 

NEW TRW WELL 

NOTES  ; 

1.ALI PIPING «HO CONDUITS «RE «BOVE CROUNO. 

2. SEE ORAWIHOS SHEET N-t  AMD H-Z FOR «DOITIGNAL DETAILS «HO 
EQUIPMENT SCHEDULE 

> Mrtaar KOL« PRESSURE REGULA 
PREVEHTOR. 

~ s 
T : 

ill 



WELL #66 

BLDG 2L-7 

f PVC SCH «o- 
C*OUM»ATER PIPE 

'•"•""ll ■"—"" ptpr ■ion- 

-ELECTRICAL 
CCNDUIT 

L. 

BLOC 2L-8 

PIPING MD CONDUITS MC MM CROUNO. 

. MMINBS SMUT M-l  MD H-f FON ADDITIONAL 0ETA1LS AND 
1IPMENT SCMCOULE 

2* PVC SCH SO  
GROUNMATER PIPE 

-2* PVC SCH 10 
CNOUMXATER PIPE 

-ELECT* 1CW. 
HIT 

is* COPPER o> 

'< 

-IS" SS SCH 40 
OZONE LINE 

& PRESSURE REGULATOR AND RACXFLOl 
PREVCNTOR. v. I 

TREATMENT PAD 
SEE SHEET H-1  FOR DETAILS 

(2) 



BLOG 2L-7 

-TREATMENT FACILITY 

LOAD LINE 2 LOCATION PLAN 
BTJ  

BLOC 2L-8 

2* pve SCH to — 
 WER PIPE 

|        , 2* PVC SCH 10 
CROUNO*ATER PIPE 

-ELECTRICAL 
COMMIT 

LIQUID OXYGEN PAD 
(BY VENDOR) 

H OZONE 
I ' 

~ICPI  

|  t'V COPPER CXYCIW LINE 

LIQUID Oj 

in—i  
I] COMPRESSOR 

'< 

OZONE 
KSTRUCTOR 

-1'V SS SCR 40 
OZONE LINE 

TREATMENT PAD 
SEE SHEET M-1 FOR DETAILS 

-►2* PVC SCH 40 
DISCHARGE PIPE 
TO EXISTING 
DRAINAGE DITCH 

i 

SL 

AS BUILT 
DATEI 10/24/1T VW 

m MB.T -M, «at 

© MONTEOMMV WATSON 
■ ramurm 

PEMXONE DEMONSTRATE PROGRAM 

GENERAL SITE PLAN 

C-1 

/ 





0OLIN6 WATER MAIN 

f'l* COPPER OXYCEN LINE 

3* PVC SCH tO- 

V SOFTENER FEED TUBING 
FROM VATER SUPPLY 

SOFTNER DRAIN 

- f* PVC SCH 40 
■ATCR SUPPLY LINE 
ATTACH TO OUTSIDE OF 
CONTAINMENT »ALL 

CONNECTION TO^ ^JD 
E MONITOR   ***w 

'»t  COCK 
use 

^       ITYP OF 21 
r f) \      I'-O* ABOVE 
i OCJ      CONTAINMENT (ALL 

OZONE MONITOR STATION 
MOUNTED TOP OF (ALL 
BOTTOM ELVATION S'-O* 
ABOVE FINISHED FLOOR 

TOP OF PIPE    EL- 
ll'-O*    ABOVE 
FINISH FLOOR 



-OZONE MONITOR STATION 
MOUNTED TOP OF »ALL 
■OTTOM ELVATION l'-O* 
MOVE FINISHED FLOOR 

TOT- OF PIPE    EL- 
II'-«'    ABOVE 
FINISH FLOOR 

HI 

EXISTING 12'  X, 12'  PAD 

TO 1'l" COPPER PIPE 
OXYGEN VAPORIZER 

AS BUILT 
DATEI    10/24/ST 'tfgS 

m —,T »■> » ■ wwtvit 

B 

PEMKONE DEMONSTRATON PROGMUJ 
camusxER «HIT AIMMTION PUNT 

FACILITY PLAN 

M-1 

■*%$^ 



4 

JV OZONE FEED LINE 
(SEE NOTE 3) 

2* DRAM 

ELEVATION 

SIGHT CLASS LEVEL NDKUTOR 

P OZONE EXHAUST CONNECTION 
(SEE NOTE 5) 

3* FLANGE CONNECTION 
(SEE NOTE 6) 

%'SS SAMPLE TAP 

20* DIA. MANWAY 
(TYP OF 2) 

I* LEVEL SWITCH PORT 
(FOR FIRST CONTACTOR ONLY) 

r OZONE EXHAUST CONNECTION 
W/ COCK 

'/V OZONE EXHAUST SAMPLWG 
CONNECTION (SEE NOTE 4) 

V DISTRIBUTION/COLLECTION 
PPE (TYP OF 2) 

3-FLANGE CONNECTION 
(TYP OF 4) 

3'-0* DIAMETER. I GAUGE 
S.S. REACTOR (TYPE 304 SS) 

%'SS SAMPLE TAP 
EVERY r-V ABOVE DIFFUSER 
(FOR FIRST CONTACTOR ONLY 
SEE NOTE 2) 

V GLASS HSPECTOR 
PORT (TYP OF 2 0 90 DEG.) 

rSS MOUNTING BRACKET 
(TYP OF 8 FOR FIRST 
CONTACTOR ONLY) 

OZONE DIFFUSER 
(TYP OF 2) 

ANCHOR BOLTS 

•DFFUSER SUPPORT (WELDEO 
TO THE BASE OF CONTACTOR) 

NOTES i 

1. ALL PIPE FITTINGS AND BOLTS SS 304 

2. '/«* SS SAMPLE PIPE INSERTED TO CENTER OF 
CONTACTOR W/ SAMPLE PORT UPWARO. SAMPLE PIPE 
EXTENOS TO 3'-0" ABOVE FINISHED FLOOR W/ COCK 

3. TEFLON TUBING USED TO CONNECT V OZONE FEED LINE 
FROM 1<'2* OZONE MAIN FEEDER. ROTAMETER INSTALLED 
AT V OZONE FEED LINE AT EACH CONTACTOR W/ NEEDLE VALVE. 

4. TEFLON TUBING USED TO OZONE MONITOR STATION 

5. TEFLON TUBING USED TO 2* MAIN EXHAUST HEAOER 

6. 150 LB FLANGE CONNECTION TO PVC SCH 80 VALVE AND PIPING 

7. OZONE DIFFUSER HAS A 7" DIAMETER CERAMIC OOME 
W/ SS BASE AND VITON GASKET 

MIXER CONNECTION 

HATCH OR MANWAY. 

INLET 

TYPICAL " 
NOT 

NO 

A 
UNS £ 

OZONE CONTACTOR 
NOT TO SCALE 

EXISTWG 8'WELL  
PROTECTIVE COVER 

WELL HEAD JB- 

POWER CORD TO 
SUBMERSIBLE 
WELL PUMP TO 

WELL PUMP «STALLED 6* 
ABOVE THE BOTTOM OF THE 

WELL HE 
NOT 



SICHT CLASS LEVEL MOICATOR 

r OZONE EXHAUST CONNECTION 
(SEE NOTE 5) 
3'FLANGE CONNECTION 
(SEE NOTE 6) 
%*SS SAMPLE TAP 

20* DIA. MANDAT 
(TYP OF 2) 

r LEVEL SWITCH PORT 
(FOR FIRST CONTACTOR ONLY) 

• P OZONE EXHAUST CONNECTION 
W/ COCK 

-■/«• OZONE EXHAUST SAMPLING 
CONNECTION (SEE NOTE 4) 

- 3* OISTRIBUTION/COLLECTION 
PI»E (TYP OF 2) 

-3'FLANGE CONNECTION 
(TYP OF 4) 

- 3'-0* DIAMETER, I GAUGE 
S.S. REACTOR (TYPE 304 SS) 

y4'SS SAMPLE TAP 
EVERY V-V ABOVE DIFFUSER 
(FOR FIRST CONTACTOR ONLY 
SEE NOTE 2) 

-V GLASS WSPECTOR 
PORT (TYP OF 2 B 90 DEC.) 

r SS MOUNTMG BRACKET 
(TYP OF 8 FOR FIRST 
CONTACTOR ONLY) 

• OZONE DIFFUSER 
(TYP OF 2) 

ANCHOR BOLTS 

■ DFFUSER SUPPORT (WELOED 
TO THE BASE OF CONTACTOR) 

R OF 
JPLE PIPE 
]R 0/ COCK 

3NE FEED LINE 
£R INSTALLED 
:T0R W/ NEEDLE VALVE. 

STATION 

T HEADER 

80 VALVE AND PIPING 

»MIC DOME 

MIXER CONNECTION 

HATCH OR MANWAY- 

CHEMICAL FEED 
CONNECTION 

LEVEL SWITCH PORT 

SPIGOT OR 
PIPE CONNECTION 
OUTLET 

POSITION ANGLE PLATE 
(TYP OF 4) 

TYPICAL TANK SECTION 
NOT TO SCALE 

V STL STACK W/ RAW CAP 

-UHSTRUT SADDLE PIPE SUPPORT 
ATTACHED TO EXISTWG BUH.OING 
COLUMN (TYP) 

EXIST BUILDING 

FLEXIBLE V METAL 
DUCT FROM 
OZONE DESTRUCTOR 

STACK 
NOT  TO SCALE 

EXISTNG 8" WELL- 
PROTECTIVE COVER 

WELL HEAD JB 

2*PVC  SCH 80  TO 
TREATMENT PAD 

ELECTRICAL CONDUIT 
FROM  CONTROL PANEL 

UMSTRUT PIPE SUPPORT 

CONCRETE POST 
(TYP) 

4' WaL COVER 
FOR PUMP SUPPORT 

NOTEi 

WELL PUMP NSTALLED 6' 
ABOVE THE BOTTOM OF THE WELL 

4"PVC WELL 

&L 
WELL HEAD MODIFICATION 

NOT TO SCALE 

MECHAMCAL EQUPME 

EOUP. 
NO. HUE DESOwPTON 

NEW  Tffll  WELL EXSTMG 4' OR LARGER CASING 

EXTRACTION WELL N0.6S EXSTMG 4' OR LARGER CASNG 

EPH EXTRACTION PUMP NO. 1 SUBMERSIBLE WELL PUMP 

EP-2 EXTRACTION PUUP NO. 2 SUBMERSBLE WELL PUUP 

UH «FLUENT FLOW METER PADDLE WEEL TYPE METER 

MXH HJOJ MKER H,0,   N-LME MIXER 

OH OZONE CONTACTOR NOJ 
UMPAUEO COLUUN l/CO-CUHH 
* CMINJpt-CURWiHT FLOW 

OT-2 OZONE CONTACTOR NOJ 
h CPUNTfl-fftWI Vinf 

OT-J OZONE CONTACTOR NOJ 

OT-4 OZONE CONTACTOR N0.4 
arE3EFlaaStt l/So-cuRH 

OT-5 OZONE CONTACTOR NOJ 
aeBxetrcSBm i/co-euro 
A   (MimFJI-ajJRFHJ FLOW 

BH OZONE CONTACTOR NOJ» 
t 'ffllWTJi'l-fl'JW 1PK 

TK-2 
EFFULNT 
"«iinr TAW STORAGF TAMt 

P-2 TRANSFER PUT NO. 2 CENTRFUGAL. END-SUCTION PLJ 

GACH OUMJUR ACTIVATED 
Ci'fflffl' Y'W 

CARBON OUANTTTY 1000 LB. 

CAC-2 GIAWAR ICTWATEB CARBON OUANTTTY COO LB. 

GAC-J 
UAWAH JCTVATB 
r.umm vr«n CARBON OUANTTTY COO LB. 

M-2 EFFLUENT aOW METER PADDLE WEEL TYPE METER 

OSTH OXYGEN STORAGE TANK LJOUDOXYGEN STORAGE TANK 

OVH OXYGEN VAPOMZER LOCALVUAHUJU. CöNTHOL 
vkPnmm 

OCH OZONE GENERATOR CAPACITY CO LB/DAT 

DH H,Oj OAT TANK NOJ POLYETHYLENE TANK 

OT-2 KjO,  DAY TANK NOJ POLYETHYLENE TANK 

OT-J 500UI THBSJLFATE 
DAY TANK POLYETHYLENE TANK 

DFH CHEltCAL FEEDER NOJ ELECTROMC METERMC PUUP 

Df-2 CHEMCAL FEEDER NOJ EUCTRONC METERING PUMP 

OF-3 CHEMCAL FEEDER NO.] ELECTROMC METERMC PUMP 

OF-4 CHEMCAL FEEDER NO.« EUCTRONC METERIC PUUP 

0>-5 CHEMCAL FEEDER NO.J ELECTROMC METERN! PUUP 

OF-« CHEMCAL FEEDER NO.» EUCTRONC UETERMG PUUP 

OF-7 CHEMCAL FEEDER N0.7 ELECTROMC METERMC PUMP 

00-1 OZONE OESTRUCTOR 
LOCAL/UAMJAI. CONTROL 
DESTRUCTOR 

OOS-I OFF CAS STACK 

UXH MDER NO.I CHEMCAL MKER 

UX-2 UDIER H0.2 CHEMCAL MKER 

MX-J UXER NO.} CHEMCAL liXER 

WSH WATER SOFTENER RO SYSTEM 

TK-3 SOFIUU lAlLH 
STORAGE TANK POLYETHYLENE TANK 

NCH NTTROCEN GENERATOR 

SPH SUMP PUMP SUBMERSBU SUMP PUUP 



CMICAL FEED 
1NNECTI0N 

ZVEL SWITCH PORT 

SPIGOT OR 
PIPE CONNECTION 
OUTLET 

J 
3SITION ANCLE PLATE 
YP OF 4) 

N CAP 

E SUPPORT 
C BUILDING 

EXIST BULGING 

VC SCH BO TO 
ATMENT PAD 

CTRICAL CONOUT 
)M CONTROL PANEL 

STRUT PPE SUPPORT 

^CONCRETE POST 
(TYP) 

WELL COVER 
« PUMP SUPPORT 

PVC WELL 

EOUP. 
NO. 

EP-) 

OT-« 

OTH 

Of-5 

MECHAMCAL EQUPMEMT SCHEDULE 

NEW TRW »EU 

EXTRACTION Kli N0.G6 

EXTRACTION PUMP NO. I 

EXTRACTION PUyP NO. Z 

MFLUENT FLOW METER 

KJOJ UKER 

OZONE CONTACTOR NOJ 

OZONE CONTACTOR N02 

OZONE CONTACTOR NOJ 

OZONE CONTACTOR N0.4 

OZONE CONTACTOR NOJ 

OZONE CONTACTOR NOJ 

TFFCEUNT  
STMUff in  
TRANSFER PIMP NO. 2 

OUHJLAH ACTIVATED 

rtnrm v»r«n 
xrar 

EFFLUENT FLOW METER 

OXYGEN STORAGE TANK 

OXYGEN VAPOMZER 

OZONE GENERATOR 

11,0,  DAT TANK NOJ 

H,0,  OAT TANK NOJ 

»BUI TH85UUAIL 
OAT TANK  

CHEMCAL FEEDER NOJ 

CHEMKAL FEEDER NOJ 

CHEMCAL FEEDER NO.] 

CHEMCAL FEEDER N0.4 

CHEMCAL FEEDER NO.3 

CHEUCAL FEEDER NO.« 

CHEMCAL FEEDER NO.7 

OZONE DESTRUCTOR 

OFF GAS STACK 

IATER SOFTENER 
mmwm mm 
STBHACE TAW  
MTROCEN GENERATOR 

EMSTMG 4' OR LARGER CASMG WELL 

EXBTMG 4'OR LARGER CASMG WELL 

SUSMERSH.E WELL PUMP 

SUBUERSSLE WELL PUMP 

PADOLE WEEL TYPE METER 

HgO, M-LME MIXER 

IMPACTED CBLUUH wVCB-CJWEHT 
.21 wmamm>mi 

kMMM'MSiih 
STCRAg TAW 
CENTRFUGAL. END-SUCTION PUMP 

CARSON QUANTITY 1000 LB. 

CARSON OUANTITY 1000 LB. 

CARBON OUANTITY 1000 LB. 

PADOLE WEEL TYPE METER 

UQUBOXYGCM STORAGE TANK 

LO^IJVUAMJAL tflWTWl 
JUEDSOEB  
CAPACITY 100 LB/DAY 

POLYETHYLENE TANK 

POLYETHYLENE TANK 

POLYETHYLENE TANK 

ELECTRONC METERMG PUMP 

ELECTROMC METERING PUMP 

ELECTRONC METERMG PUMP 

ELECTRONC METERMG PUMP 

ELECTRONC METERMG PUMP 

ELECTRONC METERMG PUMP 

ELECTRONC METERMG PUMP 
LOCAL/MANUAL CONIHOL  
DESTRUCTOR  

CHEMCAL UWER 

CHEMCAL MDtER 

CHEUCAL UKER 

POLYETHYLENE TANK 

SUBUERSOLE SUMP PUMP 

GROUNOWATER LEVEL r BCS 

GROUNORATER LEVEL r BCS 

25 GPU. 75' TDH. ?«   HP ELEC 

25 GPU. 75' TDH. y,   HP ELEC 

0-30 GPU, NSTANT./TOTAUZER 
? PVC K3L IM-ELEuTNT. 

igBttFfBHPii- 

TRT 

mm mm- 
TJTT 

W/TBOUF «FFUSFR 
THT 

500 GAU 4«'DIA. X IS'(HI 

a CPU. so* run. f«w.— 
JSflfl-BBI  

OCT 0 UK EACH Al 

■6HW 
ftfrTi'Mg 

EACH Al 

« firH FLOI 
EACH AT 

0-30 GPU. MSTANT./TOTALIZER 

500 SCFH • B PSOSCHARCE 

SZONE DOSAGE IEACM VE5SU 
«ur./i   . «Y n   m n CPU 

275 GAL.42-DIA.X WH 

275 GAL. 4r DU. X 4W 00 

SO GAL. 23'DIA. X 42.75'(H 

2J GPH 

CAPACITY >J SCfU 

1/3 HP. 3»' LONG SHAFT 

1/3 HP. 36'LOW SHAFT 

1/3 HP. 3*' LONG SHAFT 

500 GAUsPfiUjttO'Ut 
TRAIKFR  PIMP  

SMALL COMPRESSOR 

S CPU, IT TDH 

GRUNDFOS 2SS.20IV 

GRUNOFOS 25S.208V 

4-20mA 
5KJNET 

CALGON CYCLESORB FPI 

LEASED 

4"-20mA 
SIGNET 

LEASED 

LEASED 

LM1BQ WITH 4-WAY VALVE OR EQUAL 

LMBS WITH 4-WAY VALVE 

LMBS WITH 4-WAY VALVE 

LMBS WITH 4-WAY VALVE 

LMBS WITH 4-WAY VALVE 

LUBQ WITH 4-WAY VALVE 

LUBQ WITH 4-WAY VALVE 

2 NCH SCH 40 STEEL 

£l 

AS BUILT 
DATEI    10/24/fT «H 

MUHIUUMMI   WATSON 

PEROXONE OIMONSTRATIOU PROGRAM 
CORNHJSKER ARMY AMMUNITION PLANT 

EQUIPMENT SCHEDULE AND DETAILS 

M-2 
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N 

<SX siH? 

s^r PLAN 
SCALE W«-<r 

SECTION 
SCALf  V "*'"«' 4? 

SECTION , , 
scMXltf*-<r s^P? 

s 5 

> 

a 
S 

5 
5 

> 

»wo         . 
«1.   '      * f «kW 

•• 

6'FLATSTRIP WATERSTOP  P) NO SCALE    ^     / 

u « «► £1 

VERTICAL VERTICAL 
"~ELL TEE 

H—B LrmT n 

VERTICAL 
CROSS 

\ 

-flWT MLO 

FLAT ELL FLAT TEE FLAT CROSS 

PREFABRICATED WATERSTOPS JOINTS 
NO SCAU 



PLAN 
SCALE W*-f 

m 

1.  C0> 
CO 

I. m: 

I.  CO 

t. V 

SECTION 
icau V -i'-«' 

VERTICAL 
ELL 

VERTICAL 
TEE 

FLAT ELL    FLAT TEE 

PREFABRICATED WATERSTOPS JOINTS 

VERTICAL 
CR DSS 

FLAT CROSS 

. ai nuaa. itkmiiaL TO WTO 
OUTIM. m nu.   «mi« MO 

_<V 01* > <• mm 
(Tin • it' oc mui 
■LOD ra «au rum 

L - tv«i'y«v 

OMTIM nun« TMU 

OMTIM 
OVIN nuax MI 

1* IS»  • «"»"  S 

(£> 

■ auxin urm anma or nmncnau 
Mt> maD or au«» IUMOI 

in in HMt WITH nmu 
rmm. on otnu WIT 

i- onoxr or aurrn KCTIC* aor TO ocno w iss 

'• BUM« •**» MMi K OUT» T < V • IV OC 
—i OMt taau. M • «* oc 

STEEL GRATING 
UK STEEL ANGU SUWOKTS 4M 
STMUSS STEEL BOLTS 



iS 
i - IV • i"V «w 

■■■UTiM mm Kimia IT mmrtcnmu» 
um WMII IT pmna II»I 

!• AU. M as vniM WCD 

1- Ml ■UTIM IOIO la R.MX HI« nmu 
ranoBK. to OXTAIL s-«i» 

••■EMIT I* «UTIIB StCTIO» NOT TO DOOB SO US 

Luna M*t wu at OCPTM i > v • iV oc 
ana was wu M ■ *• oc 

STEEL GRATING 

it tranoTH AT IS-OATS > MOO minim 
n «ILL NIX im paxoiim arm «OUIKäKTJI 
•i  tu***» J-INCH t i-ia» 
bl    HUIIUI aATU-COCIir UTIO - O.M 
01    »I« MTUIMOT H t I *   
ai Tm TUT cmmm or A run« «oner TO wmrr sTsnami. 

I. Miwoaciw nt ASTN wii OMOC «O. 

>. ascarrt AMI COMKTI PLACHUIT pt» THE 
«oumcuTs v MI >ta. AMI ACI soi. 

4.  ALUNIM» *M OUTIM. KMIM NO 1AM>IH> MUS TO SC AU.0T tOSI-TS. 
CROSS IMS TO M ALLOT tOSS-TS. 

s. V OIMCTDI T»K mourn torn TO ■ wuu 
INTO TM COKIKTC S-INCMS. 

IS ITCEL AMU SUPPORTS AND 
STatUSS STtn. BOUTS 

£l 

<<<* STIB KUtS TO OUtlM 
SUPPORT «/WIT A» MSHDt 

<• 4 am rai ouTiw PANEL, AIIRUI «* nut 
PAWL cuo—i.   Huiitai a IP SPACIMI AT M* OC 

1. STUD. NUT. mUWX AW CUP ARC TtC SAW MATERIAL 
AS THE OUTIW van re* Auaunai USE ss 

s. AT PMP ■UTINO use W  PRP AU TRIAD DOLTS 
AM> ADHESIVE ANCHORS AS APPROPRIATE 

GRATING ANCHOR DETAIL 

AS BUILT 
DATEI    10/H/S7 S¥sJ 

w «WIT - i M/H/TT 

■» WILT HUM. - 1 ..VM/TT 
■yWfH 

i+Wi 

/ 

© MOMTSOMailT WATSON 

KROKONE OtAOSTlWTWN MOCMM 
COMMBKB) ARaET /kaaaJNTTION »IANT 

STRUCTURAL PLAN. 
SECTIONS. AND DETAILS 

S-1 







SYSTEM FAIL i 0] DESTRUCTOR 
CONTROL PANEL 

(BY VENDOR! 

I 
z± 

SH 

°3 DESTRUCTOR 

/Al 
\300 

( -ar-r ) 

f-Oh 
\300/* -I 

/-PITOT TUBE 
/ I MANOMETER 

(   OCS-1     ) 

e 
o 

■" *\S00 / 

o- 
1/V/M   - 

OFF-GAS 
STACK 

LEGEND 

ELECTRICAL SIGNAL 

DATA LINK 

PROGRAMMABLE LOGIC 
CONTROLLER I PIC) 

METERING PUMP 

PITOT TUBE/ROTAMETER 

INSTRUMENT/COMPONENT LOCATED 
• CONTROL PNL AND ACCESSABLE 
BY OPERATOR 

FIELD MOUNTEO INSTRUMENT/ 
COMPONENT 

OZONE ANALYZER 

PORTABLE INSTRUMENT 

INLINE MIIER 

ABBREVIATION 

BFV - BUTTERFLY VALVE 

BV - BALL VALVE 

SP - SAMPLE PORT 

CV - CHECK VALVE 

NV • NEEDLE VALVE 

F - FLOW 

I - INOICATOR 

R    -    RECORDER 

0    -    TOTALIZER 

L    -   LEVEL 

S    -    SIITCM 

HH    -   HIGH-NIGH 

a    -   LOW.O» 

C      -    CONTROL 

OISCHARCE TO OITCH 

ETERING PUMPS IDF-1. 2. J. 4. S. AND »I COMMON SUPPLY FROM 
INKS  IOT-1.  2). 

ION WATER FRCtl WATER SOFTENER SYSTEM IWS-1  AND TK-3) 
HOW. 

E MONITOR «ITH MULTI-WAY VALVE. 

■DUAL ALARM INDICATION PROVIDED AT LIGHT BOX ILTX-1 I. 

LOCAL ON/OFF «ITH MAIN ALARM INTERLOCK. 61 

AS BUILT 
DATEI    10/24/»? 

© MOMTSOMDIV «MTSON 

PEMXONE DeyONSTRATBN PROBUM 
COflNHUSKER AMY UaUfTON PUHT 

PROCESS 4 INSTRUMENTATION 
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SECTION 1 
INTRODUCTION & GENERAL APPROACH 

1.1:     INTRODUCTION 

TRW Space and Technology retained the services of Montgomery Watson to design, 
construct, and operate a 25 gpm Peroxone groundwater treatment demonstration plant. The 
groundwater at the Corahusker Army Ammunition Plant (CAAP) in Grand Island, Nebraska 
is contaminated with various energetic compounds, including TNT, RDX, TNB, and other 
nitrobodies. The objective of the project is to determine the ozone dose, hydrogen peroxide 
dose, and hydraulic retention time needed to reliably achieve the required removals of these 
contaminants to acceptable levels. The anticipated levels of contaminant concentrations in 
the groundwater, and their respective treated water goals are listed in Table 1. 

Table 1 

Anticipated Contaminant Levels and Corresponding Treated Water Goals 

Anticipated Groundwater Target Concentration After 
Contaminant Concentration (mg/L) Peroxone Treatment (mg/L) 
TNT 0.5 0.002 
RDX 0.2 0.002 
TNB 0.1 0.002 
Total Nitrobodies 1.0 0.030 

Figure 1 shows a schematic of the groundwater treatment demonstration plant. The design of 
the demonstration plant includes six (6) ozone contactors in series with ozone and hydrogen 
peroxide fed independently to each contactor. A GAC contactor is provided at the effluent 
side of the plant with an EBCT of 30 minutes at 25 gpm to ensure that no contaminants are 
discharged with the plant water during testing. The maximum design applied ozone dose to 
each contactor is 60 mg/L for a total applied ozone dose of 360 mg/L. The hydrogen 
peroxide system is designed to deliver a maximum of 18 mg/L to each contactor for a total of 
108 mg/L at 25 gpm (this provides a H202/Ozone Ratio of 0.3 mg/mg). At the design flow 
rate of 25 gpm, the average hydraulic retention time (HRT) in each contactor is 20 minutes 
for a total system HRT of 120 minutes. The system will be tested on waters from two (2) 
groundwater wells. The notations used in this document for the two wells are "Well A" and 
"Well B". 

This document details the experimental plan to be implemented at the demonstration plant to 
achieve the project objectives. 
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1.2:     GENERAL APPROACH 

The overall testing schedule, which is planned for a total of 12 weeks, is outlined in Figure 2. 
After the plant is constructed and all the equipment are installed, the demonstration plant 
operators will conduct three primary tasks. 

1.2.1:    Task 1 (1 week):—Conduct System Debugging 

During the first week, the plant pumps and chemical feed systems will be started up at a low 
flow rate (approximately 10 gpm) using tap water, and checked for any water or chemical 
leaks. The system will also be checked for malfunctions of chemical feed equipment and 
shut-down alarms. After the leaks and malfunctions, if any, are repaired, the flow rate 
through the plant will be continuously increased until the design flow of 25 gpm is reached. 
The plant will then be operated at that flow rate for a period of two (2) hours. During this 
period all water and chemical feed equipment will be checked for operational stability. 

1.2.2:     Task 2 (1 week):—Conduct Process Optimization 

During the 2nd week, process optimization testing will be conducted using water from each 
of the two wells. Process optimization will involve operating the system at various ozone 
doses, collecting water samples from the effluent of each of the six contactors, as well as 
from the wall taps along the water depth of the first contactor, and analyzing them for ozone 
residual and target contaminants' concentrations. The applied ozone dose tested will range 
from 30 mg/L to 75 mg/L. The flowrate will be held constant at the design value of 25 gpm. 
Since the ozone generator is capable of producing a maximum dose of 60 mg/L at 25 gpm 
water flowrate, the flowrate will be reduced to 15 gpm when evaluating the ozone dose 
ranging from 60 mg/L to 75 mg/L. These tests will allow for the determination of the 
optimum operating conditions that will result in the reduction of the contaminants to their 
respective target concentrations. 

1.2.3:     Task 3 (10 weeks):—Conduct System Demonstration 

During the period extending from the 3rd week through the 12th week, the system will be 
operated under constant conditions. This period will serve to demonstrate that the system can 
achieve the anticipated performance on a long-term basis. The demonstration period will be 
divided into two (2) segments of 5 weeks each, with water from one of each of the two wells 
used as the raw water source in each segment. In addition, two tracer tests will be conducted 
on the system to determine the hydraulic characteristics of the contactor design at the selected 
water flow rate. 

1-2 



SECTION 2 
TESTING PLAN 

The following paragraphs detail the tests to be conducted during each task. In order to 
facilitate the implementation of this experimental plan, Figure 1 includes a schematic of the 
demonstration plant showing the plant components and all the sampling taps installed. Each 
tap is letter-coded for ease of identification and sampling tracking. 

2.1:  TASK 1—CONDUCT SYSTEM DEBUGGING 

The objectives of this 1-week task are as follows: 

1. start up the demonstration plant, 
2. ensure that all its components are fully operational, 
3. calibrate all chemical feed systems, 
4. test all alarms and emergency shut-down systems, and 
5. check for leaks and malfunctions. 

The following is a description of the tests to be conducted in this task: 

2.1.1:     System Startup & Leak Detection 

Fill the surge tank with tap water and pump water into the system at an indicated flowrate of 
25 gpm to fill up the six contactors with water. When the six contactors and the GAC 
contactor are full with water, turn off the water flow rate, look for any major leaks, and then 
wait for 30 minutes and check for any minor leaks throughout the system including, but not 
limited to, the following: 

1. the sides of the contactors 
2. sampling taps 
3. pipes and pipe connections 
4. pumps and chemical injection ports 

If any leaks are detected, the leaking component of the system will be isolated, drained from 
water, and repaired. The system will be refilled with water and re-checked for leaks. This 
process should be repeated until no leaks are detected. 

Once the system is void of leaks, the water will be started at a flow rate of 10 gpm. The 
ozone system will be turned on, and ozone will be fed to the six contactors at 40 percent of 
capacity (which should translate into a total dose of 360 mg/L to a flow of 10 gpm). The 
Soap-Bubble test will be conducted on all gas-phase pipe connections outside the ozone 
generator, monitor, and destruct unit. While ozone is being fed to the system, the hydrogen 
peroxide feed system to the six contactors will be turned on. The system will be checked for 
any hydrogen peroxide leaks.   If any leaks in the ozone system or the hydrogen peroxide 
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system are detected, the system will be shut down, and the leaks repaired. This test will be 
repeated until both feed systems are void of detectable leaks. 

After all system components are checked for leaks, the water flow rate will be increased 
gradually to 25 gpm, accompanied by a corresponding increase in ozone generator setting 
and hydrogen peroxide feed rate to deliver the design doses of 360 mg/L ozone and 108 mg/L 
hydrogen peroxide. The system will be operated under these conditions for a period of 30 
minutes during which a final leak check will be conducted on all system components. 

2.1.2:     Equipment Calibration 

The following instruments and monitoring equipment will be calibrated during this task: 

1. influent water flowmeter 
2. hydrogen peroxide metering pumps 

2.1.2.1:     Influent Water Flowmeter 

The influent water flowmeter will be calibrated using a polyethylene 55-gallon drum. Tap 
water will be used in this test. A total of three (3) indicated flow rates will be evaluated: 10, 
18, and 25 gpm. A constant flowrate will be allowed to flow through the flowmeter. The 
water will be diverted from the effluent of the first contactor through a flexible hose to the 
drain. After 10 minutes of steady flow, the water will be diverted into the 55-gallon 
calibration drum. Time will be kept using a stopwatch until the 50 gallon mark is reached. 
During the test, one operator will watch the flowmeter to ensure that the reading is stable at 
the test flowrate. The ratio of 50 gallons by the fill time (in minutes) will constitute the 
actual flowrate value in gpm. This test will be repeated in triplicates for each of the three test 
flowrates. It is important that the temperature of the water be measured and recorded during 
each test run. The datasheet to be used in this test is shown in Figure 3. Once the calibration 
curve is developed, the "actual" flowrate, instead of the "indicated" flowrate, should be used 
in all subsequent testing. 

2.1.2.2:     Hydrogen Peroxide Metering Pumps 

The column calibration method will be used to calibrate the metering pumps. No water will 
be flowing through the contactors during this test. However, the contactors should be full. A 
total of three (3) pump settings will be calibrated for each of the pumps installed. A 50-mL 
graduated burette will be filled with water and connected to the suction side of the pump 
being calibrated. The pump is then turned on at one of the three settings being tested. After 
the first 30 seconds, the timing will begin and the water level in the burette will be read and 
recorded. Once the water level reaches the 5-mL mark the timer will be stopped. The ratio 
of the volume drawn (in mL) divided by the draw time (min) will constitute the flow rate in 
mL/min. This test will be repeated in duplicates for each of the three test settings. The 
temperature of the test water should be measured and recorded in each test. The datasheet to 
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be used in this test is shown in Figure 4. Once the calibration curve is developed, the 
"actual" flow rate should be used in all subsequent testing. 

2.1.2.3:     Ozone Feed-Gas Flowmeters 

The ozone gas flowmeters to the six contactors need to be calibrated during this task. A wet 
gas flowmeter will be leased to the project. The following procedure will be used to calibrate 
the feed-gas flow meter to each contactor at each of three gas flow settings (0.5, 1, and 2 
scfm indicated flow). 

1. turn on the gas to the test contactor at one of the three test flowrate settings, 
2. connect the wet gas flowmeter to the off-gas line from the test contactor, 
3. measure the gas flowrate using the manufacturer's directions. 
4. take a duplicate gas flowrate reading, 
5. repeat the duplicate measurements at the other two indicated flowrates, 
6. repeat the above 5 steps on each of the remaining five contactors. 

Note that the ozone generator setting should be at "zero" and the feed-gas should contain no 
ozone. Also, no water flow through the contactor is necessary. However, it is important that 
each contactor be full of water to the operating water level. In addition, a pressure gauge and 
a temperature gauge will be installed downstream of the flowmeter to the first contactor to 
measure the actual gas temperature and pressure. This information is necessary to correct the 
gas flow for temperature and pressure. Figure 5 shows the data logsheet to be used to record 
the data collected from this calibration test. 

2.1.3:     Alarm Checks 

The following alarms will be checked by the operator during this task : 

1. Overflow alarm on the 1st contactor, 
2. Overflow alarm on the wet well between the 6th contactor and the GAC contactors, 
3. Spill alarm in the containment pad, and 
4. Overflow alarm on the surge feed tank. 

All alarm checks will be conducted using tap water. 

2.1.3.1:     Overflow Alarm on 1st Contactor 

To check whether the overflow alarm on the 1st contactor is operating properly, the valve 
between the 1st and 2nd contactor will be closed off and tap water will be turned on at 25 
gpm flowrate into the 1st contactor. The contactor will fillup until the water reaches the level 
sensor. At that time, the alarm should shut down the entire power system. This includes the 
extraction well pumps, influent water pump, transfer pump in the wet well, the ozone 
generator, and the hydrogen peroxide pumps. 
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PEROXONE GROUNDWATER TREATMENT PROJECT 

DATA LOGSHEET 

TASK 1 - CHEMICAL FEED PUMP CALIBRATION 
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Setting 
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tart Mai 

mL 
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mL 

Draw 
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FIGURE 4 



PEROXONE GROUNDWATER TREATMENT PROJECT 

DATA LOGSHEET 

TASK 1 - OZONE GAS FLOWMETER CALIBRATION 

Date Time 

Ozone 
Contactoi 
Number 

Gas Flow 
Setting 
(scfm) 

Measured 
Gas Flow 

(scfm) 

Gas 
Pressure 

(atm) 

Gas 
Temp. 

(°C) Comment 

0.5 

0.5 

1 

1 

2 

2 

2 0.5 

2 0.5 

2 1 

2 1 

2 2 

2 2 

3 0.5 

3 0.5 

3 1 

3 1 

3 2 

3 2 

4 0.5 

4 0.5 

4 1 

4 1 

4 2 

4 2 

5 0.5 

5 0.5 

5 1 

5 1 

5 2 

5 2 

6 0.5 

6 0.5 

6 1 

6 1 

6 2 

6 2 

FIGURE 5 



2.1.3.2:     Overflow Alarm on the Wet Well 

The same type of test will be conducted on the wet well. The transfer pump between the wet 
well and the GAC contactor will be turned off. The wet well will be filled with tap water. 
As the wet well fills up and the water reaches the level sensor, the alarm system should shut 
down the entire power system. This should include the extraction well pumps, raw water 
pump, the ozone generator, and the hydrogen peroxide feed pumps. 

2.1.3.3:     Spill Alarm on Containment Pad 

The spill alarm in the containment pad will be checked. Using a flexible hose, tap water will 
be diverted into the sump of the containment pad. As the pad fills up and the water reaches 
the level sensor, the alarm should shut down the power system. This should include the 
extraction pump wells, raw water pump, the transfer pump in the wet well, the ozone 
generator, and the hydrogen peroxide feed pumps. 

2.1.3.4:     Overflow Alarm on Surge Tank 

Testing of the overflow alarm on the surge tank is similar to that of the alarm on the 1st 
contactor or the wet well. The pump from the surge tank to the first contactor will be turned 
off, and the tank will be filled with tap water. As the surge tank fills up and the water reaches 
the level sensor, the alarm system should shut down the entire power system. This should 
include the extraction well pumps, raw water pump, the ozone generator, and the hydrogen 
peroxide feed pumps. 

2.2:  TASK 2—CONDUCT PROCESS OPTIMIZATION 

After completing system startup and instrument calibration, the 1-week process optimization 
task will begin. The objective of this task is to evaluate contaminant removal under a wide 
range of ozone dose in order to select the optimum set of conditions for system 
demonstration. Figure 6 shows the datalogsheet that will be used during each process 
optimization test. It is noted that all testing will be conducted in a countercurrent flow mode. 

This task includes a total of 8 tests to be conducted over a one-week period. The concept 
behind this task is to run the PEROXONE plant at four applied ozone doses ranging from 30 
mg/L to 75 mg/L, which extend well below and above the anticipated required dose of 60 
mg/L. The applied doses to be evaluated are 30 mg/L, 45 mg/L, 60 mg/L, and 75 mg/L. All 
doses, except the 75 mg/L dose, will be evaluated at a hydraulic flowrate of 25 gpm. Due to 
the limitation of the ozone generator capacity, the flowrate will have to be reduced to 15 gpm 
in order to evaluate the system performance at the applied dose of 75 mg/L. These tests will 
be conducted on each of the two wells to be evaluated. All applied and transferred ozone 
doses will be accurately measured by monitoring the ozone concentration in the feed gas and 
the off gas streams to and from each of the six contactors. In addition, the hydrogen peroxide 
stock solution will be prepared at 2% strenght (20,000 mg/L) by diluting the neat 35% 
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PEROXONE GROUNDWATER TREATMENT PROJECT 

DATA LOGSHEETS 

TASK 2 - PROCESS OPTIMIZATION TASK 

TEST CONDITIONS: 
DATE: 

TEST NO. 

WELL CODE: 

WATER FLOW RATE (gpm) 

FEED-GAS OZONE CONC (mg/L) 

H202 FEED TANK CONC (mg/L) 

CONTACTOR OFF- 
GAS OZONE CONC 

CONTACTOR (mg/L) TIME 

Cl 

C2 

C3 

C4 

C5 

C6 

SAMPLE 

LOCATION 

CODE 

SAMPLE 

TIME 

(24HR) 

OZONE 

RESIDUAL 

(MG/L) 

OZONE 

RESIDUAL 2 

(MG/L) OPTIONAL 

CONTAMINANT 

SAMPLE 

CODE 

'■'•'•.-'-^   v /'- ij.-'-'-   ■'••■' ' ;. -    .'^••■-  "■■:, 

02-         -INF- 

02-      -mr- 

02-         -DJF- 

02-         -INF- 

02-         -Cl/O- 

02-         -Cl/UF- 

02-         -Cl/2- 

02-         -Cl/4- 

02-         -Cl/6- 

02-         -Cl/8- 

02-         -C2/0- 

02-         -C2/UF- 

02-         -C3/0- 

02-         -C3/UF- 

02-         -C4/0- 

02-         -C4/UF- 

02-         -C5/0- 

02-         -C5/UF- 

02-         -C6/0- 

02-         -C6/UF- 

02-         -C6/0U9- 

02-         -C6/UFÜ9- 

02-         -GAC3- 

02-         -GAC1- 

02-         -GAC2- 

INF 

INF 

INF 

INF 

Cl/0 

Cl/UF 

Cl/2 

Cl/4 

Cl/6 

Cl/8 

C2/0 

C2/UF 

C3/0 

C3/UF 

C4/0 

C4/UF 

C5/0 

C5/UF 

C6/0 

C6/UF 

C6/0UQ 

C6/UFUQ 

GAC3 

GAC1 

GAC2 

Note: "UQ" following sample location designator indicates explosives sample not quenched with Thiosulfate 

FIGURE 6 



solution with DI water. All throughout these eight tests, the gas flowrate to each contactor 
will be set at 0.8 scfrn. 

The following is a detailed description of how each of the eight tests will be conducted. 

2.2.1:        Test #1 (Week #2; Monday):   Conditions:   Well A; Flow Rate = 25 gpm; 
Ozone Dose = 30 mg/L per contactor; Ufl2 Dose = 9 mg/L per contactor. 

At 8:00 AM on Monday morning, set the flow rate through the system at 25 gpm with the 
ozone generator set to produce an applied dose of 30 mg/L, and the hydrogen peroxide 
flowrate to each contactor set at 42.3 mL/min which translates into a hydrogen peroxide dose 
of 9 mg/L to each contactor. At 8:30 AM the concentration of ozone in the feed gas will be 
measured. If the applied ozone dose is not 30 mg/L ± 3 mg/L, then the ozone generator will 
be adjusted and rechecked after period of 15 minutes. This process will be repeated until the 
dose is within this acceptable range. For a water flowrate of 25 gpm, and a gas flowrate of 
0.8 scfm, a ozone gas-phase concentration of 125 mg/L will result in the target applied ozone 
dose of 30 mg/L to each contactor. 

Assuming that each contactor is completely mixed, then the six contactors in series can be 
simulated by six completely stirred tank reactors (CSTRs) in series. Therefore, steady-state 
conditions are expected to be reached in 4 hours of operating time. While waiting for steady- 
state conditions to be reached, 4 influent samples will be collected from the surge tank and 
analyzed for explosives concentrations. 

After steady-state conditions are reached, samples will be collected from the effluent of each 
of the six contactors, as well as from five taps along the water depth of the first contactor. 
The samples will then be analyzed for ozone residual and explosives concentrations. The 
feed-gas and the off-gas from each of the six contactors will then be analyzed for ozone gas- 
phase concentration. It is anticipated that the off-gas ozone concentrations will be different 
between the six contactors, and therefore it is important that they be measured individually. 

2.2.2:        Test #2 (Week #2; Monday):   Conditions: Well A; Flow Rate = 25 gpm; 
Ozone Dose = 45 mg/L per contactor; H^ Dose = 13.5 mg/L per contactor 

After all the samples from test #1 are taken (approximately 5:00 PM), the hydrogen peroxide 
flowrate to each contactor will be set at 64 mg/L, which translates into a hydrogen peroxide 
dose of 13.5 mg/L. The ozone generator will be set to produce 188 mg/L ozone in the gas- 
phase, which translates into an applied ozone dose of 45 mg/L to each contactor (water 
flowrate = 25 gpm, and gas flowrate = 0.8 scfm to each contactor). After 30 minutes, the 
ozone concentration in the feed-gas will be analyzed to confirm that the target dose is 
achieved. Adjustments, if necessary, will be made to the ozone generator setting, and the 
ozone gas-phase concentration will be rechecked until the target ozone dose is reached. The 
system will then be left to run overnight. 
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At 8:00 AM on Tuesday morning, the ozone generator setting, the hydrogen peroxide feed 
rate, and the water flow rate will be checked and recorded to ensure that they have not 
changed overnight. Water samples will then be collected from the effluent of each contactor, 
and from five taps along the water depth of the first contactor, and analyzed for ozone 
residual and explosives concentrations. The feed-gas and the off-gas from each of the six 
contactors should analyzed for ozone gas-phase concentration to record the applied and 
transferred ozone dose. 

The samples should be collected before 10:00 AM on Tuesday, and the system will then be 
setup for Test #3. 

2.2.3:        Test #3 (Week #2; Tuesday):   Conditions: Well A; Flow Rate = 25 gpm; 
Ozone Dose = 60 mg/L per contactor; H^ Dose = 18 mg/L per contactor 

After the samples from Test #2 are taken (10:00 AM), the ozone gas-phase concentration will 
be set at 250 mg/L ± 25 mg/L (which translates into an applied ozone dose of 60 mg/L ± 6 
mg/L), and the hydrogen peroxide flowrate set at 85 mL/rnin, which translates into a 
hydorgen peroxide dose of 18 mg/L. At 10:30 AM, the concentration of ozone in the feed gas 
will be measured. If the applied ozone dose is not 60 mg/L ± 6 mg/L, then the ozone 
generator will be adjusted and rechecked after period of 15 minutes. This process will be 
repeated until the dose is within this acceptable range. The system is then allowed to reach 
steady-state conditions. This should be reached within four hours. While waiting for steady- 
state conditions to be reached, 4 influent samples will be collected from the surge tank and 
analyzed for explosives concentrations. 

After steady-state conditions are reached, samples will be collected from the effluent of each 
of the six contactors, as well as from five taps along the water depth of the first contactor. 
The samples will then be analyzed for ozone residual and explosives concentrations. The 
feed-gas and the off-gas from each of the six contactors will then be analyzed for ozone gas- 
phase concentration. It is anticipated that the off-gas ozone concentrations will be different 
between the six contactors, and therefore it is important that they be measured individually. 

2.2.4:        Test #4 (Week #2; Tuesday):   Conditions: Well A; Flow Rate = 15 gpm; 
Ozone Dose = 75 mg/L per contactor; Hß2 Dose = 22.5 mg/L per contactor 

After all the samples from test #3 are taken (approximately 5:00 PM), the hydrogen peroxide 
flowrate to each contactor will be set at 64 mg/L, which translates into a hydrogen peroxide 
dose of 22.5 mg/L. The ozone generator will be set to produce 188 mg/L ozone in the gas- 
phase, which translates into an applied ozone dose of 75 mg/L to each contactor (water 
flowrate =15 gpm, and gas flowrate = 0.8 scfm to each contactor). After 30 minutes, the 
ozone concentration in the feed-gas will be analyzed to confirm that the target dose is 
achieved. Adjustments, if necessary, will be made to the ozone generator setting, and the 
ozone gas-phase concentration will be rechecked until the target ozone dose is reached. The 
system will then be left to run overnight. It is noted that a total of 7 hours of operation time 
is required before steady-state conditions are reached for a flowrate of 15 gpm. 
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At 8:00 AM on Wednesday morning, the ozone generator setting, the hydrogen peroxide feed 
rate, and the water flow rate will be checked and recorded to ensure that they have not 
changed overnight. Water samples will then be collected from the effluent of each contactor, 
and from five taps along the water depth of the first contactor, and analyzed for ozone 
residual and explosives concentrations. The feed-gas and the off-gas from each of the six 
contactors should analyzed for ozone gas-phase concentration to record the applied and 
transferred ozone dose. 

The samples should be collected before 10:00 AM on Wednesday, and the system will then 
be setup for Test #5. 

2.2.5:        Test #5 (Week #2; Wednesday):  Conditions:  Well B; Flow Rate = 25 gpm; 
Ozone Dose = 30 mg/L per contactor; Kß2 Dose = 9 mg/L per contactor 

After Test #4 samples were taken (before 10:00 AM), the feed water will be switched to well 
B, and the flow rate through the system will be set at 25 gpm. The ozone generator will then 
be set to produce an applied dose of 30 mg/L, and the hydrogen peroxide flowrate to each 
contactor set at 42.3 mL/rnin which translates into a hydrogen peroxide dose of 9 mg/L to 
each contactor. At 10:30 AM the concentration of ozone in the feed gas will be measured. If 
the applied ozone dose is not 30 mg/L ± 3 mg/L, then the ozone generator will be adjusted 
and rechecked after period of 15 minutes. This process will be repeated until the dose is 
within this acceptable range. For a water flowrate of 25 gpm, and a gas flowrate of 0.8 scfm, 
a ozone gas-phase concentration of 125 mg/L will result in the target applied ozone dose of 
30 mg/L to each contactor. 

Steady-state conditions are expected to be reached in 4 hours of operating time. While 
waiting for steady-state conditions to be reached, 4 influent samples will be collected from 
the surge tank and analyzed for explosives concentrations. 

After steady-state conditions are reached, samples will be collected from the effluent of each 
of the six contactors, as well as from five taps along the water depth of the first contactor. 
The samples will then be analyzed for ozone residual and explosives concentrations. The 
feed-gas and the off-gas from each of the six contactors will then be analyzed for ozone gas- 
phase concentration. It is anticipated that the off-gas ozone concentrations will be different 
between the six contactors, and therefore it is important that they be measured individually. 

2.2.6:        Test #6 (Week #2; Wednesday):   Conditions: Well B; Flow Rate = 25 gpm; 
Ozone Dose = 45 mg/L per contactor; ILP2 Dose = 13.5 mg/L per contactor 

After all the samples from test #5 are taken (approximately 5:00 PM), the hydrogen peroxide 
flowrate to each contactor will be set at 64 mg/L, which translates into a hydrogen peroxide 
dose of 13.5 mg/L. The ozone generator will be set to produce 188 mg/L ozone in the gas- 
phase, which translates into an applied ozone dose of 45 mg/L to each contactor (water 
flowrate = 25 gpm, and gas flowrate = 0.8 scfm to each contactor).   After 30 minutes, the 
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ozone concentration in the feed-gas will be analyzed to confirm that the target dose is 
achieved. Adjustments, if necessary, will be made to the ozone generator setting, and the 
ozone gas-phase concentration will be rechecked until the target ozone dose is reached. The 
system will then be left to run overnight. 

At 8:00 AM on Tuesday morning, the ozone generator setting, the hydrogen peroxide feed 
rate, and the water flow rate will be checked and recorded to ensure that they have not 
changed overnight. Water samples will then be collected from the effluent of each contactor, 
and from five taps along the water depth of the first contactor, and analyzed for ozone 
residual and explosives concentrations. The feed-gas and the off-gas from each of the six 
contactors should analyzed for ozone gas-phase concentration to record the applied and 
transferred ozone dose. 

The samples should be collected before 10:00 AM on Thursday, and the system will then be 
setup for Test #7. 

2.2.7:        Test #7 (Week #2; Thursday):   Conditions: Well B; Flow Rate = 25 gpm; 
Ozone Dose = 60 mg/L per contactor; H^ Dose = 18 mg/L per contactor 

After the samples from Test #6 are taken (10:00 AM), the ozone gas-phase concentration will 
be set at 250 mg/L ± 25 mg/L (which translates into an applied ozone dose of 60 mg/L ± 6 
mg/L), and the hydrogen peroxide flowrate set at 85 mL/min, which translates into a 
hydorgen peroxide dose of 18 mg/L. At 10:30 AM, the concentration of ozone in the feed gas 
will be measured. If the applied ozone dose is not 60 mg/L ± 6 mg/L, then the ozone 
generator will be adjusted and rechecked after period of 15 minutes. This process will be 
repeated until the dose is within this acceptable range. The system is then allowed to reach 
steady-state conditions. This should be reached within four hours. While waiting for steady- 
state conditions to be reached, 4 influent samples will be collected from the surge tank and 
analyzed for explosives concentrations. 

After steady-state conditions are reached, samples will be collected from the effluent of each 
of the six contactors, as well as from five taps along the water depth of the first contactor. 
The samples will then be analyzed for ozone residual and explosives concentrations. The 
feed-gas and the off-gas from each of the six contactors will then be analyzed for ozone gas- 
phase concentration. It is anticipated that the off-gas ozone concentrations will be different 
between the six contactors, and therefore it is important that they be measured individually. 

2.2.8:        Test #8 (Week #2; Thursday):   Conditions: Well B; Flow Rate = 15 gpm; 
Ozone Dose = 75 mg/L per contactor; K<02 Dose = 22.5 mg/L per contactor 

After all the samples from test #7 are taken (approximately 5:00 PM), the hydrogen peroxide 
flowrate to each contactor will be set at 64 mg/L, which translates into a hydrogen peroxide 
dose of 22.5 mg/L. The ozone generator will be set to produce 188 mg/L ozone in the gas- 
phase, which translates into an applied ozone dose of 75 mg/L to each contactor (water 
flowrate = 15 gpm, and gas flowrate = 0.8 scfm to each contactor).   After 30 minutes, the 
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ozone concentration in the feed-gas will be analyzed to confirm that the target dose is 
achieved. Adjustments, if necessary, will be made to the ozone generator setting, and the 
ozone gas-phase concentration will be rechecked until the target ozone dose is reached. The 
system will then be left to run overnight. It is noted that a total of 7 hours of operation time 
is required before steady-state conditions are reached for a flowrate of 15 gpm. 

At 8:00 AM on Friday morning, the ozone generator setting, the hydrogen peroxide feed rate, 
and the water flow rate will be checked and recorded to ensure that they have not changed 
overnight. Water samples will then be collected from the effluent of each contactor, and 
from five taps along the water depth of the first contactor, and analyzed for ozone residual 
and explosives concentrations. The feed-gas and the off-gas from each of the six contactors 
should analyzed for ozone gas-phase concentration to record the applied and transferred 
ozone dose. After all samples are taken, the system will be shut down. 

Based on the above discussion, a total of 104 explosives samples will be collected during the 
Process Optimization task. Table 2 shows a breakdown of the explosives sampling schedule 
during this task. 

Table 2 

Explosives Sampling Schedule During Process Optimization Testing 

Contactor Taps Along 1st 
Test #        Day Influent Effluent Contactor Depth Total 

4 6 
— 6 
4 6 

— 6 
4                           6 

— 6 
4 6 
— 6 

 16 48  

Important Note: The schedule for conducting Task 2 (Process Optimization) is very 
compact, and does not allow for any interruptions to the plant operation. Unfortunately, it is 
Montgomery Watson's experience with similar projects that interruptions can occur. In order 
to keep the project on schedule, if interruptions do take place, optimization will be conducted 
on one well only. However, both wells will still be evaluated in Task 3 (System 
Demonstration). 

1 Mon. 
2 Mon./Tues. 
3 Tues. 
4 TuesVWed. 
5 Wed. 
6 WedVThurs. 
7 Thurs. 
8 Thurs./Fri. 

TOTAL 

5 15 
5 11 
5 15 
5 11 
5 15 
5 11 
5 15 
5 11 

40 104 
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2.3:     TASK 3—CONDUCT SYSTEM DEMONSTRATION 

During this 10-week task, the plant will be operated under constant ozone and hydrogen 
peroxide doses and water flow rate for a period of three weeks with each of the three wells. 
The exact operating conditions, such as ozone dose, hydrogen peroxide dose, and water 
flowrate, will be determined based on the results of Task 2 (Process Optimization Task). The 
selected operating conditions will be those that result in the removal of the contaminants to 
their corresponding target finished water levels at the lowest possible treatment cost. The 
plant will be operated five days a week, 24 hours per day, but will be attended for only 8 
hours/day. 

In addition, two tracer tests will be conducted at different days during this task. The 
objective of the tracer tests is to characterize the hydraulic behavior of the system and assess 
the degree of mixing taking place in the contactors. This information will be used to 
determine whether packing material will be necessary in the 1000-gpm full-scale plant. 

2.3.1:  Plant Demonstration 

During the plant operation, the sampling schedule detailed in Table 3 will be implemented 
during each 5-week period for each of the two wells to be tested. It is noted that ORP stands 
for Oxidation Reduction Potential which will be measured online using ORP probes. The 
analytical results obtained from this task will be logged into the data logsheet shown in 
Figures 7.a and 7.b for countercurrent (downflow) and co-current (upflow) operation, 
respectively. However, it is noted that the plant will be operated in the countercurrent mode, 
unless otherwise decided during the first project progress meeting. 
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Table 3 

Sampling Schedule During Task 3 (System Demonstration) 

Sampling Location  Analyte  
 ID Description Explosives      Q,Res.    pH/ORP     Doses        Misc. 

INF—<well#> Influent to Treatment System 2/W — D — W 
C1—<well#>   Effluent of 1 st Contactor 
C2—<well#>   Effluent of 2nd Contactor 
C3—<well#>   Effluent of 3rd Contactor 
C4—<well#>   Effluent of 4th Contactor 
C5—cwell#>   Effluent of 5th Contactor 
C6—<well#>   Effluent of 6th Contactor                         D                4/D           2/D           2/D            W 

GAC1—<well#> Effluent of 1st GAC Contactor 
GAC2—<well#> Effluent of 2nd GAC Contactor 
GAC3—<well#> Effluent of 3rd GAC Contactor D D D — W_ 

2AV — D — 
D 4/D 2/D 2/D 
D 4/D 2/D 2/D 
D 4/D 2/D 2/D 
D 4/D 2/D 2/D 
D 4/D 2/D 2/D 
D 4/D 2/D 2/D 
W D D — 
W D D — 
D D D — 

D       =   Sample collected once per day 
W      =   Sample collected once per week 
#/D    =   Sample collected # times per day 
#/W   =   Sample collected # times per week 
Misc.:    General Mineral which includes TOC, turbidity, alkalinity, hardness, TDS, calcium, magnesium, iron, 

& manganese. 
Doses:   Includes transferred ozone dose and hydrogen peroxide dose to each contactor. 
Note:     The well number notation on each sample identifies the groundwater source that was being tested when 

the sample was taken. 

2.3.2:     Tracer Testing 

Both tracer tests will be conducted on the first contactor only. Water should be running for at 
least three (3) detention times at the test flow rate BEFORE the tracer is injected into the 
influent line. Tracer tests will be conducted using sodium fluoride, and will use the "pulse" 
or "slug" feed method. In other words, a pre-calculated mass of the tracer will be injected at 
time "zero" into the influent line to the first contactor. The injection period should be less 
than 10 seconds. Samples will then be taken at 5-minute intervals from the effluent of the 
first contactor, as well as from five taps along the depth of the contactor. The samples are 
then analyzed for fluoride concentration using a fluoride-selective probe. During this period, 
influent water samples should be collected from the raw water surge tank every 15 minutes 
and analyzed for background fluoride concentration. The analytical results obtained from the 
tracer tests will be logged into the data logsheet shown in Figure 8. The test will be 
conducted at two different days during the 10-week System Demonstration task. 

It is anticipated that the fluoride concentration at the effluent of the 1st contactor will reach 
background levels within the 3-HRT sampling period. If the effluent tracer concentration is 
still higher than background after the 3-HRT sampling period, sampling should be continued 
for an additional hour. 
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PEROXONE GROUNDWATER TREATMENT PROJECT 

DATA LOGSHEETS 

TRACER TESTING 

TEST CONDITIONS 
DATE: 

WELL CODE: 
VTER FLOW RATE (gpm) 

CK VOLUME INJECTED 
•OCK CONCENTRATION: 

TRACER DOSE (mg) 
ACER INJECTION TIME: 

CALIBRATION DATA: 
Fluoride Cone, (m Probe Output (mV 

Calibration Results 
SLOPE INTERCEPT 

FLUORIDE         FLUORIDE 

SamDle ID/Location            Time         READOUT (mV)         (mg/L) 

INF. SAMPLE          FLUORIDE             FLUORIDE 
(Sample Every 

15 Minutes)       READOUT (mV)            (mg/L) 

"•   ■     ■ 

FIGURE 8 



2.4:     ANALYTICAL METHODS 

Five analyses will be conducted by the Montgomery Watson operators: ozone residual, pH, 
ORP, hydrogen peroxide, and fluoride tracer concentration measurements. All other analyses 
will be conducted by the independent evaluator using an on-site laboratory. Those analyses 
include all target contaminants, and general mineral constituents of the water including TOC, 
turbidity, alkalinity, hardness, calcium, magnesium, TDS, iron, and manganese. 

A HACH CEL/700 portable analyzer will be used to measure the ozone residual 
concentration, the pH of the water, and fluoride concentration. A bench-top ORION meter 
with an ORP probe will be used to measure the ORP of the water samples collected during 
plant operation. The hydrogen peroxide concentration will be measured using the Cobalt 
method. 

2.5:     H,0, FEED STOCK SOLUTION PREPARATION "■2^2 

A day tank will be used as the feed reservoir for hydrogen peroxide. The target concentration 
of hydrogen peroxide in the day tank is 2%, or 20,000 mg/L. This solution will be prepared 
from a commercial hydrogen peroxide stock solution, which has an approximate 
concentration of 35%, or 350,000 mg/L. The hydrogen peroxide will be diluted from 35% to 
2% using deionized water. A deionized water system will be provided with the 
demonstration plant. The DI system should use tap water as its influent water source. To 
determine the exact dilution ratio to get the target 2% concentration, the exact stock solution 
concentration should first be measured. This is done by creating several dilutions of the 
stock solution and measuring their concentrations using the Cobalt method. After the day 
tank solution is prepared, its exact H202 concentration should be measured and recorded. The 
H202 flowrate to each contactor will then be adjusted to provide the target dose based on the 
feed tank concentration. 

The stability of the H202 stock solution and the day tank feed solution is of concern. 
Therefore, the following measures should be implemented at all times: 

1. The H202 stock solution should be stored in the dark at 4°C when not in use. 
2. The day tank should be covered and protected from any sunlight. 
3. The H202 concentrations in the stock solution and in the day tank should be checked 

evertime the day tank feed solution is prepared. 
4. The stability of the H202 feed solution strenght in the feed day tank should be checked 

during a 24 hour period to ensure that the concentration of H202 does not change between 
preparation times. This test is done by measuring the feed solution strength at different 
times during the day. 

2.6:     SAMPLE IDENTIFICATION 

A standard notation should be used for all water quality samples provided to the independent 
evaluator for analysis. The notation should include the following parts: 
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1. Task Number 
2. Test Number (if applicable) 
3. Tap Code 
4. Time & Date 

For example, a sample collected from the effluent of the second contactor (tap C2/0) during 
Test #3 of Task #2 (Process Optimization task) at 2:15 PM on August 17 will have the 
notation: 

02—03—C2/0—14150817 

If no test number exists (e.g., during the 10-week demonstration period [Task #3]), the test 
number should be substituted with "00". Labels for all samples collected for immediate 
analysis by the operators should, at a minimum, include the tap letter-code. 

To satisfy a 10% QA/QC requirement, one sample from the effluent of the 6th contactor will 
be collected in duplicates every week. The ID for these samples should have a notation at the 
end to show that they are duplicates. For example, the following identifiers are for duplicate 
samples collected from the effluent of the 6th contactor at 3:10 PM on September 12: 

03—00—C6/0—15100912—Dl 
03—00—C6/0—15100912—D2 
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