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0 IT IS A PLEASURE TO BE HERE THIS MORNING AT THE 11TH ANNUAL

ENVIRONMENTAL SYSTEMS SYMPOSIUM.

* I AM PARTICULARLY INTERESTED IN THE TOXIC AND HAZARDOUS WASTE

ISSUE THAT WE ARE ADDRESSING AS A FOLLOW-ON FROM LAST YEAR.

* THAT ISSUE HAS BEEN OUR NUMBER ONE ENVIRONMENTAL PRIORITY FOR

THE YEAR. IT WILL CONTINUE TO BE OUR NUMBER ONE ENVIRONMENTAL

PRIORITY, IN ALL LIKELIHOOD, IN THE YEARS TO FOLLOW. I BELIEVE

THAT WE HAVE MADE GREAT STRIDES IN THE MANAGEMENT OF HAZARDOUS

WASTE WITHIN THE DEFENSE DEPARTMENT. WE HAVE A LONG WAY TO GO,

HOWEVER.

* LAST YEAR, I PRESENTED OUR TOTAL CONCEPT OF THE CRADLE-TO-GRAVE

MANAGEMENT OF HAZARDOUS MATERIALS, FROM PROCUREMENT AND PRODUCTION,

THROUGH TRANSPORTATION AND USE, TO ULTIMATE RECYCLE, OR DISPOSAL.

e TODAY, I WOULD LIKE TO FOCUS ON THE END OF THAT MATERIAL MANAGE-

MENT STREAM, THAT IS, THE DISPOSAL OF HAZARDOUS WASTE. I WILL BREAK

THE HAZARDOUS WASTE PROBLEM INTO THREE GENERAL AREAS TO DESCRIBE

OUR MAJOR CONCERNS AND SOME MAJOR ACTIONS OVER THE PAST YEAR.

* FIRST, I WILL LOOK AT THE ABANDONED WASTE SITE PROBLEMS AND

DISCUSS OUR PROGRAMS TO CONTROL ENVIRONMENTAL CONTAMINATION

FROM PAST ACTIVITIES.

* THEN, I WILL PRESENT OUR MAJOR PROGRAM TO IMtPLEMENT WITHIN THE

DEPARTMENT OF DEFENSE THE RESOURCE CONSERVATION AND RECOVERY ACT

HAZARDOUS WASTE MANAGEMENT REGULATIONS WHICH THE ENVIRONMENTAL

. PROTECTION AGENCY PUBLISHED THIS MAY.
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FINALLY, I WILL TOUCH BRIEFLY ON SOME SERIOUS PROBLEMS THAT

WE FACE IN THE RADIOACTIVE WASTE DISPOSAL AREA.

* LET'S START WITH THE ABANDONED WASTE DISPOSAL SITE PROBLEM.

LOVE CANAL, VALLEY OF THE DRUMS, AND ELIZABETH, NEW JERSEY, HAVE

MADE THIS PROBLEM EXTREMELY VISIBLE AND HIGHLY SENSITIVE. CONGRESS

HAS PROPOSED SUPERFUND LEGISLATION TO PAY FOR PROPER CLEANUP OF

THOSE DUMPS EXCEPT THAT FEDERAL FACILITIES ARE NOT COVERED. THE

ADMINISTRATION HAS MOVED FAMILIES FROM THE IMMEDIATE LOVE CANAL

AREA. THE COURTS ARE SORTING OUT CULPABILITY AND FINANCIAL RENUMER-

AT I ON. a'
* THE DEPARTMENT OF DEFENSE IS INVOLVED IN THIS INCREASED CONCERN.

FOR EXAMPLE, LAST JUNE, I TESTIFIED BEFORE THE SENATE JUDICIARY

COMMITTEE AND PRESENTED AN' OVERVIEW OF DOD'S HAZARDOUS WASTE DISPOSAL

PROGRAM AND OUR PROGRAM TO ABATE MIGRATION OF CONTAMINANTS FROM DEFENSE

INSTALLATIONS. THE INTENSE QUESTIONS FROM THE COMMITTEE SHOWED

CLEARLY THAT WE MUST REVISIT THE PAST WITH TODAY'S KNOWLEDGE TO

RE-EVALUATE OUR DISPOSAL ACTIONS.

* I BELIEVE, HOWEVER, IN SPITE OF OUR PAST ACTIONS; THAT IS, WE,

LIKE EVERYONE ELSE, DISPOSED OF WASTES WITHOUT TODAY'S KNOWLEDGE

OF DISPOSAL TECHNIQUES, THAT WE ARE FAR AHEAD OF INDUSTRY AND MOST

OF THE GOVERNMENT. SINCE 1975, DEFENSE HAS HAD ITS INSTALLATION

RESTORATION PROGRAM TO ASSESS AND CONTROL ANY POSSIBLE MIGRATION

OF ENVIRONMENTAL CONTAMINANTS UNDER, OVER, OR THROUGH OUR FENCES.

* THE ARMY HAS TAKEN THE LEAD AND DEVELOPED AN EXCELLENT PROGRAM

WHICH THEY RECENTLY PRESENTED TO OUR NATO ALLIES AT A SEMINAR IN

MUNICH, WEST GERMANY. THIS AFTERNOON, CHARLIE BARONIAN, DEPUTY
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DIRECTOR OF THE US ARMY TOXIC AND HAZARDOUS MATERIALS AGENCY,

WILL DISCUSS IN SOME DETAIL THAT INSTALLATON RESTORATION PROGRAM.

* LATELY, THE NAVY AND AIR FORCE FINALIZED THEIR RESTORATION

PROGRAMS, WHICH ARE VERY SIMILAR TO THE ARMY'S PROGRAM.

• I AM CONFIDENT THAT WE ARE FOCUSING ON THE MOST SERIOUS

POTENTIAL PROBLEMS AND AM PLEASED WITH THE PROGRESS THAT WE

ARE MAKING. WE WILL CONTINUE, HOWEVER, TO EMPHASIZE THE ABANDONED

WASTE SITE PROBLEM AND TO DIRECT CONSIDERABLE ENVIRONMENTAL

RESOURCES AND MANAGEMENT ATTENTION TO ASSURE THAT ENVIRONMENTAL

CONTAMINANTS ARE NOT MIGRATING FROM OR CONTAMINATING GROUND WATER

ON OUR INSTALLATIONS.

- WE HAVE LEARNED A LOT, PARTICULARLY FROM OUR EXPERIENCE AT

REDSTONE ARSENAL WITH DDT, AT ROCKY MOUNTAIN ARSENAL WITH OTHER

PESTICIDE RESIDUES AND FROM WURTSMITH WITH TCE.

* ABANDONED WASTE-DISPOSAL SITES ARE ONLY HALF OF OUR HAZARDOUS

WASTE DISPOSAL PROBLEM, HOWEVER. WE ALSO MUST FACE OUR CURRENT

WASTE DISPOSAL PROBLEMS. THAT PROBLEM IS, IN FACT, THE IMPLE-

MENTATION OF THE RESOURCE CONSERVATION RECOVERY ACT (RCRA) HAZARDOUS

WASTE MANAGEMENT REGULATIONS WITHIN DEPARTMENT OF DEFENSE.

e THE SUMMER PUBLICATION OF THOSE EPA REGULATIONS PUT ALL OF US

IN A NEW BALL GAME. LIFE JUST IS NOT AS SIMPLE AS IT WAS BEFORE.

WE MUST FACE THIS REALITY IN OUR DEFENSE OPERATIONS AND DEVELOP

*A FEASIBLE APPROACH TO WASTE DISPOSAL THAT FITS WITHIN OUR

EXISTING LOGISTICAL FRAMEWORK. I BELIEVE WE HAVE DONE THIS. 0

4-
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* WE HAVE PUBLISHED THREE SIGNIFICANT POLICIES THIS YEAR ON

HAZARDOUS WASTE DISPOSAL.

o THE FIRST POLICY, WHICH IS OFTEN CALLED 80-5 AFTER OUR POLICY

MEMORANDUM NUMBERING SCHEME, ASSIGNS THE RESPONSItILITY FOR

DISPOSAL OF HAZARDOUS WASTE. BASICALLY, WE HAVE DEVELOPED A

SINGLE MANAGER APPROACH. THE DEFENSE LOGISTICS AGENCY'S PROPERTY

DISPOSAL OFFICE IS RESPONSIBLE FOR THE DISPOSAL OF ALL HAZARDOUS

MATERIAL EXCEPT FOR A FEW ITEMS THAT ARE SPECIFICALLY ASSIGNED

TO THE DEFENSE COMPONENT WHICH GENERATES THE WASTE. WE ARE

CURRENTLY WORKING OUT THE NITTY-GRITTY PROCEDURES TO IMPLEMENT

THE SINGLE MANAGER APPROACH IN THE FIELD. TOMORROW, COLONEL HAMBLIN

FROM THE DEFENSE PROPERTY DISPOSAL SERVICE WILL DISCUSS IN MORE

DETAIL THAT SINGLE MANAGER ROLE OF THE DEFENSE LOGISTICS AGENCY

IN DOD HAZARDOUS MATERIALS DISPOSAL.

• THE SECOND POLICY, WHICH IS REFERRED TO AS 80-8, DEALS STRICTLY

WITH RCRA HAZARDOUS WASTE MANAGEMENT REGULATIONS IMPLEMENTATION.

WITHIN DEFENSE, WE ARE PUTTING THE OVERSIGHT RESPONSIBILITY ON EACH

INSTALLATION COMMANDER. WE HIRED HIM TO RUN THAT INSTALLATION,

AND HE MUST ASSURE THAT WE ARE MEETING ALL FEDERAL, STATE, AND

LOCAL LAWS ON THAT INSTALLATION. AS FAR AS THE REST OF THE WORLD

IS CONCERNED, THAT INSTALLATION AS A WHOLE IS DEFENSE PROPERTY.

THEY DON'T REALLY CARE, NOR SHOULD THEY, THAT WE HAVE A SHIPYARD

ORAN AIR REWORK FACILITY OR A SUPPLY DEPOT WITHIN THAT FENCE. TO

THEM, IT IS ONE INSTALLATION, AND THE INSTALLATION COMMANDER SPEAKS

FOR THE WHOLE PLACE. IN FACT, HE (OR SHE) HOLDS THE EPA IDENTIFICATION

NUMBER UNDER RCRA, SIGNS ALL RCRA PERMIT APPLICATIONS AS THE FACILITY

OWNER, AND SUBMITS ANNUAL REPORTS TO EPA. OUR NEXT SPEAKER, MR. BILL

-5-
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FRICK, WILL ADDRESS THE IMPACT THAT RCRA WILL HAVE ON DOD AND,

THEREFORE, THAT INSTALLATION COMMANDER.

e OTHER SPEAKERS DURING THE TWO-DAY SYMPOSIUM WILL TOUCH ON

MANY OTHER HAZARDOUS WASTE DISPOSAL PROBLEMS THAT FACE DEFENSE.

ONE THAT IS PARTICULARLY INTERESTING IS THE DISPOSAL OF

POLYCHLORINATED BIPHENYLS (PCBs). WE RECENTLY PUBLISHED POLICY

MEMORANDUM 80-9 TO FOCUS ATTENTION ON THE SAFE STORAGE, MARKING,

TRANSPORTATION, AND DISPOSAL OF PCBS. THAT POLICY EXPANDS THE

BASIC GUIDANCE OF 80-5 FOR THAT PARTICULARLY LARGE DISPOSAL

PROBLEM. BILL POWERS AND STEVE COYLE WILL PRESENT SOME NAVY

-AND AIR FORCE, RESPECTIVELY, COMMENTS ON THE PCB PROBLEM.

* FINALLY, I WOULD LIKE TO DISCUSS THE ISSUE OF DISPOSAL OF

RADIOACTIVE WASTES. THERE ARE PRESENTLY ONLY THREE NUCLEAR

REGULATORY COMMISSION LICENSED DISPOSAL SITES FOR RADIOACTIVE

WASTES. THESE PRIVATELY-OPERATED SITES ARE IN BARNWELL, SOUTH

CAROLINA, BEATTY, NEVADA, AND HANFORD, WASHINGTON. DEFENSE'S

CONTINUED USE OF EACH OF THOSE SITES IS UNCERTAIN.

* IN MAY, 1980, SOUTH CAROLINA PASSED A LAW TO REQUIRE ANY SHIPPER

OF RADIOACTIVE WASTE TO SOUTH CAROLINA TO OBTAIN A PERMIT. WE HAVE

OBJECTED TO THE INDEMNIFICATION AND PROOF OF FINANCIAL RESPONSIBILITY

REQUIREMENTS OF THE PERMIT.

* LAST YEAR, THE STATE OF WASHINGTON REQUIRED ALL SHIPPERS OF

RADIOACTIVE WASTES TO INDEMNIFY AND HOLD HARMLESS THE STATE OF

WASHINGTON. SINCE THERE IS NO AUTHORITY OR LEGAL ABILITY AT THIS

JUNCTURE FOR DEFENSE TO HOLD THE STATE HARMLESS, WE HAVE STOPPED

" SHIPMENTS OF WASTE TO WASHINGTON. ALSO, THE PEOPLE OF THE STATE

JUST RECENTLY PASSED A REFERENDUM WHICH PROHIBITS THE DISPOSAL OF

-6-
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ALL RADIOACTIVE WASTE, EXCEPT FOR MEDICAL WASTES, WHICH WAS NOT

GENERATED IN THE STATE.

* IN SEPTEMBER, 1980, THE NUCLEAR ENGINEERING COMPANY, WHICH OWNS

AND OPERATES THE NEVADA SITE, DENIED A DOD COMPONENT FURTHER USE

OF THAT SITE BECAUSE OF UNSAFE SHIPMENTS OF RADIOACTIVE WASTE.

o OUR CONTRACTORS ARE ALSO TROUBLED WITH THE DISPOSAL OF RADIOACTIVE

WASTES. FOR EXAMPLE, DURING THE PRODUCTION OF CERTAIN MILITARY

AMMUNITION, SUCH AS THE PENETRATOR WHICH CONTAINS DEPLETED URANIUM,

LARGE QUANTITIES OF VERY LOW LEVEL RADIOACTIVE WASTE ARE GENERATED.

THE ABILITY OF OUR CONTRACTOR TO PRODUCE THE ESSENTIAL AMMUNITION

OBVIOUSLY HINGES UPON THE AVAILABILITY OF A SUITABLE WASTE DISPOSAL

SITE.

* IN EACH OF THE SITUATIONS MENTIONED, WE ARE WORKING WITH THE

STATES, AND THE DEPARTMENTS OF ENERGY AND JUSTICE, TO FIND SOLUTIONS.

o LET ME CONCLUDE THIS MORNING BY REITERATING THE IMPORTANCE OF

THE HAZARDOUS WASTE DISPOSAL ISSUE IN THE ENVIRONMENTAL ARENA.

IT IS THE ENVIRONMENTAL PROBLEM OF THE 1980s. DEFENSE IS COMMITTED

TO FACE SQUARELY THIS PROBLEM AS WE DID THE AIR AND WATER POLLUTION

PROBLEMS IN THE 1970s. WE NOT ONLY WILL FACE THEM, BUT I KNOW WE

WILL CONTINUE TO BE A LEADER IN THE ENVIRONMENTAL COMMUNITY.

* THROUGH THE DEDICATION, FORESIGHT, AND INITIATIVE OF OUR PEOPLE
0i

AT ALL LEVELS, AND PARTICULARLY AT EACH INSTALLATION, WE WILL SOLVE

THIS PROBLEM.

9.

* THANK YOU FOR YOUR SUPPORT BY BEING HERE THIS MORNING. THSkNK YOU

ALSO FOR THE OPPORTUNITY TO JOIN YOU FOR THIS MOST IMPORTANT

ENVIRONMENTAL SYSTEMS SYMPOSIUM.

0 -7-
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* IF THERE ARE ANY QUESTIONS, I WILL BE HAPPY TO TRY TO ANSWER
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ASSESSMENT AND CONTROL OF POLYCHILORINATED BZPHIENYLS (PCBs) .

Authors ,
William J. Powers, R.P.E. (AV 360-4821)
Wallace S. Eakes, Chemist (AV 360-4267)

Hazardous Materials Division
Navy Environmental Support Office (NESO)

Naval Energy and Environmental Support Activity (NEESA)
Port Hueneme, CA 93043

NAVYWIDE APPROACH

The Naval Energy and Environmental Support Activity (NEESA), as part of its haz-
ardous materials program, has developed a Navywide approach for managing PCBs. The
Navy's approach is detailed in the PCB Compliance, Assessment and Spill Control Guide
(NESO 20.2-028) developed for use by Navy activities for complying with EPA's complex
PCB regulations. The guide was designed to be used as part of an activity's overall PCB
awareness program and contains the following information:

* Summary of EPA's PCB regulations
* Major compliance dates
0 Methods for evaluating and assessing activity compliance.
* Procedures for,°determining project priorities
• Spill prevention and control procedures
* Spill prevention control and countermeasures (SPCC) planning requirements
* Standard inventory report forms
* Alternative and substitutes for PCBs

ACTIVITY SURVEY

Regardless of the size, location, or mission of an activity, a one-time PCB survey
must be conducted. The survey should include an activity compliance evaluation and a
general risk assessment of all PCB transformers located at the facility.

A. Compliance Evaluation

An evaluation of an activity's current compliance status with EPAs PCB
regulation must be conducted by inspecting all PCB items and operations.

B. Risk Assessment

Initially, all PCB transformers must be visually inspected, using the trans-
former risk assessment form and assessment schedule provided in the NEESA Guide.
Pertinent questions provided on the assessment form relating to transformer contents,
location, and conditions are all critical factors that must be addressed in order to ade-
quately assess PCB transformers. Answers to all questions are weighted, and points are
assigned for deterininin relative priorities. These points, when totaled, are also used to
assess the general risk by using the risk factor schedule developed.

C. Hazard Ranking System

A transformer hazard ranking system, which incorporates information
gathered during the initial risk assessment, is used to determine the specific priority
groip from one of three groups and the hazard caegorv, which is selected from one of 13
categories. This is done for each PCB transforimier inspected. The specific number of
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points assigned to a given transformer during the initial risk assessment (inspection) is
used to rank specific transformers against others within the same group and category.
For example, a leaking PCB transformer located in a food handling area, accumulating
314 points, would have the following hazard ranking

Group Category Risk Assessment
I B 314 Points

(leaking) (food handling area)

Most of the information concerning an activity survey and assessment can be
gathered by electrical technicians as a part of their normal inspection visits or during
required maintenance. Additional information can be collected as a part of the activity's
Environmental Engineering Survey.

When discovered during the activity evaluation and risk assessment, the following 0
items require immediate action on the part of the activity.

* Leaking PCB transformers resulting in ground/surface water contamination or
contamination of food handling or storage areas.

* Improper storage of PCBs.
* Improper disposal of PCBs. 0
* Lack of or improper use of personnel protective equipment.
0 Improper labeling of PCB transformers, equipment, capacitors, or containers.
* Improper recordkeeping.

A more detailed explanation of the hazard ranking system and risk assessment
procedures can be found in the NEESA PCB Guide. •

SPILL CONTROL

EPA requires the development of both spill prevention control and countermeasures
(SPCC) plans, (describing berms, dikes, and other equipment installed to control spills)

and a spill contingency (response) plan for PCB storage areas. EPA, however, only S

requires that spill contingency plans be developed for power sub-stations and other areas
using PCB transformers in outdoor locations. Activities storing PCBs, or operating
equipment containing PCBs, must be prepared for handling spill emergencies. These
activities should properly train employees to handle PCB spills.

Being properly prepared for handling PCB spill emergencies requires prior prepara- 0
tion of a PCB spill kit and understanding the steps to be followed when a spill occurs. A
PCB spill kit should contain needed cleanup equipment and an emergency spill procedures
sheet and must be labeled and designated for use in handling PCB spills. Most items
required for spill response can be obtained through the Federal supply system or local
manufacturers and suppliers.

V

*The exact size, content, and location of each spill kit will vary with the amount of
PCBs and the location and type of equipment used at the activity. Each vehicle that

- transports PCBs should also have a spill kit for cleaning up and decontaminating spills
-" that may occur during transport. The exact content of each spill kit should be tailored to

the needs of the individual activity.

Personnel working with PCBs or in areas containing PCB equipment should be
adequately trained in quick evacuation and proper spill prevention and emergency proce-
dures, as follows:

. -10-
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1. Safety and First Aid

All persons working with equipment containing PCBs should be well trained in
basic first aid and safety procedures. It must be emphasized that, when handling any
spill, the most immediate concern is for the health and well-being of persons in and
around the immediate spill area.

2. Identification

If possible, determine the quantity of PCB and type of equipment involved in
the spill incident. Information, such as the trade name of dielectric spilled and the
equipment manufacturer's name and address, should be obtained.-

3. Site Security

The spill site must be adequately secured against entrance by unauthorized
personnel by roping off the area and posting warning signs. If necessary, assistance
should be obtained from police or fire department personnel.

4. Spill Reporting

Not all PCB spills warrant reporting to EPA or the Coast Guard. However,
spills threatening/entering waterways or involving PCBs in quantities equal to or exceed-
ing the 10 pounds (4.54 Kg) designated reportable quantity (RQ) specified in EPA's Clean
Water Act (CWA) must be reported.

5. Containment and Control

Spilled PCBs must be contained on site where the spill occurs. PCBs must be
kept from entering storm drains, wells, water systems, and navigable waterways.

6. Cleanup

Adequate cleanup of spilled PCB is essential in order to remove any health or
environmental hazards. When cleaning up PCB spills, it is advisable NOT TO WORK
ALONE and to make sure the area is properly ventilated and that appropriate safety
equipment is used. The activity's safety office should be contacted concerning proper
safety equipment.

7. Decontamination

Depending on the location of the spill, appropriate solvents, such as kerosene,
trichloroethane, trichlorobenzene, etc., can be used to effectively decontaminate most
spill areas after cleaning up the bulk material.

Appropriate solvents should be used in conjunction with absorbent materials to
decontaminate concrete floors, transformer pads, and tools.

8. Disposal

Soil and debris, considered to be contaminated, require cleanup and proper
disposal in specially approved EPA disposal sites. Contract laboratory services are
available for sampling and testing to help determine if PCB concentrations in soil, water,
or other materials has reached a contaminated level.

0P
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DESTRUCTION OF POLYCHLORINATED BIPHENYLS

Steven W. Coyle, Air Force Logistics Command, Wright-Patterson AFB OH 45433, Area
Code (513) 257-4920, Paul Brunner, Environmental Coordinator, McClellan AFB,
Lt Michael Carroll, Project Officer, McClellan AFB

McClellan Air Force Base, an Air Force Logistics Command (AFLC) installation located in
Sacramento CA, is attempting to conduct a trial incineration of Polychlorinated Biphe-
nyls, which, to our knowledge, no other public agency has ever attempted. In this paper,
we will examine the technical aspects, political realities, and lessons learned from an
attempt to contribute to pioneering efforts in hazardous waste destruction.

PCB is a class of nonflammable chlorinated hydrocarbons which is very stable chemically.
PCB was a commercially attractive substance because of its numerous desirable charac-
teristics which made it an excellent dielectric fluid for use in electrical devices.
Unfortunately, these properties, such as resistance to degradation, contribute to PCB's 0
basic harmful effects. After 50 years of being manufactured, PCB has now gained the
reputation of being one of the most difficult chemicals to properly handle, rather than as
the excellent dielectric fluid it is. By direction of Congress, as stipulated in Section 6 (e)
of the Toxic Substances Control Act, EPA essentially banned PCB from further produc-
tion, processing, and distribution. The controls placed on disposal of PCB items or liquids
are categorized by PCB concentration or contamination level. The strictest control
applies to liquids containing more than 500 ppm; only high temperature incineration is
allowed. But presently there are no EPA approved incinerators available to the public for
commercial use.

A logical question to be answered is why McClellan AFB is attempting to burn PCB? 0
McClellan generates large amounts of PCB due to their mission as a maintenance, repair,
and storage center for communication and electronic equipment. Located at McClellan's
industrial waste treatment area is a hazardous waste incinerator adaptable to burn PCB.
Since the national disposal situation dictated that PCB remain in storage, McClellan
viewed the incinerator as a logical and relatively inexpensive way of handling its PCB. In
addition, McClellan had developed an expertise in handling PCB. Finally, there were
prospects of great benefit being derived from the demonstration. As a minumum, the

v public could utilize the technological data for future attempts to incinerate PCB or other
.- tightly controlled hazardous wastes.

". The project was initiated in September 1976 by McClellan personnel and the AF Occupa-
tional and Environmental Health Laboratory (OEHL) located at McClellan at that time.
The initial Air Force tests involved burning various fuels, including 3P-4, a high BTL0
content jet fuel, then two chlorinated hydrocarbons mixed with JP-4. In accordance with
procedures in 40 CFR, Part 761, McClellan initially filed in February 1978 for trial burn
approval. Based on Air Force's test results and EPA data from laboratory testing and
modeling studies, Region IX EPA approved a program for McClellan to demonstrate the
destruction capability of the incinerator.

The program consisted of:

a. Testing the incinerator using chlorinated hydrocarbon compounds;

b. If step one proved successful, test burn a small amount of PCB to demonstrate

-12-
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complete and safe destruction;

c. And concurrent use of extensive monitoring and analysis procedures.

Having successfully completed the first step, McClellan was granted permission for the
second part in December 1979. Under the regulations, a trial burn is optional at the dis-
cretion of the Regional EPA administrator. Partly because McClellan was not attempting
to incinerate under the exact conditions specified in the regulations, a trial burn was
mandated. Trial burns, by the way, have been required for all other attempts to get PCB
incineration permits.

The public was kept fully aware of all aspects of the potential incineration at McClellan.
The base and the EPA requested comments from appropriate public agencies at several
points in the permitting process. No objections to the burn were received from the
agencies. An environmental assessment, meeting all National Environmental Policy Act
requirements, was prepared and a Finding of No Significant Impact was concluded. This
conclusion was based on the premise that the trial burn involved only a small quantity of
PCB, and extensive precautions were being taken. These findings and details of the burn
were released to the public.

As steps were taken to accomplish the trial burn, AFLC continued to evaluate other PCB
disposal methods. A panacea for the PCB problem might have persuaded us to postpone
the trial. A detoxification technique, using sodium naphthalide, has been demonstrated
lately in Canada and by Goodyear Corporation. Unfortunately, the process, which has
been known for decades, has the potential for explosion and has not been attempted on a
production basis or with high PCB concentrations. EPA approval of the process is ex-
pected to be lengthy and not at all certain. Other destruction techniq!,es, such as
Sunohio's process and diesel incineration, were also investigated. At this point based on
available data, it appears that incineration is the most logical disposal technique.

Other incineration operations have been monitored, but primarily to glean data relevant
to the success of McClellan's trial burn. The feasibility of incineration is illustrated by
the operating incinerator in Waterford NY, owned by General Electric and used only for

* the facility's waste. Ensco's rotary kiln in Eldorado AR, and Rollin's high temperature
incinerator in Deer Park TX, were approved for trial burns and completed their tests in
1979. As part of the elaborate monitoring procedures, air emissions were checked for
PCB and the related compounds, Polychlorinated Dibenzo-Furans, which sometimes are
by-products of PCB breakdown. No detectable amounts were found. Polychlorinated
Dibenzo-Dioxins (Dioxins), which are also possible by-products, were not checked at
either site. Both tests and their results were considered valid by EPA, but uncertainty as
to the testing procedures or actual test results arose when Dibenzo-Furans (Furans) were
found in the residual ash of the Arkansas rotary kiln. Therefore, EPA required a retest at
both sites. McClellan decided to wait for the retesting results (particularly from the
similar Texas incinerator) before conducting the trial. But we anticipate favorable
results, because tests have shown Furans and Dioxins to be destroyed at temperatures
between 600-720 C which is much lower than PCB incinerator temperatures.

In granting the trial burn approval, EPA stipulated certain requirements. Some of the key
criteria of our burn are (I) The burn must be completed by 31 December 1980 (2) The
demonstration is to be broken into three two-hour burns over a three-day period, (3) Only
about 125 gallons of PCB is authorized to be burned, and we plan to burn only 65 gallons,
(4) PCB will be mixed with JP4 at a 20% PCB, 80% JP4 mix, (5) The EPA requires a 99.9%
combustion and destruction efficiency. Based on previous test data and modeling results,
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we expect a destruction efficiency of 99.9999%. In 1979, Deer Park TX, and El Dorado
AR, obtained destruction efficiencies in excess of 99.9999%. Both of these incinerators
are operating with similar temperature, dwell time and excess oxygen characteristics we
will use. Modifications are under way at McClellan to increase the dwell time, and r
maintain the temperature and excess oxygen so that these conditions meet or exceed
those published in the 31 May 1979 Federal Register.

The incinerator's combustion chamber is preheated to 1200°C using natural gas, then the
PCB/3P4 mixture is injected. The chamber is equipped with redundant temperature
sensitive shutdown and alarm systems set to activate if the temperature in the chamber
drops. This action would terminate the waste fed to the incinerator. Additionally,
combustion efficiency is monitored continuously in the chamber to ensure we obtain the
99.9% required by the EPA. If it falls below this percentage, the incinerator will be
immediately shut down. From the chamber, the combustion gases travel through the
venturi scrubber system, and then out the stack. The water from the scrubber will be
stored in an imperviously lined lagoon and evaporated. The impurities, now solid waste,
will be disposed of at a chemical landfill. The gases that are discharged out the stack will
be monitored both at the stack and at strategic locations upwind and downwind.

The discharged gases as well as the scrubber water will be analyzed for PCBs, Dioxins,
Furans, and other possible pollutants. McClellan has performed computer modeling of
potential PCB concentrations going out the stack at a relatively low destruction
efficiency of 99.9%. They found no adverse health or environmental impacts on the
surrounding community. There is no ambient air standard for PCB; however, they have
based this determination on the strictest occupational and safety health standards. For
the minimum acceptable destruction efficiency - 99.9% - and assuming normal weather
characteristics, the maximum ambient air concentration of PCB would be over 300 times
less than this OSHA 8-hour daily exposure limit. The area adjacent to this part of the
base is sparsely populated. The nearest resident is almost one kilometer away--the
distance at which the PCB concentration would be at least 3000 times less than the OSHA
standard. In neither of the 1979 demonstration burns, in Texas or Arkansas, were PCBs or
Furans detected in the ambient air. Dioxins have never been detected as by-products of
PCB incineration.

Other precautions to assure a quality burn include:

a. Prenco, the manufacturer, and our Air Force experts inspected the incinerator,
finding it in excellent condition. Also Prenco will operate the incinerator;

b. OEHL will supervise the monitoring and analysis to be performed by a contractor;

c. and, every step of the burn will be documented. The records will be open to the
public, allowing the data to assist others who have the PCB waste problem.

Due to increased public awareness of the burn, many issues, such as dwell time, air
emissions, burn residues, and safety features became points of contention. The base
diligently tried to address all these points, but the conditions for the burn have changed in
part due to this concern. For example:

a. Some regulatory agencies in California have recently contemplated requiring
McClellan apply for air and water permits as prerequisites for the burn. However, the
only permit required for the demonstration burn per se is granted by Federal EPA. W

b. One benefit of the demonstration was to ascertain whether EPA's incineration
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criteria can be modified with minimal effect on combustion efficiency. A concession to
satisfy some parties was to alter the incinerator to comply with EPA's published
criteria.

After approaching the PCB incineration idea with caution, informing the public at
numerous points, and assuring proper technological considerations, our incineration
attempt has been delayed by recent developments. But the experience has its positive
side that will prove beneficial in the future. While AFLC is not planning to production
burn PCB, we hope that a spin off of this demonstration will be to open new doors to more
cost effective PCB disposal. Also, McClellan, AFLC, and DOD are learning new lessons
or reconfirming old ones from this situation. The nation has a definite need for a

*0 hazardous waste disposal capability, and DOD has shown again that it has the know-how
and the desire to assist in developing new disposal technology. Unfortunately, we have
seen that not all of our attempts are viewed in a positive light. DOD must assist in
educating the public about hazardous waste problems and about the available and/or
feasible means of dealing with the problems. Siting of hazardous waste facilities is a
sensitive issue that will find many political entities at odds and the public confused and
angry, if we do not learn from situations such as these.

15 '.
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SOLIDIFICATION/STABILIZATION OF MILITARY WASTES

by

Philip G. Malone and Robert J. Larson
U. S. Army Engineer Waterways Experiment Station

P. O. Box 631
Vicksburg, Mississippi 39180

Phone No. (601) 634-3960

In activities related to building and maintaining a defense
capability, the military generates many waste products which are
classed as hazardous or toxic. The development of techniques for
the safe disposal of these materials in a way that poses a minimum
threat to human health or the environment is a requirement now
mandated by Federal Regulations. The military and all other
Federal Agencies that are responsible for hazardous waste have been
ordered to meet all requirements placed on civilian waste disposal
activities.

Hazardous waste produced by many Army arsenals and Army depots charac-
teristically are closely related to hazardous waste from comparable civilian
activities. For example, Army depots involved in vehicle recovery and
maintenance or rebuilding of small arms typically have wastes associated
with metal surface cleaning, paint stripping and metal plating such as an
automobile assembly facility might produce. Arsenals working with explosives
and propellants produce wastes comparable to those from some sectors of the

civilian chemical industry. Solutions to hazardous waste disposal problems
posed for waste from civilian activities can, in many cases, be adapted to
military wastes.

In almost any disposal program, whether it involves thermal treatment,
precipitation, or incineration some solid waste residue that cannot be further
degrade will be produced. The usual solution in such cases is land disposal
in a landfill suitable for hazardous waste. New regulations on hazardous
waste landfills make it desirable to treat waste prior to landfilling to
assure that the material is in an inert immobilized form. The major tech-

nology involved in pretreating waste for landfilling is referred to as
solidification/stabilization and usually involves rnnurt1na *h wcta f
an insoluble form and incorporating the material into a solid, monolithic
mass.

The process of solidification/stabilization proceeds in three steps:
a) production of the solid or semi-solid waste product; b) addition of a
material that will produce binding or cementation In the waste material;
c) curing or hardening of the treated wastemass to produce a material of
low per-reability and high chemical stability. An additional step that
involves the production of a layer of jacketing material can also be used
to further ensure that the waste is isolated from the environment.
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Solidification/stabilization systems can be classified on a basis of the
types of binders employed. These include materials such as: a) lime/pozzolan
cement; b) plaster-like products; c) portland cement; d) thermoplastic mate-
rials; and e) organic polymers. The long-term success of solidification/
stabilization In immobilizing hazardous waste is directly related to the con-
centration of the waste in the surface of the waste material, the rate of
diffusion of groundwater or precipitation through the waste, and the Imper-
meability and durability of the treated product. Generally, the lower the
degree of containment provided by the solidification/stabilization process,
the greater the degree of containment required from the landfill design. An
impermeable, highly insoluble, treated waste can be placed in a landfill in
the humid eastern United States with some assurance that no contamination of
the surrounding area will occur. Untreated waste, on the other hand, might
be disposed of safely only in a secure landfill in the arid western United -

States.

Each major solidification/stabilization system offers advantages and
disadvantages. Lime/pozzolan systems utilize the least expensive binder
material--lime and fly ash, or slag; but tend to produce solids of low
strength and having moderate leach loss rates. Plaster-like products pro-
duced from reactions with calcium sulfate tend to exhibit similar charac-
teristics. Products produced with portland cement can be made stronger and
less leachable but are more expensive to produce than lime/pozzolan treated
wastes. Incorporating waste into heated thermoplastic materials such as
asphalt or polyethylene can greatly reduce leach losses because of the
hydrophobic nature of these binders. Additional costs arise from the require-
meat that the waste be dried prior to incorporation and from the relatively

W high cost of asphalt or scrap polyethylene. Other problems arise from the
flammable nature of the binders.

Organic resins, particularly organic resins that can be produced in an
aqueous mediem such as polyester or urea-formaldehyde materials, have been use-
ful in producing solids from waste. Organic binders do not usually form bonds
with the waste but simply form a polymermatrix that traps the waste particles
and excess liquid. Leach rates are reported to be low, but In some of these
products the entrapped water slowly leaks out to produce a "Weeping" solid.

The cost of waste solidification/stabilization is variable depending on
the aature of the waste ar.d the transportation u._ L,,
Cost for cement or lime/pozzolan systems can be roughly estimated from the
cost of lime and cement. The processes could be expected to cost $50.00 to
$70.00 per metric ton. Thermoplastic materials are more expensive and cost
could reach $300.00 to $400.00 per metric ton. Organic polymer systems could
cost approximately $600.00 per metric ton.

Any hazardous waste disposal system used in Army operations can be
expected to add to the cost. The goal for the Army is to obtain the surest r
waste contaminent with minimum cost. The expenses involved in cleaning up
a hazardous waste site after toxic materials have moved into surrounding
soil and water are so great that this risk alone justifies cost incurred
in solidification/stabilization of toxic waste.
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DETECTION AND IDENTIFICATION OF BURIED WASTE AND MUNITIONS

Dr. G. L. McKown, Dr. G. A. Sandness, and G. W. Dawson

Battelle Memorial Institute, Columbus, Ohio 43201

INTRODUCTION performed on a uniform grid with spacings determined by
the expected size and depth of the objects sought.

The successful decommissioning and decontamina- The induced magnetic field of a buried object de-
tion (D&D) of sites containing obsolete, unidentified, and the ize, mape de d of a oriedaonad
ofttimes buried munitions depends on the ability to per- pends on the size, shape, depth of burial, orientation and
form a series of challenging technical tasks. In the more susceptibility of the object, as well as on the direction and w

general case, the following sequence must be accomplished: intensity of the earth's field. Analytical solutions for in-
duced magnetic fields can be obtained for special objectI) Locate buried objects that may correspond to shapes, such as spheres and cylinders, and it is generally

munitions possible to compute fields due to complex shapes by digi-
2) Characterize targets in terms of composition, tal computer methods. However, in the inverse calcula-

size, shape, and depth to identify possible orprobable munitions tion, which is the case of primary interest in geomagnetic
prxavte, mntio en dr dsurveys, no unique set of parameters can be determined3) Excavate, deactivate, and/or dispose of the from a measurement of the magnetic field patterns. In
munitions. other words, an indefinitely large number of combinationsThese tasks are analytical in nature and involve the appli- of parameter values can produce the observed magnetic

cation of sophisticated equipment and methods developed
for a variety of related activities, but only recently directed anomaly.
to military problems. The latter task generally requires that Ground-Penetrating Radar 4P
the fill of the munition be identified in order that appro-
priate disposal methods are employed. The following dis-
cussion presents background information on some of the Many aspects of radar technology have become

approaches available to conduct these analytical tasks. It highly advanced and sophisticated. Recent developments

also includes results of recent work performed under con- in electronics and data processing equipment have en-
tactor tcdes rm s ohanced the reliability, power and flexibility of radar sys-tract for the army. tems. However, these remarks apply primarily to radar

systems designed for above-ground applications. There has *
not been the same intensity of effort to develop down-

DETECTION OF BURIED MUNITIONS ward-looking systems. although substantial progress has
been made in recent years.

Metal Detection
In applications which involve the detection and char-

Metal detection is the most widely known of the six acteriztion of discrete objects or underground structures,
survey techniques employed. It has long been used as a resolution requirements demand the use of short radar
means of locating land mines in wartime. More recently, wavelengths, generally less than 5 meters. Unfortunately,
commercial units have been marketed for use by "treasure many ground materials are strong absorbers of electromag-
hunters" and coin collectors. netic energy at short wavelengths. Strong absorption by

the ground usually requires the use of radar wavelengths
Evaluation of commercially available, hand-held greater than about 0.5 meter.

metal detectors proved them to bc useful for locating var-
ious metal objects including large masses of scrap, barrels. The water content of the soil is the most important
and pipes positioned vertically or horizontally in the soil. factor affecting electromagnetic absorption loss, and thus
The detectors were found to be insensitive to elongated the magnitude of the effect depends on the composition
objects of small cross section le.g.. metal rods) een at and porosity of the ground material.
m e short rangec Whwe detoenl u.'e tars .n ex Additional loss factors which affect the performance
manner wth several tactors. o.i was concluded that objects or effectiveness of a given ground-penetrating radar svs-
could be detected at a depth ot tso to tour times the ob- tern include reflective losses at lhe air-ground interface. 4,0
ject's diameter. width. orother representative dimension, geometrical spreading of the transmitted radar beam, the

effecti'e backscattering cross section of the reflective tar-Magnetomet.y
get. and the spreading of the reflected signal. A positive
tactor is a refractive gain due to the focusing effect of the

Magnet,. eld measurements can be used to locate dielectric medium. Ieid experience suggests that these
Srziriel leuumagnet is objects such as munitions, steel cOni- :actors usuall limit vertical penetration to less than 40
!aine,, teei scrap. etc This method is based on he tact leet In dr, sandy soils and perhaps 5-10 feet fi saturated 1
that an :dued :naett,'attn t.- produced ii an' magnetic clas. Specific range data must be aIbraed ti aor each
ria er ai . titn teli earth's rtiatiet i eld The lldr ced
field is Nuperinp,,cd n t he earth's magnetic field and. if partiular site,
suffictentl. large. :an be detected as an anroral\,, or aii Ati ,mpurtant attribute of ground-petretratine rada,
ahe rration ii the ambient field. SurveW are ntrtally is that it call detect a wide %ariet, of' material,, both
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metallic and nonmetallic. Because a radar signal is reflected (geophones positioned equidis nt on either side of the

by any surface or interface that corresponds to an abrupt source), selecting only reflections reaching the detectors

change in dielectric constant, ground-penetrating radar can simultaneously.
detect voids, rocks, wood. and many other materials as
well as metals. However, the present state of the art is Although the coinciden.-e measurements provided
such that under the conditions commonly experienced in useful data, the overall results nave not been promising in
field surveys, it is often difficult or impossible to determine dry, homogenous sediments. On the other hand, an acous.
the composition (or even size and shape) of a buried re- tic refraction survey at Love Canal in Niagara Falls, New
flective object from radar measurements alone. Research York proved to be very successful. The tight, saturated "%
and development efforts will undoubtedly result in im- clay in the area which hampers radar transmission pro-
proved ground-penetrating radar system capabilities and vided good acoustic propagation characteristics.
data analysis procedures in the future. At the present time,
measurement devices such as metal detectors and magne-
tometers can provide useful supplementary information Acoustic Holography
about objects or materials detected and mapped by avail-
able radar systems. Acoustic holography utilizes principles similar to

those of acoustic reflection and refraction. In a field ex- 16
Infrared Imaging periment, geophones were emplaced at depth in observa- r

tions holes and the sound source was moved across a
Changes in soil properties and moisture content can, surface grid. By Fourier methods it was possible to con-

under favorable conditions, cause distinctive temperature, struct a three-dimensional image of the subsurface volume
thermal emissivity, or thermal inertia patterns. When these being investigated an to obtain an outline of a burial
char. s are associated with buried materials and backfill trench. Like other acoustic methods, this method is best
in disposal trenches, thermal infrared imaging by means of suited : the detection or large objects, masses, or struc-
opto-mechanical aerial scanners is a potentially effective tures and requires a favora.,le propagating medium such as
mapping technique. Exploratory aerial .arveys have been clay or solid rock.
conducted during various times of the day to test this ap-
proach. The observed thermal patterns were found to
largely reflect differences in surface materials and vegeta- Electrical Resistivity
tion density, afttraughra series of buried vertical pipes was
located. It was postulated that surface effects would be Electrical resistivity is an indirect survey technique
minimized by repeated use of thermal infrared surveys applicable to mapping of subsurface areas much the same
over a period of time which would allow one to character- as acoustic and radar methods. Depth is limited only by
ize the thermal inertia of the ground. the voltage available and safety considerations. However,

In some cases, the standard methods of infrared these practical constraints typically restrict use to relatively
aeria photograpy ay e efectan d mThos casesfrrd shallow investig,*ons. The technique is based on the de-

aerial photography may be effective. Those cases would tection of changc in the electrical conductivity (or resis-
generally involve burial sites where trenches or pits have tivity) in the ground due to the nresence of buried objects.
been excavated and backfilled or where there is chemical As, sc the technique is mte seul iarie with e

cotaintoninte od Teoberaleefec oud e As such. the technique is most useful in areas with a rela- ,
contamination the soit . The observable effect would be tively homogeneous native soil structure, and when applied
varations in vegetation density. type or vigor in the exca- to the detection of large objects or masses,
rated or contaminated areas. Often, the reflectance spec.
trum of plants in the near infrared band is a sensitive
indicator of plant stress which can occur in chemically Comparative Analysis
contaminated soils.

.As a result of the comparative studies that have been
Acoustic Reflection Profiling conducted, the relative adxantages and disadvantages of

the sexen means of source assessment are presented in the
Acoustic survey techniques are best suited t.) the de-

tection and mapping oi large objects or masses or buried aui fl n
materials. At least five methods are potentially applicable: Based on the findings of the Hanford evaluation,
retlec ion (or pulse-echo) profiling. refraction profiling, researchers at Batelec have selected metal detectiot. ma- "
traxel timre measurements, acoustic holograpl_ . and i'e- netonietr% , and ground-penetrating radar for inclusion in
raneial rprpedan e mrrapping. W khle all fi apprtraches an inteerrted U.Tr',x unt for hurial ground Investigations

presetit prohlems n dr', sand aid eraxel. the first ar.,oacli The radar unit xx as deeioped br. Geoph. sicai Surve,
,..as :m sidered to he the mi)st promising arid ti. tio~t Stems. Inc. and operares at a frequenc\ .1 approximately
ea r,i.% :rplemen ted. The principle involes Inieipretat ,n Mi0 iH,. The xehicle . as seciall, constructed of nonter-'

I ,,nd ,.,ave, reflected from interfaces or cniects in ,he rous iaterA. acilate the
r~r' 11aoiani l~hjt use )f aI magneto)meter
,rn ted aiol L'Ide the radar unit. II ddd:trIon 'ct t lans-

The :ie;d eperiments inolved a pattern of detec- ptig thie radar and mact:et,erel, the elude contains
0 tn dei.ces 4 coplottes) and an acoustic source (a steel a III c; ,cunupute 3id a teemerx s. sem xhi c acquires.

zate ruck ,.,,tti a 1lede harnmer The m,zsr effec: e prepr,,cese,. .ind trainmrs radai iaenetic data a laiger
,r ae ;tnoied tie use of ,. Ilcidence detectors 'olmpiuer at the s~irix. site
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Tochnique Advantsges-Applications Diadvantages-Limitations

Metal Detector Easy to apply, inexpensive, good for larger metal Provides limited quantitative data on size or depth
objects at shallow to moderate depth, of target, misses small diameter and deep objects.

Requires presence of metals in buried waste.

Magnetometer Sensitive to iron and steel objects, can detect large Cannot definitively determine depths or distribu-
deeply buried objects, may be used to detect large tions of buried objects, mainly limited to iron and
nonferrous objects in areas of high natural ferro- steel, often requires detailed grid measurements
magnetic minerals content, and extensive data processing.

Ground-Penetrating Radar Provides good estimate of location and depth, some- Penetration and resolution affected by composi-
times indicates composition, shows great promise tion and moisture content of soil, requires com-
for field interpretations with more development. puter data processing for best results.

Thermal Imaging Used in overflight mode, can cover large areas Ground cover and soil type changes confuse out-
rapidly, may provide means of locating vegetation put analysis, may not identify many types of
damage due to chemical migration. buried material

Acoustic Reflection Applicable in tight or moist soils, not restricted to Performance deteriorates in dry, coarse soils, poor
metallic targets, resolution.

Acoustic Holography Can provide three-dimensional view of buried ob- Performance deteriorates in dry, coarse soils, poor
jects. Possible to interpret composition from travel resolution, may require drilled holes,
time data.

Electrical Resistivity Works well in moist soils, clays, possible deep pene- Loses resolution in dry, porous soils, output may
tration if sufficient voltage can be safely applied, be difficult to interpret.

FIELD SURVEYS proven to be effective in mapping burial trenches and in-
dividual buried objects, such as munitions and artifacts.
Two cannonball fragments were located at depths of 3 to

A subsurface survey is accomplished in four steps: 4 feet. In addition, many other buried objects were lo- 1
1) A grid covering the study area is marked on the cated including pieces of pierced steel planking, cans, bur-

ground surface to guide subsequent measure- lap bags, cables, pipes, and pieces of wood. The distribu-
ments and to provide location coordinates. This tion of contacts detected by radar and magnetometry
step can be eliminated if automatic positioning clearly shows such features as underground pipes and
equipment is employed and if the computer is cables and an old baseball diamond now covered by sod.used to label data accordingly. With further development efforts, it is anticipated that

data analysis will allow increased discrimination between

2) Manual survey of the grid using hand-held metal targets by means of shape and composition.
detectors, marking all identified targets and
transferring locations to an overlay map.

MUNITION FILL DETERMINATION
3) Operation of the survey vehicle over the

same grid, transmitting data directly into the
computer. In a related study for the U.S. Army. nondestruc-

4) Data superposition and analysis. This is done tive methods for determining the internal structure and
largely by a unique software package created to fill of highly deteriorated munitions were evaluated. The
filter and enhance output. Graphic display de- results of this survey are presented in Table 1.
vices are used first to provide vertical profiles of
each radar survey run. The profiles are then
combined in digital form and sliced horizontally 9
to generate a map view of a selected depth in- ACKNOWLEDGMENT
terval in the area surveyed. When specialized
enhancement programs are applied, the output
appears as color photographs with specifi, hues This work was sponsored in part by the U.S ...\rm%
depicting buried targets. Toxic and flaiardus Materials Aenc. Aberdeen Pio,.in

Ground. Maryland, We acknowkledee ('T Cv Staniec and
This system has bee ippiied to sure v conducted I LT Wa, tie Kuhfahl of that agenC, for hli Ciaid and guid-

in Idaho. Washington. NeY Y rk. and Vir21tina. It his ance during tie insve tgatllos,.
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SAMPLING SOILS AND GROUNDWATERS
CONTAMINATED BY HALOGENATED ORGANICS

by

Don A. Lundya and Daniel L. Eriksonb

This paper presents methods of sampling and monitoring shallow
soils and groundwaters contaminated by halogenated organics.

*i These methods may be submitted to government regulatory agencies
as protocols for containinant sampling and are suitable for use
at sites where contaminants are petroleum fuels, lubricants,
solvents, waste dielectric fluids, herbicides and pesticides. The
proposed methods were developed and used for determining the
distribution of waste dielectric fluids and unspecified oils in
consolidated alluvial deposits that are saturated with water below
about 10 feet.

A sampling protocol includes methods for collecting,
retrieving, and transporting soil and groundwater samples.
Sampling protocols should fulfill the following requirements:

1. Data are reproducible and reliable

2. Data adequately represent actual distribution o"
contaminants and hydraulic parameters on site

3. Uncontaminated soil and groundwater on site are not
contaminated during the investigation

4. Field personnel are adequately protected

Soil Sampling

Soil sampling permits mapping of the distribution o'
contaminants in both the saturated and unsaturated zones to maximum
depths of about 150 feet. In alluvial soils, we recommend a
truck-mounted auger drilling rig for soil sampling. Advantages of
the auger rig include greater mobility, shorter set-up and take-
down time, fewer tools to clean, cheaper operation, and avoidance
of drilling fluids. The auger rig and conventional sampling tools
shown on Figure 1 can be adapted to sampling for organics if the
following special precautions are taken to ensure sample integrity:

1. Collect samples with clean, solvent-rinsed soil tubes and
drive samplers.

aHydrogeologist, Brown and Caldwell, 1501 North Broadway, Walnut
Creek, California 94596, (415) 937-9010
bField Services Supervisor, Brown and Caldwell, 1255 Powell
Street, Emeryville, California 94608, (415) 428-2300
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2. Insert the drive rod and sampler down the inside of a
hollow stem auger string to prevent sample contamination by
caving soils.

S3. Cover the end of the sampler with a plastic bag when it
must pass through borehole fluids that may contaminate the
soil tubes and drive sampler.

4. Steam clean the augers after each boring.

HOLLOW-STEM
AUGER

DRIVE
0 SAMPLER-

_''ALUMINUM

* TUBE~S

SSOLVENT

Figure 1. Soil Sampling Tools

Soil grab samples should also be collected with solvent-rinsed
tools from surficial soils and backhoe trenches. We recommend the
digging of trenches with a backhoe to provide suppoitive data on
groundwater and contaminant distribution and on soil stratigraphy.

Groundwater Sampling

Monitor wells must be designed and located to produce
groundwater samples from specified parts of the flow system.
Steam-cleaned and solvent-rinsed galvanized steel pipe is
recommended for casing and screen. Pipes are joined by welding
or with Teflon tape and threaded couplings. Gravel pack material
installed next to the well screen must be tested for the contain-
inants n question. A bentonite or bentonite-cement grout seal is
installed immediately above the gravel pack. Installing these

-23-



materials from inside a large diameter, hollow-stem auger string
can prevent contaminated shallow soils from entering the gravel
pack or well screen.

Protocol for well development should include plans for proper 6
storage of all discharged fluids in labeled drums. Record of fluid
volumes discharged, fluid levels, thickness of floating oil or
emulsions, and sampling events should be maintained. Fluid levels
should be monitored to control the timing of well discharges and to
help design a rigorous well-testing program to determine horizontal
permeabilities of saturated strata.

Figure 2 shows monitor well sampling tools currently
recommended by the federal Environmental Protection Agency.
Protocol for water sample collection is governed by:

1. Rate at which a well recovers 0
2. Vertical pumping lift
3. Density stratification of water standing inside a well

-0

-15

PERIGTALTIC

": r:0 L)MP

~AILERG IELD SET-UP

Figure 2. Monitor Well Sampling Tools
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To ensure collection of a fresh sample of groundwater, a well must
first be pumped to remove unrepresentative stagnant fluids above

the screen. Wells having static water levels deeper than about

25 feet can be bailed to prepare the well for sampling. Wells with
water levels above 25 feet can be pumped with a suction lift pump.
We recommend using a peristaltic pump with Teflon suction hose as
shown on Figure 2. Fluid samples from the upper part of the
stratified water column in a well should be collected with a

stainless steel or Teflon bailer. A separate bailer should be
assigned to each well to prevent cross contamination. Grab samples
of fluids lighter than water are collected from the upper part of

the well screen. Fluids that are heavier than water are collected

from the lower part of the well screen.

* Conclusion

The procedures described here permit successful sampling for
organic contaminants with conventional tools. An auger drill
rig and commonly used tools can easily be adapted for sampling
soils with halogenated organics if special precautions are taken

to preserve sample integrity. Monitor wells should be made of
inert materials, installed to prevent down-hole transport of
contaminants, and sampled with EPA-recommended tools according to
a protocol similar to the one described herein.

fV
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GkflhINA'l11k I Al I NA i N
Cu(N*IROL I, M I .I IN

R~OCKY 1 10NI A I N AIRSl*NAI,

1Paukl M'acRoberts C. Bt. 11.1g.1 , 1air 1'. Ca]l abin

Groundwater contamirirt ion has; I, (it idtult itied at the 17 ,000( Acre

Ru)ky Mountain Arsenal instal Iat ion hI iud iimiiediattIV\ norithi o [),liver,

Colorado. The general gri-moiwat er p.,t tu.rn Iwiiath th V jrodircI im mrIo

;a t h ispoSail ui'eas oil I. Ic Ai suiL.i I I: iui: iiI tcql ill thi' iiI(Vi'Iii'I1A (it A

CL CL y of (heicj a Coiita'iiii niit [L?'-,I t lit .uliijj I ei-s of Owii 0

Extensivc -alyI ses and cirgiriverirg st Lidiu IS l! Llliled 5!lIlce tli' I~-

sev'ent ies have culininatecd iii the do! ign (d ;i grounidwat er hairier,

dew.tcri ng, t reatmnent., ;mrd recharge !,i eii t k)r onec boitida ry atL I he

Arsenia I . 1t Thu fl Iowing papier d1,, OwOs: t~ h.ickgromild and des go , of

tLiis rat her kin iqILIV groiiriitt er m(ltJ m ii(iL (illo t rol I.WIlSure .9

IL)" c( I iL~L~' I ,1 k.LL. iL t '. I' 'LI

I~~~~~~~~~ LKIk 11 L II. II . L ', , '

It9

w
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Gene ra I

Contaminated groundwater at Rocky Mountain Arsenal, Figures I and

2, will be contained, removed I cor two aquifers. I roiLed, and~ ret urried

to all alluvial aquifer by this project. The Black & Veaitch Special J

'p,

Projects and Civil-Envi roitniental Divisions , with geotek-linical. consultanit

services from Earth Sciences Associates (ESA) , Palo Al to, Cal Ioria .i)-i

It . Col I s , Colorado, designed liis irmova t i VP f or the VII. .A-

Corps of Ingineers, Omaha )i"sric. Major colporenLtS of the system Are:

(1) 54 dewatering wells valved aid niifolded to selecLively intercept

a2d permit separate treatment of three inified zotes of cont eminaetl ll-

(2) a 6,740-foot length of grommiv~t''r hbirriur keyed jIwto ledro),L; (3)

grmllir ;ictivated carboil filters icr oig,mi ( (imlaiiml liL rem,,% v -itc-

signed by others); (4) actisited rcojemnt h for I th iorideeci

Pro)ect roundwaLer rehironml ivismini wit I oi Iost p

tiu~itcd %,iter inito IIm . I Ii ii .ijii If rii ni (tm .1 I m~~.m tU

tsri cels fo ocatted oil AliSi), cao It ca r"

(1) 1 1 V 5 iid g irigd w els I v led I t o Iu lild t eL r I )l, i t r ep

effec i

-27-
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0

Groundwater contam ina ion las -Ippa rent I y b'cn occurr ing It t he

Rocky Mountain Arsenal (RIIA) since its inception as a faciliLy for pro-

ducing chemical and incendiary nun Lions in 1942. In 1946, a major seg-

ment of the centrally located mnnufacturing facility at RHMA (Figure 2)

was leased to industry. Liquid wastes generated by the industries were

discharged into several unlined holding lagoons. In 1954, several far- 0

mers north (downgradient) of the Arsenal, using shallow alluvial aquifers

as a source of irrigation water, complained about the loss of crops . It

was thought at that time that seepage from unlined waste holding ponds

was the principal source of groundwater contamination; so in 1957, the

government designed and constructed an aspha Iii c- inIl waste lagoon

(Basin "F") to hold liquid wastes. Storage of liquil k.astes in unlined 0

lagoons was discontinued with the completion of the Basin F facility and

pondi ug a reas previously used were Ileached foll owi, : the tr,inster of

their u'cnutents to Basin I. liTcsc area.s were th,,n aIl,,ed to revert back •

]it 1 74', xater quality s;imple , 'r t;ikei i t a .t;.ii-iilide ll,,, area

I, ,ted ill t ie proximity of ,IA'.; i t ith hb ul l.Lrv ' t- i i:. 1 .'; H cp ovcw

that dii soproplImethyilphosplioate (DI)IP) and di vvclop,'itadi ce MlCtD)

%,(r, prtsiit ii thu hog's wat,'i "h se parti(til, clie1( iLaIs ire tra.o-

..,. t t I,, It '. S colic It|ilcdtl I. [I( v t ho 1), , 1 1 , 11 t o I '. ponld t+

:1,,+~~~~i I 11.1 I,,+l, c.1 k, It r.d .t cll~ l.i ,+ ,lt '
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I :I

ounLai n Arsenal's north boundary, the Arsenal, in concert wiLh the U.

S. Army Toxic and Hazardous Materials Agency (USATttAMA) , developed and

implemented programs to define the problem and to develop corrective

measures. In 1978, Black & Veatch was engaged by the Omaha District of

the U.S. Army Corps of Engineers to provide engineering services for the

design of remedial measures at three locations on the Arsenal. "

This paper discusses Black & Veatch's design for an expdiimle con-

tainment barrier, additional dewatering and recharge wells, and i treat-

ment plant for removing fluoride from intercepted coil .minated ground-

water migrating across the north boundary of the Arseiml."-

100

-.
S

-#4

'p.
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DEIS I(N DIS(;R 11 1 1 ON

For the concept design, five alternative control methods Ure

investigated. These consisted of four hydraulic systems involving the

extension of a previously installed 1,500 foot pi lot groundwater barrier

system by a hydraulic barrier comprised of dewaLering and recharge

wells, and one system comprised of an impermeable barrier with dewaLering

and recharge wells (Figure 3). Although hydraulic systems were deter-

mined to be functional, it was decided to use a bentonite-soil tairrier

behiause it would offer a more positive cutoff in the min ikely (-v.'tt of

power failure; anid more importantly, the hetonite-sciil barrier would

essentially eliminate repumping of alreidy treated ground',ater. p

Hiarrier Design:

Preliniinarvi to design, Black & Veatch and ESA conducted a giound-

w-icLe hvdraul ic onalysis, utilizin g a fi i i i fere . e in, del lv-.loped

b',' ESA. Flow t-.uLimate. fllade h%, ESA we tt (mm ,il rcd to Ist i min ' :j.,i de by

%arious other investigators and folind to hI, in mner, i ,g rt. nl di

ji-ea I dist'ibimt i('1 of tihe contaminated gromidvd, it er ,I l mi r.i It i ii off

I, (- Arsena I ni- r Ii homimla rv was dtie rm i ne(d by" ttie il tkL tild Ii rlLher

assessed v miss flux analysis of available water qua itv data. Through

these analses ;, tie lateral extent and general al inenvient of t Ix harrier

wer- determined. :vn xtensive geotechilical program was also (,,1,ducted

d i ng tills ITr .,ect to obtain infornim tion for designling the il, ior W

.i30
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vided hy the Corps of Engineers. V ie Implemented program proiji ed a

complIete geopliys i cal1 analIys is o f 30 buorelio Ies a I orig t le certe r Ii ie o f

the proposed grocundwater barrier, and included two electric logs:

spontaneous potential and resistivity, and three radi.ation logs: natural

gamma, neutron and gamma-gamma, and a caliper log. Continuous core

samples were recovered and preserved for use by the successful bidder;

s Linda rd penet rat ion tests anld material gradation anialy si s were aliso

pe r formed . Shear strengths were obtained from selective unconfined Comn-

pressivye st rength tests. Boring logs anil] grouindwater level obse rvat ions

collected at other locations near the proposed system were .also ohtained

*uIId used during time design of the contai nment barrier system.

The gk'oliyd ra ulic and geotechn ical analIyses inrd icat e t hat I 30-inch

bairrier vxillti of select, low permeabil]ity (10t) cm/sc- or less) hbickfi II

is leipnd t e to impi~ede groiruwate r flow uider the1( an1t i i pit ed grildiverts

i1(i1 )i)( hy th o p))('i on of dew~~it('r it mid i-cila igo .-kI],

'[lie litcrajl l imi ts of tlic(oni,iiIiiiiL li-iiri~'r Ns'i1t U lef iijt-i Iroilf

,jL j )[ oh4.i ut 1  J ciii both f i (Ild( .i) mlii( I ig s t lid i u's. 'I it ih(.l , [ Llith

irror as is(crltinedl front (hoeclni) I l ;ti j puiup te'st r':uil ts

li r the ikst parti-, the harrier ext(iiils toulOgh the ailnlii''il i(Iiiiter arid

lienti f ied s egineri ts of the wea thle red c lays tone bedrockL un it s, keying

Inltoi cOwItiijit c Iaystones . fIlie hirr i r w~as dleepeined iii soiiio a icas to

interi ept ieoio'i bedrock sanrd onits, Deniver Sainds, %-dwii t icv '.c(ic deter-

'u1-tI it oh I I hiitiY cormtaiii i niatLoi are to, 1wo int 'rcojitt 1 V 1 i', j \.UI

-31-
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addition to the eventual pumpage of bypassed flows.

(3) Decreased water levels on the upgradient side of the barrier

is desirable, so in the event of failure of the well system, a zone

exists as a storage buffer. To achieve this buffer, pumpage must exceed

the natural flow rate.

(4) As a precaution against increased groundwater levels resulting

front surface flooding, and to account for localized effects, a 50 percent

0
safety margin was included in the design pumping rates.

Based on these analyses, 35 wells are required. Projected pumping

rates range from 1.0 to 26.2 gpm with drawdowns of 1.4 to 4.8 feet under

steady state conditions. The wells will be constructed using steel

casings and 316L stainless steel screens with a 0.060 inch slot size;

the 316L screen material was selected hecause of the (orrosive nature of

the groundwater. The wells will he instal led in a 16-inch minimlm bore

hole, thus providing a ininimii 4-1/2 inch gr.v(.l pack iround the. o-inch

d iameter wel I . Screen lengths and Well depths were Ihsigned I ..l coidi-

Lions ohserved during the geotec(hnic.-i field ( work; ho,,eei, S, ,e'n

plia mli'nL ;tn~l ncl I d lLtLhs Iui ill %\eIlls ,ill he hasel on condiL ns

(bser\,ed ,t elich well site diiriung actual construction.

We lls desi gned for the decper sand units were located baisel on geo-

techrnial an, water quality considerations. A total o 19 wells were

dcsigned to putmp a total of 31 gpmi; which is approximately 10 times the

i st ii.tl Iit itr.i I lo t r I l r lig h t 5 )ilt :. IHo' de ;igo w.s i. , ',h oil

t.o pllp test. anid on drawdown Tmlhlations. 'tle relat.ivel I rge.
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order to develop a deep sink for itercept i rig contan miants durirg short

pumping periods. Becauise of severe houndA.ri(,s, interferenc and drawdown

calculations are approximate, and as such, allowances were male for

estimating errors.

Since these wells were desigied to ,ewater at ]ow pumping rates,

slotted 4-inch diameter PVC casings were selected. Milled slots of

0.064-inch were designed for the screened portion of tlie we]l. The

wells will be installed in 9-inch horeholcs providing i 2.25-inch anmnlar

space for gravel packing. A 10-inch PVC conductor casing placed in a

16-inch well bore, and grouted in plame with cemcnii, will be used to

seal tie well from the overlyi iig :l luial apiifur.

The sands dewatering system is leigiii to opr.iL(' interwittent]v'

on all is-ii cded k sus and to il lo,, I iillk-I I',; )I ((mt.im L t leVels.

Th1rt'-eiglt recharge k, lls if- 1,,: , t, asst .leiug~te recharg- e

Cap~acity' .i ont cinshiing sigui f Il.1 liti il l - ii I ,w ljtliril gr-oillil-

water p.atterns. C's"ng tie c(,Imi'l cr 1 . l\.ti, j,.s .it tho tr(,.it-

nienL 11t u cL ,pre' ili)imOeiII ,d t -V . 1 " l ti tj ' 0!, l'Ct3V'' ku I-(-

t I ''o d I . (' ( l kl,, I i 1 C I t C S Il l l l j' f',i( I , k .1 t , t 11:, li .111 "1 H ( 1

head I i t rLi ( 1 . t i , t , L

A ! , td W I.e l I, I I h (' k 111' tL I M t l (- I i t lit' I I1 I W,. 1.. 1 Jgl l 1 f Ct Xt ,,

.P
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0.60- inch slot". Wells will iw p) iteod iii 24-inch boIre h les, tLlIls pI-0

ducing a large effective radius.

Manifold System:

Water quality flux analyses have indicated rather definitive plumes

of contaminants in the vicinity of the barrier. Under the instructions

of the user agency, and with approval of the Corps of Engineers, Black &

Veatch designed a three manifold collection system. The physical extent

of each collection line, i.e. manifold, is determined by a series of

eighteen valves positioned along the main collection line. These valves

are used to either increase or decrease the length of any particular

manifold, thus effectively providing the user with the flexibility to

intercept and treat groundwater of similar quality. Denver Sand wells

are connected to a single collection pipe and are fed into one manifold.

Each manifold is connected to a specific infl'uent wetwell, which in turn

is connected to a specific treat ment process st ream (Figure 5).

Groundwater Treatment

Groundwater treatment at the north boundary is presently bei rg ac-

complished by an activated carbon system leased from Calgon, Inc.

Hydrocarbons found in the groundwater include l)IP (diisopropyl-

methylphosphoniate) and DCPD (dicyclopentadiene). Since the inception of

the ongoing abatement programs at RIIA, oiher contamiinants have been

detected in the groundwater in vici nity of the north boundary. These

organic contaminants are effectively being removed from the groundwater

by the activated carbon 1i lot plant syst('n.

0 -35-



lrt.ieise' tIIc StiLtc I e (: i el-, Io :c', I I I's 1 li.! ceL ul ,.! L u en "

sI]hj ect to drink i g wter st amla rs , i nc , I id in ;i a I nor ide criter Ia of S

2 . 4 mg/ I, fluoride Iecraie a des ign req I remniL for Lre no rth I bioundary

project. The following discusses the recently designed fluoride removal

system.

Several alternatives were eva]uated for fluoride removal, including

ion exchange, lime softening, hone char adsorption, arid activated alumi ia

adsorpt ion . Whi le i lr excha 'ige of f luoride i s possible , f Iuoride is

last oii tie exchange selectivity series for morrovalent ions. Thus the

removal of fluoridi' ,ith ion exchanrge is nriot fe.sibl because of low

media selectivity for fluoride. Excess lime softening coprecipitates

calcirim fluoride with niagriesium hvdroxide . However, the combination of

) process ('"Iipenrent rjIui remerit s , sp.i e reqju-i rerniLts , chemi cal use, and

waste sI lzc Idge iri rIn., 1)1-o Icms e i iurri ed sot Lning i s a 1,racticrI

s iLt i r r I iiorid' removal, oic cIr r I I , i.(Isor1) fln!oridc, 1,ut

r ,ited f-'geil(ri t l I will C.I IiJ e t I e1) tliC.11 L, pcr1)uIirii ' t I v ]1 i,(L its

fI oriu ( , I lsorpt io c:.i)ici ty 'I 10 er 0u 1c 0l (ii) wIs Ks% el ijilite,

1 01it cellsI d cL-t ion. Ac tivated :iliii ii i jIs()rh,: -idori e ir' rc ain ilis its

.- 'il t'.i ( it', tliiu t:gir r jt'l i elt .lit iiti(, tit hasis uf

tIL1i ril0 -1 (Iii ' ,d I , Iic-icRicv , iid r llp t'i e S re ,I ihili t', the *iti',tt'l

~illiri ris<. it le oii c(ss was sPI,'Led.

[1i t 11 , ti t ria were usd ii tirt, ,L'.Ign tI Llic it et ed

- -36-
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.,.

Si

II,,l .)III i I I',I dl I I).

Ni) i I giH~/ I

H axi mum 7 gpnm/l

Superi icial velocitV
N, ( . 1 0.67 I 1/mi ni
Ma x i Imul 11.95 ft/min

Minimum empty bed contact time 5.3 min

Adsorption capacity 104 gm F/cu ft media

The fluoride level ini the manifolded stream to be treated is 3.7 mg/l.

1he one manifold stream which will be treated to remove fluoride is

expected to average about 110 gpm; however, the flow rate of this stream

could go as high as 150 gpm. To provide adequate treatment facilities

in case of high fluoride water in more than one manifold stream, pro-

visions were included in the treatment plant to treat a maximum of

450 gpm . As will be discussed later, these provisions included both

physical taci lities and changes in operating procedures.

T regeneration waste trcaLmii svstum Piecirculates several eff u-

Il :I.'J l ; L i th1c i(A iv,|t<'d ,lItiniiil ohm (;vlllllll ;V; ' II h cJ(':,( IF, ., % It',l-,

iLi rease' the iif luenLt tloridu level to 4.8 mg/ I whel tLhe waste regelll-

.iit i" , t Ihg e i cpr essed. These return st reams total I0 gpm. Both LI-

,IiL .Cr,.! t I ,ii~ r level *Illd the t I , were takei intt, .1ccouut ill tlle

B, i (d oin the colunin design cr teri a, the adsorptiou capacit\ rd tit,.

Sv.,tec al oiiii, the fluoride levels, and flow, the columns w der -

-37-
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Nimihi ,r of of i Ililnu, I

Dinamcter 6.5 ft

Bed depth 5 ft

Sidewall depth 10 ft

The sidewall depth is provided to allow expansion of the bed during

5' backwashing. The tanks are constructed of steel to meet the ASME design

* code for 125 psig. (Normal operating pressure is 25 to 3(0 psig.) The

tanks are rubber lined. All internal piping is PVC, including the

influent distributor and effluent collection ppil ig.

Flow through the fluoride removal facility is relatively simple.

Effluent from the granular activated carbon (G.\C) plant flows to an in-

fluent sump in the fluoride treat .nmint building .imid, depending on the

flow rate, is pumped to one or more of the activ;ited aluminia columns.

Prior to reaching the columns the f]ea is autoiiitically adjusted to al

optimum adsorption capacity pli level ol 5.5 with sulfuric acid. Aftcr

passing downflow through the .aliimiil., , t,,. Viti, I io,,S to aii cfHfln,'t

sump at the GAC builIding to he recoi l ied with ,,ticr treated m.nifoldtlI

streams prior to reinject i n. Prwix iots I ,tiv i ll i hdOe to adjiist tho'

pil of tile combinedl recharge strealll upward tisiio, !odium hydroxide if it

hecomes necessarv.

The fluoride treatment svst em it I izes tw I, Iral I] cCo mits . opea-

ti. Jg ill j 'stiggered-exhiaustion mi , to tre)It the entire %low ulp tO a

nmaximum of 160 gpm (150 gpm inti luciut plilus 10 *; C rec\Ce ). A t ion ()I

tt he 6AC ,f illi inn is . ipstre 'im d .i,,l im x,',l \ itl i [ke it l t !t t .,I t\,(,

ctiNuins iperating in parallel %,l1'1 L!t(' flie: 1h ti . lt) .( i 4() g.

-. .- 38- ]
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The(' tIti rd col uiis1 i s r'q t eii rel so lit I .I i i ' iil.icvl ii .CIv I , r,'ItI I.

one of the previously used columns is being regiierated. The t ratd ed

effluent fluoride level varies from 0 to 1 .6 mg/I when 150 gpm or less

is being treated; for flows above 150 gpm the effluent fluoride level

will be fixed at 2.2 mg/1 using the variable slipstream to maintain a

constant effluent fluoride concentration. The value of 2.2 rig/l was

selected to provide a cushion below the limit of 2.4 mg/i.

Column regeneration is an eight-step process. The first cycle is

backwashing the bed: the accumulated suspended solid!; are removedl from

the columns and the media is expanded, rearranging the orientation ot

the alumiia particles to minimize channeling. The remarining sev.n

cycles involve removing the fluoride from the bed and preparing the lie,

for further service.

Regeneration is accomli shed iii (ycIc 2, y t reating ii an rpflo i

direction the exhausted bed with a I percewt solijtion of sodium vdrox-"

ide. The hel is thien rjinse], wi'th water to f lush out tihe flujoride iii

Cycle I. It slrurld ire nott, i that all i,ter used at high plt, eiti~er I -

di Ilitifig sorillli lVdioXile or IirsiMlg it frmi the lied, is softci u .. itcr.

illis iS p: i , revcurt tlilig tirt c, 'i.i throughj p ecipitatiol Il

(,ll lu', rid l III;] 11res tini. C (lc 4 cofi.- rsts of s imply draining the e,,l ir,;

tL, reri (c the Ii ilut i iii r tire next sodim Ilydroxitie treatmentmd r .1 I,-

, , and 7 ire clnti rl1 to tC l(s 2, 3, and 4, respectivel', c: ,,pt

the flow is (lwr ratliei th-.1 1r 1. 8y e , i 1 rise to jdjust tir pll o,

tire I-, pri,,i LO t rrrrrriig rt ti :;euVir .L!lrrrL tll rinse .

-39-
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tairtied at this level ukntLiI lih cot I iin cli Hi ti1 ,1 haos iteen rctIi t'd to

- 6. 5. The rinse water is then adutdtoap f5.frth reumai nder

* of the cycle.

The fluoride removal process waste comes from two sources: regenera-

tion of the alumina columns and regeneration of the water softcior.

* ~Wastes from the alumina col umns i nclutde %od iumn hydrox ide and s ilfur ic

acid used in the regeneration of Ithr a I ili na lmiii I.1. trecse WistN have .i

hig glu o ride conitent (100 to 125 ng/ 1). vi, sofIl-entcr rrgenei rat i oni

* waste contains high levels of sodium and calcim chloride.

Several alternatives were considered for disposal of vastc!. trom

*the fluoride removal process. Water losses genrerallNy associated ith

* waste di sposal pract ices were iunacceptabl1e bc-ise thei. uing ag nic\ is

requi red to return osseiitially all oi the *atiremioved troni tlii qjuiter. 4

Iitis, the ilteriiative selected includt-s chiruiiktl precihitatici the

1, sing a inlechliicAl 11i img e'lcir -Adii i . 1 Ii lld

its opllat iou are duekrihed he! oo arid arc shwnsi oii itI

I I Wliii (, lrtJv'i d s [t he MIC55ar SA O Cib voI ilt I h I") i; I i ed I I i I iher-
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sludge coflelctiuon system tor remov,! I of tlie preCipitaIted solids. A

dcLanlt mtechani sill consist injg of a f lotAt ion supported tI leXible hose i s

i icluded to p)rov ide anu adj its L t Iuv d rawo ff po in t f or rec yclIi ng realc t or

s upe -r"]iatrit t. Chern i calI add i t i on po i t s a re I ocatLed albove( ea ch ra p id

mixer to faci 1i tate complete dispersion of sufi 1C acid arid calcium

chlIo r ide thItrollghoutL the hajs ini . SlIudge f o rmed (ir -injg L tn 1prec ip)i t a Lioti

r'a ( L ion) i s (C0 I Ic ted by Lthe rota t injg slIudge co IIec:t in systLem an Id

d Irec(t ed t o a cen tralI sI ldge-1 pit f or puimpi jig t o t he g ravity t dvw'at erI-i I)

ti te Lcr bed.

I'he( se I ec L ed chientica I L rea tmirnut s ystLem it i I izes c i linm clhI -i rde

au od i t i on a til pi .Idj us tineiiLt to redu ce f 101 t I id I eve I s iP n Lh regeriu ra t i oin

%,a- tc. [lie Cah it f luor Lde precipi ttie formied uluri ng Lt- reactionF of

ca I c i urn chIo r ide w itLh fI io i- i dV i S a ver sVtab ,) i1pSo I11 1b e cotoin 1d

JI)II ce f o ruil , (-I - Iciut flito r I I h oes I 1(o IolII- III in w~ltf~i .1nI d t' . ore

t i 1 L'e ea I IV 1111 sa fell, di sj s d ' ikn I I t-I ( e 1 lnix Im II 1; f l [ r I C

IIIr,', L I.Ithe r eg(cI i e r a Li o \.r IS ti iise I i, Li uti (I I I I It ]I

o! illproxiinaiiv 0.5 imtiiIiic1y tI low'ilg k ilk 11111 (tiIorid' tidit jolt.

'IIII !,to 1 (t t , *. tut t it'1w' I I Iltoitd( removi I tiloligli .1 1 ktilliitliI It\'ltoxlidt

'I It( i t<. St I I it L ift I I e I tut r1 I z o i/ I11 olf t Iore I I I h tii b )e ds is I I

li I ilw ( ()it( tete basitiip I orI to ec ce to t Iii [)I-itt itii IIetIt wet e i. 1.

a: i I,; 11tit~piippteu c( pt for lei rfi(yclc [fIi ct I)(1 It
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is used to filter the recycle, f o10,., Wli ]C tim s(Mid I I t Lt r I 1:1t ]ons

as a standby. The filters are sized for a maxiumm s,)! iis 1o:ldIng of 1

pound suspended solids per square fooL of media area. MIixed media

(coal/sand/ garnet) is specified because of its high ,rtfae are. per

unit volume, resistance to breakthrough, andt high soliIs storage capa-

bility. Total media depth is 36 inches, antd a surfae .ash svseum is

utilized to obtain maximum solids removal dr ing bat.,L.

To permit solids removal from the sysitlii, a 70-I .(.t di.iMnwt,- evapora-

tion basin is provided outside the treatment tuiilding. I L ter ia. kas h

could be discharged to the basin once per month . T'tw In is sized for

a net annual evaporation rate of 26 inches and has st.,t. , capability

for five coriseciit ive years ol low nct (,valr.it ion. P'i, iuie. toI

discharge of filter backwash to the sludge ,timp aL Otlit of Lit(i GAC

plant or to the filter backwash evaporatiirt l;isi ii ii.t, lilo,! r

,t e r,it i i a I I I ox i It i I ity

Gravity sludge dewateri ng is iliti 1 i t retiiu t t, cliil',c \IOt lluIt

prior to dis.posal. Two 8-f oot I y L_'-toot d, ew i , I L i hi tt:, .i F

emplI oycl. S Iidge formed during chemI cal t Irt.tent ,L , I tllelt c

regelerat ion waste volumes is appII ed to ,in. o f t it, I I I t .,tc; the

secondI bed serves as a standby. A condi t i on i ng tink i : i iic I iAi I cr

nmixing polymer with the sludge pumped trom the pretci,, t j t 1i1, I n. 'I he

1 1d~ i t i wnd s I iiutgt t beii I I ow:, h1w gi iv i t V to [ lit- f I I t I 1 1 po I \'Ili I

sVst f.n is des i gned to use e i ther I iqluid r 'it lo I \.'; i 1 ) r ,' : I I I ,

im de f or (i I !;cha rg ing I I t ri te to tie 1w re: ; ,, •  ilt, . I : i, t hi
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sl ItI, I SI ip IL L he I 'ad ( t Ie" GAC 1) ; ni L, Lh' p -'c i li t t i on h.a if), Ilf(-

filter backwash evaporation basin, or directly to the fluoride removal

system influent wetwell.

When the sludge has reached a consistency that permits it to be

handled easily (typically 1 to 2 days), removal of the cake is initiated.

Cake removal consists of hand-cleaning and placing into containers. The

filled containers are sent to the disposal site, and the screen is hosed

down to remove any accumulated solids.

Total fluoride removal system water losses (i.e., losses attrilbu-

table to sludge removal and filter backwash evaporation) represent "

approximately 0.1 percent of total system related water production (at

150 gpm plant flow).

PRO.JECT STATUS

S'I'l( north Ihuidary expansion projecta, Chllh conLracted a:, a

siiigle eingineering design, Ihas been submitteI to the Corps of %i ucetr

in two i t kages. ''he first submittal consistid of 1bidt dot'nemv Cit \ covering

SI dutit ' , -iltt riig , min ai . ifiell' t , anid re ( rtIarge fai i It i ' I] ] lii nv, ap lllt'-

rwli11t .t Il tilr,':; sItlh a:; oids, wetiel Is, reti ]ti tting of existilig wells,

.Jiid cxl,1i1 loll (di iw GAC )1 b Iilimig to) Ii1uiisi1 ]()u11.1ic pipinlg.

I I,' I li,,ri d(' teatmciiLt port iot[ of the projet ha.ls b)eell tiesigited and

!I',i i t Li 1  
to tih' Corps of Lrigirp i ers. 'lw State oif t(oloraido, l'tccognizing -"

I 1l-it I I1 ,,I I'l,. 11'1,v , 1 I lo i t he( Im''tE , i-} (I LL' lict to tail ha ri wif systemi"•

f. lI t ' lHi- Mt.it(e !, ,t ipilatcd tlhit (1ll(o tillt hb l l-jri ' .systf'lll he'coIl ''; .
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of about. 90 days. In the event fi t-onde lecvel s are found to be near the

d r inking water s tanda rds of 2.4 mg/l , ILie( decis ion may be rnidv IoL to

require fluoride removal. In the event, removal will be required, one

could reasonably expect construction to begin in early 1982.

FUTURE WORK

This project represenfts a segment, of Phase 111 of a four phase

* program to abate subsurface and aboveground conlaminat ion at Rocky

Mountain Arsenal. This phase also includes containment of a 93-acre 4

* liquid waste holding lagoon and grounldwater treatment, downgradientL of

the lagoon. Also included in this phase is a dewateririg, treatment, andI

rechiarge syste-m downgradi ent. 01 ait abandoned I itluid waste lagoonl and 41

solid waste disposal area.

Pha~se IV of the proposed abatement. programii is di rected towa ni pro-

vIIi i ig :411r fa ce run iio ff arfid w inid e ro s onr co iit rolIs a t cui iL~ifli iit t , i ir f a ce

si tes.

Ib int ta I I atL i o n r estLoratLi on p)rograrns at Rocky HountIa i n At is eri.3

w i 1c i i t i nriie t o r equ ii r e ma j or e ff or ts by tLhe v ar iouiis conitce rb g e n cs ,'

'I Iouuii C ' CIi Cian1Up of c ontLaiinatLi o i at Ro cky Mo untL a i in Ar s en ii ma %'

LCake nmnv yea-rs to a ccomnpli shi. Hloweve r, Lte ri ght. Con rSe' is be iog La ken

by thle gou'errnnient. in rctci fyi ng a p robl1em generated in Lte pas't .
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REMOVAL OF HEAVY METALS FROM WASTEWATER & ETCHING SOLUTIONS
John E. Nohren, President & Dr. Karl Moeglich, Vice-President
Chief Scientist, Innova,Inc., 5170 - 126th Ave. No. Clearwater,
Florida, 33520

It is with pleasure that we present our paper today relative to
a new and different technology permitting the removal, separation,
and high concentration of both anions and cations from solutions.
Our advancement to the state-of-the-art is the development of an
ion permeable hudraulic barrier known as the Innova Ion Transfer
Membrane to differentiate it from the thin film ion implanted ion
exchange membranes with which you are no doubt familiar.

V
In contrast to the ion exchange membranes, the Innova Ion Transfer
Membrane does not have, nor require, ion implantation. In contrast
to reverse osmosis, membrane pressure is not applied. The Innova
Ion Transfer Membrane is thick, approximately 9mm or 3/8 inch in
thickness, is rugged, and is not subject to plugging or fouling.
The Innova Ion Transfer membrane is free of the typical membrane
potential providing the coulumbic charge which attracts organic
matter leading to the blinding of conventional membranes. Further,
as the Innova Ion Transfer Membrane is essentially hydraulically
inert, contaminants are not carried into the membrane and without
the presence of water for hydration, reactions do not occur within
the membrane.

The basis for the development of the Innova Ion Transfer Membrane
was the result of research in boundary layer phenomena and surface
free energy. As a component of this research we established a
capillary pressure constant which showed approximately 1400 kilo-
crams of force to be available in a capillary of 4 angstrom
diameter. The Innova Ion Transfer Memgrane is of a capillary
nature and utilizes such natural phenomena. It is also constructed
of 'elatively inert materials which have a high resistance to 0
corrosion in both weak and strong acids, bases, and radioactive
compositions. We guarantee the acceptable functional life at 2
years in 15% chromic acid.

The membrane is applied in electrodialysis or unialysis. In the
dialysis configuration three chambers are used, the anolyte and
catholyte chambers being two outer sides of the center dialysate
chamber. Generally speaking, two electrodes are used, the anode
in the anolyte chamber and the cathode in the catholyte. The
effluent to be separated is introduced into the center dialysate
compartment with the transfer of the negatively charged ions
through the membrane into the anolyte chamber and; similarly,
the positively charged ions through the opposite membrane into the
catholyte chamber.

-52-



*~ 1- , Pr .-. . .

Frequently it is necessary or desirable to remove or separate
either the anions or cations. For such case a simple two
compartment unialysis cell is used with anolyte and catholyte
chambers.

In a typical commercial application for cleansing plating rinse
waters, modules are arrayed parallel, eight to a tank, which is
approximately 4' x 2' x 2'; each membrane module is approximately
0.25m 2 . When applied to a chrome rinse each module will remove
55-166g Cr0 3 per day and is capable of lowering the chromium
content in the rinse to below .01 ppm, although on closed-loop
systems such dramatic pull down is not required. The chromium
is concentrated in the anolyte compartment of the cell to
approximately 15% before being syphoned off and returned to
the plater's bath, the catholyte being the plater's rinse bath.
Significantly, the energy cost is less than half the value of
the chrome recovered.

For the chrome plater, the Innova membrane system, we call the
ChromeNapperTM , has provided a simple effective means to recover
his valuable plating compounds lost through drag-out while re-
ducing his water and sewerage bill by providing a completely
closed-loop re-cycle system. Importantly, the Innova system
operates automatically and does not require operator attention
or servicing except for the few minutes required to periodically
remove the concentrated chromic acid in the anolyte.

4P
Systems of this nature are currently being installed at plating
plants around the country, the first of which was installed in
January, 1980, after more than one year of laboratory and in-house
testing. The installed systems for the treatment of chromium
waste are functioning in all cases equal to or exceeding expecta-
tions for efficiency and freedom from maintenance requirements.

The Innova Ion Transfer Membrane systems are also being applied
for the treatment of various forms of nuclear waste. At the
Department of Energy plutonium facility in Richland, Washington,
the operating contractor, UNC Nuclear Industries, has installed
an Innova pilot system from which very dramatic results are
currently being obtained. As an example, the system has demon-
strated the capability of removing and concentrating radioactive
iron to the point below which discharge of the effluent would be
permitted.

The same pilot system has also demonstrated the feasibility of
treating etching solutions, that is cleaning solutions, similar
to a 2% phosphoric acid solution which is utilized to clean the
first loop of the nuclear reactor. Currently, the etching
solution is made up of food grade phosphoric acid which is
diluted with deionized water to make up a 500,000 gallon 2% acid
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solution. After contamination of the solution by its use as a
reactor cleansing compound, it is subsequently evaporated with
the residuals mixed with Portland cement for burial. The basic
cost involved each year is $100,000 for the original food grade
phosphoric acid plus approximately $.90 per gallon for evapora-
tion and eventual burial of the residual solids. This leads to
an expense of approximately $550,000 per year for the annual
cleaning of the reactor's first loop.

In the future, two storage tanks will be utilized; one for the
contaminated solution and the second for the treated or cleansed
solution with the Innova membrane system positioned between the
two storage tanks. Thus, a relatively small Innova system will
be used to remove the radioactive contaminants picked up during
the cleaning operation permitting the storage and re-use of the
cleansed solution, thus reducing treatment costs by some 90% or
one-half million dollars per year for this application alone. 0

Other nuclear waste treatment applications currently under test
is the removal of the radioactive ions from fuel storage basin
ponds and secondly, the treatment and recovery of the sulfuric
acid used to regenerate the ion exchange resins which have become
contaminated and saturated with radioactive ions. As an example,
the 105 cubic foot ion exchange resin tower currently requires
10,000 gallons of 4% sulfuric acid for regeneration with an
additional 7,500 gallons of rinse water, all of which is combined
within a single waste tank. Currently at the reactor in question,
770,000 gallons of such waste are generated annually and are
being stored or processed at a cost of $.90 per gallon. In the
future this storage cost will be eliminated and the value of the
recovered acid will more than offset the energy and capital costs
of the treatment and recovery system.

We have also been successful with the application of the Innova
Ion Transfer Membrane for the separation and recovery of U2 38 in
one instance and U2 3 5 in a separate application. An Innova dialysis
system has been employed to treat holding pond water containing
U2 3 5. We successfully isolated the U235 and precipitated this
material in pure hydroxide form separating it from other metals
and contaminants which were also present. In our opinion this
process offers unique opportunities not only to eliminate the
environmental hazard but to recover this very valuable resource.

Innova has been successful at separating U2 38 from solution mining
leachants and Florida phosphoric acid. While it is too early to
tell the economic viability versus conventional solvent extraction,
it does demonstrate the versatility and flexibility of this pro-
cess for widely diverse applications dealing with contaminated
liquors which themselves represent an environment in which no
similar process could be satisfactorily employed.
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Relative to military applications of the Innova Ion Transfer
Membrane, we have used an Innova Ion Transfer Membrane cell to
treat and destroy lead azide. The cell was of the dialysis
configuration as it was our desire to recover the acid for re-
cycling while transferring and precipitating the lead in the
catholyte compartment.

We have also treated the famous Rocky Mountain Arsenal Basin F
effluent initially removing the metal ions as the first stage
of treatment. The second treatment would then be the oxidation
of the organics. Thus, the Innova Ion Transfer Membrane cell
may also be used to treat military wastes containing mineral or
metal ions as are found in the various herbicides and agents
such as Agent Orange which have received a degree of notoriety
over the past few years.

The Innova process using the ion transfer membrane may be employed
for the treatment of brackish water and the replacement of the
reverse osmosis systems which are prone to clogging and bacterial
growth. As the Innova system does not require other than an
electrical supply, it may well be ideally suited for field use in
areas such as the Persian Gulf. Systems can be developed and sized
suitable for the individual soldier as well as for the platoon or
company.

We trust our brief presentation has provided some insight into the
flexibility and versatility of this new process which in many ways
is limited only by the user's imagination. We appreciate your
attention and interest, and look forward to future discussions of
our process and how it may solve environmental, purification, or
recovery problems that we as a nation face today.

- 5
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A STANDARD DESIGN CONTAMINATED WASTE PROCESSOR

by

Mr. Ron Sketo Mr. Franklin P. Eppert Mr. Darrell Walker
Project Manager Senior Vice President/ Project Engineer
U. S. Army - Military Projects Ammunition Equipment Office
Corps of Engineers Booker Associates, Inc. Tooele Army Depot

INTRODUCTION

The Army has explosive (ordinance) maintenance and manufacturing facili-
ties which generate combustible and noncombustible waste material contaminated

or potentially contaminated with explosives or propellents. Safety regula-
tions control and restrict the disposition of the "contaminated waste."
Contaminated wastes have been disposed of by opening burning. As a result of
the Clean Air Act and various State Implementation Plans, some states where
ordinance facilities are located do not permit open burning. Previously the
Army's program for eliminating open burning included construction of Air
Curtain Destructors (ACD). Some states regarded the air curtain destructor as
an extension of open burning and not Best Available Control Technology (BACT).
In an effort to produce a viable alternative to open burning and the ACD, the
Army has developed the Contaminated Waste Processor (CWP).

GENERAL

In order to field the CWP by timeframes required by various regulations,
it appeared advantageous to develop a standard design which could be readily
site adapted to any installation.

It was recognized that a standard design for a total CWP facility would
consist of two distinct pieces. 1

1. "Brick and Mortar"

2. "Process Equipment"

Generation of a timely standard design required both the "Brick and lp
Mortar" and "Process Equipment" design to be developed simultaneously. The
simultaneous coordination of these efforts was an extremely difficult task.
In addition, the criteria for the "Brick and Mortar" and "Process Eqiipment"
were developed while the design progressed.

The design for the CWP has been completed and the projects at, s, i:, .I (,.
for bid openings in December. The estimated construction cost for tI,, 1. ,
lities are approximately two million dollars each.

BRICK & MORTAR

Design of the "Brick and Mortar" for the pri e-t ws,, nlid.,'t ,ci im p
Associates, Inc. under contract with the U. U. Army Cot; , r, .

scope of work included the design and preparation (t pl. , t' I '
for the building to house the process al ong; with sit, . .tit I ,
This part of the presentation will cover dt.sigi cor.Isldtr..t 1t11 4I .,
for equipment requirements, user requiremn. lts An1d Ite .t r- r rt .

50--

. .



h

Si
EQUIPMENT REQUIREMENTS

Equipment to be enclosed and sited included the furnace, feed systems, and
air pollution control systems. Of particular importance was the development
of the interface between the contractor-furnished facility and the government-
furnished equipment. Other considerations included access to the Air
Pollution Control Systems for maintenance, installation and operation of the
material handling equipment, and remote installation of the operator's control
panel.

USER REQUIREMENTS

The user requirements included providing facilities based on the desired
worker occupancy, vehicle access to the site, control of fugitive emission,
year-round operation, and operator's protection from the weather.

SAFETY REQUIREMENTS

The safety considerations included wash down water collection, smooth
interior surfaces, elimination of dust-collecting ledges, fire protection
sprinklers, and suppression of missiles in the event of accidental detonation.
Also considered were OSHA and DARCOM safety manual requirements.

SUMMARY

As a result of the foregoing considerations, the "Brick and Mortar" part
of the design has been completed utilizing the following worst-case design
criteria:

1) Seismic zone #3 2) 40 PSF snow loading 3) 125 mph wind gusts
4) Minus 7F to plus 98F design temperatures 5) Operator protection for

a one pound TNT detonation.

Key features of the facility, in particular relating to the accidental detona-
tion of one pound of TNT, included the following elements shown in the view
graph floor plan:

1) Concrete missile shields at furnace and shredder 2) Steel shield
wall between furnance area and operator area 1/8" thick 3) Polycarbonate
viewing window 3/8" thick 4) Wash down water troughs and sump 5) Dust
ignition-proof electrical system 6) Deluge sprinkler system at conveyor
wall pentration

Other features of the design included an enclosed material sorting area,
overhead trolley system for material handling and a furnace heat reclaiming
system to provide building comfort heating. Building design was based on uti-
lizing a standard pre-engineering metal building adapted to these specific
criteria.
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PROCESS EQUIPMENT

The purpose of this part of the paper is to describe the basic charac-
teristics of the Contaminated Waste Processor (CWP) that has recently been
designed by the Army and will be installed at a number of facilities
throughout the United States in the next two or three years.

During normal operations at Army ammunition plants and Army depots, large
quantities of waste and metals are generated that is known or suspected to be
contaminated with explosives or propellents. Because of the hazardous nature
of these explosive contaminated wastes and metals, the contaminated waste must
be incinerated by the Army and the explosive contaminate in the metal be fo
flashed away before the metal can be sold for recycling.

*- FURNACE TESTS

Furnace tests have been completed on a Modified APR 2048 Flashing Furnace
located at Tooele Army Depot, Tooele, Utah. During the demonstration/
development tests on the prototype furnace, essentially no visible smoke was
present. The measured particulate levels nearly met the incineration stan-
dards of many states without either an afterburner or an air pollution control
system. The stack sampling data indicated an average particulate grain
loading of 0.03 gr/SCF and essentially no NOx (less than 30 ppm) was present.
CO was below detectable levels. C

The tests have shown that the furnace exhibits excellent temperature

control characteristics providing assurance of destroying hazardous or toxic
materials that may be present in the contaminated waste.

FURNACE DESIGN 1

The CWP is designed around a carbottom furnace to provide the capability

for both incinerating waste and flashing metal. The furnace is a refractory
lined, oil fired, batch type process furnace 22' long x 8.5' wide x 6.5' high.
The furnace chamber is lined with a lightweight ceramic fiber backed with
mineral wool block. The furnace car bottom has a top surface of abrasion
resistant castable refractory. The doors, which are closed during normal fur-
nace operation, are lined with a ceramic fiber blanket. Two burners are
located at the front of the furnace chamber on each side and above the exhaust
duct. When used specifically as a flashing furnace, all the air is brought
into the system through the burners. For waste incineration, automatically
controlled air injection ports and burners are implemented to maintain proper
furnace draft, control exhaust temperature, and optimize waste combustion.

The CWP has been designed to incinerate 600 lb/hr of combustible waste and
to flash 10,000 lb/hr or contaminated metal. The furnace carbottom and bur-

* ners have been sized accordingly, although it is expected that the metals will W
generally be flashed when incinerating mixed waste metal loads for minimum
fuel usage.
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FEED SYSTEMS

Two types of feed systems are provided for the CWP: 1) A batch loading
system; and 2) a continuous furnace top dump conveyor system with front end
preparation. The overhead trolley batch loading system uses baskets as a
means of collecting and holding the waste as it is destroyed in the furnace.
The baskets are 6' wide x 12' long x 2' high and are fabricated of steel with
wire braided sides and bottom tray to catch the ash and residue. The baskets
are loaded in the loading area and are picked up and transferred to the fur-
nace by the overhead trolley. Quick release hooks remotely controlled, load
and unload the baskets to insure the safety of an operator. The system is
controlled automatically by a microprocessor control system.

The top dump continuous conveyor feed system will increase the processing
capacity of the furnace as well as its flexibility. The waste will be loaded
onto a continuous feed conveyor and carried to the shredder. The industrial
waste shredder is driven by a hydraulic motor with automatic hydraulic anti-
jamming reversing capabilities. The shredded waste will be carried from the
shredder via a cleated conveyor and dumped into the furnace through a double
sliding valve/air lock system.

AIR POLLUTION CONTROL SYSTEM

Although the furnace will be designed with a capacity and control system
that will minimize load monitoring, the possibility of improper loading
causing smoke release would always exist. Also, it is recognized that the
continuous feed system may stir up a certain amount of ash when in use. An
air pollution control system (APCS) will thus be used to assure compliance
with emission standards under all operating conditions.

The APCS consists of a gas cooler, cyclone, baghouse, exhaust fan, and
exhaust stack. The furnace exhuast gases (1600-18000 F) will be cooled to

900OF with dilution air. The gas cooler will cool the exhaust gases to pro-
* vide a gas temperature of 250°F which is within the operating limits of the

baghouse. The gas cooler is used to minimize the exhaust fan power require-
ments as well as exhaust gas processing requirements. The exhaust gas will
then pass through the cyclone to remove particulate down to approximately 30
micron size followed by the baghouse for removal of particulate to 0.5 micron.
It is expected that better than 99% of the emitted particulate will be removed

* by the cyclone/baghouse combination.

S UM tARY

It is expected that furnace will effectively incinerate and flash the
explosive contaminated wastes and metals generated at Army Depots and AAPs
while meeting all current and future emission standards of State and Federal

EPAs.
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RECONDITIONING PROCESSES FOR

DRUMS CONTAINING HAZARDOUS MATERIALS

by

C. J. Touhill
Touhill, Shuckrow and Associates, Inc.

P. 0. Box 11022
Pittsburgh, PA 15237

(412) 367-3230

and

Stephen C. James
U.S. Environmental Protection Agency
Cincinnati, OH 45268

INTRODUCTION

Burying of steel drums that presently or formerly contained
hazardous materials often represents a wasted resource. Such
drums can be reconditioned using burning or washing processes to
remove and accumulate hazardous material residues so that the
steel drum can be returned safely to useful service. Moreover,
when a drum's useful life is spent, drum cleaning permits safe
ultimate disposal. Reconditioning processes either destroy the
hazardcus residues or concentrate them in a form more amenable

to further treatment.

Benefits of reconditioning steel drums could be considerable.
New drums cost nearly $20, and recondi tioned ones are about $12.
1hus, at sites where there are thousaids of drums, potential rec-
lamatiun value could be sianificant assuming that diums are in
uood condition. Moreover, reclamation would help to alleviate a
natiorwide shortage of reconditionable IB-gace drums.

In I E-a, c drum weighs about 50 pousdus and occupies a space
r § Icc r u t i rn 9 cu Li c f e e t I f d rum co n t r It s car. be I I eated and
c0 p os e d separately, then hazardous waste t r ans<portation costs
could be reduced simply because of lower weight. Furthermore, if
eotptied drums could be processed and cleaned so they would not
h ave to he dis;p osed in secured landfills or if they could he r(-
used or sold for scrap, life of secured landfill ]s could be extended.

Th refore, recondi tjioning of drums that presentIy and for-
rnerly contained hazardous materials could have considerable
economic: and e,virorimental bene its.

PEFCONDITJONING PROCESSES

There is a well-establ i shed at eel drum i econdi t ioning indus-
try in the U.S. During 1979, about 250 reconditioners processea
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* more than 41 million steel drums. More than 95% were 55-gallon
drums; most of the rest were 30-gallons. About two-thirds of
the drums are reconditioned at washing plants which process tight
head drums; the remainder, mostly open head drums, are burned in
drum reclamation furnaces.

For new drums, largest numbers are produced for the chemical
(40.2%) and petroleum (15.2%) industries. Other end uses include
paint and printing ink, janitorial supplies, food, and unspecified
categories. A high percentage of oil and petroleum drums are re-
used and recycled. On the other hand, a low percentage of chemical
drums are reused. Hence, it is not surprising that drums contain-
ing spent industrial chemicals or chemical residuals comprise a
significant number of drums found at abandoned hazardous waste dis-
posal sites, because such drums exit the user system quicker.

In a washing plant, primarily used for tight head drums, the
following operations generally are employed, although there is con-
siderable variation between plants. Drums are preflushed using a
strong hot caustic solution. Subsequently, they proceed to a sub-
merged caustic washing tank where the caustic strength is from 10
to 15% and the solution is heated to between 180 F and 200 F. When
drum contents are difficult to remove using caustic alone, chains
are inserted into the drum along with caustic and the drum is tum-
bled to dislodge adhering materials. If drum contents cannot be
removed by chaining or are cleaned only with great difficulty, the
drum heads are removed, thus converting them to open heads, and
they are sent to a burning plant. About one-third of washing plants
remove rust using hydrochloric acid washes. Tight head drums then
are rinsed, dedented, shot blasted, leak tested, and painted.

The process during washing whereby many toxic and hazardous
materials, such as pesticides, are detoxified is alkaline hydroly-
sis. Phosphorus and nitrogen-containing pesticides are particularly
susceptible to this treatment.

Except for a few small batch incinerators, most open head
drums are burned in tunnel-type continuous furnaces. Conveyor
belts move drums through the fuinace at an average rate of from
6 to 8 drums per minute. During the 4 minute residence time, drum
residual contents, linings, and outside paint are burned at an

0averaq furnace temperature of 1250 F. The drum temperature reaches
0 0at least 900 F. Drum temperatures higher than 1000 F could cause

warping, scaling, and structural damage. After cooling, open head
drums are shot blasted, dedented, leak tested, lined, and painted.

Furnace off-gases pass through an afterburner to control air
emissions. During normal operation, afterburner average temperature

Cis 1490 F, with an average residence time of 0.5 second. Air emis-
sions also can be controlled by varying conveyor speed, spacing
drums farther apart, and mixing "hot" drums with normal types. The
?7tate of California requires reconditioners who burn pesticide drumsC
to operate afterburners at 1650 F using a 0. 5 second residence time.
'ost toxic and hazardous materials are detoxified effectively at the0

30 ?- temperature; however, 2000 F is recommended for chlorinated
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hydrocarbons and to provide maximum assurance for complete com-

bustion of noxious compounds.

Plants that process pesticide or other hazardous material
drums on a regular basis use special handling and operational

and processing procedures.

POLLUTION CONTROL PRACTICES

For routine burning of steel drums, afterburners adequately
control air emissions. If a high percentage of potentially haz-
ardous drums are burned on a campaign basis, higher afterburner
temperatures (i.e. 1650 F) with a residence time of 0.5 second
are acceptable. The afterburner then is followed by a scrubber
system for maximum emission reduction. For certain persistent
compounds, even higher afterburner temperatures may be required.

There is some evidence that time/temperature tradeoffs are
possible in meeting environmental quality standards at burning
facilities. For example, it has been proposed that if drum resi-

dence time is extended in the reclamation furnace, lower tempera-
tures may be possible. Additional research is necessary based
upon the particular materials of interest.

For air pollution control, presently all conventional burn-
ing plants use afterburners. In addition, 37% use other equip-
ment as well, including scrubbers, packed towers, baghouses, and
dust collectors. (Dust collectors also are used for shot blast-
ers at washing plants).

Most routine washing facilities either recycle and reuse
caustic and rinse waters or discharge effluents into public sew-
eraqe systems. In fact, about half of all plants (including
those that burn), discharge some water into public sewers. Near-

ly 20% of washing plants claim to have completely closed cycle
systems. Only 10% are direct dischargers after treatment. Mean
flow for a typical facility is 15,000 gallons per day.

Clearly, recycle systems for caustic solutions and rinse
water will be required for facilities specializing in washing of
hazardcous material drums. In this way, hazardous constituents
w, 11 I)e concentrated in sludge and other solid residues. These
residuals must be disposed in a safe, economical, and environ-
mentally acceptable manner. Because of the very high orqanic
com)onent in caustic sludges (nearly 60%) , high temperature in-
cineration is the preferred choice for residue disposal. On the
average, an "empty" drum received by reconditioners contains

0.65 gallons or 5.4 pounds of residues.

Most commonly used water pollution control equipment at rou-

tine washing plants includes: screens, oil/water separators, W
flocculation and sedimentation tanks, filters, and dissolved air
flotation units. Those plants specializing in hazardous material

drums might bo expected to use activated carbon, membrane process-
es, and oxidation methods such as ozonation for further treatment.

0
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Operating procedures such as preflushing, stream segregation,

and cascading water use are important adjuncts to pollution

control equipment.

COSTS

Current costs for new tight head drums of most gages are

about $18. New open head drums cost around $17 for 19, 20, and

20/18 gage, whereas 18 gage and heavier cost between $22 and $23.

O Reconditioned drums, both tight and open head, average slightly

less than $12. The reconditioning laundry/service fee is nearly
$6. r,

A typical reconditioner pays about $400 per month in sewer

surcharges. Flow surcharges average $0.449/1000 gallons, and

BOD and total suspended solids cost $0.51/pound of material for

concentrations greater than about 200 mg/l.

Almost 90% of water used by reconditioners is purchased from

local public or private water distribution systems at an average

cost of $0.86/1000 gallons. Other utility costs, principally gas

and electricity, average approximately $66,000 per year for a
typical plant. Plants burning hazardous materials routinely would

be expected to have much higher fuel bills.

Presently, average residue disposal costs are $0.15 to $0.17

per reconditioned drum. Evolving RCRA requirements will cause
substantial increases, particularly for plants specializing in

hazardous residues.

Recently, reconditioners have spent 20 to 50% of their cap-

ital budgets for pollution control. Presently, the industry has
$12.7 million in installed pollution control equipment, $9.1 mil-

lion of which is undepreciated (assuming 10-year life and straight

line depreciation). Annual operza.tions and maintenance costs for

pollution control equipment are $5.5 million or around $45,000

for a typical plant.

Current pollution control costs per reconditioned drum are
in the $0.35 to $u.38 range.
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