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FOREWORD 

Under the Chemical Stockpile Disposal Program (CSDP), the US. Army proposes 
to dispose of lethal chemical agents and munitions stored at eight existing Army 
installations in the continental United States. In compliance with the National 
Environmental Policy Act (NEPA), the Army initiated a site-specific NEPA review of this 
proposed action at the Pine Bluff Arsenal (PBA), near Pine Bluff, Arkansas. The 
environmental compliance documentation was prepared in two phases. 

In Phase I, the overall CSDP decision to dispose of PBA stockpile by an on-site 
reverse-assembly and incineration process was further considered, and its validity at PBA 
was reviewed with data that were newer and more detailed than those that provided the 
basis for the final programmatic environmental impact statement (FPEIS) (completed in 
January 1988) for the CSDP. A Phase I Environmental Report is prepared to present the 
findings of the Phase I review. 

Phase 11 [the preparation of a site-specific environmental impact statement (EIS)] 
focuses on the site-specific implementation (plant construction and disposal operations) of 
on-site disposal at PBA. It should be emphasized that the Phase I Environmental Report 
was the starting point for the site-specific decision-making process, and it provided the 
environmental information by which the impacts of the proposed action could be assessed 
in the site-specific EIS. 

1990 (Chemical Stockpile Disposal: Final Phase I Environmental Report for Pine Bluff 
Arsenal, Pine BZufir Arkansas, Program Executive Officer-Program Manager for Chemical 
Demilitarization, Aberdeen Proving Ground, Md.). The report concluded that the FPEIS 
environmentally preferred alternative (on-site disposal), which is also the Army’s preferred 
alternative, is indeed valid for PBA No new or unique site-specific information was found 
that would change or contradict the conclusions of the FPEIS with respect to PBA. The 
report recommended that preparation of the site-specific EIS should proceed and should 
focus on implementation of on-site incineration and should not consider other alternatives 
for disposing of the PBA stockpile. 

The PBA Phase I report was independently reviewed by Argonne National 
Laboratory (ANL), and the review was summarized in a report (Chemical Stockpile 
Diyosal Program: Review and Comment on the Phase I Environmental Report for the Pine 
Bluff Arsenal, Pine Blufir Arkansas, ANL/EAIS/TM-34, Argonne, Ill., October 1990). 
Additional recommendations for the content of the site-specific EIS were included in the 
ANL review. On November 28, 1990, the findings and conclusions of the PBA Phase I 
report and the independent ANL review were certified to Congress by Assistant Secretary 
of the Army Susan Livingston. Preparation of the site-specific EIS for PBA was initiated 
following the Phase I certification. 

This Oak Ridge National Laboratory Technical Memorandum consists of the May 
1990 Final Phase I report. It was prepared to document the Phase I process for disposal 
of chemical agents and munitions stored at PBA. 

A final Phase I Environmental Report for PBA was issued by the Army in May 



The P ie  Bluff Arsenal (PBA) near Pine Bluff, Arkansas, is one of eight 
continental United States (COWS) Army installations where lethal unitary chemical 
agents' and munitions are stored and where desfmction of agents and munitions is 
p r o m  under the Chemical Stockpile Disposal Program (CSDP). The chemical agent 
inventory at PBA consists of approximately 12%, by weight, of the total US. stoc%pile, 
including ton containers of HD and HT mustard agent, M55 rockets and ton containers of 
agent GB, and M55 rockets and M23 land mines containing agent VX All o€ the agents 
or munitions at PBA were manufactured prior to 1%8, currently about 20 munitions have 
been o b s e d  to be leaking. All i t em that have been verified as leaking have been 
containerized and placed in isolated storage. The destruction of the stockpile is necessary 
to e l i i a t e  the risk to the public from continued storage and to dispose of obsolete and 
leaking munitions. 

In 1988 the US. Army issued a F i a l  Programmatic Environmental Impact 
Statement (FPEIS) for the CSDP that identiEied on-site disposal of agents and munitions 
as the environmentally preferred alternative (Le., the alternative with the least potential to 
cause significant adverse impacts). In some instances, the F'PEIS included generic data 
and assumptions that were developed to allow a consistent compa&n of potential 
impacts among programmatic alternatives and did not include detailed conditions at each 
of the eigbt installations. The envirorunentdly preferred alternative was identified using a 
method based on five measures of risk directed at potential human health as well as 
ecosystem and environmental effects; the adequacy of emergency response also played a 
key role in the selection process, In the Record of h i s i o n  following the lt;pEIS, on-site 
disposal was selected for implementation of the program. 

The purpose of this report is to examine the proposed implementation of on-site 
disposal at PBA in tight of more recent and more detailed data than those on which the 
FPEIS is based. Two pMcipal issues are address& (1) whether or not the new data 
WOUM result in rejection of on-site disposal at PBA as the environmentally preferred 
alternative (using the same selection method and data analysis tools as in the FPEIS), and 
(2) whether or not the new data indicate the presence of significant environmental 
resources that could be a€Fkcted by on-site disposal at PBA In addition, status reports 

Vnitary agents are 50 named because they alone can produce their desired hazardous 
effect on human health in their form as stored, they do not require mixing with another 
component to become hazardous (as is the case with binary chemical agents). 



are presented on maturity of the disposal technology (and how it could affect on-site 
disposal at PBA) and on the effort in tracking changes in technology to ensure that the 
overall levels of risk of on-site disposal, as identified in the FPEIS for PBA, do not change 
in a manner that could revise the relative ranking of the various FTEIS alternatives. 
Confirmation of on-site disposal in Phase I allows the site-specific environmental impact 
statement (EIS) (addressing on-site disposal) to begin under Phase II. 

More recent and more detailed site-specific data of the same types used in the 
FPEIS to identify the environmentally preferred alternative were gathered during the 
Phase I process. These new data were then examined and compared with the FPEIS data 
to determine if they have changed enough to warrant recomputation of the five measures 
of risk used to select the programmatic environmentally preferred alternative. Of all of 
the data types examined, only two were identified as having changed enough to warrant 
recomputation of risk changes in residential population (caused primarily by population 
growth and a change in the location of the residents in relation to the disposal facility) 
and the selection of a most likely meteorological condition. Additionally, the disposal 
facility location has been more accurately presented in the Phase I Report. For the areas 
of meteoriteltornado frequency, seismicity, aircraft activity, and agent on-site transport 
distance, either new data were not identified during the Phase I process or, if located, 
were not sufficiently different from data used in the FPEIS risk assessment to warrant 
reevaluation of risk. 

The new population data were used to compute fatalities using the same 
computation methods and values for all other parameters as in the FPEIS. The revised 
fatality estimates were then used to compute the five measures of risk for on-site disposal, 
continued storage, and on-site activities associated with off-site transport of the PBA 
stockpile. Results indicate that all alternatives are indistinguishable when the potential 
health impacts to the PBA community are considered. However, risks from on-site 
disposal are in all eases equal to or less than risks from other alternatives. If one adds the 
off-site transportation risks (not addressed in this document because they were addressed 
in the FPEIS), the on-site alternative is clearly preferable given the opportunity for risk 
reductions associated with emergency planning and preparedness activities that are 
underway at PBA The conclusion is that on-site disposal remains valid as the 
environmentally preferred alternative for PBA On-site disposal is at least equivalent to 
all other alternative in teims of the potential for human health impacts. 

During the Phase I process, data on resources that could be affected by on-site 
disposal at PBA were gathered to determine if any significant new or site-specific 
resources are present that could prevent or delay construction and operation of the on- 
site disposal facility (including incident-free operations and accident scenarios). The 
resources that were considered are population, meteorology and air quality, surface and 
groundwater, land use, ecology, socioeconomics, and aircraft activity. Some of these 
resources were examined in the FPEIS in assessing potential impacts of the programmatic 
alternatives, whereas others represent new information that was not appropriate for 
examination on the programmatic level. No assessment of potential impacts was 
performed during the Phase I prows. Rather, the data were examined to help identify 
potential issues to be analyzed under Phase II. No unique resources with the potential to 
prevent or delay implementation of on-site disposal at PBA have been identified. 
However, the new data will add to the understanding of potential impacts in the site- 
specific EIS. 



. -. Technology status and maturity and technology risk assurance were also examined 
during the Phase I process, although neither factor was instrumental in reaching the 
conclusions for PBA identified in the previous paragraphs. Four principal technology 
developments have occurred since the publication of the FPEIS: (1) the d ispad  of 
nonlethal chemical agent by incineration at PBA, located near Pine Blu& Arkam; (2) 
construction and testing of facilities for disposal of lethal chemical agents stored at 
Johnston Atoll, located about 1300 km (800 miles) south of Hawaii in the Pacific Ocean; 
(3) disposal tests with lethal chemical agent at the Chemical Agent Munitions Disposal 
System pilot plant at Tooele Army Depot, Utah; and (4) equipment advances. The 
experience gained during the "proof-testing" of the CSDP disposal technology should be of 
value in the implementation of on-site disposal at PBA 

to facility designs and operating procedures that have o c c ~ r r e d  since the FPEIS. These 
changes are being reviewed and mahated to ensure that the relative ranking of 
alternatives as presented in the FPEIS risk pictograms for PBA will not change; hence, 
the phrase "risk assurance* has been applied to this effort. No currently propsed design 
changes have been found that result in increases above those levels of risk presented in 
the FPEIS for PBA 

Efforts are also under way within the Army to identify and examine major changes 





PREFACE 

?he U.S. Department of the Army proposes under the Chemical Stockpile 
Disposal Program (CSDP) to destroy the nation's total stockpile of lethal unitary 
chemical agents and munitions. The unitary chemical agents to be destroyed under the 
CSDP include nerve agents that directly affect the nemus system and blister agents that 
produce blisters on exposed tissue. Unitary agents are so named because they alone can 
produce their desired hazardous effect on human health in their form as stored; they do 
not require mixing with another component to become hazardous (as is the case with 
binary chemical agents). These agents are stored in munitions (e.g., rockets, land mines, 
mortars, cartridges, and projectiles) that in addition to agents contain various explosive 
components (e-g., fuses, propellants, and bursters). Agents are also stored in bulk steel 
one-ton containers, none of which contains any explosives. 

The proposed action is being carlied out in response to a mngrtxsiond mandate 
in Title 14, Part B, Section 1412 of Pub. L 99-145, the Department of Defense 
Authorization Act of 1986, which directs that the destruction of the agents and 
munitions be accomplished by September 30, 1994, in conjunction with the aquisition of 
binary chemical weapons. In March 1988, the Army received fiom Congress an 
extension of the 1994 deadline to April 1997, under Pub. L 100-456. Under emergency 
conditions or if there is a significant delay in the acquisition of an adequate number of 
binary chemical weapons to mext the requirements of the b e d  Form, Pub. L. 99-145 
allows the Secretary of Defense to defer, beyond April 1997, the destruction of not more 
than 10% ("useful 10%") of the existing unitary stockpile. In April 1990 the Army 
of'ficially requested a 20-month extension of the April 1997 compfetion date. 

manner that provides (1) maximurn protection of the environment, the general public, 
and the personnel involved in the destruction process; (2) adequate and safe facilities 
designed solely for the destruction of the Iethd chemicai stockpile; and (3) cleanup, 
dismantling, and disposal of the facilities when the disposal program is complete. 

Tbe existing unitary chemical munitions are stored at eight US. Army 
installations located in the continental United States: Aberdeen Proving Ground (APG), 
near Edgmocd, Maryland; Anniston Army Depot (ANAD), near Anniton, Alabama; 
Lexington-Blue Grass Army Depot (LBAD), near Lexington, Kentucky; Newport Army 
Ammunition Plant, near Newport, Indiana; Pine Bluff Arsenal, near Pine BluEf, 
Arkansas; Pueblo Depot Activity, near Pueblo, Colorado; T m l e  Amy Depot, near 
Tooele, Utah; and Umatilla Depot Activity, near Hermiston, Oregon. None of the 
agents or munitions currently in storage has been manufactured since 2968, and 

Congress has directed the Army to accomplish the p r o m  destruction in a 



although some of them are "like new," others are in various stages of deterioration 
(about 20 items at PBA have developed leaks). All items that have been verified as 
leaking have been containerized and placed in isolated storage. 

At each of the eight sites, the Army proposes to remove the agents and 
munitions from existing storage, transport them to a proposed on-site disposal facility, 
disassemble them, and incinerate the agents and explosive components while thermally 
decontaminating the metal munition bodies and bulk containers. No stockpiled agents or 
munitions are proposed to be transported to other storage installations or sites for 
destruction. Incineration, the selected disposal technology, has been endorsed by the 
National Research Council as the safest means of destroying these lethal chemical 
agents. For the purpose of this Phase I report, "on-site disposal facility" refers to the 
incinerators and all associated structures and equipment for storing, handling, and 
processing the munitions and agents. 

Act of 1%9 (NEPA) review to ensure that environmental factors are given adequate 
consideration early in the decision-making process. For the CSDP, a NEPA review 
strategy has been structured to address two levels of decision making: (1) the 
programmatic level and (2) the site-specific level. 

Implementation of this NEPA review strategy for the CSDP began in 
January 1986 with initiation of the programmatic environmental impact statement (EIS). 
In January 1988, the Army issued the final programmatic EIS (FPEIS). The FPEIS 
discussed five alternatives: four for destroying the stockpile and the no action alternative 
[required by regulations implementing NEPA (40 CFR PL lSoO-l508)]. The five 
alternatives are as follows: 

A federal program such as the CSDP requires a National Environmental Policy 

1. continued storage of the stocks at their present locations (the no action alternative); 
2 on-site destruction of the stocks at their present storage locations; 
3. relocation of the stocks to regional disposal centers at ANAD and TEAD for 

destruction; 
4. relocation of the stocks to a national disposal center at TEAD for destruction; and 
5. relocation of the inventories at some sites to alternate sites, with the remainder 

destroyed at their present storage locations (this alternative includes air movement of 
the APG and LBAD inventories to TEAD for destruction). 

The FPEIS identified on-site disposal as the environmentally preferred 
alternative @e., the alternative with the least potential for significant adverse impacts). 
In addition, the Army's Record of Decision (ROD) for the FPEIS selected on-site 
disposal for implementation. The ROD stated that environmental impacts, including the 
hazards and risk analyses presented in the FPEIS, were a contributing but not the 
determining factor in the decision. Other factors considered included the feasibility and 
effectiveness of emergency response measures, vulnerability to terrorism and sabotage, 
and logistical complexity. 



On-site disposal, having been selected for implementation, will require: that the 
Army prepare eight site-specific NEPAampliance documents for each installation to 
assist with the site-level decision making. The programmatic ROD stated that the site- 
specific NEPA documents would focus on the hplementation of the programmatic 
decision at a given site and on specil5c kues and concerns related to implementation at 
a given site. 





The Pine Bluff Arsenal (PBA) near Pine Bluff, Arkamas, is one of eight 
continental United States (COWS) Army installations where lethal unitary chemical 
agents' and munitions are stored and where destruction of agents and munitions is 
proposed under the Chemical Stockpile Disposal Program (CSDP). The chemical agent 
inventory at PBA c~nsists of approximately 12%, by weight, of the total US. stockpile. 
The destruction of the stockpile is necessary to eliminate the risk to the public from 
continued storage and to dispose of obsolete and leaking munitions. 

In 1988 the U.S. Army issued a Final Programmatic Environmental Impact 
Statement (FPEIS) €or the CSDP that identified on-site disposal of agents and munitions 
as the environmentally preferred alternative (Le., the alternative with the least potential 
to cause significant adverse impacts). The purpose of this report is to examine the 
proposed implementation of on-site disposal at PBA in light of more recent and more 
detailed data than those on which the FTEIS is based. 

methods and values €or all other parameters as in the FPEIS. Results indicate that all 
alternatives are indistinguishable when the potential health impacts to the PBA 
community are considered. However, risks from on-site disposal are in all cases equal to 
or less than risks from other alternatives. Furthermore, no unique resources with the 
potential to prevent or delay implementation of on-site disposal at PBA have been 
identified. 

New population data were used to compute fatalities using the same computation 

"Unitary agents are so named because they alone can produce their desired 
hazardous effect on human health in their form as stored, they do not require mixing 
with anothc; component to become hazardous (as is the case with binary chemical 
agents). 





1.1 BACKGROUND 

This Phase I Environmental Report has been prepared by the U.S. Department 
of the Army to assist in the development of site-specific National Environmental Policy 
Act of 1969 (NEPA) (Pub. L 91-190) compliance documentation for disposal of the 
lethal unitary chemical agents and munitions stored at the Pine Bluff Arsenal (PBA) 
located near Pine Bluff, Arkansas. PBA is one of the eight U.S. Army installations 
where on-site disposal of agents and munitions is proposed under the Chemical Stockpile 
Disposal Program (CSDP). Following the issuance of the Record of Decision (U.S. 
Army 198th) for the CSDP Final Programmatic Environmental Impact Statement 
(FPEIS) in February 1988 (US. Army 1988b), the Army began site-specifi NEPA 
reviews for the installations involved in the CSDP. The U.S. Department of the Army 
proposes under the CSDP to destroy the nation’s stockpile of lethal unitary chemical 
agents (nerve and blister) and munitions. 

The Army has developed a two-phase process for conducting the site-specific 
NEPA studies. In Phase I, the programmatic decision of onaite disposal is to be given 
further consideration by a review of its validity at each storage installation using more 
detailed and more recent data than those USBd in the FPEIS. Phase II (the preparation 
of an HS) k to address potential impacts from site-specific implementation (plant 
construction and operation) of onaite disposal. 

(TEAD) ( U S  Army 1988~; Argonne National Laboratory 1989). The process has 
continued with Anniston Army Depot (ANAD) (US A m y  1989), Umatilla Depot 
Activity (U.S. Army lm), and with this report for PBA This Phase I Environmental 
Report is the starting point for the site-specific decision-making process at PBA, and it 
provides the environmental information by which the site-specific impacts of the 
proposed action are to be assessed in Phase IL 

The site-specific NEPA reviews €or the CSDP began with Tooel: Arnny Depot 

12 PINEBLmARsmAL 

PBA is located in Jefferson County, Arkamas, 48 km (30 Wiles) southeast of 
Little Rock and 13 km (8 miles) northwest of Pine Bluff (Fig. 1). The PBA reservation 
covers 6052 ha (14,956 acres; 23 des2)  on a tract of govenunent-owed land 18 km 
(11 miles) long and 5 km (3 miles) wide; of this area, 82 ha (203 acres) is improved 
grounds, 789 ha (1,949 acres) is semi-improved, 750 ha (1,854 acres) is unimproved, and 
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CLEVELAND I COUNTY I COUNTY 

Sourcs: U.S.A. Chemical Research Development and 
Engineering Center ,  Programmatic Environmental Impact 
Statement,  Binary Chemical Munitions Program, December 1981. 

Fig. 1. Map of the vicinity of the Pine Bluff Arsenal, Jefferson County, Arkansas. 
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4,431 ha (10,950 acres) is managed for forest products under an active timber 
management program. A 202-ha (50O-acx-e) site at PBA is under the control of the U.S. 
Food and Drug Administration and is operated as the National Center for Toxicological 
Research, 

The northern boundary of PBA is adjacent to privately owned farms and 
timberland; the southern boundary adjoins undeveloped industrid property and 
Mid-America Packaging. The western boundary is adjacent to the Missouri-Pacific 
Railroad right-of-way, and the eastern boundary runs generally along the Arkansas River 
(Fig. 2). The PBA chemical stockpile is stored in the northern part of the facility in a 
chemical storage area with 86 igloos (earthevered, reinfod-concrete bunkers). Ton 
containers of the mustard blister agent are stored in an open area 

PBA's principal missions reflect its position as the production arm of the 
Chemical Research, Development and Engineering Center. Project efforts are focused 
on (1) manufacturing technology to impme  product and process, to modernize 
tezhnologks, and to enhance production methuds; (2) munitions production; 
(3) mobilization readiness by maintaining production iines and planning for support of 
current and mobilization requirements; (4) testing of PBA-produced munjtions, testing of 
canister and Nters used in protective masks, and certification of chemical defensive test 
equipment and operators; (5 )  storage, demilitarization, and maintenance activities such as 
shipping and receiving, maintaining and rebuilding protective masks, demilitarizing 
nonlethal chemical material, and managing the chemical stockpile; and, most recently, 
(6) chemical munitions disposal. Munitions currentiy produced at PBA include smoke 
munitions, white phosphorous projectiles, and other incendiary projectiles. 

Facility, is being constructed at PBA Several plants are under construction that will 
perform fill and close operations for several types of munitions. The facilities are in 
various stages of readiness, ranging from complete and available for operation, to still 
under design, Continued development will be affected by ongoing negotiations related 
to weapons limitation treaties. 

The chemical agent inventory at PBA consists of approximately 12%, by weight, 
of the total U.S. stockpile including ton containers of HD and HT mustard agent, 
M55 rockets and ton containers of agent GB, and M55 rockets and M23 land mines 
containing agent VX AH of the agents and munitions of the types stored at PBA were 
manufactured prior to 1968, and a few have deteriorated to the point of leaking. All 
items verified as leaking have been containerized and placed in isolated storage. The 
destruction of the stockpide is necessary to e h i n a t e  the risk to the public from 
continued storage of the agents and munitions. 

The proposed disposal facility at PBA is planned to be constructed adjacent to 
the BZ disposal facility (Fig. 3) that was constructed to incinerate chemical-warfare agent 
BZ (a nonlethal but incapacitating agent), BZfilled munitions, and B k n t a w i n a t e d  
residues. Under the proposed action new construction would take place on the north 
and east sides of the existing facility, and wouid provide for the use of certain BZ 
support facilities by the proposed disposal plant. 

A production base for binary munitions, the Integrated Binary Production 

, ... 
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13 OBJJXTM3ANDsOPE 

To reasanably and objectively compare the various programmatic alternatives, the 
FPEIS employed some generic assumptions and inputs such as process and handling 
descriptions, on-site transport characteristics (such as transport distances and road 
conditions), and certain meteorological data. Other assumptions and inputs were more 
site-specific, as appropriate, to allow a reasonable comparison of alternatives. For 
example, the actual chemical munitions inventory, as well as the residential population, at 
each site were incorporated into the FPEIS accident analysis. 

The purpose of this report is to examine the proposed implementation of on-site 
disposal at PBA in light of more recent and more detailed data than those on which the 
FPEIS is based. Two principal issues are addressed: (1) whether or not the new data 
would result in the rejection of on-site disposal at PBA as the environmentally preferred 
alternative (using the same methods and data analysis tools as in the FPEIS), and 
(2) whether or not the new data indicate the presence of significant environmental 
resources that could be affected by implementation of on-site disposal at PBA For the 
first issue, the data are confined to those used to identify the environmentally preferred 
alternative. To address the second issue, existing data on all environmental resources 
that could be potentially affected by on-site disposal at PBA are examined and 
summarized. In addition, status reports are also presented on the technical progress and 
maturity of the disposal technology (and how it could affect on-site disposal at PBA) and 
on the tracking of changes in plant design and operating procedures. A risk assurance 
study is under way that examines the ramifications of major design changes on risk 

This Phase I Environmental Report is not intended to validate the Army’s 
programmatic ROD for the CSDP; it can only confirm or reject the environmentally 
preferred alternative (on-site disposal) as identified in the FPEIS for PBA Data 
gathered during Phase I include (1) any new information that was not available for use 
in the FPEIS, (2) more detailed information than was required for the programmatic 
purpose of comparing alternatives in the FPEIS, and (3) any information that may have 
been overlooked in the FPEIS. 

Environmental Report is limited to reexamining the FPEIS environmentally preferred 
alternative (Le-, on-site disposal) in light of more recent and detailed data. The scope of 
the reexamination is limited to on-site activities associated with the PBA stockpile: 
continued storage, on-site disposal, or any packaging, on-site movement, and temporary 
storage associated with off-site disposal. This report does not address potential risks or 
impacts from possible actions taken outside the installation boundary (e.g., transportation 
from one installation to another, unloading at the receiving installation, etc.). However, 
on-site activities associated with the regional disposal alternative are considered in the 
reexamination and comparison of risks among alternatives at PBA Technological and 
procedural characteristics used to reexamine the environmentally preferred alternative in 
the Phase I Report are the same as those given in the FPEIS (U.S. Army 1988a, Vol. 1, 

In light of the first issue to be addressed in Phase I, the scope of this Phase I 
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Sect. 2 and Appendices A, C, and G) and in support studies referenced in the FPEIS. 
In terms of the second major issue to be addressed in Phase I, the scope is limited to 
potential resources that could be affected by on-site disposal at PBA. 

The potential impact region addressed by this document is fimited to the area 
within 100 lan (62 miles) of the site of the proposed dispasal facility at PBA (Fig. 4). 
This area [which is a h  referred to as the 100-km (62-mile) zone] is the largest credible 
zone of potential human health impacts as identified in the FPEIS. At PBA, the 
continued storage alternative was postulated in the FPEIS to result in potential human 
fatalities to a distance of 100 km (62 miles). In fact this radius would apply to all 
alternatives because each would require storage until completion. However, for the 
purposes of analysis and comparison of the risks of the various alternatives, the 
incremental risks of each alternative are used here. 

human fatalities to a distance of 50 km (31 miles), and the regional and national disposal 
alternatives were postulated to result in human fatalities to a distance of 100+ km. The 
latter were classified as such because they have the potential to travel beyond 100 krn 
based on the amount of agent released. However, it is virtually impossible that 
meteorological conditions would allow it. 

FPEIS, information on some of the resources was collected for zones of different sizes 
[e.g., socioeconomic information was collected for the 10-km (62-mile) mne]. This 
Phase I report addresses resource information to the minimum distance applicable for 
the alternatives under consideration. Some resources are described for larger regions as 
appropriate (e.g., ecological impacts do not necessarily coincide with the zone for human 
fatalities; eMllomic impacts are more appropriately described on a multi-county or 
regional basis). 

Section 2 d e s c r i i  the approach taken to reassess the programmatic data €or 
PBA It defines and outlines the framework under wh ih  the reexamination of FPElS 
data is to be performed. The section also provides an overview of the method employed 
in the FPEIS to arrive at the selection of an environmentally preferred alternative (more 
detail is given in Appendix A). 

Section 3 presents and compares the newly collected site-specific information and 
data for PBA Data are organized according to those affecting the programmatic 
selection process for identifying the environmentally preferred alternative (Sect. 3.1) and 
those relevant to site-specific implementation (Sect. 3.2). Section 3.3 addresses 
technological considerations such as maturity of the incineration process, and Sect. 3.4 
discusses technology tracking and risk assurance. 

A summary of Phase I findings is given in Sect. 4, along with conclusions 
regarding preparation of the site-specific EIS for PBA 

The on-site d i s p a l  alternative at PBA was estimated in the FPEIS to result in 

Thus, dif€erent impact zones are applicable to different alternatives. Also, in the 
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f i g .  4. Potential impact region of Pine Bluff Arsenal, Pine Bluff, Arkansas. 
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2 APPROACEI 

This section of the report provides a general discussion of the process used to 
identify the environmentally preferred programmatic alternative in the FPEIS (U.S. 
Army 1988), and the types of data, assumptions, and information that were used. This 
then provides a basis for a conceptual oveniew of the Phase I Ewiroamental Report. 
The approach used to gather data and information during the Phase I process for PBA is 
also discussed. 

21 ID-GTHE PROGRAMMATIC ENVXFZONMENTALLY PREFERRED 
ALTERNATM3 

During preparation of the FPEIS, a method was developed to systematically 
compare programmatic alternatives to identify an environmentally preferred alternative. 
Alternatives are compared with respect to potential impacts from implementing the 
alternatives under normal operations and accident scenarios. 

minimal and mitigable and wouM not be signifcant in distinguishing among program 
alternatives. Consequently, potential e€€ects from accident scenarios figured prominentiy 
in identifling the environmentally preferred alternative. The method consists of 
sequential examination and comparison of factors reflecting the programmatic goals of 
no fatalities and minimal environmental insult. The comparison involved three 
consecutive tiers of examination for each programmatic alternative: (1) human health 
impacts, (2) ecosystem and environmental impacts, and (3) feasibility and potential 
effectiveness of emergency planning and preparedness Appendix A presents details on 
how the method was developed and used in the FPEIS. Figure 5 provides an overview 
of how the method was used to identify on-site disposal as the programmatic 
environmentalty preferred alternative (Le., the alternative with the least potential for 
causing significant adverse impacts). 

alternatives: 

The FPEIS concluded that potential impacts b m  normal operations would be 

For the first two tiers, five measures of risk were developed to compare 

0 Probability of one or more faraZitias is the sum of probabilities for only those credible 
accidents (k., accidents with a probability of occurrence greater than one chance in 
lOO,OOO,OOO) that could result in one or more fatalities under conservative most 
likely meteorological conditions. (See Appendix A for description of these 
mndi tions.) 

. ...... 
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Tier 1 

CONTINUED STORAGE, ON-SITE DISPOSAL, 
PARTIAL RELOCATION. REGIONAL DISPOSAL, 

AND NATIONAL DISPOSAL 

HUMAN HEALTH IMPACTS 

Probability of One or 
more Farallties 
Maximum Fatalities 
Expected Fatalities 
Person-Years at Risk 

Tier 3 

Partial Relocation, Continued 
Storage and National Dlsposal 

Rejected 

Regional 
EMERGENCY PLANNING Rejected 

AND 
PAEPAREDNESSEFFECTS 

No Clearly 
Inferior 

Expected Plume Area 
Tier 2 

P ROG RAM MA TIC 
PREFERENCE. 

I ACCEPTABILITY 
OF PROGRAMMATIC 

PREFERENCE 
AT EACH SITE I 

PROGRAMMATIC 
PREFERENCE 

INCORRECT 

REJECTED 
PROGRAMMATIC 
ALTERNATIVES 

Fig. 5. Flcnmhart illustrating selection of the Chemical Stockpile Disposal 
Program ewironmentaliy preferred alternative. 
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M A  nwnber of fatalities is the largest number of potential fatalities from 
accidental releases of chemical agent. It is the consequence of that single credible 
d e n t  having the greatest lethal downwind distance and one in which the wind is 
directed toward the area of maximum population under worst-case meteorological 
conditions (see Appendix A for description). 
E;qDecterifataIities are computed as the sum of the products of probabilities and 
(XIIIsequences (potential fatalities) for all d b k  accidents under comenative most 
likely meteorological conditions. 
Person yeurs ut risk are computed as the product of the number of people near a 
site at risk from that credible accident with the greatest dowmkrind distance and the 
length of time during which that accident could occur. 
ErpectedpZume area is computed as t&e sum of the products of plume meas and 
associated probabilities for all credible accidents under conservative most likely 
meteorological conditions. 

Figure 6 presents a simplified generalization of the types of data used to 
formulate the five measures of risk. The risk measures can be thought of comprising two 
types of data: residential population and accident probabilitiedagent release quantities 
(the risk measure "expected plume area" is the only one of the five that does not reflect 
population estimates and is represented solely by the physical characteristics of the 
accident data base). Within the population data category, the number of people and 
their location are of primary interest. Within the accident category, two types of data 
are of interest: internal and external. Internal data are the technology factors affecting 
the accident probabilities and agent release quantities: the types of equipment in the 
technology, the procedures by which the technctiogy is used, and the transportation of 
agents and munitions on-site. These are termed "internal" data because they are internal 
to the Army-that is, the Army can control these through design changes, procedure 
changes, or location changes of the proposed disposal facility (or railhead l o d i g  facility 
in the case of national disposal). External data, those over which the Army has little (if 
any) control, are meteorological factors; the amount of aircraft activity (which can be 
controlled over afl installation through the use of prohibited airspace but which cannot 
be controlled outside this airspace); the frequency and intensity of earthquakes 
(seismicity); and the Erequency of meteorite strikes. The assumptions and information 
used for the externai data are described in more detail in Appendix A, as are the 
mathematical processes used to analyze the data for the computation of measures of risk. 

Of the five risk measures discussed above, the first four were used for the health 
effects tier, and the fdlh risk measure was used for the ecosystedemironment tier. No 
risk measures were deemed necessary for the third tier, which dealt primarily with the 
adequacy of emergency planning and preparedness. The FPEIS method thus consisted 
of comparing a particular risk measure for a given alternative with the same risk 
measures for the other alternatives. To avoid presenting classified data on the stockpile 
at any particular site, the exact numbers calculated for these risk measures were not 

. :.... 
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Fig. 6. Conceptual oveMew of data types used in selecting the programmatic 
emriromentally preferred alternative. 
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used on a site-by-site basis. Site-specific numbers were translated into shading patterns 
in the form of pictograms (Appendix A). 

was determined that if the numerical values of risks between alternatives were different 
by at least a factor of ten, then this would represent a "signifkant dEerence." Because 
the pictogram shading patterns were developed to m i d  disclosing classified information, 
a difference of at feast two pictogram shad@ patterns (such as the difference between 
the singlediagonal shading and the all-black shading) was thus used as the FPETS 
criterion against which a "significance difference" could be determined. If a one-shading 
difference had been used as the criterion, then the pictograms could not be used to 
guarantee the factor of ten difference, because the numerical range assigned to each 
pictogram shading pattern spanned a factor of ten from its lower limit to its u p p  one. 
Accepting or rejecting alternatives at a given tier was therefore based upon the fact that 
a difference between risk measures of at least two pictogram shadiig patterns 
represented a "significant difference." 

As shown in Fig. 4, all five programmatic alternatives were examined at the first 
tier (human health) of the process using the first four measures of risk The FPEIS 
rejected partial relocation by air, continued storage, and national disposal based on the 
first four risk measures, leaving regional disposal and on-site disposal for consideration in 
the second tier. Examining the regional and on-site disposal alternatives in light of 
ecosystem and environmental impacts did not distinguish between alternatives. 

In the thi tier (emergency planning and preparedness), regional disposal was 
rejected because of the greater difficulties in providing adequate emergency response 
along transportation corridors vs. on-site. On-site d i s p a l  thus survived the three tiers 
to become the preferred alternative. 

The FPHS went one step further and examined the preferred alternative, using 
the above process and programmaticlevel data for each site, to show that the risks from 
on-site disposal were no greater than the risks from the other alternatives considered. 
Note that the method for identifying the environmentally preferred alternative was never 
used to identify on-site disposal at a given installation. Rather it was used to identify a 
programmatic alternative and then show that the identified alternative was not incorrect 
for any given installation. This completed the impact analysis that served as input into 
the decision p""s for identifying on-site disposal as the programmatic environmentally 
preferred alternative. 

aeCause of the uncertainty in the computational value of each measure or risk, it 

22 PHASE I CONCEPTUAL FRAMEWORK 

Figure 7 presents an overview of the Phase I process. The figure is directed at 
the use of the Phase I to reexamine the environmentally preferred alternative. The 
second function o€ Phase I-eXamining site-specific resources-& not unique to the 
Phase UPhase XI process and thus is not highlighted in the figure. In the first step, the 
data, information, and assumptions used to identify the environmentally preferred 
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Fig. 7. Flowchart illustrating thc Phasc I concept 
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alternative are identified (see Sect 2.1). More recent and site-specific data in these 
areas are then gathered (from a p i n g  meetings, installation visits, contacts with agencies, 
and other sources) and examined to determine if any changes have occurred that warrant 
repeating the process for identifying the environmentally preferred alternative. This type 
of screening function is done to avoid the complex task of recomputing measures of risk 
"from the ground up" using every piece of new information. The changes in data that 
show no potential to sigruficantly change risk for one alternative over another are merely 
mentioned in the Phase I report For example, if a given risk measure significantly 
increases for on-site disposal without increasing the same for the other alternatives, then 
the programmatic results (that risks from on-site disposal are no greater than those for 
other alternatives considered) could be changed, thereby triggering reevaluation of off- 
site alternatives with more recent and detailed data. Thus, major changes in the data are 
not the sole criterion for recomputing risk measures; the data must also demonstmte a 
potential to affect one alternative more than the others. 

New data judged to have significant potential to increase risk or judged to have 
an uncertain effect on risk are fed into the risk computation. The new data are used to 
compute the Gve measures of risk for each appiieable alternative (continued storage, on- 
site disposal, and on-site activities associated with off-site disposal). Those risks are 
incorporated into the FPEIS method for identifying the environmentally preferred 
alternative. The results are examined to determine if risk from off-site d i s p a l  is 
significantly less than risk from on-site disposal. If the answer is no, the Phase I report 
is completed and the Phase I process is certified (thereby allowing preparation of the 
site-specific EIS). If the answer is yes, then an EIS with a different scope is begun-one 
that addresses continued storage, on-site disposal, and off-site transportation and disposal 
at another installation as alternatives. 

The use of the F'PEIS method is expected to differ slightly in the Phase I report 
from that in the FPEIS. In the FPEIS, emergency planning and preparedness played an 
important role in identifymg the environmentally preferred atternative, as shown in 
Fig. 4. For the scope of this Phase i report, which is directed at distinguishing among 
disposal alternatives with respect to the population near PBA, emergency planning will 
not be an important factor because the Army has begun enhancements of emergency 
planning and preparedness €or PBA and vicinity (as weU as €or the other seven 
installations). Because the population near PBA will benefit from the effort to enhance 
emergency planning and preparedness regardless of the alternative under consideration, 
emergency planning has limited, if any, potential to affect the identification of the 
environmentally preferred alternative. For the population along a transportation 
comdor to an off-site disposal location, the planned enhancements to kxal emergency 
preparedness would provide no benefit. For these reasons, the reexamination of the 
environmentally preferred alternative in this Phase I report is based primarily on the five 
measures of risk and the first two tiers of the selection method. 

As discussed in Sect. 2.1, the risk measures can be thought of as comprising two 
principal types of data: internal and external. The internal data in the accident database 
can change as the Army revises procedures and modifies the technology of the disposal 
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process. However, a risk assurance study is under way (see Sect. 3.4) that examines the 
ramifications of design changes on risk and makes modifications if the FPEIS risk ceiling 
is expected to be exceeded. Thus the risk assurance study is performing the function of 
Phase I with a slightly different approachinstead of assessing the risk ramifications of 
changes, it is ensuring that changes resulting in risk above a ceiling do not occur. Thus, 
data on technology and procedures are not examined in this Phase I report. The Phase I 
approach can thus be considered as conservative in that allowances are not made for 
technology changes that have been made to enhance public safety. On-site transport is 
examined in this Phase I Environmental Report because it is concerned with factors that 
can change due to the characteristics of each installation and its associated stockpile 
(even though they are still factors over which the Army has control). Primary factors 
associated with on-site transport are the conditions of the roads and the distances w e r  
which agents and munitions would be transported 

External data represent factors largely beyond Army control that could affect risk 
and, therefore, identification of the environmentally preferred alternative. Each of these 
data types is examined in this Phase I report to determine if FPEIS data are 
representative of actual conditions at a given installation. For example, the extent to 
which meteorological conditions (mixing height, atmospheric stability, and wind speed) at 
an installation are representative of the values generically assumed in the FTEIS analyses 
is evaluated. Recent and more detailed data on earthquake, tornado, and meteorite 
frequencies are examined to see if they reflect the values given in the FPEIS. Data on 
levels of aircraft activity, including the presence of restricted areas, the type of aircraft, 
the type of airspace use, and flight frequencies are also evaluated. 

2 3  DATA C€)LLEClTON AND AGENCIES WNTACIED 

This document is supported by data collected by the authors during a site visit 
April 10-12, 1989, to the Pine BluK Arkansas, area. A scoping meeting was also held 
on April 11, 1989, at the PBA Visitor's Center Auditorium to solicit public input to the 
NEPA process and to determine the significant issues relating to the proposed action. 
No verbal comments were received during the scoping meeting. Only one written 
comment was subsequently received, that being from the U.S. Department of the 
Interior. The letter provided points of contact for specific issues that are of interest to 
the Department. 

funded community studies for live of the eight storage sites. (The other three sites 
declined the opportunity to prepare such studies.) PBA was one of the five sites for 
which studies were prepared. The PBA cornunity study (Demea 1987) has been 
reviewed for this Phase I report. The document basically supports the conclusion of the 
FPEIS that on-site disposal is the environmentally preferred alternative. It also 
recommends extension of the original program completion deadline of September 30, 
1994, to allow €or additional technology development and optimization of safety and cost 
effectiveness. The completion date has since been revised to 1999. Information 

To support the identification and assessment of issues in the FPEIS, the Army 
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presented by the community study, relating to such areas as atmospheric dispersion 
modeling, probabilistic risk assessment, and threatened and endangered species will be 
incorporated into the siteapecific EIS for PBA. 

Input was also solicited fiom the cooperating agencies, which include the US. 
Department of Health and Human Sewices (DHWS); the U.S. fivhnmental Protection 
Agency (EPA); the Federal Emergency Management Agency (FEMA); and many 
agencies of the state of Arkansas. Momation obtained from these agencies was 
considered in conducting this analysis. Additionally, each agency reviewed the draft 
Phase I document prior to its release. ?heir comments and written responses are 
presented in Appendix E 

made with the following agencies during the collection of data for the Phase I process. 

Arkansas Boys Training Unit, Pine Bluff; Arkansas (W. Ferrell). 

Arkansas Department of Corrections, Little Rock, Arkansas (D. White, Assistant to the 

In addition to the documents referenced throughout this report, eontact was 

Director). 

Arkansas Department of Human Services, office of Longterm Care, Little Rock, 
Arkansas (S. Frazer). 

Arkansas Department of Pollution Control and Ecology, Little Rock, Arkansas 
(S. Coldwell). 

Arkansas Geological Commission, Maps and Publication Section, 3815 West Roosevelt 
Road, Little Rock, Arkansas 72204. 

Arkansas Historic Preservation Program, Little Rock, Arkansas (C. Buford, State 
Historic Preservation Officer). 

Arkansas Law Enforcement Standards and Training, Little Rock, Arkansas (B. Brown). 

Arkansas Louisiana Gas Company, Little Rock, Arkansas (E. Davis). 

Arkansas Office of Emergency Services (J. Witt, Director). 

Arkansas Power and Light, Little Rock, Arkansas @. Webb). 

Arkansas School for the Blind, Little Rock, Arkansas (3. Duke). 

Arkansas School for the Deaf, Little Rock, Arkansas (A Attington). 

Arkansas State Parks, Little Rock, Arkansas (3. Hendric, Dept. of Revenue; 
R. Freedman, Planning and Development). 
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City of Altheimer, Altheimer, Arkansas (secretaxy to the mayor). 

City of Pine Bluff Planning Office, Pine Bluff, Arkansas (J. Hawkins, G. Gamer). 

City of Pine Bluff Zoning Department, Pine Bluff, Arkansas (D. Birdsong). 

City of White Hall, White Hall, Arkansas (T. Ashcraft, mayor). 

Clearlake Footwear, England, Arkansas (L Miller). 

Cotton Belt Railroad, Pine Bluff, Arkamas (U Bradley, Superintendent). 

Delta Career College, Pine Bluff', Arkansas (K Mezger). 

Federal Emergency Management Agency, Region VI, Denton, Texas (G. Jones). 

General Waterworks, Pine Bluff, Arkansas (E McElhanon). 

Grant County CMl Defense Division, Sheridan, Arkansas (J. Wynne, Coordinator). 

Greater fine Bluff Chamber of Commerce, Pine Bluff, Arkansas (E. Gains,  
J. Blankenship). 

Hardin Water Association, Pine Bluff, Arkansas (R. Rhodes). 

Hogan State Fish Hatchery, Lonoke County, Arkansas (D. Fiegel, Assistant Hatchery 
Manager). 

Jefferson County Judge, Jefferson County Courthouse, Pine Bluff, Arkansas 
(Judge J. Jones). 

Jefferson County Office of Emergency Services, Pine Bluff, Arkansas (J. Palmateer, 
Coordinator). 

Jefferson Regional Medical Center School for Nursing, Pine Bluf€, Arkansas (B. Font). 

Ladd Water Users Association, Pine Bluff, Arkansas (M. Hanes, manager). 

Maranatha Christian School, Pine Bluff, Arkansas. 

New Life Christian School, Pine Bluff, Arkansas (J. Rushing). 

Pine Bluff Christian School, Pine Bluff, Arkansas (M. Wallace). 
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Pine Bluff Parks and Recreation, Pine Bluff, Arkansas (J. Jumper). 

... .. .. 

Pine Bluff Wastewater Utility Sewer Department, Pine Bluff, Arkansas (K. .lobson, 
Trea tonen t Director). 

Pines Mall, Pine BlufE, Arkansas (R. Rechter, Assistant Manager). 

Sheridan Wastewater Department, Sheridan, Arkansas (D. Fitzgerald, Manager). 

Shickel Development, Pine Bluff, Arkansas (T. Mitsch). 

South Central Career College, Pine BIUIEE, Arkansas (M. William). 

Southeast Arkansas Economic Development District, Inc., Pine Bluff, Arkansas 
(S. Trotter, A Skinner). 

St. Peter Catholic School, Pine BlufE, Arkansas. 

Trinity Episcopal School, Pine Bluff, Arkansas. 

U.S. Fish and Wildlife Service, Endangered Species Office, Jackson, Mmissippi 
(D. Jordan, Field Supervisor). 

United States Geological Survey, Books and Open-File Reports, Federal Center, 
Building 41, Box 25425, Denver, Colorado 80225. 

Vocation and Technical Educational Division, State Department of Education, 
Little Rack, Arkansas (M. Braswell). 

Watson Chapel Water Association, Pine Bluff, Arkansas (€3. Ross). 

m i t e  Hall Sewer SeMce, White Hall, Arkansas (R Ducey). 

Demecs, D. D. 1987. Final Report on DPEIS and Related DraB, US. Army Community 
Review, University of Arkansas at Pine Bluq Pine Bluff, Ark, 

U.S. Army 1988. Chemkal Stockpile Disposal w a r n  Final Progmmmaiic 
EnvhnmeMal Impact Statement, Vols. 1, 2, and 3, Program Executive Officer- 
Program Manager for Chemical Demilitarization, Aberdeen Proving Ground, 
Md, January. 
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The two major parts of this section deal with (1) reexamining the identification 
of on-site disposal as the environmentally preferred alternative at PBA using recent and 
more detailed data than those in the FPEIS and (2) descriiing recent and detailed data 
on environmental resources that could be afkcted by on-site disposat 

As discussed in Sect. 2, the reexamination of the FPm environmentadly 
preferred alternative in this Phase I report is largely based on the evaluation and 
comparison of human health risks. Two major components of this comparative analysis 
are population data and atmospheric dispersion modelig. 

The choice of an atmospheric dispersion model in the FPEIS was limited by the 
nature of the accidentaily released chemical agents and the complexity of the disposal 
program. One requirement of the model or modek seiected for use in estimating 
environmental impacts was to calculate the downwind doses from agents emitted to the 
atmosphere from accidents (e.g., spirts of tiquid agent, detonation of munitions, and 
vapor releases from fires). fn addition, the model was required to analyze the effects of 
thousands of potential releases under various meteorological conditions. 

Research, Development and Engineering Center (Whitacre et a t  1986) was used to 
asses the potential impacts of the proposed action and alternatives in the FPEIS. The 
D2PC model assumes a Gaussian distribution of agent in the vertical and cross-wind 
directions as the agent disperses downwind This assumption has been documented 
extensively in the literature and is used by a multitude of current models. Although 
more sophisticated dispersion d e s  are available, the assurnptioa of straight-line 
downwind transport of chemical agent with non-varying metsoroiogical conditions results 
in conservative estimates (ie., overpredictions) of the effects of releases. A specific 
point of release was not identified in the D2PC analyses, but instead a generic location 
was used- This assumption was made due to the number of potential release sites at 
each facility as well as the potential for release during the transportation alternatives 
analyzed. Therefore, identical downwind distances were obtained for identical accidents 
for all alternatives, This simple approach, while inappropriate for estimating the impacts 
of any given release under real-time conditions, is appropriate €or analyzing and 
comparing the potential effects of the many postulated accidental releases. 

direct risk comparisons among the site-specific and programmatic documents, the same 
model (D2PC) is used in this Phase I report, Use of a model other than D2PC could 
result in a risk estimate different than in the FTEIS due solely to the new model 

The atmospheric dispersion model D2PC devebpd by the U.S. Army's Chemical 

To ensure consistency between the FPEIS and the site-specific EISs, and to allow 
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and not to any significant changes in facility design or the incorporation of site-specific 
data into the assessment. 

Section 3.1 uses data collected during Phase I with the FPEIS method for 
identifying the environmentally preferred alternative to reexamine the five FPEIS 
measures of risk. Section 3.1 is thus an extension of Sect. 2.6.3.3.5 in the FPEIS, which 
used programmatic data to examine on-site disposal at PBA using human health impacts, 
ecosystem and environmental impacts, and emergency planning and preparedness effects. 
Section 3.2 presents data collected during Phase I for site-specific resources that could 
be affected by construction and operation of a disposal facility at PBA Potential effects 
on these resources will be addressed in the site-specific EIS for PBA. Section 3.3 
addresses maturity of the disposal technology, and Sect. 3.4 discusses technology risk 
assurance. 

Only highlights concerning the newly collected data are given in this section. 
For some of the resource areas, a more complete presentation of detailed, site-specific 
information is contained in appendices to this report. 

3.1 REEXAMINING THE IDENTIFICATION OF ONSlTE DISPOSAL AS THE 
E N V I R 0 N M E N T A L ; L Y P ~ A L ~ A ~  

Identification of the environmentally preferred alternative was based on a risk 
analysis for accident conditions. As discussed in Sect. 2, the two types of data germane 
to the selection process are population and the accident data base. Population data are 
concerned with the number and location of people. The accident data are concerned 
with the probabilities and agent release quantities of various accidents associated with 
each alternative; the probabilities and release quantities can in turn be thought of as 
being affected by external factors (e.g., meteorology, earthquakes, meteorites, etc.) and 
internal factors (technology, procedures, facility location). This section examines 
population and accident data base information collected during Phase I for its potential 
to affect the programmatic selection at PBA Using those data that have appreciable 
potential to preferentially affect a given risk measure for a given alternative, this section 
then reevaluates the risk measures with the new data for the three alternatives 
applicable to Phase I. Last, the new risk measures are used in the FTEIS method for 
identifylng the environmentally preferred alternative to determine if off-site disposal risk 
is significantly less than on-site disposal risk. 

3.1.1 New Values for Progtammatie Data and k u m p h n s  and Their Significance 

3.1.1.1 Accident data base 

As discussed in Sect. 2, of the two major types of data that affect the accident 
data base (internal and external), most of the focus in this Phase I report is directed 
toward the external data because they represent factors over which the Army has little or 
nn control. Internal data, however, reflect factors over which the Army does have 



3-3 

controt This section discusses those factors that could have changed h m  the 
assumptions in the FPEIS: on-site transport (as determined from the location of the 
proposed on-site disposal facility as compared to the iacation of the existing storage 
area), meteorological factors, earthquakes (seismicity), aircraft activity, tornadoes, and 
meteorite strikes, as discussed below. 

Onrite trarlrrpwt 

As considered in this Phase I study, the probability of an accident d g  
during on-site transportation of agents and munitions is directly related to the number of 
miles travelled. Therefore, on-site tramportation distance L an important parameter in 
assessing FPEIS risk measures at PBA The pfoposed site of the agent dis- facility is 
as depicted in the FPEIS immediately west of the Arkansas River in the northern part 
of the installation and approximately 4 km (2.5 mites) east-northeast of the sdsting 
storage area This is within the 3-mie transportation distance that was ass& in the 
FPEIS. The route from the storage area to the disposal facility will be constructed or 
upgraded for an 85,OOO pound haul load Current&, some of the route is paved, some 
unimproved gravel, and some sections have yet to be constructed. The return route, on 
which the trucla will be empty, will use existing roads (personal communication from 
Lt. €2. Sachs, PBA, to T. Ensminger, OW). No new information concerning on-site 
transport was identified that would invalidate the Concfusions of the FPEIS. 

=-* 
The principal type of meteorological data of interest to the selection of the 

environmentally preferred alternative is the applicability of meteorobgical conditions 
assumed in the FTEIS: wind speed, atmospheric stability and mixing height. Tornadoes 
are discussed in a separate section (below) in conjunction with meteorites. 

Meteorologicaf data for PBA were examined to evaluate the appropriateness of 
the conservative most likely (CML) and worst case (WC) meteorological conditions that 
were used in the FPEfS. The CML scenario represents a frequently occurring 
meteoro1ogical condition that results h dativeiy large doses of agent release compared 
with other frequently occurring conditions. Specifically, neutral atmospheric stability 
(Ciass D) with a wind speed of 3 m/s (6.6 milesb) was selected far the CML condition. 
The WC scenario represents a credible condition that results in near maximum doses. 
Specifhcally, a stable atmosphere (Class E) with a wind speed of 1 i d s  (22 milah) was 
chosen for the WC condition. 

Accurate measurements of wind speed and derivations of stabilities are needed to 
evaluate the appropriateness of the two conditions for PBA Quality control procedures 
were performed to determine the accuracy of the wind data collected at two towers 
located at PBA The quality of the wind data appears reasonable, and the data should 
be quite representative of conditions at the site of the proposed disposal facility. The 
stabfities which are derived from PBA data using methcxis based on the standard 
deviation in horizontal wind direction (sigma-theta method) appear reasonable for 

... 
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Tower 6, both by time of day and for the overall period of record. For Tower 1, the 
distribution of stabilities appeared biased in the direction of being too unstable and was 
not used further. 

The joint frequency distribution of stabilities and wind speed classes was 
constructed to determine the applicability to PBA of the CML and WC meteorological 
conditions (Table 1). The distribution indicated that neutral atmospheric stability 
(Class D) occurs more often (35% of the time) than any of the other classes, and 
D stability with winds between 2.1 and 3.6 m / s  (4.7 and 8.1 milesh) occurs more than 
10% of the time, a greater occurrence than any other wind speed class within D stability 
except the 12% Occurrence of winds less than 2.1 m/s (4.7 milesh). b u s e  the range 
(upper bound minus lower bound) of the former wind speed class is only 1.5 14s while 
the range of the latter wind speed class is 2 1  m/s, a wind speed of 3 m/s is expected to 
occur more frequently than lower wind speeds for D stability. Class D stability with 
higher wind speeds also occurs frequently but results in less conservative predictions 
(Le., it would result in smaller doses for a given downwind distance). However, the 
lower wind speeds have the potential to be associated with higher doses of chemical 
agent and, therefore, potentially larger estimated fatalities from accidents. The 
implications of using a lower wind speed for CML conditions are addressed in 
Sect. 3.1.2.2. 

Class F stability with low wind speeds and F stability occurs almost 7% of the time at 
PBA, F stability intentionally was not used for the WC scenario because predicted doses 
are greater than doses realistically expected in a credible scenario. During F stability, a 
puff or plume meanders along a serpentine path rather than moving downwind in a line; 

With regard to WC conditions, although maximum predicted doses result from 

Table 1. Joint frequency distribution (in percent) of stability 
and wind speed for the PBA Tower 6 station (15 m) 

Wind speed (m/s)a 

class 0-2.1 2.1-3.6 3.6-5.7 5.7-8.7 8.7-10.8 >10.8 Total 
Stability 

A 3.9 2.5 0.3 0.0 0.0 0.0 6.7 
B 4.1 5.5 2.2 0.3 0.0 0.0 12.1 
C 5.8 8.8 7.0 1.9 0.1 0.0 23.6 
D 12.2 10.5 9.1 3.2 0.1 0.0 35.1 
E 10.9 3.6 0.9 0.5 0.0 0.0 15.9 
F - 5.9 - 0.7 - 0.0 0.0 - 0.0 - 0.0 - 6.6 

Total 42.8 31.6 19.5 5.9 0.2 0.0 100.0 

'Multiply by 2.237 to convert to miles per hour. 
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therefore, actual maximum doses at given locations would be reduced compared with 
predicted doses that assume continuous exposure along a centerline downwind axis. As 
the puff from an instantaneous release expands because of difbion, it becomes subject 
to changes in wind direction within the increasing volume of air that it occupies as it 
travels downwind Therefore, although the effect is not as pronounced as for a 
continuous plume, actual maximum doses in a puff are a b  less than predicted doses 
because of stretching and shearing occurring along its meandering path. 

Class E stability with low wind speeds produces the next highest predicted doses, 
and the meandering plume is not as pronounced for E stability. For this reason, 
E stability with low wind speeds was selected as the WC scenario. Class E stability with 
winds less than 2 1  mh (4.7 mile&) occurs approximately 11% of the time. Based on 
these results, it is concluded that the CML and WC meteoro~ogical conditions used in 
the FPEIS are appropriate for PBA 

affecting predictions of dispersion. hwering this value would tend to decrease the 
volume of the atmosphere available for dispersion of agent and potentiaffy increase 
predicted concentra-tions of agent in the atmosphere. Data on the height of the mixed 
layer at PBA are obtained on-site by an acoustic sounder, but the instrument is currently 
being used on an expe*ntai basis only fw. E Rostek, PBA Meteorologist, Pine Bluff, 
Arkansas, personal communication with R L Miller, Oak Ridge National Laboratory 
(Om), Apr. 11, 19891. Therefore, the best available estimates for this parameter are 
calculated using data from the nearest National Weather Service station with upper-air 
data at Little Rock, Arkmas, 48 km (30 miles) north-northwest of PBA. Because the 
height of the mixed layer usually is quite uniform throughout central Arkansas at any 
given time, these estimates of the height are representative of PBA, 

The FPEIS used a value of 750 m (2475 ft) for accidental-release scenarios. An 
examination of morning and afternoon mixing heights by season ( H o b r t h  1972) for 
Little Rock reveals that mean morning mixring heights range from 342 m (1129 ft) in the 
autumn to 544 m (1795 ft) in the spring, and mean afternoon mixing heights range from 
1101 m (3633 ft) in the winter to 1851 m (6108 ft) in the summer. Note that the mean 
m o d n g  mixing heights are lowered considerably by ground-level inversions during stable 
conditions and usually would be higher for the CML scenario of neutral atmospheric 
stability. For the WC scenario, the height of the mixed layer is not of concern because it 
is unlikely that more intense stable conditions would occur above the surface inversion 
that causes the stable conditions. Based on mean values reported by Hobworth, the 
selection of a height of 750 m (2475 ft) is appropriate for PBA; however, for 
conservatism, risks associated with a lower mixing height of 500 m (16% ft) are 
evaluated in Sect, 3.1.2. 

The height of the mixed layer is another important meteorological factor 

seismicity 

Seismic risk analysis in the FPEIS was based on probabilistic earthquake data 
provided by ATC 1978- According to ATC an effective peak ground acceleration 
(EPGA) equal to 0.05 g has a 10% probability of being exceeded at bast once in 



3-6 

50 years at PBA. Probabilities of e x d i n g  larger design EPGAs [0.20 g and 0.81 g for 
the main munitions demilitarization building (MDB) and the toxic cubicle (TC), 
respectively] were extrapolated from data provided by ATC and used in the FPEIS risk 
analysis. Based on ATC data, EPGA = 0.20 g has approximately a 10% probability of 
e x d a n c e  at least once in lo00 years and EPGA = 0.81 g is screened out of the 
FPEIS risk analysis on the basis of extremely low probability (less than one chance in a 
million annual probability of occurrence). 

Based on currently available data, the seismic risks for the MDB and TC remain 
unchanged. FEMA's 1988 seismic risk map (Fig. 8) is essentially the same as that of 
ATC (1978), both having been based on an earlier seismic risk analysis by Algermissen 
and P e r k  (1976). A more recent analysis by Algermissen and others (1982) suggests 
no significant change in seismic risk for PBA Both Algermissen studies were national, 
rather than site-specific, in scope and may not necessarily be good representations of 
seismic risk at PBA. Nevertheless, the Algermissen studies are the best available sources 
of information available at this time. A site-specific probabilistic risk analysis as 
described by EPRI (1988) for use in electric power plant studies has not been done 
for PBA 

important respects. First, regional WC earthquakes and their associated peak ground 
accelerations (PGAs) have been estimated and compared with earthquake engineering 
design parameters. Second, foundation conditions (an uncertainty discussed in general 
terms in the FPEIS) are now known in greater detail. Finally, corroborating evidence 
has been compiled that is consistent with the FPEIS assertion that on-site surface 
rupture along a fault beneath PBA is unlikely. Table 2 summarizes several sources of 
information. The Army contractor's (Jacobs Engineering Group, Inc., and URS/ 
John k Blume and Associates 1987) summary is presented separately at the end of this 
section. 

When the FFEIS was prepared, very little site-specific information was available. 
The worst-case PGA had not been estimated. Furthermore, liquefaction and ground 
motion magnification were considered feasible, but the presence of faults capable of 
producing on-site surface rupture was considered highly unlikely (based on region-wide 
geology and professional judgement, rather than site-specific geotechnical data). 

disposal facilities would not be damaged by earthquake-generated soil liquefaction, 
assuming they are constructed on terrace deposits similar to those on which the BZ site 
is located. Construction on the Arkansas River flood plain would be avoided. The BZ 
site is on high ground where the water table is nearly 15 m (50 ft) below the surface. 
Surficial soils (3 m or 10 ft thick) are stiff clay-silts and hardpan. They are underlain by 
3 to 8 m (10 to 26 ft) of hard sandy clay and very dense fine silty sand of Pleistocene age 
which, in turn, lie on semiconsolidated Eocene age shale as determined by lithologic logs 
and standard penetrometer tests. Dense soils with a deep water table are not likely to 
liquefy (Seed and Id& 1971). 

Information collected during Phase I COILfirms the FPEIS assertion that on-site 
surface rupture along an active fault at PBA is unlikely. No confirmed surface ruptures 
have been 4scovered in strata of the Mississippi embayment region (Thenhaus 1983). 

Seismicity data collected during Phase I supplement those in the FPEIS in three 

Data collected during Phase I (U.S. Army open-file data) show that the proposed 
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Tabhe2 Summaryofsitespedficandp .- -parameters 
at Pine Bluff Arsenal compared to eartbqual;t cngineuing 

design parametas 

Site-specific 
Earthquake Programmatic Site-specific design 
parameter EIS data parameters' 

Effective peak ground 
acceleration (EPGA) 
10% probability of 
exaxdance at least 
once in 50 years 

Maximum historical 
earthquake in 
Wichita - Ouachita 
Province 

Peak ground 
acceleration (PGA) for 
above earthquake, 
assuming it occurs 
onsite 

Worst case (WC) 
earthquake in 
Wichita-Ouachita 
Province 

PGA for above 
earthquake, assuming it 
occurs on-site 

Maximum historical 
WC earthquake in the 
Reelfoot Rift 

PGA for the maximum 
historical wc 
earthquake (Imm = 
XII) assuming it occurs 
near Marked Tree, 
Ark, 130 km NE of 
PBA 

Seismic Zone I' 
EPGA = 0.05 
EPGA - 0.06 g 

Seismic zone I' 
EPGA = .05 g' $ 

Not provided Tulsa, Okla.; 1956' 
Paris, Tex-; 1882' 
northwest Miss.; 1931h 
Modified Mercalli body- 
wave Intensity 
(Imm)=VII, magnitude 
(m,) = -5 .54 j  

PGA = 0.18 gU Not provided 

Not provided Imm = VIII; mb = 

Imm = rX; mb = 
- 6.d 

- 6.2' 
Not provided PGA = 0.18 e, 0.25 g 

PGA = 0.28 gY 
PGA = 0.34 g" 

Not provided New Madrid, Mo. 
Feb. 7, 1812; 
Imm = XI1 
mb = 7.42L4" (700- and 
1400-year recurrence 
intervals northeast and 
southwest of Marked Tree, 
Ark., respectively) 

PGA = 0.32 pi 
(on-site Imrn = E) 
(onsite Imm = VII)q 
PGA not given4 

Not provided 

General purpose 
support facilities 
Seismic Zone 2 
EPGA = 0.10 g 
(probability of 
exwedance 10% in 
250 years) 

Main munitions 
demilitarization 
building, MDB 
PGA = 0.20 g 
Seismic Zone 3 
(Probability of 
exceedance -10% in 
lo00 years) 
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Table2 (coatinued) 

Site-specific 
Earthquake Programmatic Site-spenfc design 
parameter EIS data parameters' 

PGA = 0.81 g (toxic PGA for the maximum Not provided PGA = 1.0 
historical wc (on-site Imm = XI) cubicle inside MIX) 
earthquake Qmn = 
W) asurning it occurs 
at Stuttgart, Ark.; 
50 km NE of PBA 

Potential for , Yes (Professional Nonep @rill logs, standard 
liquefaction judgment) penetrometer tests) 

Potential for ground Yes, based on regional Yes, bascd on loa1 Appropriate design 
motion mapfiation geology and depending geology and depending on respoose spectra 

on structural design structural design" consistent with design 
PGA and duration of 
shaking 

Potential for surface None (Professional U n l i k e l ~  
mpture (capabk faults) judgment) 

"B. Ross, design engineer, U.S. Army C b r p  of Engineers, Huntsvilk Division, pemnal communication wth 

'ATC (Applied Technology Council), Tentative Provisiom for thr DNciopmari of Seirmif Rcgulnticnrs for  bag^, 
W. P. Staub, geotechnid engineer, Oak Ridge National Laboratory, August 31, 1989. 

Applied Technology CouncillNational Bureau of Standards, Special Publication 510, U.S. Department of Commerce, 
Washington, D.C, 1978. 

'More stringent (conservative) interpretation of ATC (1978). 
dS. T. Agemissen, et al, ProLmb2& Esfunam of Marimum Accelaotion and V&y in Rock in the &mtipa~r 

cArkansas Power and Light, S a f q  A?t&m Rcpon for AnGrmsar Nuclcm One, Unit 2, US. Nuclear Regulatory 

fNRC (US. Nudear Regulatory Commission), S a f q  Analysk R ~ p o n  Relafed io the cnpaarion of Grand Guy Nuclear 

United Smies, U.S. Geological Survey, Open-File Report 82-1033, Denver, cdo., 1982 

Commission Docket No. 50-368, Ofice of Nuclear Reactor Regulation, Washington, D.C., 1976. 

Stdon, Unifs 1 end 2, US. Nuclear Regulatory Comrmsrion, Docket Nos. 50-416 and 50-417, NUREG-0968, Office of 
Nudear Reactor Regulation, Washington, D.C., 1981; NRC (U.S. Nuclear Regulatory Commission), Safe9 Evnluanon 
Repon Relared 10 the Operation of Cornrmchr Peuk Stem Ehcoic Staion, Unirr I rmd 2, U.S. Nuclear Regulatory 
Commission, Docket Nos. 50-445 and 50-496, NUEEG4797, Office of Nilclear Reactor Regulation, Washington, D.C, 
1985. 

E a t t h q u k  Hpzardr for  a Chcmrcal Swc&pi.le Disposal F a c M  ai the Pine 3hff Arsnrol, Arkansas, contractor report by 
enpeers io US. A r m y  Engineer Division, Huntswk, Ala., contract no. DACAJ37-86-M)85, prepared for the Office of the 
Program Manager for Chemical Dcmilimruation, Aberdeen P m n g  Ground, Md., 1987. 

'PGA calculations are based on ground motion attenuation c u ~ v e s  of Hmmann 1981 (onaite earthquakes) and 
Murphy and O'Brien 1977 (off-site earthquakes) as provided by Jacobs Engineenng (1987). 

JPBA Environmental Impact Statement @IS) analysis. 
'Worst-case location P R C  (1981)l. 
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'Jacobs Engineenng Group, Inc. and URSLJohn h Blume and Associates, Geological-Sehlogicul ~mwhgmon of 

Univd Starcs Convened by the U.S. Geologrcal Swvcy 197PIPB@ Gc&&, Colomdo, USGS Circular 898, Alexandna, Va., 
1983. 

U.S. Government Pnnting Ofice. Washington, D.C, 1982. 

Consequences for Earthquake Engineenng," in Proceedings of Eorthquakcs and Emrhqcrake Engznewtng 711e Emtern 
Udu i  Srater, ed. J. E. Beavers, Ann Arbor, Mich., 1981. 

& Soil Mechanics and Foundakns Dmion,  American Soocty of Cntil Engineem. 

m m b k  of Great Earthquakes lhat Might banrr Along the New Madrid Seismic Zone, East-Central Unihed States," 
U.S. Wogical Sumy mWbneous  feid stud- Mnp MF-1712, Rcstw, Vtrginla. 

"'US Geological Survey, In.crr&tiom of Ilu New M& MLEpDlui Ermhquokc Region, Professional Paper 1235, 

"0. W. Nutili, "Simihritles and Differences Between Western and Eastern United States Earthquakes, and Their 

pseed. H. B. and I. M. Idnss. 1971. Simplified Procedure for Evaluating Soil Liquefaction Potential," Journal of 

U&pmssm, S. T. and M. G. Hopper 1984. "Estimaied W m u m  Regional Seismic Intensities Assoaated with an 
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In the northeastern end of the Mississippi embayment (the New Madrid region where 
major earthquakes have been historically recorded), -ne age faults have been 
discovered in the subsurface by seismic reflection profiling, but none has reached the 
surface (USGS 1982). According to Nuttli (1981), major earthquakes in eastern United 
States seldom, if ever, cause surface rupture. 

Although surface rupture at PBA during a near-field, strong-motion earthquake 
is unlikely, foundations might be destabilized by sand blows. Geologic conditions at PBA 
are similar to those in northeastern Arkansas where widespread sand boils associated 
with the 1811-1812 sequence of great earthquakes have been reported (Hey1 and 
McKeown 1978). Russell and Parks (1975) describe numerous sand dikes in the Porters 
Creek Formation in the eastern Mississippi embayment region of Tennessee. The 
occurrence of these sand dikes suggests that the potential for sand blows exists over a 
wide area of the Mississippi embayment. 

some process facilities be supported on deep foundation systems. If deep foundation 
systems are used on process facilities, the potential for magnification of earthquake 
induced ground motions would exist. Magnification is a design consideration under the 
control of the US. b y .  Appropriate design response spectra would be selected 
consistent with design peak ground acceleration (PGA), duration of shaking, and 
foundation systems to be constructed. 

Site-specific analysis considered potential WC earthquakes in two seismotectonic 
provinces, the Wichita-Ouachita Province (where PBA is located) and the Reelfoot Rift 
Zone (a nearby region which is considered to be the most seismically active in the 
eastern United States). There is disagreement with respect to the modified Mercalli 
intensity (I,,,J for the WC earthquake in the Wichita-Ouachita Seismotectonic Province 
and the location of the WC earthquake in the Reelfoot Rift Zone. 

Various investigators assert that the WC earthquake in the Wichita-Ouachita 
Province could occur anywhere within that province, for example, on the PBA site as 
shown in Fig. 9. However, the I,, for the WC earthquake varies between VII 
(NRC 1981) and IX (Jacobs Engineering 1987), based on I- = VI-VII and VII, 
respectively, for the maximum historical earthquake in the province. PGAs for the 
WC earthquake in the Wichita-Ouachita Province (occurring at PBA) range from 
0.18 g to 0.34 g. 

the Reelfoot Rift Zone, 
earthquake (Im, = Xn) and WC earthquake are synonymous because Imm = Xn is the 
highest value provided in the modified Mercalli intensity scale. There is disagreement, 
however, regarding how near major earthquakes within this mne may be to PBA 
Aceording to Jacobs Engineering Group, Inc., and URSLTohn A Blume and Assmiates 
(1987) major earthquakes may be expected no closer than 130 km (78 miles). In contrast, 
NRC (1981) takes the more conservative position that major earthquakes may be 
expected throughout the length of the Reelfoot Rift rather than being separated by a 
100 km (62 miles) corridor of minimal seismic activity which characterizes the Central 
United States Stable Region. According to Thenhaus (1983), the southern terminus of 
modem seismic activity in the Reelfoot Rift Zone is uncertain, either terminating 

Although not expected, foundation conditions at the PBA site may require that 

Various investigators agree that for the maximum historical WC earthquake in 
= XII. For the Reelfoot Rift Zone, the maximum historical 
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Fig 9. Historical record of strong-motion earthquakes from 1695LApd 19139, [Based on 
National Oceanic and Atmospheric Administration data, Arkansas Power and Light, Safety 
Analysis Report for Arkansas Nucleur One, Unit 2, U.S. Nuclear Regulatory Commission Docket 
No. 50-368, Office of Nuclear Reactor Regulation, Washington, D.C., 1976; NRC (US. Nuclear 
Regulatory Commission), Safety Analysis Report Related to the Operation of Grand Gulf Nuclear 
Starion, Units I und 2, U.S. Nuclear Regulatory Cornmission, Docket Nos. 50-416 and 50-417, 
NUREG-0968, Office of Nuclear Reactor Regulation, Washington, D.C., 1981; 0. W. Nuttli, 
"The Mississippi Valley Earthquakes of 1811 and 1812 Intensities, Ground Motion, and 
Magnitudes," Seirmologicaf Society of Americu Bulletin 63(1), 227-48 (1973).] For clarity, selected 
smaller earthquakes in the Reelfoot Rift Zone are not shown. 
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near Marked Tree, Arkansas, about 50 km (31 miles) west of Memphis, Tennessee, and 
about 150 km (93 miles) from PBA or near Stuttgart, Arkansas, at the southwestern end 
of the Reelfoot Rift and about 50 km (31 miles) horn PBA A majority of professional 
seismologists convened at a workshop chaired by Thenhaus believe that the southern 
terminus of seismic activity is near Marked Tree, citing the historical pattern of seismicity 
as shown in Fig. 9. All participants at the workshop agreed that if indeed the 
southwestern end of the Reelfoot Rift Zone is seismically quiescent rather than inactive, 
the recurrence of large earthquakes would be less frequent in the southwestern part of 
the zone (on the order of 1400 years in comparison to approximately 700 years in the 
region north of Marked Tree, Arkansas). 

Zone. The first estimate was for a maximum historical earthquake (Imm = XII) occurring 
130 km (92 miles) northeast of PBA near Marked Tree, Arkansas. It was assumed that 
the L,,, = IX at PBA, for which the PGA = 0.32 g, based on data provided by Jacobs 
Engineering Group, Inc., and URS/John A Blume and Associates (1987). Data 
provided by Algermissen and Hopper (1984) suggest that I, = VII at PBA (Jefferson 
County) but I- = IX in an adjacent county (Arkansas County) from such an 
earthquake. The second estimate was for a maximum historical earthquake (Imrn = XII) 
occurring 50 km (31 miles) northeast of PBA near Stuttgart, Arkansas. In the second 
case it was assumed that the Lm = XI at PBA, for which the PGA = 1-00 g. Based on 
the Thenhaus (1983) workshop’s majority opinion that major earthquakes are not likely 
to occur in the Reelfoot Rift Zone south of Marked Tree, the first case is the most 
likely WC estimate (PGA = 0.32 g) at PBA. It is conceded, however, that some 
professional seismologists believe this estimate is too low. In any event the TC would be 
designed to shut down safely in all cases but a WC earthquake at Stuttgart. 

Table 2 compares estimated PGAs with earthquake engineering design 
parameters. As indicated in the table, general purpose support facilities (nonhazardous) 
would be designed to withstand an earthquake with a 10% probability of e x d a n c e  at 
least once in 50 years or a 63% probability of e x d a n c e  in a 475-year return period. 
The main munitions demilitarization building (MDB) would be designed to shut down 
safely in the event of any earthquake except on-site maximum historical earthquakes in 
the Wichita-Ouachita Province or anywhere within the Reelfoot Rift Zone ( - 700-year 
and - 1400-year recurrence intervals north and south of Marked Tree, Arkansas, 
respectively). The toxic cubicle inside the MDB would be designed to shut down safely 
in the event of a most likely maximum historical WC earthquake in the Reelfoot Rift 
Zone but may fail under an absolute WC scenario (a WC earthquake occurring near 
Stuttgart, Arkansas). 

standards. Although PBA is located in seismic zone 1 (potential for minor earthquake 
damage), all process facilities (except the TC) inside the M D B  would be designed in 
accordance with UBC (1985) standards for seismic mne 3 (potential for moderate 
earthquake damage). As such, seismic zone 3 standards are more stringent than those 
for seismic mne 1. The MDB has been assigned the highest importance 

PGAs at PBA were estimated for two large earthquakes in the Reelfoot Rift 

The above engineering design parameters exceed Uniform Building Code (UBC) 
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factor (1-15) permitted by the 1985 UBC To reduce the risk associated with a seismic 
event, the TC would be a clone of the TEAD TC. The TEAD TC is designed for a WC 
earthquake response spectra defined by the maximum PGA and duration of shaking at 
TEAD (0.81 g and 20 s, respectively). fmbs  Engineering Group, Inc., and URSlJohn 
A Blume and Associates recommended a less stringent design for the TC at PBA 
(PGA = 0.34 g and duration of shaking = 20 s for a WC New Madrid earthquake 130 
km (78 mi> from PBA 

Jambs Engineering Group (1987) and its subcontractor (LJRSLTohn A. Blume 
and Associates) provides a detailed deterministic (but no probabilistic) seismic risk 
analysis for the Pine Bluff Arsenal. This analysis includes a comprehensive literature 
search. A total of 81 references are cited by Blume. 

The following information is Jacobs Engineering Group, Inc., and URS/ 
John A, Blume and Associates (1987) deterministic seismic risk summary for Pine Bluff 
Arsenal: 

"In the vicinity of PBA, surface exposures consist predominantly of 
unconsolidated sediments of Tertiary or Quaternary age. These sediments thin gradually 
to the north as they approach the boundary of the Gulf Coastal Plain province and 
thicken to the south as they approach the Gulf Coast. The Tertiary materials are 
underlain by poorly indurated Cretaceous sediments which similarly dip seaward and 
thicken to the south, but are rarely exposed on the surface. Bedrock in the area consists 
of buried Paleozoic shale and sandstone, which are thought to be similar, but not 
identical, to the Paleozoic rocks outcropping throughout northern Arkansas. The 
unconformable contact between Paleozoic formations and the overlying Tertiary or 
Cretaceous sediments dips moderately dowmvard to the south and is at a depth of about 
loo0 rn (3200 ft) below sea level at the site. 

"There are no known faults at or near the PBA, and therefore there is no 
apparent hazard due to p i b k  surface fault rupture. The nearest known faulting is not 
active and is seen in Paleozoic rocks near Little Rock, Arkansas, a b u t  49 km (30 miles) 
from PBA The New Madrid Seismic Zone, located about 130 kn (92 miles) northeast 
of the site, is the dominant source of major earthquakes in the region. Actiw faulting 
associated with seismicity has been ident i fd  in the New Madrid Seismic Zone, and it 
was the source of extremely destructive and far-reaching earthquakes in 1811-1812. The 
maximum earthquake at the site would be a repetition of the December 16, 1811 event 
having a magnitude (body-wave) of about 75 and creating Modified Mercalli Intensity of 
IX at the site. It is estimated that this event would produce 0.34 g peak ground 
acceleration at the site. The same PGA would be produced by the maximum earthquake 
for the Wichita-Ouachita province (mb = 6.2) located at the site. An appropriate 
response spectrum and time history for this event, which envelopes ground motions that 
would be produced by both a near-field and a far-field earthquake, are given in the 
PBA report. The duration of strong shaking is estimated to be 20 s." 

The design response spectra referred to in Bfume's summary are the simplified 
84th percentile spectra of Seed and others (1976) for stiff soil and rock Table 3 
provides salient facts with respect to maximum expected earthquakes in tectonic zones 
and provinces near PBA and expected mean peak ground accelerations generated at 
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PBA by these earthquakes. As indicated by the table, maximum expected earthquakes in 
the Wichita-Ouachita and New Madrid tectonic mnes produce the largest peak ground 
accelerations at PBA The epicenter of the Wichita-Ouachita earthquake is assumed to 
be on-site and the epicenter of the New Madrid earthquake is assumed to be located at 
the closest distance [130 km (92 mi)] from PBA 

Table 3. Estimated peak murid aoceleratbn at Pine BlutE An;eoal 

Minimum 
Maximum distance Intensity at 

Tectonic earthquake to PBA PBA PGA 
zone or province (mb) (km) (Lm) (mean) 

Wichi ta-Ouachi ta 6.2 at site Ix 0.34 g" 

Central United States 5.5 40 VI+ 0.08 g' 

Gulf Coastal 5.5 160 lv 0.01 g' 

Ozark 6.5 110 VI+ 0.08 g' 

New Madrid m,, = 7.5 130 Ix 0.32 gb 

'Based on Hemnann, 1981. 
bBased on Murphy and O'Brien, 1977. 
Source: Jacobs Engineering Group, Inc. and URS/John A Blume and Associates, 1987. 

In conclusion, no significant differences exkt between the FPEIS seismic data 
and the seismic data gathered during Phase I that would warrant recomputation of risk. 
The potential for on-site liquefaction is less in the site-specific analysis than was the case 
for the FPEXS and the potential for surface rupture during an earthquake at PBA 
remains unlikely as presented in the FTEIS. 

A review of the PBA accident data base indicates that aircraft crashes have the 
potential to significantly affect only continued storage risks. Because of the relatively 
large amounts of chemical munitions being stored over an extended period of time, air 
space restrictions could reduce the risks of continuous storage. For example, 
consideration in the FPEIS risk analysis of airspace restriction €or PBA as a mitigative 
measure indicated that such action would have no significant impact on risk at PBA for 
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any alternative other than continued storage (see U.S. Army 1988). For this reason, any 
new data on aircraft activity would not have the potential to preferentially affect measures 
of risk at PBA from on-site disposal or on-site activities associated with transportation 
(ie., only continued storage would be affected). Consequently, new information would 
have little potential to affect risk among alternatives and thus are not considered further 
in this section. 

Data used in the FPEIS for expected frequencies of tornadoes and meteorite 
strikes in the PBA vicinity are contained in Appendix A (Table Al). These data were 
examined and found to be reasonable. No more recent or detailed data for these 
parameters beyond those in the FPEIS were located. 

3.1.12 PoputatiW 

The FPEIS presented the residential population around PBA as of the 1980 
Census by radial sector and distance out to 100 km (62 miles), as shown in Table 4 (U.S. 
Army 1988). As stated in Sect. 2, the FPEXS method €or identifying the environmentally 
preferred alternative is based on residential population only and does not include 
place-of-work or on-post populations. Because the 1980 census data will be over 10 years 
old by the time construction and operation of the proposed disposal facility begins at PBA, 
the latest population estimates @e., for 1986) have been used to adjust the 1980 census 
data. Population estimates in non-census years are limited to county populations and 
populations within incorporated areas. A two-step process was used to estimate the 
population change at the enumeration district level in this assessment. First, the estimated 
population changes for incorporated areas in each potentially affected county were equally 
apportioned among enumeration districts comprising the named area. Second, the 
unaccounted-for change in county population was quafly apportioned among enumeration 
districts comprising the nonincorporated areas. 

As in the FPEIS, these population estimates were assigned to a grid. Whereas the 
estimates used in the FPEIS considered only population and enumeration district location 
in creating the grid-based population, the Phase I estimation method excludes population 
from areas that are clearly not residential (e.g-, installation boundaries of PBA, Lake Pine 
Bluff; Arkansas River, state parb, wildlife management areas, etc.). The effect of using 
this exclusion information is to create population distributions with farger concentrations 
of population than were in the F'PEIS. However, these concentrated population areas are 
now accompanied by areas that were d e s c r i i  as having small, but nonzero, populations 
according to the FpEfS. 

format used in the FPEXS. The effect of using the 1986 population estimates is to 
increase the total population within the 100-km (62-mile) zone by about 2%. An 

The revised residential population data are presented in Table 5 in the same 
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Table 4. Residential population distriiution around the Pine Bluf€ Arsenal proposed 
plant site' as given in the F d  Programmatic Environmental Impact Statement 

Incremental population data at specified distances 
Direction 

0-1 1-2 2-5 5-10 10-20 20-35 35-50 50-100 

N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
ssw 
sw 
wsw 
W 
WNW 
Nw 
N N W  

Total 

2 
2 
2 
1 
1 
3 
3 
2 
2 
1 
2 
3 
3 
3 
3 
3 

3 26 
2 8 
1 7 
1 7 
1 8 
3 10 
4 62 
1 134 
1 102 
1 16 
3 39 

10 163 
16 203 
17 184 
11 111 
9 78 

- - - 
36 84 1,158 

115 
54 
51 
71 
18 
2 

244 
2,069 
1,114 

564 
246 
35 
12 

246 
304 
192 

459 
198 
232 
304 
534 
73 

16,866 
41,801 
4,141 

612 
516 
441 
511 
770 
647 
707 

5,337 68,812 

1,218 
3,281 
1,663 
1,918 
2,186 

879 
2,147 
5,340 
1,m 

767 
639 

2,261 
3,912 

766 
4,808 
4,169 

37,614 

12,536 
1,120 
1,133 
2,537 

776 
792 

1,768 
1,812 
2,418 

753 
396 
949 

1,927 
13,960 
23,055 

145,350 

211,282 

77,010 
22,061 
11,415 
17,982 
9,623 
6,319 

14,158 
18,791 
14,824 
12,751 
7,110 

15,754 
58,424 
41,829 
18,415 

136,557 

483023 

"Latitude 34.34"N Longitude 92.11"W. 
bMultiply by 0.6214 to obtain miles. 

Source: U.S. Department of Commerce, Bureau of the Census, Counry and Ciry 
Datu Book, U.S. Government Printing Office, Washington, D.C., 1986. 
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Table 5. 1986 residentid population distnlution around the pizle BluaF Arsenal 
proposed disposal facilitf site using data colfected during Phase I 

Incremental population data at specified distances 
Direction 

0-1 1-2 2-5 5-10 10-20 20-35 35-% 50-100 

N 0 0 54 135 305 1,392 1,634 63,461 

NE 0 0 30 97 344 1,641 1,175 12,514 
ENE 0 0 20 100 371 1,812 4,724 14,217 
E 0 0 3 73 615 2,028 538 8,728 
ESE 0 0 1 3 205 1,007 547 5,072 
SE 0 0 2 1 1,493 1,572 1,806 15,417 
SSE 0 0 0 2 45,449 4,084 1,831 18,671 
S 0 0 0 2,078 13,702 2,561 2 , m  14,646 
ssw 0 0 27 1,016 1,207 1,235 1,351 12,564 

wsw 0 0 30 301 43 1 1,862 1,238 15,478 
W 0 0 10 376 391 4,486 1,876 67,828 
WNW 0 0 0 249 795 1,m 8,460 45,146 
NW 0 0 11 187 679 4,582 42,656 25,214 
N N W  0 0 53 167 722 3,452 137,388 157,147 

Total 0 0 281 5,233 67,318 37,479 209,649 504,393 

NNE 0 0 26 70 172 4,028 2,074 21,206 

sw 0 0 14 378 447 73 1 351 7,084 

- - -  _I_ - 
'Latitude 3436"N, Longitude 9208W. 
bMultiply by 0.6214 to obtain miles. 

Source: U.S. Department of Commerce, Bureau of the Census, C o u v  and City 
Data Bo&, Washington, D.C., 1986. 
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estimated 17,007 additional people are located in the potentially impacted population mne 
around PBA compared with that population d e s c r i i  in the FPEIS. 

The data collected during Phase I have revealed that no pemns live within 
2 km (1.2 miles) of the proposed disposal facility, whereas the FPEIS assumed that 
120 persons live within the 2-km zone. Approximately 877 fewer people live in the 
2-to 5-km (1.2- to 3.1-mile) range than were assumed in the FPEIS. This change primarily 
results from including the installation boundary, thus excluding residents within the 
boundary, and from shifting the coordinates of the proposed disposal site to reflect its 
location more accurately. The on-site population will be included in the site-specific 
environmental impact statement. Additionally, it was determined during the Phase I 
process that the nearest off-site resident to the proposed disposal facility is located 
2.3 km (1.4 miles) to the northeast, across the Arkansas River. 

Even though the relative change in residential population is not large, it does 
warrant reexamination of the FPEIS measures of risk for two reasons: (1) the absolute 
number of people affected is important, regardless of percentages, when dealing with 
potential fatalities and (2) the relocation of the population resulting from use of the actual 
boundary of PBA could affect the FPEIS measures of risk An examination of the 
accident data base for PBA shows that at least 46% of the total accidents at PBA have no 
potential to produce fatalities beyond distances of 2.3 km (1.4 miles) from the site of the 
proposed disposal facilities. Eliminating population in this distance category by using 
actual installation boundaries could thus have a substantial effect on reducing the 
magnitudes of some of the FPEIS measures of risk for PBA Also, because the 
alternatives are represented by accidents in different distance categories, there is a 
potential for the new data to preferentially affect a given risk measure for a given 
alternative. 

from the proposed disposal site and approximately 0.6 km (0.4 mile) from the PBA 
northwest installation boundary. Private, residential housing is situated just outside the 
boundary in this area, with the nearest off-site resident approximately 0.8 km (0.5 mile) 
from the storage area. The FPEIS assumed that potential accidents at PBA would affect 
the population closest to the disposal facility. However, accidents occurring at the storage 
area and the proposed disposal site could involve different populations. A number of 
potential shortdistance events (including transport accidents) under CML weather 
conditions would result in different fatality estimates based on releases from the two 
locations. 

Table 6 presents the same type of population data for the storage area as is 
presented in Table 5 for the proposed disposal site. A transportation accident could occur 
anywhere within the storage area or along the route to the proposed disposal site. 
However, for conservatism (worst case) in risk data development, a point was selected in 
the northwest corner of the storage area, as close as possible to the largest number of off- 
site residents. These data indicate that 379 people live within 2 km (1.2 miles) of the 
storage area. Furthermore, 6413 more people are located in the 100-km (62-mile) 
potentially impacted population zone of the storage area than are located in the same 
mne of the disposal site. 

At PBA the chemical agent storage area is located approximately 4 km (2.5 miles) 
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Table 6. 19% resiclential population distrr'bution murid the Pine Bluf€ Arsenal 
&emid agent storage area' 

Incremental population data at specifid distances 
Direction fkm)b 

0-1 1-2 2-5 5-10 10-20 20-35 35-50 50- 100 

N 
NNE 
NE 
ENE 
E 
ESE 
SE 
!BE 
S 
ssw 
sw 
wsw 
w 
WNW 
Nw 
NNW 

0 
0 
0 
0 
0 
0 
0 
0 
0 

17 
9 

19 
13 
9 
0 
0 

0 55 105 
0 49 210 
0 17 161 
0 0 117 
0 0 18 
0 0 4 
0 1 477 
4 30 1,897 

17 43 690 
36 110 364 
54 106 145 
54 35 53 
53 31 61 
41 64 162 
32 71 201 
21 72 187 

704 
201 
132 
238 
345 
33 

19,965 
27,747 

1,993 
356 
287 
451 
522 
761 
649 
646 

1,682 
2,523 
2,527 
2,074 
2,302 

859 
11,077 
7,720 
1,728 

795 
801 

2,343 
3,856 

695 
5,999 
8,002 

21,774 
1,357 
1,162 
1,879 

861 
1,020 
1,702 
1,652 
2,472 

618 
530 

1,03 1 
2,185 
20,448 
20,332 

174,718 

79,933 
24,928 
12,149 
17,357 
8,683 
5,447 

13,291 
19,524 
14,492 
13,093 
7,318 

16,706 
66,907 
35,891 
16,699 

108,679 
I _ - -  II_ - 

Total 67 3 12 684 4,852 55,030 54,983 253,741 461,097 . 

'Latitude 34.35"N; Longitude 92.13"W. 
bMultiply by 0.6214 to obtain miles. 

Source: U.S. Department of Commerce, Bureau of the Census, County and City 
Data Bo&, Washington, D.C, 1986. 
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The risks of all the disposal alternatives, as well as continued storage, could 
potentially be increased because of the proximity of the storage area to the boundary at 
PBA The risks associated with the on-site disposal alternative could also be affected by 
the 4-km (2.5-mile) separation of the proposed disposal site from the storage area and the 
different populations that could potentially be reached by an accidental release. It was 
determined, therefore, that the PBA levels of risk should be reevaluated to assess the 
effects of potential storage area releases on the measures of risk. 

3.1.13 Summary 

Evaluation of data collected during Phase I for PBA indicates that in terms of 
information used to develop the five F'PEIS measures of risk, the new residential 
population data, the choice of CML meteorological conditions, and the location of the 
chemical agent storage area warrant recalculation of risk. The accident data base did not 
undergo sufficient change to be factored into computation of risk and thus is not further 
considered in this Phase I Environmental Report. No significant new information was 
found for on-site transport, seismicity, aircraft activity, or meteorites and tornadoes that 
would warrant recomputation of risk; therefore, these factors are not examined further in 
this report. 

3.12 Evaluating Measures of Risk with Data colleded During Phase I 

As discussed in Sect. 2, comparison of FPEIS and Phase I data is used as a 
screening tool to identify those factors that should be incorporated into a recalculation of 
the FPEIS measures of risk. Recomputing the five measures of risk with the data 
collected during Phase I and evaluating the results using the FPEIS decision method 
allows an evaluation of the suitability of on-site disposal. 

As discussed in the previous section, changes in population data were found to be 
large enough to warrant reestimation of fatalities and recomputation of the five measures 
of risk. To maintain consistency with the FPEIS, only residential population is used. 
On-post population data have been gathered for use in the PBA EIS and are presented in 
Sect. 3.2.5. All population data will be considered in estimating fatalities for the 
site-specific EIS. The discussion that follows addresses the effect of updated population 
data for the region around PBA, the effect of the distance separating the storage area and 
proposed disposal site (see Sect. 3-1-21), and the effect of using a CML meteorological 
condition different from that used in the F'PEIS (see Sect. 3.1.2.2). 

Risks for the continued storage and off-site disposal alternatives involve the 
storage site previously discussed, approximately 0.8 km (0.5 mile) from off-site population. 
For on-site disposal, transport accidents were assumed to occur at the storage area site; 
population numbers were developed, and potential fatalities were calculated. The same 
procedure was carried out for the proposed disposal site using the population specific to 
that site 12.3 km (1.4 miles) to the nearest off-site resident]. The potential fatalities for 
the two sites were then assessed together to develop the measures of risk for the on-site 
disposal alternative. 
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..., 

The first step in evaluating the measures of risk is to compute estimated maximum 
and average fatalities. For each distance category, average fatalities are computed by 
calculating the mean fatalities for 360 equally spaced plumes around the site of the 
proposed disposal facility, and potential maximum fatalities are taken to be tine largest 
number of fatalities from these 360 plumes. 

Overlaying the updated population of Table 5 with the plumes &om the same 
assumed meteorological conditions used in the FPEIS (see Appendix A, Fig. A-3) gives 
new fatality estimates for accidental releases of agent at the PBA disposal site. These 
revised Eatality estimates are presented in Table 7. For comparison, Table 8 repeats the 
original PBA fatality estimates from the FPEIS (see FPEIS, Table 4.3.6). 

estimates is that the number of fatalities for distances of 2 ian (1.2 miles) or less drops to 
zero because, contrary to what was assumed in the WEIS, there is no actual off-post 
residential population that close to the site of the proposed disposal facility. For distances 
to 50 km (31 miles), the fatalities are less than those estimated in the FPEIS for all 
meteorological conditions. For distances beyond 50 km (31 miles), the potential maximum 
fatality estimates based on the new residential popufation estimates are somewhat hrger 
than those in the FPEIS. 
population since the 1980 census and to the consideration of population exclusion areas as 
demibed previously. The greatest numerical increase in the estimated fataiities in Table 7 
is in the 100-km (62-mile) potential maximum WC category, where the estimate increases 
3.2% (from 15,500 in the FPEIS to 16,000 in Phase I). The next largest increase 
(400 persons) in the average 100-km (62-mile) WC category is also the largest percentage 
increase at 17.4%. 

Another factor identified as warranting reevaluation of risb is the potential for an 
accident in the chemical agent storage area that is located close to the PBA boundary. To 
assess the risks assoCiated with releases from the storage area conservatively (worst case), 
in the current analysis, all of the transport accidents were assumed to occur there. Thus 
the impacts to the population located c b t  to the storage area were maximized. In the 
FPHS, transportation accidents accounted for approximately 85% of the risk associated 
with on-site disposat Plant operations events resulted in 15% of the on-site risk, with 
handling events contributing only less than 1%. A transport accident could occur 
anywhere along the on-site transport route; however, most of the route for on-site 
d i s p a l  is outside the storage area in an easterly direction, toward the center of the PBA 
facility and away from the off-site population. Table 9 provides fatality estimates €or the 
new storage site using 1986 census data. These data confirm the fact that fatalities could 
occur within 1 km (0.6 mile) of the storage area 

The fatality estimates given in Tables 7 and 9 were used to compute each of the 
five measures of risk for on-site disposal, continued storage, and on-site activities 
associated with off-site transport. The revised risk pictogram is shown in Fig. lob along 
with values from the original FPEIS pictogram (WEIS, Fig. 4.3.5) for comparison 
(Fig. lUa). 

Examination of the PBA Phase I fatality estimate tabie for the 5-km (3-mile) 
distance category shows that there is an approximate 5-fold maximum increase in the 

In Table 7, the major difference between the revised and the FPEIS fatality 

differences are attributable largely to the increase in 
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Table 7. Btimated fatalities by downwind distance for selected meteorological 
conditioly for Pine BlUflE Arsenal proposed disposal site uskg 

data collected during the Phase I process 

Phase I fatalities"b 
Average Potential Maximum 

Conservative Conservative 
Downwind most likely (CML) Worst case (WC) most likely Worst case 
distance meteorological meteorological meteorological meteorological 

(km) conditions' conditions' conditions' conditions' 

0.5 
1 .o 
2.0 
5.0 

10.0 
20.0 
50.0 

100.0 

0 
0 
0 
1 
10 

130 
NAd 
NAd 

0 
0 
0 
1 
5 

50 
500 

2,700 

0 
0 
0 
4 

50 
1,200 

NAd 
NAd 

0 
0 
0 
2 

20 
600 

4,600 
16,000 

T h e  number of deaths is rounded. 
%e average fatalities equals the mean of fatalities from all possible plumes in a 

360" arc around the site. The potential maximum fatalities equals the fatalities from a 
plume traveling over the greatest population density. 

'Conservative most likely (CML) conditions are D stability and a windspeed of 
3 m/s; worst case (WC) conditions are E stability and a wind speed of 1 d s .  Note that 
the fatality entries in this table are organized by downwind distance and not by the quantity 
of chemical agent released. The fatality estimates are larger for an accident in the 
downwind distance category under CML conditions than for WC conditions because the 
CML plume is larger and hence covers a larger area. However, for a given quantity of 
chemical agent released in an accident, the WC conditions would produce a larger 
downwind distance than CML conditions and would therefore give a larger number for 
estimated fatalities. 

dNA = not applicable; the largest credible accident does not travel this distance 
under CNL conditions. 
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 abl le a %timated fatalities bg ~lwmvurd distance for seleztexi meteorological 
coMfitionsforpiaefuuffArsenal,asgivenintheF~ 

programmatic Ewiroomentaf Impact Statement 

FPEIS fatalitiesab 
Average Potential maximum 

Conservative Conserva t h e  
Dawnwind most likely (CML) Worst case (WC) most likely Worst case 
distance meteorological meteorological meteorological meteorological 
(km) conditions' conditions' conditions' conditions' 

. . .. ..... 

0.5 
1.0 
2.0 
5.0 

10.0 
20.0 
50.0 
100.0 

ld 
1 
1 
6 

32 
275 
NA' 
NA' 

0 
1 
1 
2 

15 
100 
500 

2,300 

Id 
2 
5 

25 
95 

2 9 0  

NA" 
NA" 

ld 
1 
3 

20 
40 

925 
5,400 
15,500 

%e number of deaths is rounded. FPEIS = final programmatic environmental 
impact statement. 

%e average fatalities equals the mean of fatalities from ail possible plumes in a 
360" arc around the site. The potential maximum fatalities equals the fatalities from a 
plume traveling over the greatest population density. 

'Conservative most likely (CML) conditions are D stability and a windspeed of 
3 m/s; worst case (WC) conditions are E stability and a wind speed of 1 4 s .  Note that 
the fatality entries in this table are organized by downwind distance and not by the quantity 
of chemical agent released. The fatality estimates are larger for an accident in the ~ a m e  
downwind distance category under CML conditions than for WC conditions because the 
CML plume is larger and hence covers a larger area. However, for a given quantity of 
chemical agent released in an accident, the WC conditions would produce a larger 
downwind distance than CML conditions and would therefore give a larger number for 
estimated fatalities. 

dTRe 1's shown for the 0.5 distance in the FPEIS resulted from a typographicai 
error. All columns should have contained 0's for that distance. 

"NA = not applicable, because the largest credible accident does not travel this 
distance under CML conditions. 
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Table 9. Estimated fatalities by downwind distance for selected meteomlogid 
conditions for Pine Bluff Arsenal storage area using data collected 

during the Phase I process 

Phase I fatalities'b 
Average Potential maximum 

~ ~ ~~ ~~~ 

Conservative Conservative 
Downwind most likely (CML) Worst w e  (WC) most likely Worst case 
distance meteorological meteorological meteorological meteorological 
(km) conditions' conditions' conditions' conditions' 

1 .o 0 0 
2.0 1 0 
5.0 8 2 

10.0 30 10 
20.0 130 50 
50.0 NAd 504 

100.0 NAd 2,700 

1 3 
8 5 

40 20 
80 40 

1,500 750 

NAd 17,000 
NAd 5,300 

T h e  number of deaths is rounded. FPEIS = final programmatic environmental 
impact statement. 

The average fatalities equals the mean of fatalities from all possible plumes in a 
360" arc around the site. The potential maximum fatalities equals the fatalities from a 
plume traveling over the greatest population density. 

'Conservative most likely (CML) conditions are D stability and a windspeed of 
3 4 s ;  worst case (WC) conditions are E stability and a wind speed of 1 4 s .  Note that 
the fatality entries in this table are organized by downwind distance and not by the quantity 
of chemical agent released. The fatality estimates are larger for an accident in the ~ a m e  
downwind distance categoq - under CML conditions than for WC conditions because the 
CML plume is larger and hence covers a larger area. However, for a given quantity of 
chemical agent released in an accident, the WC conditions would produce a larger 
downwind distance than CML conditions and would therefore give a larger number for 
estimated fa tali ties. 

dNA = not applicable, because the largest credible aecident does not travel this 
distance under CML conditions. 
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A. ORIGINAL PTCTOGRAM {FROM THE FPEIS) 

PnJ-lnY fxpeaed 
ofm Maumum Psnuwr- PlUUme 
orMon Numkrrd Ergecced Yttall Am8 Alternatives F e w 0  h M i  Fatsllaos at Risk 

8. REVISED PICTOGRAM (USING PHASE I FATALITY DATA) 

Fig. 10. Risk with mitigation, in the Vicinity of Pine BIuE Arsenal (PBA) for 
programmatic alternatives. (Risk along transportation corridors or at a national 
destruction site is not included) 
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number of estimated fatalities when the transportation accidents are assumed to occur 
inside the chemical agent storage area However, the increase over the FPEIS numbers 
in Phase I fatalities in the 5-km (3-mile) distance does not result in an increase in the 
on-site disposal risk sufficient to cause a pictogram shading increase for the three 
probabilistic risk measures. In fact, a one shading level decrease occurred in the 
probability of one or more fatalities for on-site disposal. This resulted from the 
placement of the current disposal site farther away from the off-site population 
effectively deleting the risk of the shortdistance events associated with disposal 
operations. If a one-shading increase had occurred in the Phase I pictogram, it would 
not be significant when compared with risks associated with the other alternatives. The 
one shading increase for the continued storage "Probability of one or more fatalities" 
occurred because the storage yard accident for all alternatives was moved closer to the 
facility boundary and closer to the off-site population. 

3.121 Differences in the measures of risk from those in the PEE3 

Figures 10a and lob present a pictogram depicting the five measures of risk for 
appropriate alternatives at PBA using FPEIS and Phase I data, respectively. National 
disposal is not shown because the risks of off-site transport would be the same for both 
the regional and national alternatives. Partial relocation was not considered in the 
F'PEIS for PBA Details on the computation of the measures of risk presented in 
Fig. 10 are discussed in Appendix A. The discussion below is limited to the differences 
between the FPEIS risks and the risks computed from newly collected data collected 
during Phase I. Site-specific conclusions are presented in Sect. 3.1.4. 

o Probability of one or morv fatalities. As shown in Table 5,  there are no off-post 
residents within 2 km (1.2 miles) of the proposed disposal site at PBA. This value 
should be compared to the 120 residents specified in the FF'ElS for the same region. 
As explained in Sect. 3.1.1.2, the difference is due to the use of the actual PBA 
installation boundary to locate the site-specific population. The FF'EIS generically 
assumed that this distance was 500 m (0.31 miles). 

The significance of this difference in population is directly reflected in the 
revisions to fatality estimates (Table 7) from those presented in the FPEIS (Table 8). 
As a result of fewer people living close to the proposed disposal site, small accidental 
releases of chemical agent, which in the FPEIS were predicted to cause fatalities 
within 2 km (1.2 miles) of the disposal facility, now would be predicted to produce no 
fatalities. 

Table 6 indicates, however, that 379 persons reside within 2 km (1.2 miles) of 
the storage area. In order to develop a worst-case scenario, all transport accidents 
associated with on-site disposal were assumed to occur in the storage area as they 
would for all other alternatives. The specific transport accident site selected was 
0.8 km (0.5 mile) from the nearest off-site resident. 

Combining the potential fatalities from transport accidents and disposal 
operations accidents resulted in a one-shading decrease in the probability of one or 
more fatalities for the on-site disposal alternative. Disposal operations accidents, 
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which accounted for 15% of the risk for on-site disposal, are all shortdistance 
events, Le., less than 2 km (1.2 miles). Thus, moving the proposed d i s p a l  site 4 km 
( 2 5  mites) further away from the oE-site population essentially deleted I§% of the 
risk Transport accidents are longer distance events and af€ect approximately the 
same population as in the FPEIS. 

Conversely, the continued storage alternative showed a one-shading level 
increase for the probability of one or more fatalities. The increase was less than one 
order of magnitude; however, the probability of one or more fatalities was near the 
top of the range for the continued storage alternative in the FPEIS, thus the increase 
was enough to place the revised value in a higher range on the pictogram Regional 
disposal was low enough in the range that no change occurred in the pictogram 
shading. 

Maximum number of furuldies. Based upon newly collected population data for both 
the proposed disposal site and the storage area at PBA, the "maximum number of 
fatalities" for a SO-km (330-miie) accident would be 4600 and 5300, respectively 
(Tables 7 and 9). For a 100-km (62-mile) accident the numbers would be 16,000 and 
17,000, respectively. These numbers can be compared to the FPEIS maximum 
fatality estimates of 5400 for the 50-km (30-mile) accident and 15,500 for the 1Wkm 
(62-mile) accident ("able 8). The pictogram shading does not change for this 
measure of risk for any of the FPEIS alternatives. 

Expected furalities Although "expected fatalities" were reduced somewhat, based on 
the Phase 1 population data, none of the alternatives changed significantly. 

Person-years uz risk The total population within the 100-km (62-mile) potential 
impact zone increased by about 2% over the population data presented in the FPEIS 
for the PBA area. Since the periods for disposal or off-site transport operations at 
PBA are the same as they were in the FPEIS, "person-years at risk" for each 
alternative increased by only about 2%. Therefore, the pictogram representation of 
"person-years at risk" does not change from that presented in the FPEIS. 

Expectedplume urea. Since neither the probability of 3n accident nor the resulting 
plume area was changed by the collection of data collected during Phase I, the 
"expected plume area" measure of risk did not change from that presented in the 
FPEIS. 

3.122 EEfedofvariOusmeteorologicai cunditions upon measures of risk 

As discussed in Sect. 3.1.1.1, high wind speeds are associated with a more 
effective atmospheric dispersion of chemical agent and result in a lower estimated dose 
than do low wind speeds. It is therefore not necessary to study the effect of atmospheric 
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dispersion of chemical agent under meteorological conditions in stability class D with 
wind speeds higher than 3 m / s  (the FPEIS choice for CML conditions) or in stability 
class E with wind speeds higher than 1 m/s (the choice for WC conditions). Based on 
the meteorological data in Table 1, it does appear that D stability and wind speeds below 
3 m/s warrant further study in regard to atmospherically dispersed doses of chemical 
agent and the recomputation of risk The results of such a study are presented in this 
section. 

A new site-specific CML meteorological condition was selected for study. 
Instead of D stability and a wind speed of 3 d s ,  the new CML condition was defined as 
D stability and 1 m/s. To further amplify any effect of the new CML condition 
compared with the FPEIS CML condition, the height of the mixed layer was chosen as 
500 m for the new CML condition (as compared with 750 m in the FTEIS). The use of 
the new Ch4L condition provides very conservative results @e., high-fatality estimates) 
compared with the FTEIS CML which is closer to the weighted average of the 
meteorological conditions provided in Table 1. 

layer produced higher doses of chemical agent at greater downwind distances than were 
reported in the FPEIS. New plume contours and new downwind accident distance 
categories (see Appendix A for a discussion of the concept) were generated from the 
D2PC atmospheric dispersion model with the new CML condition as input. The FPEIS 
methodology of computing estimated fatalities and then computing the five measures of 
risk was used to study the implications of the new CML meteorological condition at 
PBA 

with the population distribution from the FPEIS (Table 4) and (2) the new CML 
condition with the updated population distribution (Table 5). The new pictograms were 
virtually identical to those in Fig. 10. Only the shading pattern for "expected plume 
area" for the on-site disposal alternative changed; it increased by one shading pattern in 
both of the two new sets of pictograms. This is not a significant difference from the 
FPEIS estimated risks. None of the other shading patterns changed for any of the other 
alternatives. 

PBA is inconsequential; it has no potential to change the FPEIS ranking of the 
alternatives. 

The combined effect ol the lower wind speed and reduced height of the mixed 

Two sets of pictogram results were computed using (1) the new CML condition 

It is concluded that the choice of meteorological conditions to compute risks at 

3.13 Identirying the SiteSpedic Environmentally preferred Alternative 

Figure lob presents the revised, site-specific measures of risk from the 
perspective of the population residing near PBA The regional disposal alternative is 
included as a surrogate for off-site transport from PBA Crosscountry transportation 
risks for an off-site disposal alternative are not shown but are assumed to remain the 
same as presented in the FPEIS for a regional or national disposal option. Results for 
the five measures of risk are as follows. 
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Measure of risk Result 

Probability of one or more fatalities All alternatives indistinguishable. 
Continued storage shows somewhat higher 
risks than the other afternatives but not at 
a significant level. 

All alternatives indistinguishable. On-site 
disposal appears to be somewhat 
prefaabie to the others, but not at a 
sigui6cant IeveL 

Maximum number of fatalities 

Expect4 fatalities All alternatives indistinguishable. 

Person-years at risk Ail alternatives indistinguishable. 

Expected plume area All alternatives indistinguishable. 

Based on an examination of Fig. lob, the alternatives are indistinguishable (Le., 
none of the alternatives showed a dBerertce of two levels of shading, or two orders of 
magnitude, for any of the measured of risk). However, it should be noted that the risb 
from the proposed action (on-site disposal) are in all cases equal to, or less than, the risks 
from other alternatives. 

The conclusion is that on-site disposal remains valid as the environmentally 
preferred alternative for PBA From the perspective of the population near PBA, the 
risks from on-site disposal are in all cases q u a i  to, or less than, the risks &om other 
alternatives. If one adds the off-site transportation risks (not shown in Fig. 10 and beyond 
the scope of this report), the on-site alternative k preferabfe given the opportunity for risk 
reductions associated with emergency planning and prepanedne~s activities that are under 
way at PBA. 

32 NEW INFORMATiON AFFBXX?G W m A m O N  OF ONSITE 
DEP0SALATPDyEBLUf;T;ARsENAL 

As discussed in sect. 2, some of the resources and information, although 
considered in the FPEIS, were not overriding factors in Comparing programmatic 
alternatives and in identifying the environmentally preferred alternative. These factors are 
air quality; surface water and groundwater; land use; ecolopy; and social, economic, and 
cultural resources. Some types of resource data (e.g., meteorology and aircraft activity) 
are germane to both Sects. 3.1 and 3 2  in that they were used to select the 
environmentally preferred alternative and were also used to assess potential environmental 
impacts not considered in the risk-based selection method. Aspects of these data types 
are dtscussed in this section to the extent that they pertain to potential 
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impacts from construction, to incident-free operation, and to accident scenarios. In this 
Phase I review, these resources are again being examined to determine if significant 
resources are present that could be affected by the proposed on-site disposal facilities. 
Emergency response is also discussed to provide a status of planning and preparedness 
activities at PBA 

Since the completion of the FPEIS, on-site meteorological data, including wind 
speed and direction, have been obtained for CY 1988 from two meteorological towers 
(Towers 1 and 6) located within the PBA installation Towers 1 and 6 are part of a 
7-tower meteorological network at PBA 0;ig. 11). Tower 5 is somewhat closer to the 
proposed facility than Tower 6; however, Towers 1 and 6 are preferred because they 
house instruments that monitor winds at 15, 30, and 6Om above ground level (agl) while 
instruments at the other towers monitor winds at 60 m agl only, above the general height 
of interest for most applications in the site-specific EIS. The wind data from these 
towers can be compared with data that were used in the FPEIS from Pine Bluff 
Municipal Airport, located approximately 21 km (13 miles) southeast of the site for the 
proposed disposal facility, to determine which are more representative of the wind at the 
site of the proposed facility. Because the on-site towers are much nearer the facility, 
they should be more representative unless the data are inadequate or inaccurate. 
Although the available period of record is longer at Pine Bluff Aqort ,  it is less recent 
(January 1950 to December 1954). Winds were measured at approximately 
11 m (37 ft) agl at Pine Bluff Airport. 

The wind data from Towers 1 and 6 at 15 m (49 ft) agl, nearest the general 
height of interest for most applications in the site-specific EIS, were used in the 
comparison. Quality control procedures were performed and determined that the quality 
of data appears reasonable. The wind data can be compared most easily in the form of 
wind roses that summarize the wind direction and speed at the sites. Figures 12a 
and 12b present wind roses for PBA Towers 1 and 6, and Fig. 1% displays the wind rose 
for Pine Bluff Municipal Airport that was used in the FPEIS. The wind roses depict the 
annual joint frequency distribution of wind speed and wind direction. In these graphs, 
winds blowing from each direction are plotted as individual bars that extend from the 
center of the circular diagram. Wind speeds are denoted by bar widths; the frequency of 
wind speed within each wind direction is depicted according to the length of the bar. 
Note that the points on the wind roses represent the directions from which the winds 
come. The frequency is given as the percentage of the total number of measurements at 
the location. 

A comparison of the two wind roses €or PBA reveals a similar pattern: prevailing 
winds are generally from the south-southwest or north-northeast. This similar pattern 
suggests that the quality of data appears reasonable. The terrain at PBA is quite flat, 
and no dominant topographic feature broadly influences the wind direction. The small 
differences among wind roses are probably due to extremely localized flows. 



Fig. 11. Map of Pine Bluff Arsenal. Circles with inset triangles indicate 
positions of on-post rneteorologicai towers. 
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ORNL-DWG 07M-15363R2 

A. WIND ROSE FOR POST 1 TOWER 

B. WIND ROSE FOR POST 6 TOWER 

C. WIND ROSE FOR PINE BLUFF 
ARKANSAS AIRPORT, 

JAN 1,1950-DEC 31,1954 

Eg. 12 Wmd roses (annual joint hequency distriiution of wind spced and wind 
direction) for data oollected at Pine Bluff Arsenal and at Pine Bluff, Arkansas 
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The prevailing wind direction from the north-northeast exhibits a slightly different pattern, 
and a somewhat larger frequency of high wind speeds occurs at Tower 6. 

the wind roses for PBA The prevailing winds are not as dominating, but appear to be 
generally from the south. The wind rase for Pine Bluff Airport displays a bias toward the 
eight principal points of the compass because of the method in which the observers took 
the readings. A comparison of the wind speeds indicates a similarity between Pine Bluff 
Airport and Tower 6. 

the proposed disposal facility. Stabilities derived from PBA data using methods based on 
the standard deviation in horizontal wind direction (sigma theta method) appear 
reasonable for Tower 6, but the distniution of stabilities for Tower 1 appeared biased in 
the direction of being too unstable and was not used further (see Sect. 3.1.1.1). For the 
PBA site-specit?c EIS, wind data from Tower 6 will be used in assessing impacts during 
incident-free operations. Results will be compared with applicable ambient air quality 
standards. 

designated as an attainment area for all criteria pollutants (S. Coldwell, Arkansas 
Department of Pollution Control and Ecology, Little Rock, Arkansas, personal 
communication with R. L Miller, ORML, Oak Ridge, Tern, June 30,1989). The nearest 
Class I Prevention of Significant Deterioration (PSD) area, designated to greatly restrict 
the degradation of ambient air quality, is Caney Creek Wilderness Area, located 184 km 
(115 miles) west of the proposed disposal facility. The potential effects of the proposed 
facility on air quality at Caney C r e k  Wifderness Area will be considered in the 
site-specific EIS. 

At present, seven air permits covering approximately 20 discreet emission points 
have been issued to the Pine Bluff Arsenal. Total air emissions of about 121 tons/year are 
summarized in Table 10- All permitted sources are within allowable emission limitations 
as established by the Arkansas Department of Pollution Control and Eculogy. 

In contrast, the wind rose for Pine Bluff Airport displays a different pattern from 

Data within the PBA installation are more representative of the wind at the site of 

With regard to existing ambient air quality, the Pine Bluff area is currently 

Water resources in the vicinity of PBA can be impacted by large accidental 
releases of chemical agent through two environmental pathways: (1) surface water can be 
directly impacted by atmospheric dispersion and subsequent deposition of agent and 
(2) groundwater can be directty impacted by chemical agent spills, Bezause assessment of 
impacts is beyond the scope of this Phase I report, the size of the accident has been used 
to quantify the potential impact to water resources near PBA and to determine the 
significance of water resource data 

The size of the largest hypothetical accident €or each alternative at PBA is 
representative of the size of the potential area for surface water impacts (i-e., for 
atmospheric dispersion and deposition impacts). Regardless of the location of the surface 
water resource, higher concentrations of chemical agent could potentially be deposited 
onto surface water bodies during large accidents than for smaller accidents. 
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Table 10. Pine BluE Arsenal existing air emjssions s u m m a q  

Pollutant Tons per year (CY 1988) 

Acetone 51.6 

Methylene chloride 2.69 

Particulates 58.35 

so2 8.452 

Hydrogen fluoride (€E)' O.OOO4 

Hydrogen chloride (HCI)' O.OOO4 

Methylphosphonic difluoride (DF)' O.OOO4 

Xylene 0.39 

Permit Number Pollutant 

445-1 
(Pit incinerator) 

505-A 
(5 boilers, 3 P,O, scrubbers, 
3 acetone scrubbers) 

719-A 
(Binary DF manufacture) 

731-A 
(BZ demilitarization) 

748-A 
(Open burning ground) 

924-A 
(FS transfer) 

958-A 
(M819 red phosphorus mix 
facility) 

Particulates 

Acetone, particulates, SO, 
methylene chloride 

Particulates, xylene, hydrogen 
fluoride (HF), hydrogen chloride 
(HCI), methylphosphonic difluoride 

(DF) 

Particulates, SO, 

Particulates 

Sulfuric acid mist (shown as SO,) 

Acetone 

'Emission totals based upon maximum allowable DF emission rate (.001 lbshr) 
Source: G. Thomasson, Pine Bluff Arsenal, Pine Bluff, Arkansas, personal 

communication with M. Mitckes, Ebasco, Inc, Oak Ridge, Tern., July 18, 1989. 
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On-site disposal has a 50-km (31-mile) accident as its worst case; the other 
alternatives-continued storage, regional disposal, and national dispcMaLhave larger 
accidents that fall into the 100-km (Q-mife) downwind accident category. Based on the 
relative size of the worst case accident for each alternative, there is a greater potential for 
surface water impacts to occur for the mntinued storage, regional disposal, and national 
disposal alternatives. The on-site disposal alternative presents the least potential for 
surfact: water impact. 

The potential for impact to groundwater resources can be represented by the 
quantity of chemical agent spiIl& during a hypothetical accident. From the FPEIS 
accident database, the WC spa quantities can be obtained for PBA Thr: maximum 
credible spill for the continued storage alternative could occur as a result of a plane 
crashing into the storage area, with no fire resulting. An eshated 154,051 kg 
(339,625 Ib or 32,082 gal) of mustard agent muid be spiiled For the regional and national 
alternatives, the maximum credible spill involves 1311 kg (2@0 lb or 273 gal) of mustard 
agent spilled as a result of an aircraft crash into the tramport containers in the hokiing 
area. For on-site disposal, the spiU involves 63 kg (139 Ib or IS gal) of agent GB. This 
spill accident results from the detonation of M55 rockets resulting in the puncture of 
adjacent rockets. Probabilities for all these events are very low. However, based on the 
relative size of the largest accidental spill for each alternative, it can be determind that 
on-site disposal presents the least potential for groundwater impact. 

A description of the site-specific surface water and groundwater regimes is 
summarized in Appendix C. The FPEIS provides a similar description of the surface water 
and groundwater regimes (U.S. Army 1988, VoL 1, Section 325.4). Additional information 
collected since publication of the F'PEIS has revealed several differences that couM not be 
ascertained without a detailed inspection of site-specific data. 

PBA is situated in the cafiqr Bayou-Arkansas River watershed. As discussed in 
the FPETS, the two bayous and six creeks that drain the arsenal ultimately flow into the 
Arkansas River. The preferred disposal site, adjacent to the BZ site, is located on the 
northern half of the arsenal. Runoff from this area can drain to the Arkansas River 
through Phillips Creek. Runoff from the facility will be coftected, controlled, and 
monitored before being r e l e d  into Phillips Creek. 

runoff pathways are directly traceable, and they do not flow through the city of Pine Bfuff. 
Moreover, there are no public water supply intakes downstream of PBA that withdraw 
surface water directly from the Arkansas River. The sustained flow of the Arkansas River 
can dilute small instantaneous (as opposed to continuous) spills of chemical agent that 
may enter it as runoff before they reach the Mississippi River which setves as a pubiic 
water supply. 

through the city of Pine Bl& before discharging into the Arkansas River. The disposal 
facility should not be located on the southern haif of the arsenal because accidental spills 
of agent would follow this pathway that flows past residential areas. Furthemore, Caney 
Bayou has a complicated, dendritic drainage system in which flow tracing of spills would be 
difficult, if not impossible to carry out. 

The site adjacent to the €32 site is a particuiariy favorable location because these 

Runoff from the southern half of PBA drains into Caney Bayou which passes 
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The FPEXS did not discuss the Gxkfield-Jackson Aquifer which resides between 
the Quaternary Aquifer along the surface and the deeper Sparta Sand Aquifer. Most wells 
tapping the CockfieldJackson Aquifer are located in the western part of Jefferson County 
upgradient from Pine Bluff and PBA Total pumpage is approximately 1360 m3/d 
(0.36 million gaud), which is used primarily for domestic and small public water supplies. 
The geological formations which define the Quaternary and Cockfield-Jackson aquifers 
have outcrops on PBA In the unlikely event of a large uncontrolled release of chemical 
agent, agent could enter these two aquifers by the route. The flow of groundwater in the 
Quaternary Aquifer is coupled to Bayou Bartholomew and the Arkansas River. Inflows 
and outflows to and from each of these three hydrologic units create a complex flow 
regime. 

Sand Aquifer and the overlying water-bearing formations. Evaluation of this statement 
should account for the presence of the large cone of depression centered at Pine Bluff 
caused by pumpage from the Sparta Sand Aquifer. Vertical hydraulic gradients formed by 
this cone of depression could induce water leakage downward through the aquitard 
separating the Cockfield-Jackson Aquifer from the Sparta Sand Aquifer. Such leakage is 
not likely to occur because the aquitard consists of relatively thick, silty to sandy clay. The 
aquitard reduces the likelihood of contamination of the Sparta Sand Aquifer in the event 
that an accident-related spill does occur. 

A detailed discussion of the factors (Le., water temperature and pH, agent 
solubility, volatility, hydrolysis rate, and soil retention) affecting the potential for 
contamination of surface water or groundwater following a spill of chemical agent is 
presented in the FPEIS (U.S. Army 1988; Vol. 3, Appendix N). Spill containment 
procedures and decontamination measures following such an accident would, however, 
minimize the impacts of such a spill (US. Army 1988; Vol. 1, Sect. 4.5.2.1). A spill 
prevention control and countermeasures plan has been implemented at PBA 
(U.S. Army 1986; Appendix B). 

system of curbs, berms, and sumps to contain, control, and collect any spills of chemical 
agent that might occur. Furthermore, the Army has made a firm commitment to a 
program of rapid response so that impacts from a spill would not occur or, in a worst case, 
would be minimized. The final design of the disposal facility will be submitted to the state 
of Arkansas for review and, if acceptable, will be incorporated into the state’s hazardous 
waste permit for PBA The final design is a b  made available to the National Research 
Council for review. However, the final responsibility for the facility design, including the 
system of curbs, berms, and sumps, will remain with the Army. 

Additional information on site-specific water resources collected since the FTEIS 
was published does not invalidate the conclusions that were reached. 

The FFEIS stated that there was no hydraulic interconnection between the Sparta 

The design of the facility at PBA, which has not been finalized, will include a 

3-23 Landuse 

Supplemental information for the PBA area indicates that there has been little 
change in the data presented in the FPEIS. No unique land-use resources have been 



3-37 

identified for the region around PBA that would delay or prevent implementation of 
on-site disposaL Additional, detailed infbrmation about the site-speciEic land use is given 
in Appendix D. 

3 2 4  I3dogidResouroes 

Ecologicai resources are of interest because they provide the backbone of support 
for the human population, including employment (eg., agriculture, lumber, industry, etc.) 
and recreational opportunities (e.g., fishing, hunting, and outdoor sports). Threatened and 
endangered species are of particular interest because of their greater sensitivity to 
extinction given their limited numkrs. Protecting species from extinction is important 
because of the need to maintain biodiversity which has direct bearing on the quality of the 
human environment. Furthermore, the Endangered Species Act of 1973 (Pub. L. 93-205) 
requires federal agencies to ensure that their actions do not jeopardize the continued 
existence of endangered or threatened species, nor destroy or adversely modify designated 
critical habitat for such species. Resource areas of spwial ecological interest include 
wilderness and wildlife areas, nature conservancy areas and national parks. 

The distances for the noeffects and human nodeaths zones are bas4  on the most 
serious accident for each alternative under worstcase meteorological conditions 
(see Appendix A). For releases of agents GB and VX, the noeffects zones usually reflect 
distances that are about seven times greater than those used for the d e a t h s  mnes 
(U.S. Army 1988). For PBA, the nodeaths distance is 100 km (62 miles) for continued 
storage, and 50 km (31 miles) for on-site disposal. The noeffects distances would thus 
extend hundreds of kilometers from the site of the proposed disposal facility at PBA for 
the alternatives of interest. Due to the um&ties associated with dispersion modeling 
at distances beyond 100 km (62 miles), ecoiogical resources located beyond this distance 
will not be considered. Within the human health no-effats mnes, impacts to ecological 
resources could result. 

For releases of mustard, noeffects distances are not considered because the agent 
is a carcinogen, and the human noeffects concentration is unkwwn (US. Army 1988). 
Thus, the nodea€hs zone for mustard agent [S km (3.1 m h ) )  is used to identify potential 
ecological resources for this type of agent. 

Additional information on ecological resources obtained since the FTEIS is shown 
in Tables 11 and 12. The locations of these resourus are shown in Fig. 13. Information 
on ecological resources included in the FPEIS was based on data from the 
GEOECOLOGY data base at Oak Ridge National Laboratory (QRNL). Use of a 
standardized data base allowed the same level of caverage for all sites and transportation 
options and reduced potential bias in determination of the ecologically preferred 

. ...... 
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Agent released 

Resource GB and VXc 

National park units 
Wilderness areas 
National forests 
Threatened and endangered 

speciesd 
Wild and scenic rivers 
Designated natural areas' 
National wildlife reEuges 
State parks 
State wildlife management 

areas 
Fish hatcheries 

0 
0 
0 

1 
1 

1 
0 
1 

8 
0 

15 
1 
6 

8 
1 

'No-effects distances are approximately 7 times the nodeaths distances. 
bNo-effects distances for mustard are unknown; thus, analysis is based on accidents with 

'Analysis based on accidents with nodeaths distances of 33 km for the on-site disposal 

dm not include candidate species. 
'Arkansas Natural Heritage Commission. 

nodeaths distances of 5 km for the on-site disposal alternative. 

alternative. 
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Public areas within 100 km of PBA site 
Distance Arm 

Area County from site (acres) 

Ouachita NF 

Hot Springs NP 

Arkansas Post NMem 

White River NWR 

Hogan State F€? 

DeGray SP 
Lake Catherine SP 
Pinnacle Mtn. SP 
Toltec Mounds SP 
Jenkins Ferry Battle- 

ground Hist. Mon. 
Marks Mi Battleground 

Hist. Mon. 

Narionol Forests (NF) 

Saline 8 o k m N w  
Perry 

National Parks (NP) 

Garland 9okmWNW 

National Register Sites (NRS) 

Arkansas 80kmESE 

National Wulge Rt.fges (m) 

Desha 90knESE 
Arkansas 
Phillips 
Monroe 

State Fkh Hatcheries 

Lonoke 50 km NNE 

State Parks (SP) 

Hot Spring loo km w 
Hot Spring 8OklIlW 
Pulaski 65 km M;sI 
Lonoke 30 km N 

Grant 45 km wsw 

Cleveland 65 km 5 

53,463 
93,530 

5,839.2 

389.2 

112,348 

267 

939 
2,180 
1,801 

182 

40 

6 
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Table 12 (Continued) 
Distance Area 

Area County from site (acres) 

Bayou des Arc WMA 
Bayou Meto State Game 

Bell Slough WMA 
Camp Robinson WMA 
Dagmar WMA 
Harris Brake WMA 
Trusten Holder WMA 
Wattensaw WMA 

Area 

State Wdlife Management Areas ( S W )  

Lock & Dam 1 
Lock & Dam 2 
Lock & Dam 3 
Lock & Dam 4 
Lock & Dam 5 
Lock & Dam 6 
Lock & Dam 7 
Lock & Dam 8 

Prairie 
Arkansas 
Jefferson 
Faulkner 
Faulkner 
Monroe 

Arkansas 
Prairie 

Perry 

90 km ENE 954 
35 km E 33,901 

70 km NNW2,800 
60 km m 5 , O O o  
9Okm NE 8,062 
95 km NW 2,866 
90 km ESE 5,206 
70 km NE 17,461 

Loch and Dams, Arkansas River 

Arkansas 
Arkansas 
Jefferson 
Jefferson 
Jefferson 
Pulaski 
Pulaski 
Perry 

90IrmESE 
85 Irm ESE 
45 km ESE 
25kmESE 
5 k m N  

35 km N 
55 km NNW 
90 km NNW 

Sources: U.S. Forest Service, Land Areas of the National Forest System, as of 
September 30, 1988, Government Printing Office, Washington, D.C., 1988. U.S. National 
Park Service, National Park Service Statistical Abstract 1988, Government Printing Office, 
Washington, D.C., 1989. 
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ORNL.DWG 89-1 1717 

A. OUACHiTA NATIONAL FOREST 
3. LAKE OUACNITA STATE PARK 
C. HOT SPRINGS NATIONAL PARK 
D. LAKE CATHERINE STATE PARK 
E. DE GRAY STATE PARK 
F. ARKANSAS POST NATIONAL MONUMENT 
6. BAYOU M E T 0  WILDLIFE MANAGEMENT 

AREA (WMA) 
H. TRUSTEN HOLDER WMA 
1. WHITE RIVER NATiONAL WILDLIFE REFUGE 
J. LOUISIANA PURCHASE HISTORICAL MONUMENT 

K. DAGMARWMA 
t WAITENSHAW WMA 
M. BAYOU DES ARC WMA 
N. REX HANCOCK BLACK SWAMP WMA 
0. HENRY GRAY HURRICANE LAKE WMA 
P. CAMP ROBINSON WMA 
Q. PINNACLE MOUNTAIN STATE PARK WMA 
R. BELL SLOUGH WMA 
S. HARMS BRAKE WMA 
T. TOLTEC MOUNDS STATE PARK 

A SITE OF PROPOSED DISPOSAL 
FAClLlTY 

ARKANSAS 
----_I--- 

LOUISIANA 0 ? - km 
0 20 40 mi 

Fig- 13. Location of important ecological resauces within the loo-km (62-mile) 
zone around Pine Bid€ ArsenaL 
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alternative. Information obtained during preparation of the Phase I report has verified 
the geoecology data obtained for Arkansas during preparation of the FPEIS. Additional 
information has been obtained on the numbers of national forests (one), state parks (six), 
and state wildlife management areas (eight) (see Table 10 and Fig. 13). Comparison of 
information about threatened and endangered species in the F'PEIS and the Phase I 
report show that the information obtained for the FTEIS is still valid. Two sjx-cies- 
Gemupon minimum (no common name) and Arctic peregrine falcondave been included 
in the Region JY Threatened and Endangered Species Notebook since the endangered 
species information was obtained in 1986 from the U.S. Fish and Wildlife Service (FWS). 
Consultation has been initiated with the Jackson, Mississippi, Endangered Species Office 
of FWS for the 100-km (62-mile) zone around PBA, and resulting information will be 
included in the Phase II site-specific EIS. 

The bald eagle, Arctic peregrine falcon, least tern, and piping plover migrate 
through and could feed in the area, but are not residents. The red-cockaded woodpecker 
and Gemarpon minimum occur in the southern portion and the pink mucket pearly 
mussel in the western portion of the 100-km (62-mile) zone. The Florida panther is 
known historically from Arkansas, including the 100-km (62-mile) zone; and the American 
alligator nests within the 100-km (62-mile) zone. The potential impacts to these species 
that could result from a release of chemical agent will be addressed in the site-specific 
EIS. 

conclusions of the ecological resources section of the FPEIS that in the event of an 
accidental release of chemical agent impacts to ecological resources will occur. The 
addition of state parks, wildlife management areas, and important natural areas to the list 
of resources within the 100-km (62 miles) zone does not alter the conclusions of the 
FPEIS. These resources are distributed throughout the impact zone and are not 
concentrated in the general downwind direction from the site. This additional information 
wiU help to better estimate the extent of effects to important ecological resources. 

Data collection during preparation of the Phase I report does not alter the 

3 2 3  Social, EconomiC and Cultural Resources 

Since the completion of the FTEIS, updated and additional data on community 
reSOurceS surrounding PBA have been collected. Data on community resources are 
relevant for two purposes: (1) to identify concentrations of population and other resources 
that may be affected by a release of chemical agent and (2) to estimate the potential 
socioeconomic impacts from population growth and other activities associated with the 
construction and incident-free operation of the disposal facility. The mne of impact 
relevant for socioeconomic data collection during the Phase I process varies according to 
whether the resource potentially could be affected by an accident or by project-induced 
growth. 

Site-specific populations that have been characterized since the FPEIS include 
worker and resident populations located both on-post at PBA and off-post; potentially 
sensitive populations (Le., children and the elderly) by county of residence; transient 
populations, defined as concentrations of people visiting or gathering in the vicinity on 

- 
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an intermittent or irregular basis (e.g. recreational events); and special populations, which 
include day-today concentrations of people with special needs who are dependent on 
others for protection and require special attention in an emergency. There are no 
federally recognized Indian settlements withim 100 km (62 miies) of PBA @PA 1989). 

The WEIS considered residential population to 100 km (62 miles) to estimate 
human fatalities. It did not consider daytime population, nonresidential data, or on-post 
population on a site-specific basis. Data on daytime (is., place-of-work) population for 
the area surrounding PBA Will be collected and analyzed for inclusion in the site-specific 
EIS. In lieu of more detailed placesf-work data, nearby industries with 100 or more 
employees and other large employers in Pine Bluff are identified in Appendix B. 

work between the hours of 4:oO p m  and 230 a.m. varies depending upon the work load. 
Employment on the installation during the evening and night shifts is estimated at 
75 workers in Buildings 31-000 through 34-000,45 security oEcers located throughout the 
arsenal, and 10 fire department workers in Building 10-050. Shift workers at NCTR are 
estimated at 20. 

buildings numbered in the loaoOS, 576oos, and 63-oooS. There are approximately 
2230 contractors permanently badged at PBA Of these, 1900 are badged to work on 
PBA on a daily basis, and 325 are badged to  visit PBA as necessary. Of the Ratter, 
40 enter on a daily basis. Approximately 50 contractors and vendors and 40 commercial 
carriers without permanent access badges enter PBA on a daily basis. Approximately 
175 other visitors enter PBA each day. In addition to PBA employees, contractors, and 
visitors, day-shift employment at NCIR totals approximately 600. 

The on-post resident population consists of occupants in barracks and family 
homing. There are a b  21 guest units on-post. The on-post resident population is shown 
in Table 13. 

Because data in Sect. 3.1 and in the RETS consider human fatalities in the 
resident population to 100 km (62 miles), the Phase I process has collected data for 
off-post human resources for the region within a 100-km (62-mile) zone. Because the 
Protective Action Zone ( P a )  (the second of two emergency response zones) roughly 
approximates a 50-km (31-mile) zone €or PBA, data are shown separately €or the 50-km 
and 100-km zones. In some cases, detailed data are delineated only for Jefferson and 
Grant counties, which include the Immediate Response Zone (fRZ) (Jefferson County 
Office of Emergency Services 1989). 

Figure 14 shows the portions of 11 counties that lie within a 50-km (31-mile) zone 
of PBA. The incorporated places and their populations that make up the 50-km (31-mile) 
zone are shown in Table 14. Data on off-post resident population trends and potentially 
sensitive age groups in the resident population are presented in Appendix B. Transient 
and special population data within the 100-km and 50-km mnes are also presented in 
Appendix B. 

Land use, although considered in Sect. 3.2.3, has been characterized here with a 
focus on economic value that might be affected as a result of contamination of land or 
property. Because land use could be affected by an accidental release of chemical agent 

Normal working hours for PBA employees are from 7 3  am. to 4:OO p.m. Shift 

An estimated one-third of PBA's 1400 dayshift employees work in the vicinities of 
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Housing Capacity Average occupancy 

Number of 
Rate (%) persons 

Family housing 

Guest house 

Barracks 

44 units 

21 units 

43 units 

100 - 150" 

w 19 

80 35 

'As of April 1989, military personnel living in family housing had, on average, 

bThis is the rate for Monday through Friday. Occupancy during weekends is lower. 
2.58 dependents. 

during a worst case storage accident, data are presented for a 100-km (62-mile) zone. 
These data are presented in Appendix B. 

structures beyond the boundary of PBA. Appendix B enumerates the sites that are in 
counties located wholly or partially within the 50-km (31-mile) and 100-km (62-mile) 
zones. 

Additional data on socioeconomic resources are important for assessing impacts 
during construction and incident-free operations. Project-induced population growth 
during the construction and operations phases of the project could affect employment, 
infrastructure, and the provision of public services in the immediate vicinity of PBA 
Based on the current locations of the residences of civilian employees at PBA, the 
following approximate distribution of inmigrating population associated with the proposed 
disposal facility could be expected, 

The FPEIS did not evaluate in detail archaeological and historic sites and 

Pine Bluff (Jefferson Co.) 60.1% 

Little Rock (Pulaski Co.) 3.3 

Other 14.5 

White Hall (Jefferson Co.) 16.5 

Sheridan (Grant CO.) 5.6 

Total 100.0% 
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0 

0 t - 4 - 7 4 4  5 10 15 20 

miles 

Fig. 14. 50-km mne for Pine Bluff Arsenal Source: S. A. Carnes et al., 
Emergency Response Concepr Plan for Pine Bluff Arsenal and Viinq, O R N m - 1 1 0 9 2 ,  
Oak Ridge National Laboratory, Oak Ridge, Tenn., 1989. 
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50-km (31-de) zone for Pine Bluff Arsenal 
Table 14. Population of inaxporated areas withb the 

County Incorporated areas 
Estimated 
populationa 

Jefferson 

Grant 

Lanoke 

Pulaski 

Saline 

Pine Bluff 
Altheimer 
Sherrill 
Redfield 
White Hall 
Humphrey 
Wabbeseka 

Leola 
Poyen 
Prattsville 
Sheridan 
Tu11 

Allport 

England 
Humnoke 
Keo 
Lanoke 

coy 

Alexander 
Little Rock 
Wrightsville 

Bauxite 
Benton 
Bryant 
Haskell 
Shannon Hills 
Traskwood 

63,232 
1,120 
160 

1,020 
4,095 
1,570b 
360 

420 
230 
350 

3,050 
290 

300 
170 

3,290 
450 
280 

4,090 

280 
181,030 
1,510 

480 
18,220 
4,490 
1,280 
1,910 

430 

Dallas Carthage 580 

Cleveland Rison 1,280 

Lincoln Star City 
Grady 

2,030 
550 

Arkansas Stuttgart 10,470 

'All estimates are for 1986, except those for White Hall and Pine Bluff, which are 1988 estimates, 

%e town of Humphrey is included in both Arkansas and Jefferson County. The Jefferson County 

Sources: US. Bureau of the Census, Current Population Reports, South-1986 Poplarion and 198Sper 

received from SE Arkansas Regional Planning Office. 

portion of Humphrey has a population of 1,120, and the Arkansas County portion has 450. 

Cqka Income Estimares for Cowtrier and Incovraed  Places, Series P-26, No. 86-5-SC, US. Government 
Printing Office, Washington, D.C, 1988. A Skinner, Southeast Arkansas Emnomic Development District, 
Lnc., Pine Bluff, A r t ,  personal communication with J. Monissey, SAIC,  Oak Ridge, Tenn., Jan. 31, 1990. 
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The "Other" category includes a number of smafl towns in the area within about 50 km 
(31 miles) of PBA Socioeconomic data collection relevant to project-induced growth 
during the Phase f. process has focused primarily on Jefferson County and the Sheridan 
community in Grant County, aIthough data for other counties to 50 km (31 des) have 
been included where available. Data on Little Rock (pop. 181,000) were not included 
because the small magnitude of growth expected in Little Rock wouid represent a 
negiigiile population increase in that city. Some data relevaat to project-induced growth, 
such as population, schools, and land use, have been presented elsewhete in this section. 
Supplemental data on emplaymat, income, housing, facilities and services, and 
transportation are presented in Appendix B. 

Information about aircraft activity in the FW3S was taken from risk analyses by 
GA Technologies, hc., judged against criteria set up by the Nuclear Regulatory 
Commission (NRC) €or rislcs to the nuclear industry from aircraft crashes. The NRC 
Criteria for low probabdity of aircrafl accidents at a site are met when: 

* the site-to-airport distance is between 8 and 16 inn (5 a d  10 miles) and the annual 
number of air operations is lesf than 500 times this distance squared, or the 
site-to-airport distance is greater than 16 km (10 miles) and the projected annual 
number of operations is less than lo00 times this distance squared; 

the site is at least 8 km (5 miles) from the edge of military training routes; 

the site is at least 3.2 Inn (2 miles) from the nearest edge of a federal aiway, holding 
pattern, or approach pattern. 

A survey of the most recent Flight Information Publication for the area around 
PBA stilI indicates.the existence of three private airfields 16 to 22 km (10 to 14 miles) 
distant from the pro& site. Grider Eeid at Pine Bluff is about 26 km (16 miles) 
southeast of the proposed site; in 1987, Grider Fietd had a total of 483 instrument 
approaches, composed of 452 genera1 ahtion, 13 air taxis, and 18 military aircraft 
(FAA 1988). A hetipad is on-site about 3 km (2 miles) from the chemid  munitions 
storage area boundary. The fiight frequency is estimated to be 30 or Fewer flights per 
month. 

There are no military training routes? military operations areas, or restricted areas 
in the vicinity. Low altitude federal airwa)rs V74, V3M, and V16 pass at distances of 10, 
17, and 18 km (6, 10, and 11 miles), respectheiy. High altitude jet route 542 passes over 
the proposed site. 

site. 
The NRC criteria are met for low probability of aircraft accidents at the proposed 
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Emergency planning and preparedness played a key role in identifying the 
programmatic environmentally preferred alternative. The difficulty of planning emergency 
response activities for an accident along any off-site transportation route was an important 
consideration in rejecting those alternatives requiring off-site transport. The Army has 
begun enhancement of emergency planning and preparedness at each installation 
regardless of the proposed action; thus, emergency planning will benefit equally each of 
the alternatives under consideration in this report (continued storage, on-site disposal, and 
on-site activities associated with off-site disposal) and was not a key factor in reexamining 
the environmentally preferred alternative in Sect. 3.1. Consequently, emergency planning 
and preparedness are discussed in the context of new information affecting on-site disposal 
that will be addressed in the site-specific EIS. The following is a brief discussion of 
emergency planning activities in the PBA vicinity. 

The Army has begun enhancement of emergency response capabilities by 
requesting funds from Congress to implement the Emergency Response Concept Plan 
(ERCP) (Jacobs Engineering Group, Inc., and Schneider EC Planning and Management 
Services 1987) at all eight storage sites, including PBA The Army also has funded 
planners to work with local governments to upgrade existing plans. In addition, the Army 
is committed to provide technical assistance and coordinate local planning efforts. 
Furthermore, the Army intends to request funds to improve emergency response 
capabilities through capital improvements in fiscal years 1990 and 1991. Combined, these 
enhancements are aimed at upgrading the emergency response capabilities commensurate 
with ERCP and should greatly improve emergency response capabilities in the PBA 
vicinity. 

Response to a chemical release at PBA is the cooperative responsibility of PBA, 
Jefferson County Office of Emergency Services, and the state of Arkansas. PBA's 
emergency plan is provided in the Chemical Accident Incident Response and Assistance 
(CAIRA) Plan dated May 1, 1985. In the event of an incident involving the release of 
chemical agent, whether or not it is expected to result in off-post consequences, PBA is 
responsible for prompt notification to the official off-post contact, the Jefferson County 
S h e f l s  Department. Initial response actions would be based on an emergency 
classification system developed by PBA and protective actions recommended by PBA 
officials. 

The emergency classification system contains six levels of emergency response, 
which vary with the severity of the release and atmospheric conditions. The Emergency 
Response Level would be declared by PBA officials. Jefferson County officials have the 
lead responsibility to coordinate all off-post emergency response activities. The Jefferson 
County Emergency Response Plan details the actions to be taken by the different 
government, private, and volunteer organizations within the county according to each 
Emergency Response Level. 

would be in the IRZ, which defines the jurisdictions within an approximate 15-km 
(9.3-mile) radial distance from PBA The Jefferson County Office of Emergency 

The main concentration of resources to be drawn upon in an emergency situation 
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Services assists the activities of the Grant County Office of Emergency Services. Jefferson 
County would be automatically notified of a release (J. Palmateer, Jefferson County 
Emergency Services Coordinator, personal communication with D. Feldman, ORNL, 
Oak Ridge, Tenn., Aug. 28, 1989). The Arkans;;ts State Office of Emergency Services in 
Conway would be contacted next and would provide additional support if the off-post 
consequences of an accident exceeded the capabilities and resources of Jefferson and 
Grant counties (Jacobs Engineering Group 1939a). 

Jefferson County off ids would next alert adjacent counties. Counties located 
outside the Immediate Response Zone @rz) but within the PAZ are not currently 
included in the coordinated emergency planning efforts among PBA, Jefferson County, 
and Grant County, although officials are hopeful that funding in FY 1990 will allow for 
the extension of coordinated planning to communities in the PA2 (J. Palmateer, Jefferson 
County Emergency Services Coordinator, personal communication with J. Morrissey, 
SAIC, Oak Ridge, Tenn. July 18, 1989). 

The Jefferson County Of'fice of Emergency Services has an annual operating 
budget of $59,000. Every participating agency and jurisdiction has its own budget. Three 
cities within Jefferson County--RedfeId, Altheimer, and White Ipall-have their own 
Emergency Response Plans, which are coordinated with the Jefferson County Emergency 
Services Coordinator. The JeEewn County Emergency Response Plan serves as the plan 
for the City of Pine Bluff, which accounts for about two-thirds of the Jefferson County 
population. 

During the week of April 12, 1989, a major full-fieid exercise was conducted at 
PBA, involving all public safety agencies and organizations within the E. About 
350 personnel from Jefferson, Grant, and Cleveland counties participated in the exercise. 
Government agencies and community facilities that participated included the State Health 
Department, Arkansas Department of Pollution Control and Ecology, M ~ c e  of 
Emergency Services, State Police, Little Rock AF'B, Camp Robinson, University of 
Arkansas Medical Center, Baptist Medical Center, Jefferson Regional Medical Center, 
Watson Chapel, and White Hall Schools (Lt. C. Sa&, PBA, Ark, personal 
communication with J. Morrissey, SAIC, Oak Ridge, Tenn., July 3, 1989). The Jefferson 
County Office of Emergency Services and the Grant County Civil Defense Division 
currently are in the process of incarporating what was f e a d  from the exercise into 
existing emergency response plans. Communications between on-post and off-post 
officials was the area deemed most in need of improvement (J. Palmateer, Jefferson 
County Emergency Services Coordinator, Pine Bluff, Ark., personal communication with 
J. Morrissey, SAIC, Oak Ridge, Tenn., July 10, 1989, J. Wynne, Grant County Civil 
Defense Coordinator, Sheridan, Ark, personal communication with J. Morrir;sey, SAIC, 
Oak Ridge, Tenn., July 18, 1989). A particularly hpor&ant w e a h e s  that surfaced during 
the exercise was a problem with information flow among agencies, ie., participating 
agencies understood their own responsibilities but were unsure of the responsibilities of 
other agencies (J. Palmaker, Je&eruon County Emergency Services Coordinator, 
Pine Bluff, Ark., personal communication with D. Feldman, 0% Oak Ridge, Tenn, 
Aug. 28, 1989). As a result of the exercise, scepped-~p training is being undertaken to 
ensure interagency coordination. Jefferson Gounty officials have suggested that county, 
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state, federal, and PBA officials may require a memorandum of understanding to develop 
an efficient message flow between on-post and off-post officials (G. Jones, Federal 
Emergency Management Agency, Region 6, Denton, Tex., personal communication to 
D. Feldman, Oak Ridge National Laboratory, Oak Ridge, Tenn., June 19, 1989). 

An Updated Site Assessment for Pine Bluff Arsenal and Adjacent Jurisdictions 
(Jambs Engineering Group Inc. l989a) concluded that written plans lack a coordinated, 
well-defined system to guide the efforts of participants. W e  the PBA CAIRA Plan is 
highly detailed with respect to roles, responsibilities, and procedures €or on-post 
emergency response activities, it docs not detail the decision-making process that must 
precede off-post actions. PBA officials are aware of the need to improve in this area. 

Jefferson County's most recent disaster was a 1985 train derailment involving a 
major commercial chemical spill. The disaster involved the evacuation of approximately 
3000 people within a mile of the spill for a period of 6 days. County officials implemented 
the evacuation successfully and without injuries. The American Red Cross and Salvation 
Army effectively activated and supported m a s  care centers during the evacuation 
(J. Palmateer, Jefferson County Emergency Services Coordinator, Pine Bluff, Ark, 
personal communication with J. Monissey, SAIC, Oak Ridge, Tenn., July 10, 1989). As a 
result of emergency response to the chemical spill, Jefferson County emergency officials 
adopted the practice of relying, whenever possible, upon the organization responsible for 
the accident @e., the railroad in this case) for information, recommendations, and 
guidance. Likewise, local officials would rely upon the arsenal for such guidance in the 
event of a chemical agent release. Also as a result of the train derailment, a system of 
obtaining input and developing consensus among participants was established 
(J. Palmateer, Jefferson County Emergency Services Coordinator, personal communication 
with D. Feldman, ORNL, Oak Ridge, Tenn., Aug. 2.8, 1989). 

The primary goal of the Jefferson County Office of Emergency Services is to 
prevent loss of life through immediate action following an accident. Therefore, adequate 
resources must be locally available. However, the lack of sufficient funds to obtain the 
necessary equipment, sheltering, and medical capabilities is an ever-present problem 
(J. Palmateer, Jefferson County Emergency Services Coordinator, Pine Bluff, Ark, 
personal communication with J. Morrissey, SAIC, Oak Ridge, Tenn., July 10, 1989). 
Concern also has been expressed by county and state officials that guidelines €or the use 
of federal funds lack adequate flexibility €or local communities to follow in upgrading 
emergency systems (Judge Jack Jones, Jefferson County, Pine Bluff, Ark, comments made 
at National Intergovernmental Consultation Coordination Board Meeting, Denver, Colo., 
June 27, 1989). 

The Jefferson County emergency operations center (EOC) is located in the 
basement of the Pine Bluff Civic Center, although emergency services officials actually rely 
on command post operations near PBA, including a mobile EOC unit. The EOC's 
location, layout, space, parking facilities, and equipment have been identified as areas in 
need of improvement in the Updated Site Assessment for Pine Bluff Arsenal and 
Adjacent Jurisdictions. The assessment recommended that Jefferson County should have 
a fixed EOC from which to direct emergency response operations and that the EOC 



3-51 

should be located far enough away from the arsenal that it would not be at risk from an 
accident at PBA Plans are being discussed to build a new EOC, although the location is 
still un&termined (Jacob Engineering Group hc. 1989a). 

3 3  TEcHNoIx)(sY S A W S  AM) MATURITY 

This section provides a status report on the developments in the proposed disposal 
technology since the FTEIS, with an emphasis on the continuing operational experience 
being gained during this time. Technology status and maturity refers to the continuing 
refinement of designs and procedures from the conceptual design stage to the operation 
of the initial disposal facility, through the time the chemical stockpile is destroyed. The 
design and procedures are further refined through state and U.S. Environmental 
Protection Agency (EPA) regulatory reviews. Regulatory approvals of the design are 
required horn the state of Arkansas prior to the start of construction and operation of the 
PBA facility. This section focuses on technology developments that have occurred since 
the FPEIS. 

As the implementation of the CSDP progresses, an increasing amount of the 
stockpile would be destroyed. Facilities built and operated in the latter stages of the 
program would benefit from the lessons learned in the design and operation of earlier 
facilities. Table 15 presents the projected cumulative stockpile destruction in future years 
as the site-specific facilities are built and operated. A revised schedule was presented to 
Congress in April 1990. The Army has officially requested an extension from 1997, as 
approved in P.L 100-456, to 1998 as a completion date. By March 1996, when the PBA 
facility is projected to begin disposal operation, about 26% of the total U.S. stockpile is 
projected to have been destroyed 

facilities in former production facilities at Rocky Mountain Arsenal (RMA), bated in 
Denver, and at the Chemical Agent Munitions Disposal System (CAMDS), located at 
TEAD, Utah. Through calendar year 1989, about 6.7 million kg (14.8 million lb) of agent 
had been destroyed at RNA and at CAMDS. Table 16 summarks the U.S. Army's 
experience in industrial scale disposal of lethal chemical agents and munitions. 

emissions and projected plant operating conditions in the FTEIS to determine if recent 
technological experience continues to support the setectioa of on-site disposal. Because 
no accident conditions during chemical agent disposal operations have occurred since the 
FPEIS, experience can only be compared with conditions which were expected during 
normal operations. Normal operations are defined as operations which occur without a 
release of chemical agent which exceeds regulatory limits into the environment. 

No significant human health impacts were expected in the FPEIS during normal 
plant disposal operations. This is supported by operational experience and equipment 
advancements since the FPEIS. During recent VX testing at CAMDS, no agent emissions 
exceeded the regulated limits as presented in Table 4.1.2 of the FPEIS. In fact, agent was 
not detected in the stack gas at any time during these tests. To further safeguard the 

Chemical demilitarization operations have been conducted in demilitarization 

New experience since the WETS is compared in this section with estimated 
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Table 15. Projected chemical agent stockpile 
destruction schedule 

Sites starting Sites ending Chemical inventory 
Year operations operations remaining at year end (%) 

1990 JACADS -- 99.6 
1991 -- *- 98.2 
1992 -- -- 96.5 
1993 TEAD -- 93.1 
1994 -- JACADS (36)' 88.6 
1995 ANAD -- 75.5 
1996 W A ,  PBA, -- 64.0 

APG, NAAP 
1997 LBAD, PUDA APG (13), NAAP (11) 40.0 
1998 -- TEAD (63), ANAD (361, 0.0 (Dec. 1998) 

UMDA (32), PBA (33), 
LBAD (16), PUDA (21) 

'Months of incinerator operations. 
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Table 16. Summary of Army's experience in industridsale chemical egent/munitions disposal 

Quantity 
Operation Description Date Agent Site' Processb (1,OOO Ibs) .- 
Project Eagle Phase I 
Project Eagle Phase f 
Project Eagle Phase I1 
Project Eagle Phase 11 (Expanded) 

Project Eagle Phase 11 (Expanded) 
Project Eagle Phase I1 (Expanded) 

Chemical Agent Identification 

M55 Rocket Disposal 
Agent Injection Incineration 

Agent Injection Incineration 

155mm Projectile Disposal 
105mm Projectile Disposal 
In Situ Agent Incineration 
M55 Rocket Incineration 
Liquid Incinerator Test 
Agent BZ Disposal 
VX Trial Burn 

Sets Disposal 

Tests 

Tests 

Ton Containers 
Ton Containers 
M34 Cluster Bombs 
Underground 

Storage Tanks 
Ton Containers 
Honest John 

Chemical Agent 
Warhead (M139) 

Identification Sets 

Ton Containers 

Total 

Jul 72-Mar 74 
Jul 72-Mar 74 

%p 74-Nov 74 

May 75-Nov 75 

OCt %NOV 76 

Apr ~ ~ - N o v  76 

May 31-Dec 82 

Sep 79-Apr 81 
Apr 81-Jan 84 

fun 81-Aug 84 

JuI 81-Jul 82 
Mar 82-Jul 82 
Oct 82-D~c 83 
NOV 85-NOV 86 
AUg 85-Aug 86 

Sept 89-0ct 89 
May 88-Sept 89 

H 
HD 
GB 
GB 

GB 
GB 

GB 
GB 

vx 
GB 
GB 
CB 
GB 
GB 
BZd 
vx 

R I 4,428.0 
R I 1,714.0 
R NE 4,129.6 
R N 378.0 

R N f i  3,604.5 
R N/I 76.5 

R I 36.7 

C N/I 628.0 
C I 11.2 

C I 7.9 

C N 60.5 
C N 
C I 17.6 
C I 2-3 
C I 37.9 
P I 94.0 
C I 40.0 

14.766.7 

c w 

'R refers to Rocky Mountain Arsenal, C to Chemical Agent Munitions Disposal System, and P to Pine Bluff Arsenal. 
bN refers to agent neutralization only; I to incineration of agent and explosive (andlor metal parts thermal decontamination); 

'Agents include: phosgene, chloropierin, mustard, lewisite, cyanogen chloride, nitrogen mustard and GB. 
"The incapacitating agent BZ is not lethal. 

N/I to agent neutralization and explosive incineration (and/or metal parts thermal decontamination), 
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public and the work force, agent monitoring technology has improved since the FPEIS 
resulting in shorter agent detection response times (see Sect 3.3.8). At the time the 
FPEIS was published, initial PCB incineration tests at CAMDS had been conducted. 
Based on these tests, it was concluded PCB incineration would result in no significant 
human health effects. This conclusion is reinforced by recent TSCA R&D burns 
conducted at JACADS in which emissions were substantially lower than commercial PCB 
permitted units within the continental United States. 

disposal facilities were evaluated in the FPEIS. In accordance with FPEIS assumptions, 
HCI, NO, particulate, and SO, emissions were monitored and found to be within EPA 
regulatory limits during the recent VX incineration tests at CAMDS. The FPEIS further 
indicated studies were incomplete of products of incomplete combustion (PIC) that would 
result from emissions during normal operation of the proposed disposal facilities, but to 
date had found PIC amounts to be negligible. Recent VX testing at CAMDS support this 
claim. Those PIG detected during this testing were below the emission standard by a 
factor of 106. 

Air quality impacts from emissions during normal operation of the proposed 

33.1 BZ Demilitarization OperatiOIls 

Since issuance of the FPEIS, the Army initiated the operation of a demilitarization 
facility at PBA for the destruction of the nonlethal but incapacitating agent BZ. The 
facility was constructed to dispose of 1500 BZ munitions, 
approximately 2000 drums of contaminated residue, and more than 200 drums of neat BZ 
that were stockpiled at PBA Operations began on May 9, 1988. All neat BZ was 
destroyed by September 1988. All BZ munitions had been destroyed by September 1989, 
and all of the BZcontaminated inventory had been destroyed by January 1990. 
Approximately 42,600 kg (94,000 lb) oE agent BZ were destroyed by incineration. During 
these demilitarization operations, no facility emissions were detected that e x d e d  
regulatory limits. 

Two Chemical Occurrences were reported during toxic operations at the BZ 
Demilitarization Facility. The  first Chemical Occurrence, in November 1988, involved an 
operations worker who demonstrated partial symptoms of BZ agent exposure. A technical 
investigation of the first Chemical Occurrence revealed inconclusive evidence of worker 
exposure to BZ agent: yet enhancements were made to existing personnel entry and 
egress procedures for access to contaminated plant areas during demilitarization 
operations. The second Chemical Occurrence, in April 1989, involved a maintenance 
worker who demonstrated more pronounced symptoms of BZ agent exposure. A technical 
investigation of the second Chemical Occurrence could not determine the mechanism for 
BZ agent exposure; nevertheless, further enhancements were made to personnel entry and 
egress procedures, quality control, and medical monitoring procedures. Both workers 
returned to duty after conclusion of each technical investigation. 

operations at CAMDS and RMA. Selected BZ equipment, including the deactivation 
The BZ disposal process was developed based on knowledge gained from disposal 
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furnace system and heated discharge conveyor, was purchased based on equipment 
technical data packages from CAMDS. Because the disposal procedures for BZ and the 
lethal unitary agents and munitions are based on a common technology, much of what was 
learned from disposal of the BZ has been applicable to the CSDP. In addition, although 
BZ is a nonlethal agent, the BZ disposal plant was operated in term of safety, surety 
inspections, and guidelines as if it were & p i n g  of k t h d  agents. The BZ facility and the 
CSDP facilities have k e n  designed For maximum agent containment and destruction as 
well as maximum protection of both workers and the public fiom agent exposure. Specific 
contriiutions from the BZ disposal operations are as f o k .  

The BZ training program inciuded extensive hands-on training which, because of its 
success, WilJ. be impkmented at J o b t o n  AtoU ChemicaJ Agent Disposal !$stem 
(JACADS) (Sect. 33.2) and the Chemical Demiiitarizatlon Training Facility (CDTF) 
to support the CSDP. 
At the end of systemization and before startup of the BZ disposal operations, a 
preoperational survey was conducted by a team of experts (US Arm). and DHHS) to 
ensure that the BZ disposal system conformed to all appficabk safety, environmental, 
quality assurance, security and safety standards and that an acceptable b e l  of 
performance could be maintained during the BZ & p a l  operations. All findings 
essential to the safe and/or efficient operation of the BZ facility required correction 
prior to start of operations. Many of the problems ideotifkd during the BZ 
preoperational survey could have been resolved much earlier in the systemization 
period. For this reason, Operational and Readiness Evaluations are being conducted 
at JACADS and GONUS CSDP facilities before the formal prmperational survey. 
These evaluations will be conducted periodically during the plant systemization periods 
to inspect designated systems and subsystems for compliance with regulatory 
requirements; to assess the progress of the facility toward achieving an operational 
status in accordance with the schedule; and, to the maximum extent possible, to 
identify and resolve problems before the formal preoperational survey, thereby 
minimizing schedule impacts. 
The BZ disposal facility is the fmt government owned, contractor operated facility 
managed by the Program Manager for Chemical Demilitaarization (PMCD). 
Experience has been gained regarding schedule durations and potential problems 
associated with hiriag contractor personnet under the Chemical Personnel. Reliability 
Program. This program ensures personnel assigned to positions involving access to 
chemical surety material are emotionally stable, foyal to the United States, trustworthy, 
and physiGaUy fit to petform assigned duties. This program will a b  be instituted at 
the JACADS and CSDP facilities. 

In January 1990, cleanup and closure operations of the BZ facility was initiated in 
accordance with all state, Resowce Conservation and Recovery Act of 1976 (RCRA) and 
Army regulations. As of March 20,1990, all of the major process equipment, except 
furnaces, had been removed from the facility. It is estimated that cbsure procedures wiil 
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be completed by June 1990. At that time the plant will be configured for incorporation 
into the CSDP. 

332 Johnston Atoll 

Johnston Atoll is a coral atoll located in the central Pacific Ocean about 700 miles 
southwest of Honolulu, Hawaii. Johnston Island, the largest island of the atoll, is a 
storage site for three types of chemical agents and munitions: GB, VX, and mustard 
(H and HD). These agents are present in rockets, mineS, projectiles, bombs, and ton 
containers. 

become operational in May 1990, will be the first full-scale plant capable of destroying all 
types of munitions and agent. The JACADS process utilizes the reverse assembly 
incineration process endorsed by the National Research Council as the best available 
method of disposal for meeting the environmental and safety requirements. The JACADS 
munition disassembly equipment and incinerators were developed as a result of experience 
gained during disposal of the stockpile at Rocky Mountain Arsenal and more recently at 
the CAMDS, the Army’s development center in Tooele, Utah. The JACADS technology 
is also planned to be used at the CONUS facilities. 

JACADS is also located on Johnston Island. This facility, which is scheduled to 

JACADS operationan Verification Testing 

In September 1988, Congress, in Pub. L 100-456, required the Army to 
successfully complete operational verification of the JACADS technology at Johnston 
Atoll before proceeding with destruction of the CONUS stockpile of munitions and agent. 
To meet this requirement, the Army plans to conduct Operational Vedication Testing 
(OVT) at JACADS to demonstrate that chemical munitions and agent can be destroyed 
safely and efficiently in an environmentally sound manner. The JACADS Test and 
Evaluation Master Plan (Duff et al. 1989) for the OVT program has been reviewed by 
DHHS and the National Research Council. 

JACADS OVT is to be conducted during the first 16 months of JACADS 
operations. During this period, the overall JACADS process, and in particular the 
performance of the incinerator systems, will be evaluated with all three chemical agents 
(mustard, GB, and VX) in conjunction with the processing of rockets, projectiles, and ton 
containers. The general objective of the OVT is to demonstrate the operability of the 
entire plant, including personnel and all support systems, under toxic operating conditions. 
The overall JACADS system will be evaluated for environmental compliance, industrial 
and chemical agent safety, and system reliability. 

number of munitions will be destroyed during each test to allow confidence to be 
developed in the ability of the process to function under normal operating conditions. 
Representative items in the chemical stockpile and all three agent types will be destroyed. 
The tests, in order of their planned occurrence, are as follows. 

Four tests are planned during OVT, each lasting from 2 to 4 months. A sufficient 
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M55 rockets containing nerve agent GB. Total attainment of design goals, depending 
upon the level of suacess achieved, will result in the destruction of between 12,OOO and 
16,!500 rockets during OVT. 

M55 rockets containing nerve agent VX i t  is intended that approximately 13,889 
rockets will be destroyed during OW, based on achieving full produc th  rata. 

One-ton containers containing blister agent 
of agent. Approximately 67 will be destroyed during OW, based on achieving full 
production rate. 

155-mm projectiles containing HD. Approximately 5670 will k destroyed during 
OVT, based on achieving full production rates. 

Each container hob a b u t  1700 lb 

Each test wifl start out at low production rates, with a carefully orchestrated rate 
increase to complete the test at full production rates. During periods of full production 
rates, trial burns will be conducted in all four incinerators as required by the permit issued 
under RcRk All environmental requirements of the RCRA permit must be met during 
OVT in order for full operation of JACADS to be ailowed following O W  completion. 

Test data fiom J A W  OW' wiil be evaluated for implementation into all CONUS 
facilities except the 'IEAD facility prior to cQnstTuGtion. Test data will be evaluated and 
incorporated into the 'PEAD facifity as necessary, prior to the start of operations. The 
Army has selected MITRE Corporation to be the JACADS OVT evaluation contractor. 
MlTRE is a not-for-profit, federalty funded cesearch and development (R&D) center with 
experience in the evaluation of both incineration technologies and chemical munitions 
demilitarization prucesses. In addition, the National Research Council is responsible for 
oversight of the CSDP and of the JACADS f d t y .  Participation by this body could 
include on-site inspections, review of data, and input to the final OVT reports. 

Findings from the O W  will be incorporated into the PBA design and equipment 
specificatioas prior to construction. A 4month design and procurement verification 
period following O W  has been incorporated into the PBA schedule. This verification 
penod will be used for correctiofls dictated from OVT and from the experience gained 
from the program. fn addition, the O W  findings will be evaluated after each phase of 
OVT and Will be implemented immediately into the PBA design as necessary, 

Stam of the JACADS &Icility 

In January 1986, the U.S. Army began construction of JACADS. JACADS equipment 
procurement was initiated in October 1985 and completed in November 1988. Equipment 
installation and field testing of the equipment required for disposal of M55 rockets was 
completed in August 1988. As of Apr3 1990, systemization of rocket systems at JACADS 
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has been completed, and the operations and maintenance contractor (OMC), 
Stearns-Roger Division, United Engineers and Contractors, is in the final stages of 
personnel training and documentation review. 

Since the fall of 1988, a significant effort has been expended at the JACADS facility 
to perform precision and accuracy tests on the agent monitoring systems. These tests 
consist of challenging the systems with varying concentrations of the thrtx chemical agents 
to ensure that the systems are operating properly and to certifL the operators. To date, 
approximately 28,OOO man hours have been expended to collect, enter, and analyze data 
from this testing. This extensive effort ensures that the monitors achieve the required 
precision and accuracy at the low agent concentration detection limit. 

In addition, extensive efforts have been conducted in personnel training. As of April 
1990, operations and maintenance personnel collectively attended over 100,OOO hours of 
training. This program consists of approximately 60% classroom instruction and 40% field 
training and practical exercises. Members of the OMC work force are being cross trained 
to serve in several functions. This is essential for the JACADS project due to the remote 
location and the difficulty of employee replacement. The OMC is attempting to conduct 
the majority of the work force training prior to toxic operations. This will allow 
unrestricted access to the plant for training purposes. Upon completion of the classroom 
training, all personnel must take an exam for the course. Each person must achieve a 
score of 80% or better on the exam to become qualified and be able to proceed to the 
field training part. As of 23 March 1990, 88% of all classroom training for operations and 
maintenance personnel had been completed. Approximately 50% of the classroom 
instruction for contingency training has been completed. 

force on the Standing Operating Procedures (SOPS). After this period of instruction is 
complete, each member of the work force must perform the procedures in the SOPs 
which govern operations in his or her area of responsibility. This performance will be 
monitored by a Certifying Official who will attest that the person is proficient or certified 
in his or her job. As of 23 March 1990,54% of all certification of operations and 
maintenance personnel had been completed. Approximately 30% of the field training for 
Contingency Procedures have been completed. 

Representatives from DHHS, NRC, and EPA have provided oversight for the 
JACADS startup. In late February 1990, a site visit was conducted by representatives 
from DHHS including an Assistant Surgeon General of the Public Health Service. Their 
review was concentrated in the area of perimeter and workplace monitoring and medical 
support capabilities. In a letter documenting the results of this visit, DHHS made various 
recommendations but concluded that they believe everything possible in the engineering 
field has been done to ensure safety of the workers and the island population. 
Representatives from DHHS will also participate in the preoperational survey prior to the 
start of JACADS operations. EPA has provided oversight during the permitting process 
and ensured that this has been started before TSCA R&D trial burns. In addition, NRC 

The field portion of the training program consists of providing instruction to the work 
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has provided oversight to the program by rdewktg OVT plans, performing site Visits, and 
evaluating overall progress of the program. 

Based on an NRC recommendation, a perimeter monitoring system is being 
implemented at Johnston bland similar to the system currently in use at TEAD for the 
CAMDS facility. The JACADS perimeter system wifl be an integral part of the 
demilitarization technology validation testing. The p u p  of the system is not to control 
disposal activities or to provide an early warning of an accidental retease but to provide a 
historical record of any major release of agent. The perimeter monitoring system will 
consist of eight agent sampling stations around the perimeter of the JACADS facility and 
chemical storage area. In addition, four meteorological stations will be used to collect 
data to model a potential agent release. Data €or certain pollutants for which ambient 
standards have been established under the Clean Air Act will a h  be coUected at four of 
the stations. These criteria poUutants are ozone, sulfur dioxide, nitrogen dioxide, and total 
suspended particulates. This additional monitoring is not required by regulation but is a 
voluntary commitment by the Army to provide a general check on the ambient air quality 
impact of JACADS emissions. This perimeter monitoring system is scheduled to become 
operational in the fall of 1990. In the interim, a temporary meteorological station is 
available in the event of an agent reiease. In regard to monitoring for agent emissions, 
the JACGDS RCRA permit requires all stacks from the facility to be continuously 
monitored for the presence of agent. 

Two TSCA R&D trial bums were cunducted in the Deactivation Furnace System in 
February 1990. These trial b u m  are required due to the presence of polychlorinated 
biphenyls (PCBs) in the rocket shipping and firing tubes. R&D trial burns followed by 
demonstrations burns are required by the EPA prior to granting an operating permit to 
incinerate PCBa. The R&D trial bums consisted of feeding PCB-contaminated shipping 
and firing tubes and the complete rocket motor section into the Deactivation Furnace 
System. Chemical agents were not present in the Ms5 rockets during these tests. 
Representatives from Headquarters, EPA witnessed the TSCA R&D test burns. Results 
have been received from the first R&D burn, which was conducted at a Eeed rate of 
30 rockets per hour. These analyses were conducted and results obtained by a contractor 
under the direction of Headquarters, EPA Dioxins and furans were not detected in the 
stack effluent with the exception of octachlorodibem-pdioxin which was found at near 
ambient levels. A PCB destruction and remmal efficiency of 99.9999%, as required by the 
TSCA regulations, was achieved. 

The highest monitored concentration of PC3's in the J A W S  stack gas from the 
DFS test bum was 5.6 x 10J g h  "'his low concentration is achieved due to the low 
concentration of PCB in the feedstock (average concentration of 2700 ppm) and the 
attainment of the required 9 9 . m  PCB Destruction and Removal efficiency. Table 17 
provides a comparison of these PCB emissions with three of the largest commercial EPA- 
permitted PCB incinerators located within the United States. The lowest emissions values 
from the PCB incinerators and the highest value measured from the JACADS DFS unit 
are presented. 

The PCB emissions monitored from the JACADS DFS were significantly lower than 
permitted units in the continental US. It should be further noted that an even 
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Table 17. Comparison of JACADS PCB emissins with three 
00- * EPA-permitted PCB *tom 

Rollins 0.0181 g/h (calculated4ow value) 
ENSCO 0.0548 g/h (calculated-low level) 
SCA 0.0630 g/h (measured-low value) 
JACADS DFS 0.00056 g/h (measured-high value) 

higher destruction and removal efficiency is expected to be achieved at the CONUS 
facilities. The DFS afterburners for the CONUS CSDP facilities are being designed to 
operate at 2200°F with a 2.04 residence time as compared with the JACADS DFS 
afterburner which operates at 2000°F with a 0.5s residence time. 

3 3 3  1989 VX Test Program at CAMDS 

CAMDS is the Army’s pilot plant for proof testing chemical demilitarization 
technology using agents and munitions stored at TEAD. It is located at TEAD, about 
50 km (30 miles) west of Salt Lake City, Utah. 

In September 1989, VX testing began at CAMDS. Although VX has been 
incinerated at CAMDS in the past, this testing provided additional experience prior to the 
beginning of JACADS OVT. During this test period, the performance of the 
demilitarization equipment was further evaluated and VX incinerator tests were conducted 
in the liquid incinerator (LIC). A test bum was also conducted in the LIC to characterize 
effluents and solid residues and compare them against regulatory standards. The feed to 
the LIC was varied to characterize furnace performance under varying operating 
conditions. 

The test plan was based on feeding agent VX to the primary chamber and water or spent 
decontaminating solutions (decons) into the secondary chamber. The spent decon solution 
was 1% sodium hypochlorite (NaOCL). The LIC successfully incinerated 18,240 kg 
(40,215 lb) of agent VX during the test period. The average VX feed rate to the primary 
chamber was 92.5 kgh (204 lbh) during approximately 200 h of agent feed to the LIC. 
Approximately 25 m3 (6530 gal) of 1% sodium hypochlorite solution were incinerated in 
the secondary chamber at an average feed rate of 0.3 m3/h (1.3 gpm) for the 84 h of 
decon operation. The chemical agent detectors did not measure agent in the stack or 
surrounding area at any time during the testing. 

RCRA demonstration burns were conducted as part of the VX testing. 
Representatives from the Utah Bureau of Solid and Hazardous Wastes witnessed four 
agent incineration tests conducted between September 18 and 22, 1989. The carbon 
monoxide emissions never exceeded the proposed Tier I hourly limit of 100 ppm. The VX 
destruction and removal efficiency exceeded 99.9999%. The particulate emissions 
averaged 135 mg/m3 over the RCRA demonstration period with only one run exceeding 

The CAMDS LIC was operated between September 10 and November 2,1989. 
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the knit of 180 mg/m3. Hydrogen chloride (HCI) emissions never d e d  the 1.36 g/b 
(0.003 lb/h) limit. A less form4 test burn was conducted with the incineration of VX in 
the primary chamber and 1% sodium hypochlorite io the secondary chamber. The 
emissions results from the bum indicated compliance with RCRA regulations. 

One problem that developed during the VX testing was that a glassy green slag 
formed in the bottom of the secondary chamber. Subsequent analysis indicated the slag 
had been generated from a reaction invoking the phosphorus ffom the agent, sodium 
from the spent decontamination solution, and silica and alumina from the furmace chamber 
refractory. Additionally, the secondary chamber rek tory  was damaged. Additional tests 
are planned with the W S  UC utilizing a high phosphorus shulant, dimethyl 
phosphite (DEP), in mid-1990. The UC will be operated under various conditions to 
promote better understanding af the slag formation. The removal of the slag from the 
secondary chamber is also being studied The current salt removal system did not appear 
to perform effectively during the VX tests. Section 3.3.8 provides recommended 
improvements to the JACADS LIC based on these findings. 

33.4 1990 Mustard Agent (€ID) Test Program at CAMDS 

In  the fall of 1990, testing with mustard agent (HD) is Scheduied to begin at 
CAMDS. Although agent )ID has been incinerated at RMA in the past, the CAMDS 
testing will provide additional experience before agent HD is incinerated during the 
JACADS OW. During the pmpoasd mustard tests, the performance of the 
demilitarization equipment will be further evaluated and incineration tests of agent HD 
will be conducted in the LIC and Metal Parts Furnace (MPF). A test burn will be 
conducted in the LIC ami MPF to characterize effluents and solid residues and to 
compare them t~ the regulatory standads. The feed to the LfC will be varied to 
characterize furnace performance under varying operation conditions Drained ton 
containers and projectile bodies will be thermally decontaminated in the MPF to confirm 
processing rates and to characterize emissions and residues. 

T i - a b h g F d ~  335 Award ofthe Systems Contract fix tbe Ghemicat Dedi- 

In July 1989, the systems contract for the construction and operation of a CDTF 
was awarded to General Physics Corporation of Columbia, Maryland. This facility, which 
is being constructed at the Aberdeen Proving Gruund, Maqland, wifl be used to ensure 
uniform and consistent training is provided to workers who will operate the eight 
demiiitarization facilities planned for construction. The CDTF is scheduled to begin 
training operations in late 1990. 

munition destruction for both government and contractor personnel involved in operation 
of the CONUS facilities. The CDTF will provide classroom instruction, hands-on 
equipment operation, computer simulation and continuatiodrefresher mums. A 
centraiized training facility wdl enable workers to obtain training in a nonhazardous 
environment and will facilitate standardization of operations and maintenance procedures 

. .  

The CDTF will provide basic and prerequisite instruction in chemical agent and 
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between the eight CONUS facilities. A single contractor is being used to train workers at 
the CDTF to facilitate incorporation of lessons learned and to centralize the training 
expertise, increasing overall training effectiveness. 

33.6 A d  of the Systems Contract for the Tooele cbermcal - Agent Dispo6.d Fadiq 

In September 1989, the systems contract for the Tooele chemical agent disposal 
facility was awarded to EG&G, Inc., of Falls Church, Virginia. EG&G, Inc., is responsible 
for the construction, operation, and decommissioning of the first full-scale CONUS 
chemical agent and munitions disposal facility. This facility is to be constructed at the 
T m l e  Army Depot, Utah. Operation of the Tooele facility is scheduled to begin in 1993. 

33.7 Equipment Acquisition Contracts 

In November 1988, an equipment acquisition contract was awarded to Bechtel 
National, Inc. Bechtel is responsible for the acquisition of process equipment to be 
standardized between the eight CONUS demilitarization facilities. Examples of equipment 
to be purchased by Bechtel include the demilitarization equipment used to disassemble the 
munitions prior to incineration, the blast doors for the explosive containment room, and 
the brine reduction equipment. 

(e.g., furnaces, control systems and pollution abatement systems) are being purchased by 
Stearns-Rogers, Inc., the JACADS equipment acquisition and operations contractor. The 
JACADS equipment acquisition contract contains options to purchase major equipment 
systems for the eight CONUS demilitarization facilities from the JACADS equipment 
vendors. This acquisition strategy will result in purchasing systems critical to the safe 
operation of the facility that are essentialIy identical to those purchased €or JACADS. As 
a result, safety and environmental compliance aspects of this equipment will be able to be 
demonstrated during JACADS OVT. 

Equipment acquisition for all sites through a single equipment acquisition 
contractor (either Bechtel or Steam-Rogers) will result in obtaining uniformity and 
standardization of equipment between the CONUS sites and will facilitate incorporation 
of lessons learned. 

Major process equipment critical to the safe operation of the facilities 

3 3 8  Individual Equipment AdvanoemRnts 

In addition to experience gained from ongoing demilitarization programs, separate 
test programs and research and development efforts are ongoing to improve the 
performance of individual equipment systems and ensure that state-of-the-art technology is 
continually incorporated into the CSDP facilities. For example, since the FPEIS was 
written, major advancements have been made to the automatic continuous air monitoring 
system (ACAMS) and ventilation filtration system. 
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During 1988, a research and development program was initiated to mod@ the 
ACAMS so that it could detect time-weighted average (TWA) concentrations of the 
agents HD, GB, and VX within a 3- to 5-min cycle. This was an imprwement over the 
response time cited in the FPELS, in which high-level detection was assumed to be 
achieved within 5 min, but detection to the TWA level coukt only be achieved within 8 to 
22 min. These reduced response times were s-w achiwed during demonstration 
tests in mid-1988, and the JACADS ACAMS were modified to include this new 
technology prior to the start of operations. 

determine the effects of agent GB concentration, relative humidity, and temperature on 
adsorption and desorption performance of carbon fitters. Test conditions were sefected 
based on an experimental design chosen to provide a response surface at carbon bed 
depths of 5, 10, and u) cm (2,4, and 8 in.). The results should indicate the optimal 
operating conditions for the carbon and will enable the Army to assess the optimal carbon 
depth and the optimal operating conditions for the filters. 

area to the disposal raciiity in an ONC that would meet certaia puncture, drop, fire, and 
crush performance criteria. The ONC was necessary to mitigate the risk of chemical 
munition transportation accidents during demifitazizahn operations. Sine the publition 
of the FPEIS, the Amy has pursued the development of this container. As of April 1990, 
the ONC design has been completed, puncture and fire tests have been successfully 
compfeted on a full scale mock-up ONC, and fabrication of a prototype ONC has been 
initiated. Prototype testing, to include projectile penetration tests, rocket drop tests, 
handling demonstrations, and a compliance test are scheduled to be completed at the end 
of 1990. Following prototype testing, acquisition of the O N 0  for the CONUS facilities 
will be initiated. 

secondary chamber during CAMDS VX testing in late 1989. During these tests, a glassy 
green slag formed in tbe bottom of the secondary chamber, and the secondary chamber 
refractory became damaged. These findings were not of concern from an operational 
safety standpoint but have the potential to increase plant downtimes. Studies have been 
initiated to datelop a slag removal system and identrfy a new refractory for the LIC 
secondary chamber with a longer life than that of the chamber currently installed. The 
results of further investigations and planned improvements to be implemented in the 
JACADS LIC are d e s c r i i  here. 

reaction between the phosphorus from the VX and sodium in the spent agent 
decontamination solution and the silica and alumina in the reEractory. Following an 
industry search and consultation with major refractov manufacturers, it was concluded 
that Ruby SR (% alumina-lO% chromia) brick had the propertics to best withstand the 
conditions (high temperature, high phosphorus, and alkali content) in the LIC secondary 
chamber. This refractory is planned to be installed in the JACADS LlC when the life of 
the current refractory is expended. 

Dugway Proving Ground is currently conducting adsorption tests on carbon to 

The WEIS made a public commitment to transport munitions from the storage 

As discussed in Sect. 33.3, two areas of concern were identified with the LIC 

The secondary chamber refractory had been damaged primarily as a result of a 
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The green slag generated at CAMDS during the VX and decon tests 
predominantly consisted of 58% phosphorus pentoxide, 9% lime, 12% alumina, 8% silica, 
4% magnesia, and 7% soda. It is believed that less slag will be formed when the 
secondary chamber refractory is replaced with Ruby SR; however, because of the presence 
of phosphorus in the LIC feed, some slag formation will still occur. A slag removal system 
is being designed to facilitate maintenance operations at the JACADS facility. The 
proposed system will consist of a removable cart on tracks with a hydraulic mechanism to 
seal the cart to a port at the base of the secondary chamber. 

A manhole is planned to be installed in the JACADS U C  secondary chamber to 
facilitate inspections. In addition, the more toxic primary chamber will be physically 
divided from the secondary chamber by a wall. Maintenance operations and the removal 
of the slag will be facilitated by this measure. 

3.4 RISKASSURANCE 

The FPEIS risk analysis was based on the JACADS 60% design as modified by 
conceptual changes planned for implementation at the eight proposed CONUS facilities. 
A risk assurance study is under way in support of the site-specific NEPA process to 
examine the ramifications of major procedural and conceptual changes to the design 
ana- in the FPEIS. Such design changes have resulted from Army efforts to make the 
disposal operation safer; to make the plant more efficient in disassembling munitions and 
in destroying agents; to incorporate lessons learned from CAMDS, JACADS, and other 
facilities (as discussed in Sect. 3.3); and to comply with environmental permit requirements 
that change over time and vary from state to state. 

Major changes will be examined as part of the risk assurance study to determine if 
they have the potential to significantly increase the risk of on-site disposal from that 
presented in the F'PEIS. I€ such a potential increase is identified, the resultant risk will be 
calculated and a determination will be made (using the FTEIS decision methodology) as to 
whether on-site disposal is still the preferred alternative for that site. The effectiveness of 
potential mitigation measures reducing the change in risk to insignificant levels would also 
be examined. 

site-specific EIS, additional design and procedural changes may be made. Prior to 
finalizing these design changes, a rigorous safety review will be conducted in accordance 
with the System Safety Management Plan for the CSDP. This plan outlines the various 
safety reviews and checkpoints to be implemented during the design, construction, and 
operation of the proposed disposal facility, including various hazard analyses, fault tree 
analyses, and safety assessments and inspections. All proposed design changes will be 
subjected to the same extent of safety analysis as the original design. For this reason, 
additional site-specific risk analysis beyond that presented in the FPEIS and updated in 
the risk assurance study is not planned. This section highlights the results of this risk 
assurance process and presents conclusions about selected design changes relevant to 
PBA. 

As individual facility designs further evolve from the concepts presented in the 
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3.4.1 Ratkale and Bask for ]RLJ: Aswramr= at tbe fine Bluf€Acsed 

The JACADS design (at its W o  completion level) provided the basis for the 
FPEIS risk analysis. Table 18 provides a summary of the principal changes in design and 
operating procedures for PBA that have been approved by the Ahmy since publication of 
the FPElS. Many other minor changes are not shown in Table 18; however, based on an 
assessment of the potential for changes to affect risk, the item in Table 18 have been 
identified as warranting a c l a w  examination of their BseoGiated risk values asd haw those 
values might differ from the values presented in the FPHS for PBA. 

“Riskn is determined by the probability of an aixident and its CaItsequenCes, Any 
design change that has the potential for increaSing eitber the probability or consequence 
of an accident will, therefore, increase the risk and will q u i r e  close examination for the 
purpose of risk assurance. One criterion for identi&@ changes that require further 
examination is the number of additional steps in the procedures implementing the new 
design. For example, if the F’PEIS assumed that munition pallets were handfed three 
times prior to their unpacking and individual munition disassembly, but the new design 
allow for six such handling steps, then risk must be reexamined to determine if the 
frequency of an accident has increased 

Another criterion involves tbe quantity of agent that couki be invoked in an 
accident For example, if the accident sequence in the FPEIS assumed that only small 
quantities of agent could be inwhed, but the new design allows For larger agent quantities 
to be present, then reexaraination of the risk implications for that design change is 
warranted by the potential increase in the quantity of chemical agent accidentally released. 

items in Table 18, witb the exception of the new construction at the BZ site, were 
identified for further examination. ?be risk impliattions of these items are discussed 
below. A report on the reassessment of the risk implications for the complete: set of 
changes in design and operating procedures &om those presented in the FPEXS is 
currently being prepared as part of the risk assur- study. 

3-42 DesigncbangeaRequiriqgR~ 

Applying the above criteria to the potential for design changes to affect risk, the 

ltran of Risk at the Pine Bluf31 Arsenal . .  

..... 

3.421 Qx~tainerhandhgbuikliog 

The FpElS assumed that agents and munitions would be removed from their 
existing storage, placed inside on-site transportation containers, and transported to a 
munitions holding igloo (MM). The MHT prwided temporary storage of sufficient 
munition quantities to operate the plant during aondayfight hours (ie, when on-site 
transport from existing storage directly to the plant couid not occur). The MHI concept 
invoW storing packaged munitions in a standard earthcovered magazine (igloo), 
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Table 18. Summaryofmajm changes in Ciesipn and operating p d u r e s  
for the proposed & p o d  facilities at tbe Pine Bluff Arsenal 

FPEIS design Current design 

Munitions handling igloo (MHI) used for 
temporary storage of sufficient munitions 
to support multishift plant operations. 

On-site container (ONC) used to 
safeguard munitions during transport. 
ONC holds only one pallet or box of 
munitions. Four ONCs to be transported 
by each munition transporter; only one 
transporter per convoy. 

Existing BZ plant to be modified for 
destroying the entire PBA stockpile. 

MHI replaced by container handling 
building (CHB) that has a mustard thaw 
capability. 

ONC will still be used but has been 
redesigned; ONC holds up to nine pallets 
of munitions. Two ONCs per munition 
transporter. 

Only support facilities from the BZ plant 
will be used. A new munitions 
demilitarization building is to be 
constructed to destrov the PBA stockuile. 

handling the packages with forklifts inside the igloo, and moving the packages by forklift 
across an open area to the demilitarization building. 

The MHI concept was subsequently found to be inadequate because its capacity 
was insufficient and there were too many handling steps to support the throughput and 
processing rates required by the demilitarization plant. The new PBA design incorporates 
a container handling building (CHB) that eliminates these inadequacies of the MHI 
concept; however, the CHB introduces new design features that warrant a reexamination 
of risk Because the CHB has a larger capacity than the MHI and is not as well protected 
from external events as was the MHI (i.e., the MHI was to have been an earthcovered 
concrete structure), there exists a potential for more agent to be involved in an accidental 
release. In addition, there are fewer handling steps-and a reduced probability of 
accidents-for the CHB than for the MHI. While these may appear to  be offsetting 
factors, their relative contribution to risk is unclear. Thus, a reexamination of risk was 
required to define the overall risks associated with the replacement of the MHI by the 
CHB design. 

design indicates that none of the five FPEIS measures of risk for PBA are higher with the 
CHB than with the MHI. The risks (primarily those risks from munitions handling) 
associated with the MHI were eliminated from the accident data base, and new risks were 

Results of ewmining CHB rish. The result of examining the risks of this new 
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developed for the CHl3 and added back into the data base. The net result was a decrease 
in the three probability-related measures of risk (Le., the "probability of one or more 
fatalities," the "expected fatalities," and the "expected plume area"). The minimum 
decrease in risk was 45% for each of these three measures of risk. Because the size 
(Le., downwind nodeaths distance) of the largest CHI3 accident was no larger than other 
dominant accidents at P3A (be., it was in the 50-lrm accident distance category), the other 
two measures of risk-the "maximum number of fatalities" and the "person-years at 
risk"4id not change. The risks associated with the new CHB design are, therefore, less 
than or equal to the risks associated with the MHI in the FP33S for PBA. 

3-4.2.2 Redesigped (M-gite aontainer 

The FPEIS assumed that pallets or boxes of munitions would be removed from 
existing storage, placed individually inside an on-site container (ONC) for protection 
during on-site movement, and transported to the disposal facility (either directly to the 
plant or to the MHI). During on-site movement, four ONCs would be loaded onto a 
munitions vehicle, and only one munitions vehicle would be in the convoy as it moved 
between the existing storage area and the disposal facility. 

also required redesigning the ONC. The redesigned ONC will now carry more than one 
pallet or box of munitions (e.g., up to nine paliets of projectiles can be simultaneously 
transported inside the new ONC). Two of the new ONCs will be loaded onto a munitions 
vehicle for transport between the storage area and the disposal facility. 

Ehause the new ONC has a larger capacity than the ONC concept assumed in the 
FPEE risk analysis, a potential exists for a transport accident to release larger quantities 
of chemical agent than in the FPEIS, Furthermore, the farger capacity of the new ONC 
will require fewer trips between the storage area and the disposal facility. Fewer vehicle 
miles will be travelled, and the probabiiity of an accident during transpart will, therefore, 
decrease. The potential offsetting effects of these two factors (larger capacity and fewer 
vehicle mites) makes the impact on the FpEiS risk values for PBA unclear. Therefore, a 
reexamination of ONC risks is warranted. 

Results of reexamining ONC &h. The result of reexamining the risks of the new 
ONC design and its accompanying transportation procedures, indicates that none of the 
five FPEIS measures of risk €or PBA are higher than with the old ONC conceptual 
design. There was a decrease in the three probability-related measures of risk (Le., the 
"probability of one or more fatalities," the "expected fatalities," and the "expected plume 
area"). The decrease in risk was 8% or less for each of these three measures of risk 
Because the size (is., downwind nodea tb  distance) of the largest ONC accident with the 
new design was no larger than other dominant accidents at PBA [Le, the largest accident 
would still be placed into the 50-km (31-mile) accident distance category], the "maximum 
number of fatalities" and the "person-years at risk" measures of risk did not change. 
Therefore, the risks associated with the new ONC design are less than or equal to the 
risks associated with the ONC concept in the WEIS for PBA 

Resohing the inadequacies of the MHI, as described above, by using the new CHB 
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3.423 Use of the existing BZ facilities at Pine Bldf Arsenal 

The F'PEIS stated that the existing BZ plant (see Sect. 3.3) at PBA would be 
modified and used to destroy the entire PBA stockpile; however, the risk assessment 
supporting the FTEIS analysis did not take into consideration site-specific design changes 
to the BZ facility at PBA, Instead, the risk assessment assumed that the PBA disposal 
plant would be a clone of the other CSDP facilities. The Army's current plan is to utilize 
only the support facilities from the existing BZ plant and to construct a new munitions 
demilitarization building (MDB) adjacent to the BZ plant at PBA This new facility would 
be used to destroy the entire lethal chemical stockpile at PBA The PBA MDB would be 
downsized from the TEAD and JACADS facilities, because it would not require projectile 
disassembly equipment. 

The implication of this change in PBA design strategy from that presented in the 
FTEIS is that the assumptions in the FTEIS risk assessment for PBA remain valid. The 
FPElS risk assessment has adequately accounted for the similarity between the proposed 
PBA disposal facilities and the facilities at the other CONUS sites. 
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The data used in the FPEIS to select the environmentally preferred alternative 
were identified, and more recent and more detaifed sitespecific data of the m e  types 
were gathered during the Phase I process. These new data were then examined and 
compared with the FPEIS data to determine if they have changed enough to warrant 
recomputation of the five measures of risk used to identi@ the programmatic 
environmentally preferred alternative. Residential population (off-post) was identified as 
having changed enough to warrant recomputation of risk This is due primaritly to 
population growth (hm 1980 data in the FPEIS to 1986 data now available) and to a 
change in the location of the residents [instead of 1% persons living within 2 %m 
(1.2 d e s )  of the site of the proposed disposal plant, as was assumed in the FPEIS, 
residents were assumed to be located no c€oser than the actual installation boundary]. 
Furthermore, the proposed disposal site geographic coordinates were revised to more 
accurately reflect the location of the proposed disposal site. It was a h  dekrtnhed that 
the CML meteorological conditions at PBA warrant additional study. Instead of the 
F'PEIS CML conditions [r, stability, wind speed 3 d s ,  and 750 m mixing height), a new 
CML condition was defined as D stability, wind speed 1 ds, and a miXing height 
of 500 m. For the areas of road conditions, aircraft activity, meteorite Erequency, and 
seismicity, either new data were not identified during the Phase I process or, if located, 
were not sufficiently different from data used in the FPEIS risk assessment to warrant 
recalculation of risk. 

average and maximum fatalities using the same Eomputation methods as in the FPEIS 
and using the programmatic values €or dl other parameters. The revised fatality 
estimates were then used to compute the five measures of risk for on-site disposal, 
continued storage, and on-site activities associated with off-site transport. These risk 
measures were summarized in pictogram form as was done in the FPEiIS. Examination 
of the Phase I pictogram indicates that the alternatives are indistinguishable. However, 
risks from on-site disposal are in all cases equal to or less than risks from other 
alternatives. 

risk analysis were found to lx appropriate €or PBA Consideration of one other viable 
meteorological condition €or the CML scenario produced the conclusion that there 

As a first step in reassessing risk the new population data were used to compute 

The meteorological conditions of CML and WC scenarios assumed in the FPEIS 
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would have been no difference in FPEIS risk values if the alternate CML scenario had 
been used. 

The conclusion is that on-site disposal remains valid as the environmentally 
preferred alternative for PBA From the perspective of the population near PBA, 
on-site disposal is at least equivalent to all other alternatives in terms of the potential for 
human health impacts. If one adds the off-site transportation risks (not addressed in this 
document because they are beyond the scope), the on-site alternative is clearly 
preferable given the opportunity for risk reductions associated with emergency planning 
and preparedness activities that are under way at PBA 

4 2  RESOURCE DATA RELATED TO IMPIJM.ENTATION OF ONSlTE 
DISPOSAL AT PINE BLUFF ARSENAL 

During the Phase I process, data on resources that could be affected by on-site 
disposal at PBA were gathered to determine if any sigdicant new or site-specific 
resources are present that could affect construction and operation of the on-site disposal 
facility (including incident-free operations and accident scenarios): population (including 
residential, on-post, daytime, and special populations), meteorology and air quality, 
surface and groundwater, land use, ecology, socioeconomics, and aircraft activity. Some 
of these resources were examined in the FPEIS in assessing potential impacts of the 
programmatic alternatives, whereas others represent new information that was not 
appropriate for examination on the programmatic level. No assessment of potential 
impacts was done during the Phase I process. Rather, the data were examined to help 
identify potential issues to be analyzed under Phase II. Results for the principal 
resource areas are presented below. 

@ Population. Residential population within the 100-km (62-mile) m n e  of the 
site of the proposed disposal facility at PBA increased about 2% from 1980 
(FPEIS data) to 1986 (Phase I data). Using the actual PBA boundary, no 
off-pt'residential population was found within 2 km (1.2 miles) of the 
proposed disposal site; however, the chemical agent storage area was found 
to be within 0.8 km (0.5 mile) of off-site residents. The significance of these 
changes has been discussed in Section 3.1. On-post population was found to 
range from 1382 in the daytime to 140 in the nights and evenings. Special 
populations (infrequent events) have been identfied on areas at and near 
PBA All of these data will be considered, in conjunction with data on 
residential population, in estimating fatalities in the site-specific EIS for 
PBA Additional data were also collected regarding American Indian 
entities. No legally designated Indian country or federally recognized Indian 
communities exist within 100 km (62 miles) of the disposal site. 
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MereoroLogy and ak qua&. The weather conditions of CML, and WC 
assumed in the FPEIS were found to be appropriate for PBA Wmd data 
from within the PBA installation differ &om data at Pine Bluff Municipal 
Airport (used in the 
and are more representative of tbe wind pattern at the site of the proposed 
disposal facility. The data from PBA Tower 6 will be used as input for 
atmospheric dispersion modek in assessing potential impacts Eronn 
construction and normal incident-free operations. A Class I prevention of 
significant deterioration (PSB) area located 184 km (115 miles) west of PBA 
was identified. Potentid impacts of air emissions from the proposed disposal 
facility on this area of pristine air quality will be considered in the site- 
specific EIS for PBA 

to assess the impacts of incident-free operations) 

Water resources. Additional site-specrfic data collected since publication of 
the FTEfS reinforce the programmatic conclusions. The site for the disposal 
facility is located on the northern portion of PBA. Runoff from this site 
drains to nearby lakes and ponds or to creeks which do not meander through 
the city of Pine Bluff, Instead, these creeks discharge into the Arkansas 
River upstream frmn the city. Runoff is diluted by both the flow of the 
creek, and the relativdy high, sustained flow of the Arkansas River beEore 
reaching Pine Bluff. Rainwater runoff will be collected in a holding pond 
before being discharged to the environment. 

groundwater beneath PBA could enter the surficial Quaternary Aquifer or 
the Cockfield-Jackson Aquifer directly beneath it. Both of these aquifers 
have outcrops on PBA. Seepage of contaminants into the deeper Sparta 
Sand Aquifer, which serves as the municipal water supply for Pine Bluff, is 
prevented by an aquitard (the Cook Mountain Formation) consisting of 
rebtiveiy thick, silty to sandy clay. 

Accidental spills of chemical agent that could seep into the 

Land &e. No unique resources have k e n  identified after examining more 
recent and detailed data. 

EcoLqicaI restmess. Since the FPEIS, Geacapn minimtun has been listed 
as occurring in the impact zone and Arctic peregrine falcons as using the 
area for feeding during migration. This brings the number of threatened and 
endangered species that could occur within the 100-km (62-mile) impact 
zone to a total of eight species. This list may be revised and expanded after 
a response to the request for site-specifc information is obtained firom FWS 
and will be addressed in the Site-specFi EIS. 

The identification of additional threatened and endangered s p i e s  
listed since data collection for the FPEIS and the addition of state parks, 
wildlife management areas, and important natural areas does not alter the 
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conclusions of the FPEIS; the additional information will help to better 
estimate the extent of effects to important ecological resources. Information 
on wind direction and other meteorological conditions, the quantities of 
agent that could be released under worst-case accident scenarios, and the 
location and densities (where information can be obtained) of ecological 
resources potentially at risk will be used to estimate the extent of impacts 
that could occur to ecological resources in the site-specific EIS. 

Social, economic, and cultural resouces. Additional data were collected 
beyond the 10-km (6.2-mile) zone used in the FPEIS. These data include 
worker and resident populations located both off-post and on-post at PBA; 
potentially sensitive populations (Le-, children and the elderly) by county of 
residence within a 1Wkm (62-mile) zone; large transient populations within 
the 5@km (31-mile) zone; special populations (e.g., schools, health care 
facilities, day care facilities, corrections facilities, and post-secondary schools) 
within a 100-km (62-mile) zone; industries within Jefferson and Grant 
Counties; land use in the city of Pine Bluff and agricultural land use within 
the 1Wkm (62-mile) zone; historic and archaeological sites within the 
1Wkm (62-mile) zone; public safety seMces in Jefferson and Grant 
Counties; and economics and infrastructure within Jefferson and Grant 
Counties, the zone likely to experience project-related population growth. 
No unique cultural resources have been identified. 

* Aircrafi activity. There is no significant change in aircraft activity near the 
proposed site as compared with that presented in the WEIS. 

Emergency preparedness. Emergency preparedness and response 
enhancements on-site have been initiated since the FPEIS. The Army has 
begun implementing an emergency response plan at PBA, has funded 
planners to work with local governments to upgrade existing plans, and is 
committed to providing technical assistance and coordination to local 
planning efforts. 

43 OTHERFAcIylRs 

Technology maturity and technology tracking and risk assurance were also 
examined during the Phase I process, although neither factor was instrumental in 
reaching conclusions identified in the previous two sections for PBA 

since the FFEIS and should be of value in the implementation of on-site disposal at 
PBA: BZ disposal, systemization of JACADS, VX disposal tests at CAMDS, and 

For technology maturity, four principal technology developments have occurred 
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equipment advances. BZ destruction at PBA has helped to establish preoperational 
suweys, personnel hiring practices, operations schedules, and operation procedures that 
will be of value to PBA disposai operations. Destruction of lethal unitary chemical 
agents and munitions at Johnston Atoll will provide data from equipment startup, 
personnel training, and O W  that will be evaluated for incorparation into the PBA 
facility before construction. At TEAD, CAMDS tests have been conducted with the 
agent VX, which should provide valuable information to the Johnston Atoll operations, 
as well as PBA, on equipment performance, emissions, and effluents. Last, advances 
have occurred since the FPEIS in the areas of air monitoring and air filters. Advances in 
air monitoring technology now allow detection of a TWA concentration of agent within 
3 to 5 min, which is a substantial improvement over the 8 to 22 min assumed in the 
FTEIS. Filter tests are ongoing to optimize the performance of filters designed to 
remove agent GI3 from an air stream. 

design changes that have occurred since the FPEIS to ensure that the relative ranking of 
alternatives as presented ia the FPHS risk pictogram for PBA will not change. The 
FPEIS was based on a facility design that was largely ConceptuaL Since then, the design 
has progressed toward completion and thus may have changed in some respects from 
that used to devebp the FPmS risk levels. Other factors that can change the design 
include incorporating lasons learned from technology maturity and responding to 
changing environmental permit requirements. No currently proposed design changes 
have been found that result io a different ranking of the various alternatives based upon 
their respective Ievels of risk, 

Technology tracking and risk assurance refer to tracking the disposal facility 





This appendix pruvides a summary of the impact analysis conducted in the &al 
programmatic environmental impact statement (FPEIS), including the method and data 
used to identify the programmatic environmentally preferred alternative, the examination 
of the acceptability of the alternative for Pine Bluff Arsenal (PBA), and non-risk impact 
analyses coaducted for the stockpile at PBA Because the Army's stockpile of chemical 
agents contains some of the most toxic materials in the world, and because same of the 
present storage installations are located near highly populated areas, public concern 
about the safety of the proposed disposal alternatives was the key issue addressed in the 
F ia l  Programmatic Environmental Impact Statement (FPEIS). Specifically, c ~ n ~ e r n s  
about the safety of incineration operations and about impacts to human health from both 
incident-free operations and accidental releases of chemical agent became tk primary 
focus of the FPEIS impact analyses, 

In order to categorize the environmental impacts of the programmatic disposal 
alternatives, the FPEIS identified three distinct activities required for the destruction of 
the continental United States (CONUS) stockpile: (1) construction (or modifiiation) of 
disposal facilities (incinerators or shipping and receiving facilities); (2) disposal 
operations, including transportation (off-site, as well as on-site); and (3) decommissioning 
of all d i spa l  facilities upon completion of the program. These activity categories 
existed for each programmatic disposal alternative, although the appiicability and phasing 
of these activities at each storage installation were dependent on each particular 
alternative. 

rather insignilkant in regard to the ability to use impacts from these activities in 
distinguishing among the various programmatic & p a l  attemativa. In fact, 
construction activity at each storage location (irrespective of the alternative) would be 
typical of that €or agy mediurn-scale industrial facility. 

operations upend upon whether or not the operations would be incident-free,. 

Early on, the construction and decommissioning activities were determined to be 

In contrast, the nature and significance of the environmental impact of disposal 
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Therefore, incident-free disposal operations were defined as occurring without any 
intentional release of chemical agent above prescribed emission leveb; abnormal 
operations were defined as those involving major accidents with off-site consequences. It 
is obvious that accidents could have environmental consequences of major proportions. 
These consequences could include human fatalities and chronic illnesses, destruction of 
wildlife and wildlife habitat, destruction of economic resources, and adverse impacts on 
the quality of life in the affected areas. 

Fortunately, such highansequence accidents would be unlikely. This low 
likelihood would be ensured principally through plant design, munition packaging, and 
wellconceived and well-implemented transportation and operating procedures. The area 
affected by (and the potential severity of) accidents would be specific both to the storage 
site and the point of occurrence along the transportation corridor. The impacts from 
potential accidents would be largely dependent upon population distributions, the 
chemical agents and munitions involved, and natural conditions and features at the 
accident location. Hence, the principal thrust of the FPEIS was directed toward the 
examination of accident scenarios, their probabilities of occurrence, and attendant 
environmental impacts. 

In support of the FPEIS, a comprehensive study was performed to identify the 
credible accidents and the expected effects on human health, ecological systems, water 
resources, and socioeconomic resources. Such accidents were identified in risk analyses 
(GA Technologies 1987a, 1987b, and 1987c) and integrated by IMITFE Corporation and 
Oak Ridge National Laboratory ( O W )  (see US. Army 1988; Vol. 3, Appendix J). 

Each programmatic disposal alternative was included in the study. The principal 
areas of focus were plant operations; off-site transportation (for national, regional, and 
partial relocation options); on-site transportation via truck; and munition-handling 
operations, Accident initiators that were considered included equipment failures and 
human error, as well as external events (seismic events, meteorites, tornadoes and high 
winds, lightning, and air crashes). In addition, crashes (truck, train, and airplane) and 
train derailment were considered as initiators for the transportation accidents. Except 
for the inventory differences among storage installations and certain site-specific events, 
such as earthquakes and tornadoes, the hazards associated with plant operations are the 
same for all sites and all disposal alternatives. 

Some 3000 potential accidents were identified and included in the programmatic 
analysis. Each potential accident was characterized by its probability (i.e., its expected 
frequency); its source size (Le., the size of the release as expressed by weight of specific 
chemical agent); the type of agent released; its mode of release (e.g., spill, detonation, 
fire); the possible accident location (e.g., storage area, disposal plant, along a 
transportation corridor); and the duration of time during which that accident could occur 
(i-e., the total time during which agent could be released, from the onset of the disposal 
program until the completion of that particular activity). A computerized atmospheric 
dispxion method was used to characterize each accident invohing agent release in 
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terms of its plume geometry and its lethal downwind distance; fatalities were estimated 
for these accidents using 1980 census data (U.S. Dept. of Commerce, Bureau of the 
Census 1980) around the appropriate site of release. 

chemical agent stuckpile, the pibilities of an accident and the resuiting adverse 
impacts were included in a hazards analysis to determine the relative importance of each 
accident. The selected measure of the hazard was the "risk." The risb associated with 
the numerous activities of the programmatic disposal alternatives were quantified and 
were t k n  used to compare the hazards aSsociated with each programmatic akrnative. 
Risk analyses have been widely used in the nuclear and chemical industries to evaluate 
related hazards and to communicate these nsdts to both tbe public and decision makers. 

To assess the impacts of accidents on human health and environmental and 
sodoeconomic resources, various probabilistic measures of risk were developed and 
applied to each programmatic alternative for comparison. Fi measures of risk were 
chosen as follolws: 

Because it is impible to develop a "no risk* alternative for the disposal of the 

pt.obabw of one M motefara~s. The chance that there will be at least one 
fatality at a given site or along a transportation corridor, or for the nation as a whole, 
during implementation of a given prqgrammatic alternative. This measure was 
computed mathematically as the sum of probabilities for only those credible accidents 
that result in one or more fatalities under most likely meteorobgical conditions; this 
measure of risk was expressed as a probability or frequency per stockpile 
(e.g., 2 x IO5). 
Marimurn number offataldies. The maximum human health consequence among all 
credible accidents at a site or along a transportation corridor, or for the nation as a 
whole, for a given programmatic alternative. This measure was computed as equal to 
the largest number of fatalities assoCiated with that single credible accident that has 
the greatest kthal clowmmd * dstance under wofstcase meteorological conditions; 
this measure OE risk was expressed as fatalities (e.&, 2100 people). 
Ekpectedfutalities. A statistical measure equal to the sum of the risk contribution of 
all credible accidents at a site or abng a transportation corridor, or for the nation as 
a whole, for a given programmatic a l t e m t k .  This measure was computed 
mathematically as the summed product of probabilities for all c rd i1e  accidents and 
the fatalities for those same accidents under most Iikebj meteorological conditions. 
This measure of risk was expressed as fatalities (e.g., 9 x lo4). This risk measure is 
widely used in the nuclear and chemicaf industries to evaluate tbe hazards associated 
with these industries; it is regarded to be the best measure for representing the 
integrated hazards associated with numerous activities for a particular action. 
Person-years at &k A statistical measure equal to the product of the number of 
persons near a site or along a transportation corridor who are at risk from the 
credible aa ida t  that has the greatest lethal downwind distance for a given 
programmatic alternative and the length of time during which that accident could 



occur. This measure of risk was expressed in person-years (e.g., 5 x 106 person- 

e Ekpectedplwne area. A statistical measure expressing the cumulative risk 
contriiution of all potential plume areas from all credible accidental agent releases 
for a given programmatic alternative. This measure was computed mathematically as 
the summed product of all accident probabilities and the resulting plume areas; it is 
analogous to expected fatalities and is computed in an identical manner except that 
the plume area is used instead of the number of fatalities. This measure of risk, 
expressed in units of area (e.g., 3 x kmz), is sensitive not only to the size of the 
areas potentially affected by releases, but also to the probabilities of those releases. 
This risk measure was used as the surrogate for (or indicator of) impacts to 
environmental, cultural, and socioeconomic resources. 

years). 

Pictograms (as shown in Figs. A1 and A2) were developed to present the results 
of this risk analysis in a format that could be easily comprehended by the public and 
would not reveal classified details (such as agent or munition quantities) for the site- 
speci€ic stockpiies. Pictograms display a pictorial indicator (the darkness of the shading) 
of the relative magnitude of each of the preceding measures of risk. This array of data 
allows direct comparison of risk at all sites for a given programmatic disposal alternative 
or, alternatively, comparison among all alternatives for a given site. Both sets of 
pictograms are employed and presented in the FPEIS (U.S. Army 1988). These risk 
pictograms provide a visual impression of the relative magnitude of public risk for all 
combinations of alternatives and locations; they contain the data used in the method for 
the selection of the environmentally preferred alternative. 

The Army and its subcontractors developed a method (U.S. Army 1988) for 
systematically comparing the programmatic choices to select an environmentally 
preferred alternative. That method was based on a comparison of alternatives in terms 
of the activities associated with implementing each alternative and the impacts of those 
activities under both normal operations and accident scenarios. Although the principal 
purpose of the method was to facilitate the selection of the environmentally preferred 
alternative, the method as presented in the FPEIS also allowed other interested and 
affected groups to (1) compare the public health and environmental impacts of the 
various altematives and (2) identify the public health and environmental trade-offs 
associated with each programmatic alternative. 

of a sequential consideration and comparison of the factors embracing the programmatic 
objectives of no fatalities and minimal or no environmental impact. This comparison 
involved three consecutive tiers of examination for each programmatic alternative: 
(1) the comparisons were first made for human health impacts using the previously 
defined measures of risk; (2) the "expected plume area" was then used for comparison of 
ecosystem and environmental impacts; and finaliy, (3) the feasibility and potential 

Tbe method used to identify the environmentally preferred alternative consisted 
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Fig. A-1. Risk with mitigatian: site-specific comparison for on-site disposal, 
(Risk along transportation corridors not included. This diagram does not include the 
risk associated with approximately 3 years of stockpile storage at the existing facilities.) 
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Fig. A-2 Risk (with mitigation) comparison for programmatic alternatives all 
locations. 
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effectiveness for emergency planning and preparedness was used as a basis for 
comparison. 

These three tiers of comparison were applied sequentiaiiy if an alternative 
proved to be significantiy worse than others on the basis of human health impacts, it was 
removed h m  further consideratiou Similarly, if a single alternative was significantly 
superior to all others on the basis of human health impacts, it was to be selected as the 
environmentally preferred alternative. If two or more alternatives proved to be relatively 
equivalent (but superior to the other, rejected alternatives) during this first tier of 
comparison, then these alternatives were selected for inclusion in the next tier of 
comparison (i.e., emsystem and environmental impacts). 

those alternatives that survived the first tier, this second tier of comparison considered 
the potential for emsystem and environmental impacts. If there were still alternatives 
that were judged to be refatively equivalent Eollowing this comparison, they were 
compared on the basis of the feasibility and potential effectiveness for emergency 
planning and preparedness (i-e., the third and final tier of the selection method). 

both the maximum number of fatalities and the expected fatalities in the unlikely event 
of catastrophic agent release. However, no proven or acceptable method exists to 
quantify this potential for reduction in impacts. Nevertheless, implementation of an 
emergency rmponse program yielding comparable reductions would be more difficult, if 
not impossible, along the transportation routes as compared with implementation at any 
or all of the eight existing storage installations. 

Finally, if no clear choice could be made after three levels of comparison, then 
no single environmentally preferred alternative exists. In any event, at whichever tier a 
final choice was made, the environmentaily preferred atternative would then be examined 
with respect to the stockpile at each installation to ensure that the selection method had 
indeed identified an alternative that was correct for each stockpile. 

For the purpose of accepting or rejecting alternatives at each tier, a 
determination of the relative siflcance of the risk measures was made. The accident 
and risk analyses attempted to ensure that uncertainties about the values for the five 
measures of risk were treated consistently and systematically for all alternatives. It was 
acknowledged that these values might be in error by as much as a factor of 10 in either 
direction. However, the maximum number of fatalities did not depend on accident 
probabilities or frequencies and therefore had no expressed uncertainty. At each tier in 
the selection method, a comparison was made between those risk values shown in the 
pictograms for each aiternative. b a u s e  actual numerical values for the five measures 
of risk were cIassiEied and could not be released for pubiic review and because the 
pictograms used shadings and patterns to depict the range of each measure of risk, it was 
determined that two differences in shading (Le., a difference of two orders of magnitude 
or a factor of 100) would be used as the criterion to def'ie the statistical significance of 
differences between alternatives. 

In view of the preceding criterion, it is important not to emphasize the absolute 
values of the risk measures; rather, differences between the risk measures becmme the 

The same technique was used in the second tier of comparison to compare only 

Improved emergency response planning and preparedness can significantly reduce 
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key to the comparisons. Significant (Le., valid) differences in one or more measures of 
risk depict a definite risk difference and are sufficient to reject the more risky 
alternative(s). Furthermore, if there are consistent differences in the measures of risk 
between alternatives (even at one order of magnitude of difference in the pictograms), 
this consistent difference is an indication that significant differences between alternatives 
may exist from an overall perspective. However, such consistent differences were never 
used in the selection method to either select or reject an alternative. 

A1.4 Data Used in the Prog * -  Assessment 

Data needed for the FPEIS assessment were drawn from several support studies, 
each of which was separately published and incorporated by reference into the FPEIS. 
Key support studies addressed (1) packaging, (2) transportation, (3) safety improvements, 
(4) hazards, ( 5 )  risk, (6) monitoring, and (7) emergency response. Of these, the analysis 
and results of the risk study were the most important in the selection of the 
environmentally preferred alternative. 

data, derived from records of a large number of actual events that are related to specific 
types of accidents or events leading to accidents, and (2) hypothesized data, derived from 
largely subjective modeling of assumed accident sequences with the aid of fault and 
event trees. The use of fault and event trees is a standard procedure to investigate 
sequences of Occurrences in a complex system. 

assistance from H&R Technical Associates, JBF Associates, and Batteile-Columbus 
Laboratories, conducted the comprehensive assessment of accident probabilities for all 
munition types. The event and fault tree analyses, together with information on 
mechanical and thermal threshold conditions for each munition type, were used to 
estimate the probability of agent release and the quantity of agent released. Some 
accidents were postulated to be caused by external initiating events (Le., those outside 
U.S. Army control). Table A1 summarizes the assumed frequencies of these accidents 
for PBA. 

The human health impact at downwind locations following an accidental release 
of agent would be dependent on meteorological conditions, which dictate the extent of 
atmospheric dispersion. The FPEIS used the DZPC atmospheric dispersion model 
(Whitacre et al. 1986) to predict downwind transport of agent. The DZPC computer 
program (or code) is an air dispersion model that assumes a Gaussian distribution of 
agent in the vertical and cross-wind directions as the agent disperses downwind. This 
assumption has been documented extensively in the literature and is used by a multitude 
of current models (EPIU 1985). Although more sophisticated dispersion codes are 
available, the assumption of straight-line transport with unvarying meteorological 
conditions results in conservative estimates of the effects of releases because the major 
parameter used in subsequent analyses was the distance to a given dose rate. This 
simple, conservative approach, while inappropriate for estimating the impacts of any 
given release under real-time conditions, is appropriate for analyzing and comparing the 

The data used in the FTEIS risk analysis were of two broad types: (1) historical 

GA Technologies (GA Technologies 1987a, 1987b, 1987c), with technical 
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Large aircraft crash 
(eventsbear.mile2) 

Small aircraft crash 
(events/year+de2) 

Meteorite (> 1.0 ib) 
strikes (eventS/year.ft3 

15 x 10" 

1.1 x lo4 

6.4 10-13 

M q u a k e s  (eventslyear) 
0.15 g 
0.2 g 
0.25 g 

0.5 g 

0.3 g 
0.4 g 

0.6 g 
0.7 g 

1.5 x lo4 
7.0 10-~ 
4.0 10-5 
2.5 10-5 
1.2 10-5 
6.0 x 10" 
3.5 x lod 
2 5  x 104 

Tornadoes (events/year) 
200 mph windspeed 1.0 10-5 
260 mph windspeed 
320 mph windspeed 1.0 10-7 

1.0 x 10" 

potential effects of postulated accidental releases. A particular location was not 
specified in the D2PC model runs, but rather a generic location was used because of the 
number of potential release sites at each facility as well as the potential for release 
during transportation. Therefore, identical downwind distances were obtained for 
identical accidents for all alternatives. 

In the FPEIS, results from the DZPC model were obtained €or two generic 
meteoroiogical conditions: "conservative moat likely" (CML) and "worst case" ('WC). The 
CML scenario represents a frequently occurring meteorological condition that sesults in 
relatively large doses compared with other frequently occurring conditions. Specifically, 
neutral atmospheric stability (Class D) with a Wind speed of 3 m/s (6.7 miiesk) was 
selected for the CML condition. The WC scenario represents a credible condition that 
results in near-maximum doses. Specifically, a stable atmosphere (Class E) with a wind 
speed of 1 m/s (2.2 milesb) was chosen for the WC condition. Other atmospheric 
conditions were kept constant for the two meteorologfcal scenarios. Wind direction was 
not specified but was assumed to remain constant throughout individual runs oE the 
D2PC model. Downwind distances and areas that were predicted by the model were 
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subsequently rotated about the point of release to evaluate all directions of interest 
The height of the mixed layer of the atmosphere was assumed to be 750 m (2460 fl). 

product of agent concentration and the duration of exposure) expected at locations 
downwind of the release point. Within each downwind dispersion plume were three 
dose-response contours, representing fatality rates of 0, 1, and 50%. The dose 
corresponding to the 0% rate (also called the "no-deaths" dose in the FPEIS) is the 
largest dose that would result in no fatalities to healthy adults. Figure A3 illustrates the 
plume geometries and dose-response contours under the two meteorological conditions 
used in the FPEIS. 

To simplify the analysis of the many accidents identified in the FPEIS risk 
analysis, the accidents were grouped into categories defined by their downwind "no- 
deaths" distance. These "downwind nodeaths distance categories" were used generically 
in the FTEIS to (1) define all accidents by category and (2) estimate fatalities by 
category. The distance categories used in the FPEIS are shown in Table A.2. Every 
accidental release was assigned a distance category, and the maximum downwind 
boundary of that category was used to represent the entire class of similar releases. For 
example, an accidental release that was predicted by the D2PC code to result in a 
downwind nodeaths distance of 11 km was placed into the 10- to 20-km accident 
category, and a distance of 20 km was used to characterize that particular accident in the 
FPEIS. Human health impacts, as defined by potential fatalities, were based upon the 
generic plumes d e s c r i i  by these distance categories. 

installation was taken from 1980 Bureau of the Census data. The coordinates of the 
census enumeration district centroids were first used to estimate the boundaries and 
areas of each district. Next, a population density was estimated within these areas. 
Finally, a predefined grid of very small cells [roughly 370 x 370 m (1200 x I200 Et)] was 
overlaid on the distniuted population, and the number of people per cell was 
determined. This grid-based population was used in the estimation of fatalities from 
accidental releases of agent. 

Fatality estimates were developed by overlaying the plume geometries [including 
the three dose-response contours (50% lethal dose, 1% lethal dose, and no deaths)] on 
the population grid. First, the number of people between each dose-response contour 
was counted. Then "fatality multipliers" were applied to the populations in each zone as 
follows: of the people inside the 50% dose-response contour, 75% were assumed to die; 
25% of the people in the region between the 50% and the 1% dose-response contours 
were assumed to die; and 0.5% of the people in the region between the 1% dose- 
response and the nodeaths contours were assumed to die. 

deaths distance category and for each of the two meteorological conditions. That is, 
each plume was rotated in increments of one compass degree around the point of 
release, and fatality estimates were computed for each of these increments. Among all 
360 computations, the absolute largest number of fatalities was identified in the FPEIS 

The D2PC code predicts the "dose" of agent (defined as the mathematical 

In the FTEIS, the description of the distribution of population around each Army 

This fatality estimation process was repeated 360 times for each downwind no- 
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Table A2 Downwind no-deaths distance categories used to characterizc chemical agent releases 

Predicted accident 
downwind distance (km)a Associated plume area (km2) 

Great<- than Conservative most-likely Worst-case 
or equal to but less than meteorological conditions' meteorological conditionsd 

O S b  

1 

2 

5 

10 

20 

50 

1 

2 

5 

10 

20 

50 

100 

0.07 

0.28 

1.76 

7.03 

28.11 

175.66 

702.65 

0.03 

0.14 

0.85 

3.40 

13.61 

85.07 

340.30 

aDistance to the no-deaths contour as predicted from the D2PC atmospheric dispersion model. To convert t o  

bAccidents with downwind distances less than 500 m will not produce plumes which go beyond the installation 

'Atmospheric stability of Class D with a wind speed of 3 m/s. 
dAtmospheric stability of Class E with a wind speed of 1 m/s. 

English units, 1 km = 0.6214 miles. 

boundary and, thus, were eliminated from the risk analysis. 
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as the "maximum number of fatalities" associated with that particular downwind 
nodeaths distance category. "his computational technique does not take wind direction 
into account; instead, it assumes conservativefy that the wind has some nonzero 
probability of blowing in the direction that would cause the most fatalities in the event of 
a release. 

were enumerated in the FPEIS (US. Dept. of the Army 1988). 
The following assumptions and q u a a t i o n s  of the fatality estimation process 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

The assumed values of the Eatality multipliers were based on linear variations of 
agent doses within each dose-response contour. h actuality, the doses decrease 
with distance from the release point at a greater than linear rate; thus, the FPEIS 
estimates of maximum fatalities are conservatively high. 
The D2PC atmospheric dispersion model was originally developed as a planning 
tool for estimating the magnitude of battiefield casualties undex war-game scenarios. 
The model predicts dose-response contours based on the expected response of 
healthy adult males to battlefieM agent concentrations. The variation of dose 
response among age classes (e-g., infants, children, and the elderly) was not included 
in the estimation of fatalities in the FPEIS. It was assumed that the dose response 
of healthy adult males would closeiy approximate the response of an average 
member of the general public. 
Downwind nodeaths distance estimates from D2PC are accurate to within only 
It%)%. This limitation of the atmospheric dispersion model resulted in a systematic 
uncertainty that applied equally to all fatality estimates for all alternatives. 
Variations in wind direction, atmospheric stability, and terrain during a release 
would cause the plume to have a much more complex geometry than the simplistic 
ellipsoidal shape used in the FPEIS. The longer the time period over which the 
plume develops, the greater the likelihood that changes in the wind conditions will 
affect the plume geometry. 
The same variations in wind direction, atmcxqheric stability, and terrain make it 
impossible to reliably predict the shape of a very large plume contour. Far this 
reason, fatality counts for accidents with extremely large downwind nodeaths 
distances were truncated at 100 Inn (62 miles) in the FPEIS. 
The census data used to develop the distribution of population around each site are 
representative of the place of residence; thus, these data more ciosely depict 
nighttime populations than daytime populations. Furthermore, transient 
populations (such as people in shopping centers or at major sporting events) and 
on-post employees were not included in the population data in the FPEIS. 
The grid-based population allowed all grid cells beyond this zone to be filled with a 
distributed population even though, in reality, no such population existed for certain 
cells. Likewise, other known uninhabited regions (such as lakes, forested areas, 
federally restricted areas, as well as the actual site boundaries) were not accounted 
for in the FPEIS grid-based population; all such mnes were filled with papulation 
according to the method described previously. 
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8. The locations used in the FPEIS for the source of every chemical agent release 
were assumed to be the proposed location of the CSDP disposal facilities as 
estimated from a 1 : 250,000-scale map. All plumes used this release point for 
estimating fatalities. In the accident analyses, where storage area accidents or on- 
site transportation accidents resulted in agent release, the release point may not be 
exact in the FPEIS; however, the implication of this assumption would be more 
significant for small releases of agent than for large releases. That is, for large 
releases, the downwind distances predicted by the atmospheric dispersion model are 
significantly larger than the distance between any possible pints of release at a 
particular site. 

The probability data from GA Technologies, agent release data from GA 
Technologies, meteorological data from ORNL, and fatality estimates from ORNL were 
integrated by the MITRE Corporation (MITRE 1987) to develop the five measures of 
risk d e s c r i i  above. 

A15 Summary of Results 

For accidental agent releases, the five measures of risk were used to distinguish 
among alternatives. Implementation of the three-tiered selection method resulted in the 
following conclusions: 

The continued storage, national relocation, and partial relocation alternatives were 
rejected from further consideration based on the method’s first tier of comparing 
human health impacts. 
The on-site disposal and regional alternatives stood the test of the first tier of 
comparison and were then subjected to the second tier. Of note, however, was that 
the on-site disposal alternative was consistently less risky in all areas (except 
person-years at risk) than the regional alternative, but not at a significant level. 
Nevertheless, the consistency of less risk for the on-site option was an important 
factor in the overall selection method. 
In the comparison of on-site and regional alternatives at the second tier (ecosystem 
and environmental impacts), again the on-site disposal alternative was better than 
the regional alternative, but not to a significant level. Therefore, both alternatives 
were allowed to pass to the third tier of comparison. 
Considering the greater degree and extent of mitigation (potential for saving lives) 
afforded by emergency response for the on-site alternative as compared with the 
regional alternative, the on-site alternative was determined to be better than the 
regional alternative. This conclusion is strengthened by the consistently better 
ranking of the on-site alternative at the first and second tiers of comparison. 

The key findings of the FPEIS have resulted in the Army’s selecting the on-site 
disposal alternative as its environmentally preferred alternative. The CONUS stockpile 
of chemical agents and munitions can be destroyed in a safe, environmentally acceptable 



A-15 

manner. Tbe environmental impacts of coastruchn and incident-free dispwal 
operations would be minimal. The risk of catastrophic accidents is relatively low for all 
programmatic alternatives; however, on-Site disposal l a  risk than those 
alternatives involving off-site movement of the stockpile and is therefore the best choice 
from public health and environmental perspectives. 

After the environmentally preferred alternative was identikd, the f h d  step in 
the analysis was to examine this alternative (on-site disposal) against each installation 
inventory to ensure that the method did not identify an alternative that was incorrect for 
inventories of one or more installations. ?he Following <fiscussion examines the selected 
alternative: for PBA, comparing the selected alternative against the site- and corridor- 
specific risk pictograms- 

the iikely site preference (where p i b l e )  and to compare it with the programmatic 
preference for on-site disposal. Because the Atmy will implement enhanced emergency 
planning and preparedness at the installation regardless of the alternative selected, the 
benefits or risk reductions attniutable to emergency planning and preparedness, 
although more relevant to the maximum fatalities and expected fatalities measures, 
should not affect site preference and have not been considered. 

The preliminary selection of the on-site disposal alternative as the 
environmentaliy preferred alternative from a programmatic viewpoint was verified for 
each storage site to ensure that this alternative did not present an unusual problem or 
risk based on its inventories, population, geography, or any other feature unique to the 
site. Therefore, the purpose of this exercise was not to depict that on-site destruction is 
significantly better than other alternatives but rather to demonstrate that on-site disposal 
was at least equal. 

be at least equivalent to all other options in terms of human health effects measures; 
there was no clear choice among programmatic alternatives for PBA. However, with the 
addition of the transportation risks, the on-site akrnative has the advantage, given the 
opportunity of risk reductions associated with emergency planning and preparedness that 
was not afforded off-site transportation alternatives. 

The two-risk shadings decision rule discussed previously was used to help identify 

From the perspective of the population near PBA, on-site disposal was found to 

In addition to the risk-based impact assessment used to select the 
environmentally preferred alternative, the FPHS also presented potential environmental 
impacts from implementing the programmatic alternatives at each of the sites (as 
appropriate). Potential effecta from cotlstruction and incident-free operations are 
described This section summarizes this part of the FPEIS as appliaible to PBA. 
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Disposal activities can be viewed as a three-phased set of activities. Construction 
involves activities to procure and build the disposal plant(s) and support functions. 
Operations activities involve disposal of the chemical munitions. This includes activities 
at the site of existing storage, movement of stockpiles from those storage sites to disposal 
plants, and disposal plant operations. Movement is defined to include on-site handling 
and transport, as well as off-site transport. Decommissioning involves closure and 
dismantlement of disposal facilities. 

Minor impacts from increased spending, the creation of new employment, and 
the ecological disruption at the plant site are expected. No significant impacts to human 
health, air quality, or water quality are expected 

during the time required for construction. The construction will also probably result in 
increased sales in construction-related industries in the region. Additional tax revenues 
will be produced. The total economic impact of the creation of jobs and increased 
spending at each site under on-site disposal will be minor. The direct and indirect 
employment will not result in significant in-migration, and impacts to local economic 
infrastructures are unlikely. 

disposal facilities. Construction at PBA under the on-site disposal alternative was 
estimated to require about 4 ha (11 acres) of land. Best available technologies for 
sediment control during construction were estimated to minimize any potential effects to 
surface waters. 

The construction of a disposal facility will produce an average of 150 new jobs 

Minor impacts were expected on ecological resources from construction of the 

Overall, the impacts of disposal are quite limited in scope and significance. 
Construction impacts include the socioeconomic impacts of increased spending, the 
creation of new employment, and the ecological disruption at the plant site. By 
definition, incident-free operations are characterized by no releases of agent above 
emission criteria. Operations impacts of concern include possible exposure to low 
(below detectable), but permitted, levels of chemical agent, air quality impacts, 
socioeconomic impacts to community resources and well-being, solid waste disposal, and 
water use. Impacts to socioeconomic resources come primarily from the need for local 
communities to upgrade emergency response planning for an accidental release of agent. 
Finally, decommissioning impacts of concern include the socioeconomic impacts of plant 
closure and disposal of hazardous wastes. 

In order to assess the environmental impacts of accidents it is necessary to 
identify the credible accidents that could occur and ways that agent released in those 
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accidents is dispersed in the environment. The identification of an accident also involves 
an understanding of the amount of agent released, which is kquentty referred to as an 
agent source term. Identification also requires a knowledge of how the agent is released. 
It can be spilled, vaporized by an explosiOn, or reieased by a fire or some cumbination of 
release modes. Furthermore, information on the duration of release is required. 

The ways in which the agent is dispersed after a release are called environmental 
pathways. The basic paths indude the movement of small droplets of agent in the air; 
the movement of vapor in the air; the dep i t ion  of agent from air movement onto 
underlying lands, vegetation, or water; the movement of agent into water-bodies through 
runoff or deposition; and the movement into groundwater. 

health, ecologkal systems, water use, or socimnomic resources. Any effects would be 
estimated by the dispersion processes that give information about the form and level of 
the agent in the environment and the response of various ecological systems to the 
agent. 

with uncertainties and error bounds. These uncertainties are largely a function of 
imperfect knowledge. The application of these methods to the specific areas of concern 
(Le., the installations and their environs, and the transportation corridors) provides 
assessments of impacts. 

The pictogram in Fig. A4 summarizes the risks for PBA The "probability of one 
or more fatalities" is largest for continued storage The primary contributor to this is the 
possibility of a plane crashing into the storage area. The large maximum fatalities values 
for the regional, national, and continued storage alternatives are a h  tbe result of plane 
crashes onto the storage or rail yard holding area. Although infiquent, this accident 
results in a large release and large off-site consequences. Values for person-years at risk 
are large because of the density of the nearby population and the large and varied 
stockpile stored at P B k  Individual time at risk is between 4.5 and 5.5 years far all 
alternatives. Because the expected fatalities measure incorporates all of the aspects that 
influence the risk, this measure will be descrr'bed in detail by alternative. In the 
following discussions, the dominant risks are those accidents that have the largest 
number of expected fatalities. The cumulative risk is the sum of the expected fatalities 
for all accidents contributing to the risk for a specific alternative. 

When agent is released into tbe environment, it may have effects on human 

It is important to realize that each of the three stages of the analysis is associated 

The risk at PBA is dominated by accidents resulting from aircraft crashes onto 
the storage area and the dropping of munitions during handling. The expected fataiities 
resulting from these events are both in the range of loa to 
cumulative risk associated with this alternative is in the range of lo-' to lo4 expected 
fatalities per year. The continued storage alternative is assumed to continue for 

per year. The 

25 years. 

.- ... . 
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Fig. A 4  Risk, with mitigation, in the vicinity of Pine BluC Arsenai (PBA) €or 
programmatic alternatives. (Risk along transportation corridors or at destination sites 
not inciuded. For the disposal alternatives, this diagram does not include the risk 
associated with approximately 3 years of stockpile storage at PBA.) 
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The largest risks are fiom (1) earthquakes that cause extensive piant damage, 
(2) on-site vehicle accidents resulting in munition detonation, and (3) feeding of a 
burstered munition into the dunnage furnace. These risks yield a range of expected 
fatalities of (1) lo4 to lW5, (2) lo4 to loe3, and (3) lo-' to 10" per stockpile, 
respectively. The cumulative risk assoCiated with this alternative is in the range of 
IO-' to 10-~ per stockpile. 

The dominant risks for this alternative are (1) on-site vehicle accidents, 
(2) detonation resulting from dropping a bare munition or pallet of munitions, and 
(3) an aircraft crash into the holding area containing off-site packages. These accidents 
result in a range of expected fatalities of (1) 
(3) 
alternative is in the range of loJ to 

Nationaldisprrralaltemative 

to lo4, (2) to lo4, and 
to lo-', per stockpile, respectively. The cumulative risk associated with this 

expected fatalities per stockpile. 

The national disposal alternative risks are the same as those for the regional 
a1 t ernative. 

Based on the information available on the procedures for decommissioning 
(dismantling and disposing) disposal facilities, &or but insignificant impacts would occur 
to socioeconomics and solid waste. Prior to implementing decommissioning, further 
NEPA documentation is required and more detailed impact assessments will be 
conducted. 

will involve the employment of both construction- and industriai-type work force. When 
decommissioning ends, local economic impacts from the increased jobs from construction, 
operations and decommissioning d no longer be experienced. When operation ends, 
the risk of an accident and the potential for any assoCiated impacts also end. Overall, no 
significant impacts are expected from decommissioning. 

removal or decontamination of all process equipment, structures, soils, or other materials 
containing or contaminated with hazardous waste or hazardous constituents. Amounts of 
containerized wastes that will be shipped to off-site permitted waste facilities are 
unknown; projected types of these wastes are (1) brine salt generated during closure, 
(2) incinerator ash, (3) baghouse dust and cyclone residue, and (4) miscellaneous 
nonagent-related wastes generated during facility ciosure. The metal parts of agent 

On completion of a disposal program at a site, the decommissioning of a facility 

Final closure activities for the chemical stockpile disposal facilities will result in 



A-20 

tanks, furnaces, and incinerators will be disassembled and decontaminated to 5X level 
(1000°F for 15 min), which means that an item is clean and may be released from 
government control. Closure plans for the sites are d e s c r i i  in sect. I of Part B of the 
Resource Conservation and Recovery Act of 1976 permit applications for each site. 

EPRI (Electric Power Research Institute) 1985. Opemtional Validation of Gaussian and 
First-Order C10sw-e Plume Models at a Midernrely Complex Terrain Site, EA-3759, 
Project 1616-9, Palo Alto, CaliE 

Munitions, Reports GAC-18562 and SAPEO-CDE-IS-87010, prepared for 
Program Executive Officer-Program Manager for Chemical Demilitarization by 
GA Technologies, Inc., L a  Jolla, Calif. 

National or Regional Sites, Reports GAC-18563 and SAPEO-CDE-IS-87008, 
prepared for Program Executive Officer-Program Manager for Chemical 
Demilitarization by GA Technologies, Inc., La Jolla, Calif. 

GA Technologies, Inc. 1987c. &k Analysis of the Continued Storage of Chemical 
Munitiom, Reports GAC-18564 and SAPEO-CDE-IS-87009, prepared for 
Program Executive Officer-Program Manager for Chemical Demilitarization by 
GA Technologies, Inc., fa Jolla, Cali€ 

MITRE Corp. 1987. Risk Analysis Suppdng the Chemical Strnlq.de DirpOsal Program, 
SAPEO-CDE-IS-87014, McLean Va, for Program Executive Officer-Program 
Manager for Chemical Demilitarization, Aberdeen Proving Ground, Md. 

Environmental Impact Statement, Vols. 1,2, and 3, Program Manager for 
Chemical Demilitarization, Aberdeen Proving Ground, Md., January, 1988. 

Vol. 1, Charactefis of the Population, U.S. Government Printing Office, 
Washington, D.C. 

Whitacre et al. 1986. Personal Computer Program for Chemical Hazad hdiction 
(D2pC), U.S. Army Chemical Research and Development Centers, Aberdeen 
Proving Ground, Md. 

GA Technologies, Inc. 1987a. Risk Analysis of the On-Site Diposal of Chemical 

GA Technologies, Inc. 198%. Risk Analysis of the Disposal of Chemical Munitions at 

U.S. Army 1988. Chemical Stockpile Disposal Program Final Programmatic 

U.S. Department of Commerce, Bureau of the Census 1980. Census of Population, 



APPENDIX B 

B.1 OW-= RESIDENT AND WORKER ZVPUIATIONS 

Table B.l lists the counties that lie w h o 9  or partially within I 100-km (62-mile) mne 
of Pine Bluff Arsenal (PBA) and indicates the estimated population trends from 
1980 through 1986. The 1Wkm (62-mile) zone is discussed here because the Final 
Programmatic Environmental Impact Statement accident analysis indicated that resources 
as far away as 100 km (62 miles) could be affected by low-probability but high- 
consequence events associated with the no action alternative. Data for counties included 
within the 50-Ian (31-mile) mne of PBA [roughly equivalent to the Protective Action 
Zone (PAZ)] are shown separately. 

Table B.2 presents the distribution of residential populations by potentially sensitive 
age groups. Age groups that may be sensitive to lower concentrations oE chemical agent 
are infants (defined as individuals under the age of S), children 5 to 14 years OM, and the 
elderly (aged 65 years or more). It has been suggested that infants, children, or the 
elderly might experience fatalities when exposed to chemical agent concentrations that 
are somewhat less than five times lower than the nodeaths dose for healthy adult males 
(V. Houk, Center for Environmental Health, Department of Health and Human Service, 
Atlanta, Ga., letter to Brigadier General D. Nydam, Office of the Program Manager €or 
Chemical Munitions, Aberdeen Proving Ground, Md., June 1987) (see Appendix Q, 
FPEIS, for further detail). 

Pface-of-work populations will be discussed in the forthcoming EIS for PBA Table 
B.3 presents manufacturing industries that have 100 or more employees and are located 
in Jefferson and Grant counties, which are the counties included in the Immediate 
Response Zone (IRZ). Additionally, the National Center for Toxicological Research, 
whose property is included within the northern boundary of PBA, is a federal installation 
that employs approximately 600 persons. Other large concentrations of employment 
include Jefferson Regional Medical Center, with a staff of 1600 (Arkansas Gaetre, 
Dec. 17, 1989); the Pines Mall, with loo0 employees m. Rechter, Assistant Manager, 
Pines Mall, Pine Bluff, Ark, personal communication to J. Morrissey, Science 
Applications International Corporation (SAfC), Oak Ridge, Tenn, Jan. 31, 19p30]; and 
Jefferson Square Shopping Center, with approximately 200 employees (T. Mitsch, 
Shickel Development, Pine Bluff, Ark, personal communication to J. Morrissey, SAIC, 
Oak Ridge, Tenn., Jan. 31, 1990). 

B- 1 
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Estimated Estimated 
Estimated population Population Population net 
population per mile Population change % change migration 

County 1986 1986 1980 1980-86' 1980-86'1980-86' 

Arkansas 
Cleveland 
Dallas 
Grant 
Jefferson 
Lincoln 
Lonoke 
Prairie 
Pulaski 
Saline 

Bradley 
Calhoun 
Clark 
Conway 
Desha 
Drew 
Faulkner 
Garland 
Hot Spring 
Monroe 
Ouachita 
Perry 
Phillips 
White 
W d l l l f f  

23,100 
89,300 

10,400 
13,500 
%000 
13,200 
38,400 
10,100 

356,300 
58,000 

13,200 
6,100 

22,700 
19,200 
19,400 
18,000 
52,900 
75,300 
27,400 
12,900 
33,800 
7 , m  

33,100 
53,200 
10,500 

23 
14 
16 
21 

102 
24 
49 
15 

465 
80 

20 
10 
26 
34 
26 
22 
82 

115 
45 
21 
46 
14 
48 
51 
18 

24,175 
7,868 

10,515 
13,008 
90,718 
13,369 
34,518 
10,140 

340,598 
53,156 

13,803 
6,079 

23,326 
19,505 
19,760 
17,910 
46,192 
7033 1 
26,819 
14,052 
30,541 
7- 

34,772 
50,835 
11222 

'Estimates enclosed in parentheses indicate a negative change. 
Sowrcc: US. Department of CMnmerOc, County and C@ Lkzta Book, computer data file, U.S. Bureau of 

the Census, Washington D.C, 1986. 
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Persons Persons Persons Persons 
5 years old 5 to 14 years old 65 to 74 years old z 75 years old 

County (”/.I (“/.I (W (%I 

Arkansas 
Cleveland 
Dallas 
Grant 
Jefferson 
LillC€3k3 

Lonoke 
Prairie 
Pulaski 
Saline 

Bradley 
Caiboun 
Clark 
Conway 
Desha 
Drew 
Faulkner 
Garland 
Hot Spring 
Monroe 
Ouachita 
ferry 
Phillips 
White 
WOOdrUff 

6.9 
NA’ 
NA 
NA 
8.6 
NA 
6.8 
NA 
8.3 
6.8 

NA 
NA 
6.8 
NA 
NA 
NA 
7.1 
5.6 
72 
NA 
7.8 
NA 
10.0 
6.5 
NA 

W U 5 o h a  

16.2 
NA 
NA 
NA 
15.4 
NA 

186 
NA 
15.2 
17.4 

5OtOlOOba 

NA 
NA 
13.5 
NA 
NA 
NA 
14.1 
125 
16.1 
NA 

16.3 
NA 
19.9 
15.6 
NA 

8.6 
NA 
NA 
NA 
7.4 
NA 
6.7 
NA 
6.6 
5.9 

NA 
NA 
8.8 
NA 
NA 
NA 
6.6 
11.7 
9.1 
NA 
EL7 
NA 
7.8 

NA 
8.2 

6.2 
NA 
NA 
NA 
5.4 
NA 
4.9 
NA 
4.2 
3.7 

NA 
NA 
6.5 
NA 
NA 
NA 
4.5 
8.2 
6.0 
NA 
6.6 
NA 
5.8 
5.9 
NA 

‘NA = not available. 1% estimates at rbe county level are unavailablt for these counties from the US. 

Source: U.S. Departmeat of Commerce, Cowuy and Cify Data Book, mrnpvter data tile, U.S. Bureau of 
Bureau of tbe census. 

the Census, Washington, D.C, 1986. 
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-~ ~ 

Manufacturer 

~~ ~ 

Location Number of Employees 
~ ~~ 

Cotton Belt Railroad' 
Cotton Belt Railroad' 
Arkansas Oak Flooring Co. 
Camden Wire (3. 
Central Moloney Transformer 
Century Tube Corp. 
Eclipse Industrial Products 
Gaylord Container Corp. 
Georgia Pacific Corp. 
International Paper Co. 
Mid-America Packaging, Inc. 
Ben Pearson Archery Co. 
Ben Pearson Tubemaster 
Pine Bluff Commercial 
Stant Inc. 
Tyson Foods, Inc. 
Varco-Pruden Buildings 
Viking Bag Division 
Wheeling Machine Division 
Arkansas Oak Flooring 
Sterling Faucet Co. 
West Bend Co. 
Guardpack, Inc. (Stone Container) 
H.H. Robertson Co. 
Rohr Industries 

Barraque St-, Pine Bluff 
Port Area, Pine Bluff 
Pine Bluff 
Pine Bluff 
Pine Bluff 
Pine Bluff 
Pine Bluff 
Pine Bluff 
Pine Bluff 
Pine Bluff 
Pine Bluff 
Pine Bluff 
Pine Bluff 
Pine Bluff 
Pine Bluff 
Pine Bluff 
Pine Bluff 
Pine Bluff 
Pine Bluff 
Sheridan 
Sheridan 
Sheridan 
Sheridan 
Sheridan 
Sheridan 

l00-1W 
3-99 
300-499 
1m199 
500-999 
m 2 9 ! 3  
200-299 
100-199 
200-299 
1400 
200-299 
100-199 
200-299 
100-199 
3-99 
300-499 
200-299 
100-199 
100-199 
100-199 
200-299 
100-199 
100-199 
100-199 
100-199 

There are 1281 employees of Cotton Belt Railroad in the Pine Bluff area. Shown here are the two 

bApprarrirnately 300 employes work during the day shift, and 150 to 200 work during the evening and 

Sowrcrs: Jefferson County Industrial Foundation, Directory of Pine BhjJ Manufacrurws, Pine Bluff, 

concentrations of employment; other employees are located throughout Pine Bluff. 

night shifts 

Art ,  1988; Southeast Arkansas Economic Development District, Inc., Community Pmjile, Pine Bluff, 
A r t ,  1989; Arkansas Industrial Development Commission, Lorgesr Md Major Employers, Little Rock, Art; 
Sandra C Trotter, Project Administrator, Southeast Artaasas Ecowmic Development District, Inc., 
Pine Bluff, Ark., personal communication to J. Morrissey, SAIC,  Oak Ridge, Tenn., June 21, 1989; 
M. Bradley, Superintendent, Cotton Belt Railroad, Pine Bluff, Ark., personal communication to 
S. Schexnayder, Oak Ridge National Laboratory, Oak Ridge, Tenn., July 20, 1 W ,  Arkanrar Gaze&, Sunday, 
Dec. 17, 1989. 
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Transient populations are defined as concentrations of people visiting the base or 
vicinity for a common event or purpose on an intermittent basis. They include special 
events and training exercises heId on-post, special events held off-post, public mas, 
convention centers, and recreation areas. 

Change of Command, in June or July (So Visitors); and a July 4th Celebration 
(50 visitors). 

In addition, PBA conducts a one-week training course 20 tima each year from 
December through August for members of the Army Reserve and Army National Guard. 
Each class has a maximum attendance of 36 personnel. Most of the students are housed 
on-post in military housing and in bachelor ofEicer quarters. Some officers and female 
students may be housed in a local motel. 

Transient populations in Jefferson and Grant counties were identified during the 
Phase I process. Annual events heid at Pine Bluff Regional Park include Freedom Fat ,  
July 2-4 (30,000 total Visitors); BassMasters Tournament, July 21-22 (1500 Visitors); and 
State and Regional Baseball Tournament, April-August (2000 per event) (J. Jumper, 
Pine Bluff Parks and Recreation, Pine BlUn, Art, personal communication to 
S. Schexnayder, Oak Ridge National Laboratory, Oak Ridge, Tenn., June 21, 1989). The 
Pine Bluff Convention Center, which has a 10,O-seat capacity, hosts large events 
throughout the year such as basketball games, trade shows, business conventions, and a 
circus. Peak usage occurs during February-May and September-December. The King 
Cotton Basketball Tournament, which attracts approximately 8ooo people, is held 
December 26-28 each year at tbe Pine Bluff Coweation Center (J. Blankenship, 
Greater Pine Bluff Convention Center, Pine Bluff, Ark, personal communication to 
J. Mon;isseY, SAIC, Oak Ridge, Tenn., Feb. '12,1990). Total attendance at the 
convention center for 1988 was more than 200,OOO people (D. Hornberg, Pine Bluff 
Convention Center, Pine Bluff, Ark, personal communication to D. Lasley, Oak Ridge 
National Laboratory, Oak Ridge, T e a ,  Apr. 18,1989). Other crowddrawing events in 
the Pine Bluff area include The Confederate Air ForceRazorback Wing air show, held 
the last week of August and first week of September at Grider Field (attendance 6OOO); 
the Southeast Arkansas Livestock Show and Championship Rodeo at Hestand Stadium 
(attendance &ooo); and the University of Arkansas at Pine Bluff (UAPB) Homecoming 
in October (attendance 25,ooO) (J. Blankenship, Greater Pine Bluff Chamber of 
Commerce, Pine Bluff, Ark., pem~l communication to J. Morrissey, SAIC, Oak Ridge, 
Tenn., Jan. 31, 19%)). 

State and lederal public areas located w i t h  the 50-km (31-mile) and the 100-km 
(62-mile) zones are listed in Table B.4, which indicates visitor-use data as available. 

Annual events held on-post include Armed Forces Day, in May (100 visitors); 
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Table B.4. Public areas within tbe 50-km and loo-hn 
zMlerdPBA 

Area 
Distance Visitors 

County from site (in 1m) 

State Wd1.e Management Areas 

Bayou Meto State Game 
Area 

State Parks (SP) 

Toltec Mounds SP 
Jenkins Ferry Battleground 

Historical Monument 

Locks and Dams, Arhnsas River 

Lock and Dam 3 
Lock and Dam 4 
Lock and Dam 5 
Lock and Dam 6 

National Forests (NF) 

Ouachita NF 

National Pa& (NP) 

Hot Springs NP 

National Regirter Sites 

Arkansas Post National 
Memorial 

National W ~ l q e  Refuges (NWR) 

White River NWR 

Arkansas 35 km E 
Jefferson 

Lonoke 30kmN 

Grant 45 km wsw 

Jefferson 45 km ESE 
Jefferson 25kmESE 
Jefferson 5 k m N  
Pulaski 35 km N 

50tO100hm 

NA' 

64.5 

NA 

925 
82.6 RVDb 

106.2 RVD 
626.6 RVD 

Saline 8 o k m N w  1,462.1 RVD (1986) 
Perry 

Garland 9okmwNw 74.1 RVD (1988) 

Arkansas 8okmESE 8.6 RVD (1988) 

Desha WkmESE 508.4 (FY 87) 
Arkansas 
Phillips 
MONW 
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Tabk 8 4  (continued) 

Area 
Distance 

amty from site 
ViitOrS 
(in 1ooc)s) 

Hogan State Fish Hatchery Lonoke 5okmNNE NA 

State Parks (SP) 

r3eGray SP HotSpring 1ookmw 516.2 
Lake Catherine SP Hot Spring 8OinnW 3181 
Pinnacle Mtn SP Pulaski 6skmNw 329.0 
Marb Mill Battleground 

I-iistorical Monument CleVeland 65kmS NA 

Bayou des Arc SWMA 
Bell Slough SWMA 
Camp Robinson SWUG 
Dagmar S W M A  
Harris Brake SWMA 
Trusten Holder SWMA 
Wattensaw SWMA 

Lock and Dam 1 
Lock and Dam 2 
Lock and Dam 7. 
Lock and Dam 8 

Prairie 
Faulkner 
Faulkner 
M o m  
Perry 
Arkansas 
Prairie 

9okmENE 
70 km NNW 
OkInNNw 
9OkmNE 
95 km Nw 
90kmESE 
70 km NE 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

10.6 RVD (1988) 
276.2 
408.9 
328.5 

*NA = not availabk 
bRvD = recrtati~n visiuu days OW RVD #luals OW visitor in the area for twelve burs,  twelve visitors 

present for 01fe b r  each, or any mmbhtiw tbertof. 
Soevccs: U S  Anay Corpe of Engineers, Littk Roclr Disuict, R e m M  Vi#& Drua 1988, Little Rock, 

Ark., 1988; US. Forest Service, LMd Arcar of the Nafjonai F m t  Sysr~n us of September 30,1988, U.S. 
Government Prinring Oflice, Washington, D-C, lm, US. NatiociaI Park Service, Natiolral Pmk service Statistical 
A b m r  1988, U.S. Gwerrrmcnt Printing O W ,  Washington, D.C., lW, 3. Hendric and R. Freedman, Arkansas 
State Parks, Little Rock, Art,  personal canmunication to S. Scbemqder, Oak R i  National Laboratory, Oak 
Ridge, T-, June 28,1989. 
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B3 SPECIAL POPULATIONS 

Special populations are defined as potentially afkcted people who require 
additional effort and special attention in the event of an emergency (Jacobs Engineering 
Group, Inc., 1989a). Concentrations of special populations occur primarily in institutional 
settings. The Updated Site Assessment for Pine BluflArseMl and Adjacent J&ictions 
(Jacobs Engineering Group, Inc., 1989a) noted a need to identify persons with special 
needs living in the community. Examples of institutionalized populations with special 
needs include the populations of schools, day care centers, hospitals, nursing homes, and 
correctional facilities. Schools and child care facilities have been recognized as those 
populations that should be given priority in the planning process and first attention in an 
emergency (Jambs Engineering Group, Inc. 1989a). Other noninstitutionalized special 
populations also need to be identified-for example, the blind, hearing impaired, and 
bedfast (Jacobs Engineering Group, Inc. 1989a). The Jefferson County Emergency 
Response Plan (Jacobs Engineering Group, Inc. 1989b) also places homeless people and 
people who have no private transportation within the category of special populations 
requiring additional attention. 

Because special populations are an important aspect of emergency planning 
activities and because of the need to identify concentrations of people who may be 
affected by an accident associated with the proposed disposal program, the Phase I process 
has attempted to identify and characterize special populations located in institutional 
settings such as schools, correctional facilities, nursing homes, hospitals, and child care 
centers located within the 50-km (31-mile) and 100-km (62-mile) zones. The Phase I 
process has not attempted to identify individuals with special needs who are not associated 
with a particular facility or institution. Data on the various special populations are 
presented in Tables B.5 to B.ll. 

Jefferson and Grant counties and for total school districts in other counties within the 
1Wkm (62-mile) radius. Table B.6 provides supplemental data (e.g., average daily 
attendance and student-teacher ratios) necessary to assess enrollment impacts on school 
districts in Jefferson and Grant counties, which are most likely to experience population 
increases. White Hall and Pine Bluff school districts currently are not experiencing 
capacity difficulties (J. Hawkins, Principal Planner, City of Pine Bluff, Pine Bluff, Ark., 
personal communication to J. Morrissey, SAIC, Oak Ridge, Tenn., July 24, 1989). 

Table B.7 presents the capacity of day care facilities within 100 km of PBA; 
facilities are listed individually for Grant and Jefferson counties. 

Table B.8 presents colleges and vocational technical schools within the SO-km 
(31-de)  and 100-km (62-mile) zones. UAPB, which has an enrollment of 2765, is located 
within 14 km (9 miles) of the proposed disposal facility. UAPB residence halls have a 
capacity of 750; occupancy during 1985-86 was 450 (Lehman 1987a). 

zones. The Jefferson Regional Medical Center, with an average occupancy of 

Table B.5 presents enrollment and staffing data for individual school buildings in 

Table B.9 presents hospitals within the 50-km (31-mile) and 100-km (62-mile) 



Tabie85. scbodswi~the5O-hnandloahnnwer 
OfPBA 

County 

Number of 
Total Eaculty teachers 

[full time 
eqwalents 

Grade h l l m e n t  a n d s t a r  (FTBS)] 

within 50 hll 

Trinity Episcopal Day Schoolb K-6 205 15 12 

New Life Christianb K-12 1 45 14 11 
Maranatha Christian Schoot" K-12 55 5 5 

St. Peter Catholic Schoolb K-6 165 13 8 

Pine Bluff Christian Schooi" K4-12 65 8 6 

Pine Bluff District 
Bel-Air Eiem. 
Broadmoor Elem. 
Carver Elem. 
First Ward Hem. 
Forrest Park Elem. 
Gabe Meyer Elem. 
Greenville Ekm. 
Indiana Street Elem. 
Jack Robey Jr. High 
Lakeside Elem. 
Oak Park Eiem. 
Pine Bluff High 
Sam Taylor Elem. 
Sou theas t Midd Ie 
Southwood Eiem. 
Thirty-Fourth Ave. Elem. 

4-6 663 
K-3 335 
K-3 158 
K-3 223 
K-3 380 
K-3 265 
K-3 1 78 
IC-3 3 10 
8-9 1,137 
K-3 227 
46 3% 
10-12 1,600 
4 4  341 
7 576 
IC-3 487 
4-45 274 

44 
31 
30 
34 
44 
27 
38 
37 
79 
42 
38 
151 
3s 
40 
48 
35 

39 
19 
11 
16 
25 
15 
13 
20 
63 
20 
27 
96 
22 
36 
28 
22 

Dollarway District 
Matthews Doiiarway Elem. 1-2 437 37 23 

Dollarway Jr. High 7-9 508 44 34 
Dollarway High School 10-12 405 36 33 

Pinecrest Elem. 3-4 326 33 18 
Townsend Park Elena K5-6 504 58 30 
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Table 85 (continued) 

County 

Number of 
Total faculty teachers 

Grade Enrollment andstafP (FIE) 

Humphrey District 
Humphrey Elem. 
Humphrey High 

Watson Chapel District 
Preschool Prep. for Educ. 
Coleman Elem. 
Edgewood Elem. 
Owen Elem. 
Watson Chapel Jr.High 
Watson Chapel High 

White Hall District 
Gandy Elem. 
Hardin Elem. 
Moody Elem. 
Taylor Elem. 
Redfield Jr. High 
White Hall Jr. High 
White Hall High 

Altheimer District 
Martin Elem. 
Altheimer High 

Wabbaseka District 
J. S. Walker Elem. 
Wabbaseka High 

Grant County 

Sheridan District 
East End Elem. 
Sheridan Elem. 
Sheridan Jr.High 
Sheridan High 
Grapevine Eleill 

K 4  
7-12 

4-6 
K-1 
K-3 
7-9 
10-12 

K-6 
K-5 
K 4  
K-6 
6-9 
7-9 
10-12 

K-6 
7-12 

K-6 
7-12 

159 
141 

759 
55 1 
622 
897 
815 

302 
293 
490 
437 
171 
561 
629 

367 
293 

164 
133 

NAd 
NA 

NA 
NA 
NA 
NA 
NA 

34 
32 
46 
45 
22 
49 
55 

45 
41 

19 
16 

12 
13 

45 
29 
36 
51 
51 

22 
22 
31 
30 
14 
34 
38 

25 
25 

5 
16 

K-6 607 52 32 
K-6 1,052 91 54 
7-9 783 69 47 
10-12 761 68 46 
K-6 108 17 7 
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Table 85 (continued) 

Number of 
Totalfaculty teachers 

Grade Enrollment and stafP (FTE) 

Poyen District 
Pqen Elem. 
Poyen High 

Prattsville District 
Prattsville Elem. 
Prattsville High 

Cleveland County 

Kingsland District (2) 
Woodlawn District (2) 
Rison District (2) 

Humnoke District (2) 
England District (2) 
Lonoke District (4) 
Carlisle District (2) 
Cabot District (7) 

Saline COWU)~ 

Bauxite District (2) 
Benton District (7) 
Bryant District (4) 
Harmony Grove District (2) 

D a h s  Cinuu'y 

W a g e  District (2) 
Fordyce District (3) 
Sparkman District (2) 

IC4 
7-12 

K-6 
7-12 

K-12 
K-12 
K-12 

K-12 
K-12 
K-12 
K-12 
K-12 

K-12 
K-12 
K-12 
K-12 

124 
100 

143 
138 

403 
430 
650 

203 
1,151 
1,m 
756 

4,157 

619 
3,882 
5,063 

609 

NA 
NA 

NA 
NA 

30 
30 
44 

NA 
NA 
112 
54 
237 

NA 
233 
NA 
NA 

9 
11 

10 
8 

27 
27 
41 

24 
68 
105 
48 
224 

37 
219 
265 
35 

K-12 194 17 15 

K-12 430 35 32 
K-12 1,403 82 77 



B-12 

Table 85 (continued) 

County 

Number of 
Total faculty teachers 

Grade Enrollment andstaff' (FTE) 

Arkansas County 

Dewitt District (4) 
Gilette (2) 
Stuttgart (6) 

Lincoln County 

Grady District (2) 
Gould District (2) 
Star City District (3) 

ALlaski County 

Little Rock District (50) 
Pulaski County Spec. District (37) 
North Little Rock District (23) 
Arkansas School for the Blind 
Arkansas School for the Deaf 

Prairie County 

Des Arc District (2) 
W a l l s  Bluff District (2) 
Hazen District (2) 

K-12 1,498 
K-12 298 
K-12 5466 

K-12 349 
K-12 398 
K-12 1,429 

K-12 24,605 
K-12 30,321 
K-12 9,626 
K-12, VOC.' 12@ 
P-12 19Bh 

K-12 714 
K-12 489 
K-12 594 

Bradley County 

Hermitage District (2) 
Warren District (4) 

Calhoun County 

Hampton District (2) 

K-12 592 
K-12 1,904 

K-12 900 

101.1 94.6 
26 24 

155 144.3 

29 26 
31 28 
88 81 

1,199 1,095 
1,779 1,549 

663 606 
128 47 
168 47 

50 47 
38 35 
40 37 

40 37 
124.2 115.5 

60 56.7 
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Table B5 (continued) 

County 

Number of 
Total faculty teachers 

Grade 3 3 m h e n t  andstar (FE) 

Chrk county 

Amity District (2) 
Arkadelphia District (5) 
Gurdon District (3) 

co?iwuy county 

Nomo Vita District (2) 
Wonderview District (2) 
So. Conway County District (7) 

peny - 
East End District (2) 
Perry-Case District (2) 
Penydle District (2) 

Desha county 

Arkansas City District (2) 
Delta Special District (2) 
Ihha-Drew District (1) 
Dumas District (4) 
McGehee District (2) 

Drew Central District (2) 
Monticello District (5) 
Wilmar District (2) 

K-12 
K-12 
K-12 

K-12 
K-12 
K-12 

K-12 
K-12 
K-12 

K-12 
K-12 
K-8 
K-12 
IC-12 

295 
23 18 

984 

407 
45'1 
2626 

523 
204 
863 

151 
387 
222 

2,406 
1,326 

23.1 
151.9 
71.8 

28.9 
31.1 

171.3 

32 
25 
55 

23 
33 
19 

135 
83 

21 
141 
69.7 

27.3 
28.1 

158 

31 
23 
52 

21 
30 
17 

125 
77 

K-12 848 56 53 
K-12 2,235 136 127 
K-12 238 21 20 
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Table B5 (continued) 

County 

Number of 
'Total faculty teachers 

Grade Enrollment and staff (F'IE) 

F a u l h r  County 

Conway District (9) 
Enola District (2) 
Greenbrier District (3) 
Guy-Perkins District (2) 
Mayflower District (2) 
Mt. Vernon District (2) 
Vilonia District (2) 

Garland Cowu), 

Cutter-Morning Star District (2) 
Fountain Lake District (2) 
Hot Springs District (9) 
Jessieville District (2) 
Lake Hamilton District (4) 
Lakeside District (3) 
Mountain Pine District (2) 

Hot Spring County 

Bismark District (2)' 
Glen Rose District (2) 
Magnet Cove District (2) 
Maivern District (6) 
Ouachita District (2) 

Monroe county 

Brinkley District (2) 
Clarendon District (2) 
Holly Grove District (2) 

K-12 
K-12 
K-12 
K-12 
K-12 
K-12 
K-12 

K-12 
K-12 
K-12 
K-12 
K-12 
K-12 
K-12 

K-12 
K-12 
K-12 
K-12 
K-12 

K-12 
K-12 
K-12 

5,090 
144 
13% 
2.64 
606 
219 

1,357 

529 
93 1 

3,891 
588 

2,983 
5164 

661 

703 
778 
656 

2,958 
379 

1,479 
636 
438 

320 
16 
76 
2s 
38 
20 
78 

36 
64 

265 
44 

173 
128 
41 

43 
50 
46 

179 
28 

92 
46 
35 

300 
14 
71 
23 
35 
18 
72 

33 
59 
248 
40 

162 
120 
38 

40 
47 
43 

169 
25 

85 
42 
32 
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Table 335 (continued) 

County 

Number of 
Total faculty teachers 

Grade Enrollment andstap (Fl'E) 

Bearden District (3) 
Camden District (4) 
Chidester District 
Fairview District (4) 
Harmony Grove District (2) 
Stephens District (2) 

East End District (2) 
Perry-Casa District (2) 
Perryville District (2) 

PhilLjps county 

Barton District 
Elaine District 
Helena W. He1 District 
Mamell District 
Lake View District 

White County 

Bald Knob District (2) 
Beebe District (4) 
Bradford District (2) 
Central District (2) 
Griffithville District (2) 
Judsonia District (2) 
Kensett District (2) 
McRae District (2) 
Pangburn District (2) 
Rotiebud District (2) 
Searcy District (7) 

K-12 
K-12 

K-12 
K-12 
K-12 

K-12 
K-12 
K-12 

K-12 
K-12 
K-12 
K-12 
K-12 

K-12 
K-12 
K-12 
K-12 
K-12 
K-12 
K-12 
K-12 
K-12 
K-12 
K-12 

871 
2,167 
214 
1,852 

786 
517 

523 
204 
863 

777 
€402 

4,703 
l,o@J 
265 

1,443 
1,658 
578 
533 
160 
550 
534 
3 14 
623 
523 

2,878 

56 
153 
21 
113 
46 
37 

32 
25 
55 

46 
56 
301 
75 
22 

86 
99 
40 
35 
38 
38 
36 
27 
41 
36 
187 

52 
146 
19 
105 
43 
34 

31 
23 
52 

43 
52 
279 
69 
19 

80 
93 
37 
33 
16 
35 
33 
25 
38 
33 
174 
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Table 85 (continued) 

County 

Number of 
Total faculty teachers 

Grade Enrollment andstaff' (FTE) 

Augusta District (2) K-12 775 53 50 
Cotton Plant District (2) K-12 360 31 28 
McCroxy District (2) K-12 961 57 53 

'District totals do not include federal personnel or noncertified employees 
bparochial schooL 
'Private school. 
dNA = not available. 
%umbers in parentheses following school districts indicate the total number of schools within each district. 
'Arkansas School for the Blind includes a vocational program. The students' ages range from 5 years to 

Qf these 120 students, 77 are residential. 
bof these 198 students, 144 are residential. 
Sources: Arkanm Department of Education, Araniu.d Statistical Repoll of the public ScbLF of Arkmsm, 

21 years 

Little Rock, Ark., 1988; Arkansas Department of Education, St&ticaI Summmy for the Public Schools of 
Ankanrar: 1985-2987, Little Rock, Ark, 1988; St. Peter Catholic School, Pine Bluff, Ark.; Trinity Episapl 
School, Pine Bluff, Ark; New Life Christian, Pine Bluff, Ark; Maranatha Christian, Pine Bluff, Art, personal 
communications to S. Schexnayder, Oak Ridge National Laboratory, Oak Ridge, Tenn., June 20, 1989; Pine 
Bluff Christian School, Pine Bluff, Ark., personal communication to S. Scbexnayder, Oak Ridge National 
Laboratory, Oak Ridge, TeM., June 21, 1W, k Attington, Arkansas School for the Deaf, Little Rock, Ark., 
persona1 communication to S. Schexnayder, Oak Ridge National Laboratory, Oak Ridge, Tenn., July 20, lW, 
J. Duke, Arkansas School for the Blind, Little Rock, Ark., personal communication to S. Schsmayder, Oak 
Ridge National Laboratory, Oak Ridge, TeM., July 20, 1989. 
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Average daily Student to teacher 
School district attendancebc Teachers' ratio" 

Altheimer 
Dollarway 
Humphrey 
Pine Bluff 
Sheridan 
Wabbaseka 
Watson Chapel 
White Hall 

632 
2026 
272 
69% 
2897 
283 
3372 
26;08 

42.0 
118.5 
20.4 
4075 
170.1 
24.7 
194.6 
170.0 

15.0 
17.1 
13.3 
17.1 
17.0 
11.5 
17.3 
15.3 

'Parochial schools in P i c  Bluff include A e m  Bethesda Christian (Preschool), Trinity Eipimpal Day 

bExcludes hndergarten. 
"Annual average number of students enrolled. 
*Average daii atteadance divided by number of teachers. 
&wcc Department of Education, Annual StmiFticnl R e p i  of dre Public S c M  of Ankansnr, Littk 

School (K-6), St Peter Catholic Schod (K-3), and New Life Chrtstian (IC-12). Private scbds in Pie Btuff 
include Maranatha Christian School (K-12) and Pine Bluff Chrtstian school (IC, 4-12). 

Rock, Ark., January 1988. 
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TabkB.7. Day care facilities’capaciitier within tbe 5o-Lm and 
100-km mms of PBA 

~ 

Facility Address Capacity 

Grant County 

First United Methodist Church 
Miss Betty’s Day Care 
Keep and Teach 
Millie Mayers 
Jo Hopkins 
Kathy Finley 
Annie Howard 

Jefferson County 

Edgar Morales 
Theudore Wallace 
Ruben McClain 
Southside Baptist Kindercare 
Wrights Child Dev. Center 
Xmmanuel Baptist 
Davis Kiddie Land 
Playhouse Nursery 
UAPB Child Dev. Center 
Miss Carolyn’s Day Nursery 
Oak Park Free Will Baptist 
First Ward Headstart 
Teny’s Tots and Toddlers 
Wesley Preschool 
Ann’s Day Care Center 
David Vaughn Headstart 
Olive St. Baptist Church 
Working Parents Child Care 
Watson Chapel Baptist Wee Care 
Child Center, Inc. 
Trinity Temple Headstart 
Newlife Child Care Center 
Trinity Episcopal Day School 
Jefferson Prep School 
Eddie’s Early Learning Center 
The Learning Center 
Morgan Headstart 
Altheirner Headstart 
Delane’s Daycare 

P.O. Box 357, Sheridan 
Rt. 5, Box 79, Sheridan 
Rt. 5, Box 272, Sheridan 
P.O. Box 131, Sheridan 
Rt- 2, Box 594, Sheridan 
Rt 3, Box 198C, Sheridan 
107 N. Cumberland, Sheridan 

Qtn 13-7014 PBA 
Qtrs 13-7054 PBA 
Qtm 12-300B, PBA 
2309 Poplar, Pine Bluff 
1213 Marion Dr., Pine Bluff 
1801 West 17th, Pine Bluff 
4218 W. Short 4th, Pine Bluff 
118 Rutherford, Pine Bluff 
Univ. of Ark, Pine Bluff 
203 W. Harding, Pine Bluff 
3000 Orange, Pine Bluff 
P.O. Box 1285, Pine Bluff 
9408 Dollarway, Pine Bluff 
3010 Hazel, Pine Bluff 
1406 Humac, Pine Bluff 
P.O. Box 1285, Pine Bluff 
1923 Olive, Pine Bluff 
Pine Bluff 
Rt 7, Box 777, Pine Bluff 
lo00 West 4th, Pine Bluff 
P.O. Box 1285, Pine Bluff 
3201 Ridgeway, Pine Bluff 
P.O. Box 8069, Pine Bluff 
2206 Ridgeway, Pine BlufE 
1108 N. H m l ,  Pine Bluff 
819 West 26th’ Pine Bluff 
P.O. Box 1285, Pine Bluff 
3rd St, Altheimer 
1501 Blake, Pine Bluff 

75 
58 
49 
10 
12 
10 
8 

6 
11 
4 

125 
59 
87 
AS 
24 
24 
24 
152 
35 
43 
105 
23 
103 
151 
38 
147 
48 
55 
67 
28 
52 
25 
69 
20 
44 
4 
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TaMe 8 7  (continued) 

FaciIity Address Capacity 

The Village Child Center 
Lapetite Prep School 
Elite Petite 
Lollipop Tree, Inc. 
Coleman Daycare 
Miss Di’s 
Jenkim Headstart Center 
Fmt Step 
Elite Petite Academy 
Tender Years 
T L C  
Tiny Tot 
Sixth Avenue Day Care Center 
Wabbaseka Headstart 
First Baptist 
Hallmark Headstart 
21st St. Headstart 
The Ark Youth Center 
Demery’s Early Childhood 
Lucille Spiller 
Lula Hudson 
Mother Goose 
Olivia Stocker 
Margaret Phillips 
FTora Raglon 
Claudette Denton 
Essie Threets 
Billie Jean Jackson 
Johnnye Gray 
Alice M n  
Whitiker’s Childcare 
Jan Detor 
Ann Meyer 
Shirley Jackson 
Connie Reed 
Carrie Morehead 
Johnson’s Firststep 

Youth 2ome 
Sonshine Care 

Odessa King 

2205 W. 34th, Pine Bluff 
702 Linden, Pine Bluff 
1616 Linden, Pine Bluff 
3901 Hazel, Pine Bluff 
4111 Tennessee, Phe Bluff 
P.O. Box 255, Redfield 
2410 Rike Dr., Pine Bluff 
608 S. Dakota, Pine Bluff 
408 W. Hading, Pine Bluff 
5810 Malcomb, Pine Bluff 
4014 Oldwarren, Pine Bluff 
2213 Hill SL, Pine Bluff 
1702 W. 6th, Pine Bluff 
Wabbaseka 
6th and Cherry, Pine Bluff 
P.O. Box 1285, Pine Bluff 
906 E 21st, Pine Bluff 
llth, Cypress Sts., Pine Bluff 
33 Cypress, Pine Bluff 
1516 W. lSth, Pine Bluff 
1200 E. 8th, Pine Bluff 
343 S. Richard, Pine Bluff 
1408 University, Pine Bluff 
1905 W. Bth, Pine Bluff 
1709 Virginia, Pine Bluff 
2515 W. 16th, Pine Bluff 
1105 Poplar, Pine Bluff 
4103 W. 17th Pine Bluff 
2002 Hickory, Pine Bluff 
1705 W. Xth, Pine Bluff 
1312 Cypress, Pine Bluff 
3805 S. Mulberry, Pine Bluff 
1406 Humac, Pine Bluff 
916 W. 2nd, Pine Bluff 
3412 Rose, Pine Bluff 
1301 S. Oak, Pine Bluff 
1901 W. 21st, Pine Bluff 
913 E llth, Pine Bluff 
1303 Poplar, Pine Bluff 
300 Church Dr., Whitehall 

45 
30 
36 
66 
25 
18 
20 
23 
36 
30 
96 
30 
28 
36 

176 
20 
39 
24 
10 
10 
10 
10 
7 
10 
10 
8 

16 
10 
10 
10 
10 
9 
16 
10 
10 
10 
10 
10 
9 

20 
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Table 8 7  (continued) 

County Number of licenses' Total capacity 

Arkansas 
Cleveland 
Dallas 
Lincoln 
Lonoke 
Prairie 
Pulaski 
Saline 

Bradley 
Calhoun 
Clark 
Conway 
Desha 
Drew 
Faulkner 
Garland 
Hot Spring 
Monroe 
Ouachita 

Phillips 
White 
Woodruff 

Perry 

10 
0 
5 
8 

15 
3 

427 
28 

15 
2 

23 
26 
10 
13 
44 
65 
16 
7 

20 
6 

19 
19 
5 

193 
0 

118 
77 

364 
40 

16,820 
982 

284 
30 

568 
516 
23 1 
218 

12% 
2045 
456 

73 
381 
119 
676 
376 
100 

'Number of licenses is not necessarily equal to the number of day care facilities because a single hcitity 
can be granted more than one license. 

.&.me: Data compiled from information provided by the Arkansas Department of Human SeIvices, 1989 
Lirfhg @Day Care Centers, Division of Children and Fa@, Child Care Licensing, Little Rock, Ark, 1989. 
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Institution Location 1987 Enrollment 

University of Arkansas at Pine Bluff 
South Central Career College 
Delta Career College 
Jefferson Regional Medical Center 

School of Nursing 
P h e ~  Vo-Twh School 
Metropolitan Vo-Tech School 
Arkansas Baptist College 
Capital City Jr. CoLl. of Business 
Ark. CoU of Technology 
Philander Smith College 
University of Arkansas for 

University of Arkansas 
Medical Sciences 

at Little Rock 

Shorter College 
University of Arkansas 

at Monticello 
Arkansas State Uniti. at Beebe 
Central Baptist College 
Garland County Community College 
Henderson State University 
University of Central Arkansas 
Hendrix College 
Southern Ark Univ. Techn. 
Ouachita Baptist University 
Great Rivers Vo-Tech School 
Ouachita Vo-Tech School 

Quapaw Vo-Tech School 
Rice Belt Vo-Tech School 

Pulaski Vo-Tah S c h d  

Pine Bluff 
Pme Bluff 
Pine Bluff 

Pine Bluff 
Pine Bluff 
Little Rock 
Little Rock 
Little Rock 
Little Rock 
Little Rock 

Little Rock 

Little Rock 

N. Little Rock 

Monticello 
Beek 
Comvay 
Hot Springs 
Arkadelphia 
Conway 
Conway 
E Carnden 
Arkadelphia 
McGehee 
Mahem 
PUlaSki 

DeWitt 
Hot springs 

2765 
130 
180 

-90 
1,140 

719 
200 
450 
650 
573 

1,372 

10,274 

103 

1,785 
693 
185 

1,518 
2,781 
6,890 

995 
71 1 

1,414 
1,151 
1,3 14 
3,014 
1,139 
568 



Tabk aS (continued) 

Sources: B. Font, Jefferson R e m  Medical Center scbod of Nursing, Pine Bluff, Art,  personal 
communication to S. Schemayder, Oak Ridge National Laboratory, Oak Ridge, T e a ,  July 20, l w ,  k E 
Lchrnar~, Guide to Four-Year ColZeges 1987,17th editioo, Petcrsw's Guides, Priacttm, NJ., 1987; A E. 
Lehman, Guide to Tieyear  CdIeges 1987,17tJ1 cditioa, Peterson's Guides, Princeton, NJ., 1987; M. Braswell, 
Vocational & Technical Educational Division, Little Rock, State Department of Education, Little Rock, Ark, 
persoaat communication to J. Morrissey, SAIC, Oak Ridge, Tern, June 28, lw M. William, South Central 
Career College, Pine Bluff, Art, personal communicatbn lo S. Scbamayder, Oak Ridge Natiwal Laboratory, 
Oak Ridge, Tern, July 19, 1987; K Mezger, Delta Career College, Pine Blue Ark., p e m l  owununication to 
J. MorrisSey, SAIC, Oak Ridge, TeM., Feb. 12,1990. 
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Table B.9. Huspitds within tbe 33-h (31-mile) and 10O-lu.u (62-mile) 
2xm€s of the PBA site 

Facility name 
Number 

City of beds 

Jefferson Regional Medical Center 
Arkansas Children’s Hospital 
Arkansas Rehabilitation Institute 
Arkansas State Hospital 
Baptist Medical Center 
Doctors Hospital 
John L Mclellan Memorial 

Veterans Hospital 
Southwest Hospital 
St. Vincent Infirmary Mext. Center 
University Hospital of Arkamas 
US Air Form Hospital 
Rivendell Children & Youth Center 
Saline Memorial Hospitai 
Stuttgart Memorial Hospital 

Rebsamen Regional Medical Center 
DeWitt City Hospital 
Bradley Co. Memorial Hospital 
Twin Rivers Medical Center 
D a b  CO. Hospital 
Delta Memorial Hospital 
Drew Memorial Hospital 
Conway Regional Hospital 
Ami National Park Medical Center 
Levi Arthritis Hospital 

St. Joseph’s Regional Health Center 

Hot Spring CO. Memorial Hospital 

withia 50 Lm 
Pine Bluff 
Iittle Rock 
Little Rock 
Little Rock 
Little Rock 
Little Rock 
Little Rock 

Little Rock 
Little Rock 
Little Rock 
Little Rock AFB 
Benton 
Benton 
Stuttgart 

5OblOOkm 
Jacksonville 
DeWitt 
Warren 
Arkadelphia 
Forctyce 
Dumas 
Monticello 
Conway 
Hot Springs 
Hot Springs 
Nat’l Park 
Hot Springs 
Nat’l Park 
Malvern 

580 
188 
132 
380 
617 
3 10 

1505 

12s 
604 
344 
2s 
64 

121 
99 

93 
34 
49 
57 
79 
59 
50 

106 
155 
62 

261 

77 

64.4 
79.3 
78.8 

82.7 
48.4 
66.6 

NA‘ 

NA 
82.6 
69.5 
41.2 

53.7 
NA 

NA 

51.6 
29.4 
65.3 
43.9 

30.0 
420 
39.8 
66.5 
40.3 

67.9 

41.6 

NA 

‘NA = not available. 
Source: Aroerican Harpital Association, Amenican Hospital AssocinriOn Guide to the Hedth Can? Fii€d, 

cbicago, Iu, 1988. 
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Facility name 
Location 

(city, county) Capacity 

within 50 hn 

Arkansas Convalescent Center 
Davis Skilled Care 
Jefferson County Nursing Home 
Loma Linda Rest Home, Inc. 
Oak Park Nursing Home, Inc. 
Trinity Village Medical Center 
Pine Bluff Nursing Home 
Grant County Nursing Home 
England Manor Nursing Home 
England Nursing Center 
Alexander Human Development Center 
Crestpark Inn 
Rose Care Center 
Cleveland County Nursing Home 
Carthage Nursing Home 
Gardner Nursing Home 
Star City Nursing Center 
Golden Years Manor 
Lonoke Nursing Home 
Briarwood Nursing Center 
Easter Seal Residential Center 
Hillhaven of Little Rock 
Little Rock Nursing Center 
The Oaks Nursing Center 
Parkway Health Center, Inc. 
Riley’s Oak Hill Manor, South 
Rose Care Center of Little Rock 
Southwest Homes 
Trinity Court Nursing Home 
Vantage Conv. Center 
Williamsburg Retirement Inn 
Benton Services Center, SNF 
Benton Services Center, Nursing Home 
Ouachita Valley Nursing Center 
Rose Care Center 
Rose Care Center I1 

Pine Bluff, Jefferson 
Pine BlufE, Jefferson 
Pine BlufE, Jefferson 
Pine Bluff, Jefferson 
Pine Bluff, Jefferson 
Pine Bluff, Jefferson 
Pine BluE, Jefferson 
Sheridan, Grant 
England, Lonoke 
England, Lonoke 
Alexander, Saline 
Stuttgart, Arkansas 

Rison, Cleveland 
Carthage, Dallas 
Star City, Lincoln 
Star City, Lincoln 
h n o k e ,  Lonoke 
Lonoke, Lonoke 
Little Rock, Pulaski 
Little Rock, Pulaski 
Little Rock, Pulaski 
Little Rock, Pulaski 
Little Rock, Pulaski 
Little Rock, Pulaski 
Little Rock, Pulaski 
Little Rock, Pulaski 
Little Rock, Pulaski 
Little Rock, Pulaski 
Little Rock, Pulaski 
Little Rock, Pulaski 
Benton, Saline 
Benton, Saline 
Benton, Saline 
Benton, Saline 
Benton, Saline 

Stuttgart, Arkansas 

73 
100 
50 

205 
66 
70 
245 
110 
63 

113 
150 
74 
90 
67 
85 
72 
87 

101 
53 
61 
25 
174 
204 
97 
75 
224 
143 
125 
160 
16Q 
101 
112 
290 
150 
103 
140 
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Table a10 (mntinued) 

Facility name Capacity 

DeWitt City Nursing Home 
Leisure Lodge, Inc. 
Pine M g e  
Southeast Arkansas Human Devebpment 

Center 
Wagnon Place, hc. 
Hampton Nursing Home 
Dallas County Nursing Home 
Milkreek of Arkansas 
Southern Nursing Home 
Dumas Nursing Center 
Leisure Lodge, Inc. 
LRiswe Lodge, Inc. 
Conway Human Development Center 
F a t i h e r  Nursing Center 
Heritage Center, Inc. 
Johnson’s Meadowlake Home, hc. 
Salem Place Nursing Center 
Arkansas Healthcare Nursing Center 
Garland Convalescent Center 
Garland Pines Convalescent Center 
Hot Springs Nursing Home 
Lakewood Convalescent Home 
Nucare Convalescent Center 
Qua@ Care Nursing Center 
Longmeadow Nursing Home 
Malvern Nursing Home 
Stillmeadow Convalescent Center 
Crestpark Inn of Marianna 
Cabot Manor Nursing Home 
Chambers Nursing Home 
J.W. Comer Nursing Home 
Zimmerman Nursing Home 
Cla-Cliff Home for the Aged 
St. Joseph’s Home 
Leisure -be, Inc. (Magnolia Rd) 
Leisure Lodge, Inc. (Bruce St.) 

Dewitt, Arkansas 
Dewitt, Arkamas 
Warren, Bradley 
Warren, Bradley 

Warren, Bradhq 
Hampton, caihoun 
Ford-, Dallas 
Fordym, Dallas 
Fordyce, Dallas 
Dumas, -ha 
McGehee, Desha 
Monticello, Drew 
Conway, Faulkner 
Conway, Faulkner 
Conway, Faulkner 
Conway, Faulkner 
Conway, Faulkner 
Hot Springs, Garland 
Hot Springs, Garland 
Hot Springs, Garland 
Hot Springs, Garland 
Hot Springs, Garland 
Hot Springs, Garland 
Hot Springs, Garland 
Malvern, Hot Spring 
Makern, Hot Spring 
Maivern, Hot Spring 
Marianna, Lee 
Cabot, Lonoke 
Carlisle, Lonoke 
Carlisle, h n o k e  
Carlisle, Lonake 
Brinkky, Monroe 
Brinkley, Monroe 
Camden, Ouachita 
Camden, Ouachita 

54 
140 
99 
70 

105 
74 
34 
61 

105 
80 

140 
124 
640 
105 
55 
70 
117 
152 
105 
70 
140 
50 

100 
113 
69 
95 
104 
90 
75 
52 
22 
41 
77 
28 
106 
70 
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Tabk RlO (continued) 

Facility name 

~ 

Capacity 

Longmeadow Nursing Home 
Ouichita Convalescent Center 
Perry County Nursing Center 
Cedar Lodge Nursing Home 
Des Arc Convalescent Center 
Jean’s Nursing Home 
Arkansas Pediatric Facility 
Mercy Nursing Home, Inc. 
Riley’s Oak Hill Manor 
Jacksonville Nursing Center 
Rose Care Center 
Good Samaritan Cedar Lodge 
Beebe Retirement Center, Inc. 
Byrd Haven Nursing Home 
Leisure Lodge, Inc. 
Oakdale Nursing Home 
Woodruff County Nursing Home 

Camden, Ouachita 
Camden, Ouachita 
PenyviUe, Perry 
Marvell, Phillips 
Des Arc, Prairie 
College Station, Pulaski 
North Little Rock, Pulaski 
North Little Rock, Pulaski 
North Little Rock, Pulaski 
Jacksonville, Pulaski 
Jaclrsonville, Pulaski 
Hot Springs Village, Saline 
Beebe, White 
Searcy, White 
Searcy, White 
Judsonia, White 
McCrory, Woodruff 

69 
142 
70 

132 
80 

105 
53 
8s 

224 
245 
58 
40 

105 
75 

245 
100 
105 

Sources: S. Frazer, Arkansas Dept of Human SeMcs, Office of Long Term Care, Little Rock, Ark, 
personal communication to S. Schexnayder, Oak Ridge National Lab, Oak Ridge, Tenn., June 30, 1989; 
Arkansas Department of Human Services, LXrecfov of Long Term C m  Nursing Facilities, Office of Long Term 
Care, Little Rock, Art, 1W. 



B-27 

Inmate Total budgeted Direction and 
capacity employee pitions' distance from 

Unit name (as of Jan. 31,1990) (as of Jan. 31,1990) arsenal 

within 50 km 

Tucker Unit & Modular Barracks 7% 

Maximum Security, Tucker 432 

Diagnostic Unit 488 

Women's Unit mb 

Jefferson County Regional Facility" 272 

650" Wrightsville Wni t 

Arkansas Boys Training 
School 

Benton Unit 

Varner Unit 

Commins UXL & Modular 
seCUrit)l 

1 42 

225 

1,100 

.stcUrily staff work 12-hour shifts, 24 hours per day, 7 days per week. 

SNM yet built. It is planned for October 1Wl. 
%A = not available. 
%'righmiUe will expand by 1Jo beds by 1991. 
S m e s :  W. Ferrell, Superinteadeat, Arkansas Bop Training Uait, P i  Bluff, A&, personal 

Women's Unit will expand by 100 beds by 1991. 

coaunuaicafioa to S. Sc-, Uak Ridge National Laboratory, Oak Ridge, Tenn., Juty 11, 1989; D. White, 
Assistant to the Director, Pubiii and Legislative Relations, Arkansas Department of Corrections, Little Rock, 
Arkansas, personal communication to J. Morrky, S A K ,  Oak Ridge, Tenn., Feb. 12, 1990. 

150 ZbNE 

185 22kmNE 

152 13 km s 
77 13 km s 

N A ~  E3 km s 
150 32 km N 

9 15 km S 

41 48IrmNNw 

186 56 km SE 

335 60 km SE 



322 patients, is located in Pine BlufE In addition, PBA Health clinic supplies all 
emergency and outpatient services. No inpatient facilities are available at PBA 
(U C. Sachs, PBA, personal communication to J. MonisSey, SAIC, Oak Ridge, Tern., 
June 23, 1989). Table B.10 presents a List of nursing homes located within the 50-km 
(31-mile) and 1Wkm (62-mile) zones. 

State corrections facilities within the 50-km (31-mile) and the 1Wkm (62-mile) 
zones are presented in Table B.11. Eight of the ten existing or proposed corrections 
facilities in the 100-km (62-de)  zone are located within 50 km (31 des); these eight 
facilities have a combined inmate and employee population of more than 4OOo people. 

B.4 LANDUSE 

PBA’s southern boundary is located approximately 2 km (1.24 miles) north of the 
city limits of Pine Bluff. A 314-ha (785-acre) industrial park is located just north of the 
city limits at the southern end of PBA. PBA is bounded on the east by the Arkansas 
River. On the west, it is bounded by the Missouri Pacific Railroad; State Route 365; the 
city of White Hall; and the unincorporated communities of Samples, Dexter, and 
Baldwin. Its northern boundary encompasses the National Center for Toxicological 
Research. The incorporated community of Redfield is located approximately 17 km 
(1 1 miles) northwest of PBA Other nearby unincorporated communities include 
Jefferson, Tucker, and Cornerstone. 

The Land Use Plan for the city of Pine Bluff indicated a ratio of 0.075 ha 
(0.187 acre) per dwelling unit in the city. In 1980, 1593 ha (3983 acres) were devoted to 
residential usage in the city. As of 1981,47% of the land within the city limits was 
vacant, undeveloped, or used for agricultural purposes. Table B.12 shows 1981 data on 
land use within Pine Bluff. In 1985, approximately 4OOO ha (l0,OOO acres) were annexed, 
adding 125 businesses and 3388 new residences to the city. The approximate mix of uses 
for the annexed area was nearly identical to that of the city as a whole (Federal Highway 
Administration 1988). 

In spite of Pine Bluffs urban character, agriculture is a major contributor to the 
economy of Jefferson County. Because of the quantity of underground water available, 
rice, cotton, soybeans, and wheat are the major money-producing crops in the county. In 
1981, some 26,OOO ha (65,000 acres) of rice generated approximately $30 million to 
Jefferson County producers. The value of 17,600 ha (44,OOO acres) of cotton totaled 
$19 million. Wheat has become an important crop, and in 1981, the value of this crop 
exceeded $7 million for 20,400 ha (S1,OOO acres). Other crops include corn, hay, oats, 
grain, sorghum, potatoes, fruits, nuts, berries, and vegetables. In 1981, the value of all 
crops was approximately $80 million (City of Pine Bluff Planning Department 1%). 
Table B.13 illustrates the extent of farming in counties within the 100-km (62-mile) zone 
of PBA. Additional land use data may be found in sect. 3.23. 



Land use category Acreage 96 of total land 

Residential 

Commercial 

Industrial 

Public and semipublic 

Water 

Transportation 

Vacant or undeveloped 

Total 

3,983 

566 

241 

3% 

412 

2,549 

8.493 

16,640 

21.8 

3.1 

1.3 

11.0 

2.3 

14.0 

465 

100.0 

Soume: Federal Highway Administfauon, Final Impaa statunent, us. Highway 65 &pars, 
Arkansas State Highway and Transportation Department, Little Rodr, Art, isSa 
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Tabk 813. Agricultural land use within 100 b (62 des) of PBA 

%farms %farms Farm Average Crop- 
Numberof < S O  2500 Farm acreage size land 

County farms acres acres acreage % change of farm (x lo00 
name 1982 1982 1982 (X 1OOO) 197882 (acres) acres) 

Arkansas 
Bradley 
Calhoun 
Clark 
Cleveland 
Conway 
Dallas 
Desha 
Drew 
Faulkner 
Garland 
Grant 
Hot Spring 
Jefferson 
Lincoln 
Lonoke 
Monroe 
Ouachita 

Phillips 
Prairie 
Pulaski 
Saline 
White 
WoodI-Uff 

Perry 

636 
332 
146 
460 
272 
746 
143 
427 
424 

1169 
372 
255 
512 
497 
420 
984 
369 
259 
381 
544 
489 
529 
42 1 

1651 
325 

9.7 
37.0 
212 
215 
28.7 
18.8 
a 4  
13.8 
22.2 
24.9 
39.0 
28.6 
32.6 
29.8 
21.4 
23.2 
9.5 

34.4 
27.3 
22.4 
10.6 
37.6 
39.9 
21.4 
12.9 

54.1 
3.6 
5.5 

13.7 
5.5 
8.3 
7.7 

43.3 
20.3 
9.0 
1.3 
27 
4.9 

35.0 
29.0 
29.7 
45.8 
7.3 
5.8 

37.5 
45.0 
12.1 
4.3 

11.8 
51.1 

446 
39 
23 

131 
42 

171 
26 

295 
146 
228 
40 
35 
72 

2% 
218 
415 
235 
41 
65 

365 
301 
147 
59 
406 
27 1 

-4.8 700 
- 16.8 117 
- 173 160 
-1.2 284 

-16.1 154 
-4.2 229 

-25.0 180 
-24 692 
-0.7 343 
-6.9 195 

- 15.8 107 - 1.2 138 
-8.2 141 

- 10.3 595 
-1.7 520 - 1.1 422 
-0.1 638 

-20.3 160 
-13.3 1 70 

3.2 671 
-8.3 616 

8.5 277 
0.7 140 

-0.4 246 
-7.3 833 

370 
18 
12 
69 
20 
97 
12 

269 
107 
141 
16 
17 
32 

255 
173 
341 
204 
20 
38 

336 
259 
106 
2.6 

287 
243 

Suture: U.S. Department of Commerce, Cowq Md City Data Bodc, computer data file, US. Bureau of 
the Census, Washington, D.C, 1986. 
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B5 CULTURAL, ARcHAEoLxK;IcAL, AND MlsroRICRFsouRcEsl 

The area around Pine Bluff was settled sometime prior to 1819 by indlividuals and 
families moving up river from the Post of Arkansas. Pine Bluff is one of the oldest 
white settlements in Arkansas. The first white settler was Joseph Borne, a Frenchman, 
who started a trading post on the high bluffs about 1820. Jefferson County was created 
in 1829. A settlement known as Mount Marie had grown up around Bow’s trading 
post, and in 1832 the settlement was renamed Pine BlufE In the same year, 
John E Graham, an engineer and surveyor, designed a town consisting of 45 blocks and 
a court square. It was incorporated on Jan. 10,1839 (Federal Highway 
Administration 1988). Old Town Pine Bluff, located near the downtown area of Pine 
Bluff; contains numerous homes or sites listed on the National Register of Historic 
Places (Greater Pine Bluff Chamber of Commerce 1989). 

A 1985 review of the existing data concerning the physical setting and the 
cultural environment of the Pine Bluff Arsenal, including previous archaeological 
investigations and known sites in the arsenal surroundings, revealed that the faciiity 
contains known prehistoric archaeological sites and early historic homestead sites 
(Heartfield et al. 1985). Further, archival research has revealed that the arsenal property 
has a very high potential for unrecorded historic sites such as early 1901)s homes and 
farmsteads. Nine active historic cemeteries also are present. 

No federally recognized Indian la& are located within 100 km (62 miles) of 
PBA (Environmental Protection Agency 1989). The Arkansas State Historic 
Preservation Officer was contacted for a listing of properties of architectural, historical, 
or archamlogical significance within the 100-km zone. The results of that inquiry are 
presented in Table B.14. 

8 6  ECONOMY AND I N F l W 3 X U m  

Data on resources included in this section are relevant to assess socioeconomic 
impacts resulting from project-induced growth that may occur during construction and 
incident-free operations of the demilitarization plant or from the cumulative effects of 
other projects in the community. Some of the data related to population, land use, 
health care, schools, and historical sites were discussed in earlier sections. Additionally 
required data primarily concern the economic base and public seMce infrastructure. 
Some data, such as information concerning poiice and fire protection and transportation, 
are also necessary for emergency preparedness. 

The presentation of data for population-related impacts focuses on the 
communities in which workers might be expected to locate, particularly those in 
Jefferson and Grant counties. If available, data were presented for a 50-km (31-mile) 
zone that represents a reasonable commuting distance for many workers. 

The civilian labor force in the area totaled more than 325,000 in May 1989, with an 
overall unemployment rate of 7.2%. Table B.16 shows data on estimated personal 

Employment trends in counties within 50 km (31 miles) are shown in Table B.15. 
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TabkB.14. Archaeolog.lcal aodbistor icoites~within 
tbe PAZ and 100 b (62 miles) of PBA 

County 

Number of 
archaeological 

sites 

Number of 
historical 

sites 

Arkansas 
Cleveland 
Dallas 
Grant 
Jefferson 
Lincoln 
Lonoke 
Prairie 
Pulaski 
Saline 

Bradley 
Calhoun 
Clark 
Conway 
Desha 
Drew 
Faulkner 
Garland 
Hot Spring 
Monroe 
Ouachita 
Perry 
Phillips 
White 
WOOdrUff 

Within 50 Em (31 miles) 

103 
114 
556 
146 
269 
103 
348 
81 

314 
185 

115 
327 
430 
195 
126 
220 
103 
256 
227 
59 

240 
109 
239 
447 
208 

113 
18 

159 
75 

532 
42 
52 
39 

3,303 
47 

19 
22 
32 
94 

219 
250 
852 
45 
60 

109 
92 
54 

243 
2,319 

29 

Sowce: C. Buford, State Historic Preservation Officer, Arkansas Historic Preservation Program, Little 
Rock, Art, letter to L W. Rickert, Oak Ridge National Laboratory, Sept. a0, 1989. 
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Civilian 
labor 
force, 

County May 1989 

Unemployment 
rate, 

Unemployment, May 1989 
May 1989 (%I 

Arkansas 
Cleweland 
Dallas 
Grant 
Jefferson 
Lincoln 
Lonoke 
Prairie 
PUlaSki 
Saline 

Total 

11,075 

4525 
7,225 

39,075 
4,750 
18,m 
5,275 

199,125 
31,400 

4,150 

325,375 

575 
300 
350 
525 

33375 
425 

1,650 
500 

13,475 
2.1$0 

23,325 

5.2 
7.2 
7.7 
7.3 
8.6 
8.9 
8.8 
9.5 
6.8 - 6.8 

7 . r  
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Table El6 Persooal inanne and eamings within 50 km (31 &) of PBA 

Personal Personal Personal 
Personal income income income 
income % change per earnings 
1984 1980-84 capita 1984 

County ($ million) ($ million) (1% $1 ($ million) 

Arkansas 
Cleweland 
Dallas 
Grant 
Jefferson 
Lincoln 
Lonoke 
Prairie 
Pulaski 
Saline 

255.1 
65.8 
90.6 
121.6 
865.0 
89.7 
338.6 
84.4 

4427.8 
555.8 

36.2 
44.1 
35.1 
35.9 
25.3 
36.7 
415 
36.2 
39.6 
37.8 

10,685 
8,147 
8295 
9,240 
9,550 
6,834 
9,222 
8,373 
12,630 
9,987 

165.2 
18.9 
58.4 
42.6 
646.4 
42.8 
129.3 
41.1 

4006.9 
21 1.2 

Sounc: US. Department of Commerce, Cowrry nnd Ciq Data €kwk, computer data iile, US. Bureau of 
the Census, Washington, D.C, 1986. 
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income and earnings for the same area from 1980 to 1984. Estimated earnings and per 
capita personal income were highest in Puigski County in 1984. Gross s a l s  receipts in 
Jefferson County for CY 1987 totaled $996 million (Arkansas State Data Center 1989). 

The economy of Pine Bluff is based on agriculture and the railroad. The 
difficulties that have been experienced nationally in agriculture have also serbusly affected 
the local economy and all of eastern Arkansas. The trends in the 1980s toward the 
consolidation of small farms, conversion or idling of land, axxi fiequent bankruptcy among 
farmen haw had a negative influence on the local ecoaomy. Additionally, the acquisition 
of the Cotton Belt Railroad by Southern Pacific and the subsequent movement of key 
personnel to jobs in Missouri and Kansas also have bad a negath effect on local 
employment. However, since 1985, the area’s economic outlook has improved with the 
International Paper Company’s investment of $250 d o n  for a new plant a d  with a 
series of smaller business and industrial expansions. Business development in Pine Bluff 
since 1985 suggests a transition to a service-based economy with a strong base remaining 
in heavy manufacturing (Federal Highway Administration 1988). 

poultry p’ocessing plant in Pine Bluffs Jefferson Industrial Park that will employ 
1016 people (ArJcansas Gazefte December 17, 1989). Tyson already has one processing 
plant in Pine Bluff that empbys 427. The new plant, which will complete the first phase 
of its construction in one year? will make Tyson Foods the largest private employer in 
Jefferson County. T F n  representatives say that hiring will be done iocally. Additionally, 
expansion is expected at more than 200 southeast Arkansas farms that supply chickens for 
Tyson (Arkansas Gazerre December 17,1989). In May 1989, a European company that 
produces steel cord for radial automobile tires announced plans to locate its first North 
American manufacturing plant in Pine Bluf€, thus creating as many as 450 new job in the 
Pine BluE area; construction is expected to begin soon on the 36,000-m2 (400,OOO-ft2), 
$70-dlion facility, and production is scheduled to begin in late 1990. The International 
Paper Company expects to suspend production of coated paper because of an oversupply, 
temporarily laying off 150 to 200 workers (Arkansas Employment Security Division 1989). 
A project recently approved by the Senate Appropriations Committee and currently under 
review by the full Senate is a new biotechnology center at the National Center for 
ToxicOlogiCal Research, which borders PBA to the north. Of the $28 million proposed 
for the project in FY 1990, the majority would be used for engineering and design work. 
The center also plans to upgrade its water treatment facility, which represents $3OO,OOO of 
the totd (Ankansas Gazette July 26,1989). Additionally, plans are being made for a 
distribution facility for Southern Pacific that wouM provide 400 to 500 new jobs in Pine 
Bluff (X H a w b ,  Principal Planner, City of Pine Bluf€, Ark, personal communication to 
3. MorrJssey, SAIC, Oak Ridge, Tenn., July 24, 1989). 

area are provided in Table B.17. In 1980, there were approximately 33,000 homing units 
in Jefferson County, with a vacancy rate of 7.4%. More recent housing surveys were not 
available withim the local area. However, city planning officials estimate that 

In December 1989, Tyson Foods, Inc., announced plans to build a $30 million 

Census data for 1980 and estimates for 1986 on housing in the 50-km (31-mile) 
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Tabk 817. Housing and v a m q  summary for c w n b  within a 50-km 
(31-mile) radius of PBA 

NeW NeW 
Total Occupied Total authorized authorized 
housing housing housing housing housing Total 

Housing units, Units,  vacancies, units, Units, Units, 
county 1980 1980 1980 1986 1980-86 1986 

Arkansas 
Cleveland 
Dallas 
Grant 
Jefferson 
Lincoln 
Lonoke 
Prairie 
Pulaski 
Saline 

Total 

9,875 
3,078 
4,237 
4,901 

33,032 
4,229 

12,442 
4,061 

132,810 
18.854 

227,s 19 

8,909 
2769 
3,735 
4,504 
30,588 
3,918 
11,408 
3,658 

124,516 
17.572 

21 1,577 

966 
309 
502 
397 

2,444 
311 

1,034 
403 

8,294 
1.282 

15,942 

12 
0 

11 
9 

208 
7 

149 
1 

2,594 
262 - 

3,253 

410 
0 
0 
0 

1,194 
94 

1,116 
2 

15,278 
899 

18,993 

10,285 
3,078 
4,248 
4,910 

34,226 
4,323 

13,558 
4,063 

148,088 
19.753 

246,512 

Saacc: U.S. Department of Commerce, Counry Md City L)ato Book, computer data file, U.S. Bureau of 
the Census, Washington, D.C., 1986. 
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there are approximately 700 houses on the market in Pine BluBE (5. Hawkins, Principal 
Planner, City of Pine Bluff, Ark, personal communication to J. Morrksey, SAIC, 
Oak Ridge, Tern., July 23,1989). Twenty-seven new dwelling units were built in White 
Hall in 1988 (A Skinner, Southeast Arkansas Economic Development District, Inc., 
Pine BiufE, Ark., personal communication to J. Morrissey, SAIC, Oak Ridge, Tenn., 
Jan. 31, 1990). 

(roughly equivalent to the IRZ) are shown in Tables B.18 and B.19 respectively. Law 
enforcement staffing is totaled by county, showing the ratio of officers to loo0 citizens. 
Fire protection personae1 and equipment are shown by individual jurisdictions in the 
counties. Emergenq persoanel at PBA include the Nuclear Biological Chemical (NBC) 
team, 27; security police, 141; and fire department, 23. ~ r ~ a t i m  agreements are in 
effect betweea PBA and the following jurisdictions: City of Pine Bluf€, City of White 
Hall, Arkansas State Police Department, Jefferson County Sheriffs Department, 
Pine Bluff Police Department, White Hall Police Department, Jefferson Regional Medical 
Center, and the Pine Bluff-Jefferson County Health Department (Lt C. Sachs, PBA, 
Ark personal oommunication to J. Morrifsey, SAIC, Oak Ridge, Tenn., June 23, 1989). 

Utilities in the towns most likely to be affected by population increases 
(Pine Bluff, White Hall, and Sheridan) include municipal water and wastewater services, 
natural gas, and electricity. All of the study area is supplied with gas and electricity by 
Arkansas-Louisiana Gas Company and Arkansas Power & Light, respectively, which are 
large utilities that sewe the entire state. Municipal sewage collection and treatment 
systems in Pine Bluff, White Hall, and Sheridan are reported to be adequate. The city of 
White Hall hopes to build a new sewage treatment facility, pending the outcome of a 
referendum (Southeast Arkansas Economic Development District, Inc., 1989, Greater 
Pine Bluff Chamber of Commerce 1989, T. Ashcraft, Mayor, City of White Hall, Ark, 
persona1 communication to S. Schexnayder, Oak Ridge National Laboratory, Oak Ridge, 
Tenn. June 21, 1989, J. Hawkins, Principal Planner, city of Pine Bluff, Ark, personal 
communication to J. MorrisSey, SAIC, Oak Ridge, Tern., July 24, 1989). Table B.20 
shows capacity and use rates for the municipal water systems in the three towns. All 
water systems are adequate to meet increased demand in the foreseeable future. The 
water suppiy for the area is obtained from tbe Sparta Sands Aquifer. The water suppiy 
has been determined to be adequate through 2020, based on population projections. 
None of the area water associations is experiencing system capacity problems (J. Hawkins, 
Principal Planner, city of Pine Bluff, Ark, personal communication to J. Momksey, SAIC, 
Oak Ridge, Tern, July 24, 1989). 

Major highways serving the Jefferson County area are U.S. routes 65, 79, 
and 270 and State routes 15,54,81,88,104, and 36!j. The distance to an interstate 
interchange (1-30 and 1-40) is 60 km (38 miles) north from Pine Bluff via divided 
4-lane U.S. 65. Main highways in Grant County are US. routes 167 and 270 and State 
routes 35 and 46. Access to 1-30 from Sheridan is 25 miles north. 

County Airport, and the Little Rock Airport. Grider Field is a municipal facility with a 
6OOO-by-150-foot lighted asphalt runway and is sewed by Jet South. Sheridan-Grant 

Data on law enforcement and fire protection in Jefferson and Grant counties 

Airports in the vicinity include Grider Field in Pine Bluff, the Sheridan-Grant 
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Jurisdiction 

Ratio 
Full-time Reserve county (officers/ 
OffiCerS officers population IOOO 

Jefferson County Sheriff 
Pine Bluff Police 
White Hall Police 
Redfield Police 
Altheimer Police 

County total 

Grant County Sheriff 
Sheridan Police (within 

Grant County) 

County total 

31 
116 
4 
2 
3 - 

156 

9 
5 - 

14 

40 
0 

10 
0 
0 - 

50 

25 
- 10 

~ , O o o  1.7 

35 13,500 1.0 

'Total number of officers (county and city, excluding reserves) in the m n t y  divided by county population, 
multiplied by 1OOO. 

%e generally accepted standard for adequate law enforcement is a ratio of one officer per loo0 
population (B. Brown, Arkansas State Law Enforcement Standards, Little Rock, Art, p e r s ~ ~ l  communication 
to S. Schamayder, Oak Ridge National Laboratory, Oak Ridge, Tern., July 20,1989). 

Sounces: Jambs Engineering Group, Inc., Jefferson Cwnry E m e q e q  Response Plan for Chemicd 
Accidents at Pine BhflAnennl; Cennrs City Md County M a  Book, 1986, computer data file, 1989. 
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Paid Total 
Jurisdiction personnel Volunteers vehicles' 

Jefferson County 
Jefferson County Mounted Patrol 
Jefferson County Rescue & Patrol 
Pine Bluff Fi Department 
Redfield Fire Department 
White Hall Fie Department 
Wright Pastoria Fire Department 
SE Jefferson County Fie Department 
Sherill Fie Department 
Tucker Fire Department 
Altheimer Fire Department 
Hardin Fie Department 
Sghway 15 South Fire Department 
Watson Chapel 
Forestry !kMcee 
Wabbaseka Fire Department 
Humphrey Fire Department 

Grant County 
Grapevine Fire Department 
Sheridan Fie Department 
calvert Township Fire Department 
Center Grove Fire Department 
Forestry Service 
Tull Fire Department 
Poyen Fire Department 
Palestine Fire Department 
Cane Creek Fire Department 
b 1 a  Fire Department 

22 
26 
92 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

37' 
0 
0 

0 
0 
0 
0 
6 
0 
0 
0 
0 
0 

0 
0 
0 

33 
26 
10 
29 
13 
6 

20 
30 
30 
22 
0 

23 
10 

25 
17 
19 
21 
0 
16 
20 
10 
1s 
10 

3b 
8" 
13 
9 

4d 
3 
sd 
1 
3 
2 
7d 
4d 
8 

lo" 
3 

21 

3 
3 
1 
4 
2c 
3 
3 
0 
3 
1 

.facludes rescue trucks, four-mhxi drive vehicles, pumpers, and tankers. 
b~ bave one or more large nvec boats. 
rSUl ldaeers .  
d A l S 0  have hro or more small boats. 
Twestry Service personnel and equipment available to county judge for 24 hours OT indefinitely in state 

9m in:cfferson County; 35 can be called m from disvin 
Sounes: Jacdrs Engineering Group, Inc, JcffasM Coun?, Emagency Response pian for Chemical 

of emergency. 

Acciderus nf PLU Bhrff&enal, 19ss; Cmsur City and CcWrry aata &xrr4 1986, computer data file. 



Pine Bluff 

General Waterworks 
Hardin Water Association 
Ladd Water Users 
Watson Chapel Water 

Association 

City of White Hall 

City of Sheridao 

14.5 8.5 12.5 9 wells 21,000 
N A ~  0.25 NA 2 wells 1,664 
0.7 0.45 0.65 NA 12,000 

0.9 0.5 0.75 NA 7,300 

0.2 > 70.1 NA NA 3,357 

4 1.5 NA 5 wells 3,000 

Wgd = million gallons per day 
%A = not available 
Sources: T. Ashcraft, Mayor, City of White Hall, personal annmunication to S. Schexnayder, Oak Ridge 

National Laboratory, Oak Ridge, Tenn., June 21, 1- Greater Pine Bluff Chamber of Commerce, Pine 
BZufi/Je&-mn Comfy profile, Pine Bluff, Art, lW, Southeast Arkansas Economic Development District, Inc., 
CommWriry proFre, Pine Bluff, Art, 1% M. H a n s ,  Ladd Water Users, Pine Bluff, Art, personal 
communication to S. Schemayder, Oak Ridge National Laboratory, Oak Ridge, Tenn., July 20, 1989; B. Ross, 
Watson Chapel Water Association, Pine Bluff, Ark, personal communication to S. Schexnayder, Oak Ridge 
National Laboratory, Oak Ridge, Tenn., July 20, 1% R. Rhodes, Hardin Water Association, Pine Bluff, Ark, 
personal communication to S. Schexnayder, Oak Ridge National Laboratory, Oak Ridge, TeM., JuIy 20,1989. 
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County Airport is located 5 km (3 miles) east of Sheridan and has a 3000-ft hard-surface 
runway. The Little Rock Airport, approximately 65 km (40 d e s )  Erom Pine Bluff, 
provides scheduled commercial s e M ~  by a number of major airha 

Rail service in Jefferson and Grant counties is pKwided by St h u i s  Southwestern 
Railroad (Cotton Belt) and the Misswri Pacific Ridmad. Navigable waterways in the 
area are provided by the Arkansas River Navigation System, which includes a Pft channeL 
The Port of Pine Bluff is a Bacre, barprail truck terminal offering barge loading, 
unloading, and material storage. Barge seMce is provided by 16 certified common carrier 
barge lines and S contract carriers, The te&d is a focal point for waterborne 
commerce in the Pine Bluff area (Greater Pine Bluff Chamber of Commerce 1989; 
Southeast Arkansas Ecowmic Development District, Inc. 1989). 
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This appendix d c s a i i  sitespecific surface water and groundwater regimes in 
the vicinity of Pine Bluff Arsenal (PBA). Pathways are identikd along which 
contaminants could migrate if discbarged into the hydrosphere. Water resources that 
could be af€ected by the contaminants are identified. Surface water pathways are 
determined by a consideration of topography, while groundwater pathways require an 
evaluation of geologic structure, stratigraphy, and geohydrologic conditions. Water 
quality, stream fluwrates, weil locations, consumption, and potential yield determine 
which water feso~uces are important Evaluatioa of the site for the proposed disposal 
facility at PBA requires an identification of on4k and of€-site pathways and resoumes 
that could be affected by accidental spills. No liquid discharges enter the hydrosphere 
during normal operation of the plant 

Cl SURFACEWATER 

PBA is locatexi in a SBCtioll of the United States typified by sluggish meandering 
streams, abandoned meanders, and 0a;bOw lakes. ?he gentle dope of the terrain, coupled 
with the slow flow of etreauts, provides for numerous wetland areas, or bayous., 
Ninety-five watersheds have been identified in the surface water regime of JefTerson 
County (Southeast Arkansas Regional Planning Cummjssion 1980). Watersheds near 
PBA include Bayou Bartholomew, Bapu Meto, Plum Bayou, the Saline River, and the 
h e y  Bayou-Arkansas River system m u  Bartholomew downstream from PBA has 
been designated a high-prhrity watemy by the A r h  Natural and Scenic Rivers 
Commission (Southeast Arkansas Regional Planning commission 1981). 

The Caney Bayou-Arkansas River watershed completely surrounds PBA 
(see Fig. Cl). Surface drainage froan PBA ultimately flows into the Arkansas River. 
Caney &yuu and the Arkansas River form the southwestern and northeastern 
boundaries of PBA, respectively. Lack and dam numbers 4 and 5, located east of 
Pine Bluff and mrthwest of PBA, respectidy, regulate the €low of the Arkansas River 
near the arsenal. Tbe flow of the Arkansas River at Little Rock, located 48 knn 
(30 milee) northwest of PBA, eguals or exceeds 570 m3h (20,ooO @/s) W o  of the time 

Two bayous and six creeks drain PBA (see Fig. (22) in a southeasterly dhzction 
ultimately dicharging into the Arkansas River (Pinkham et aL 1975). Eastwood Bayou, 

(wines 1965). 
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ORNL DWG 89 12391 

PlNE BLUFF ARSENAL BOUNDARY 

)c NATIONAL CENTER FOR 
TOXICOLOGICAL RESEARCH - MISSOURI PACIFIC RAILROAD 

Fig. C1. The Canq BayowArkansas River drainage basin immediately 
surrounding Pine Blutr ArsenaL Source: Southeast Arkansas Regional Planning 
Commission, Natural Resources of Jefferson Cowtty, Pine Bluff, Ark, 1980. 
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fig. C 2  Drainage areas of US. Army Pine Bluff Arsenal, Piae Bluff, Arkansas. 
Source: C. F. A. Pinkham, et al., Prelimirraty Environmental Survq, Pint Blufl'Amemi, 
Pine BZua Arkansas, December 1972, Edgewood Arsenal Special Publication EB-SP- 
74025, Department of the Army, Headquarters, Edgewood Arsenal, Aberdeen Proving 
Ground, Md., 1975. 
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which originates off-site on farmland and timberland, drains the northern part of the 
arsenal, including the old biological agent storage area and the National Center for 
Toxicological Research, before emptying into the Arkansas River. Triplett Creek, which 
discharges into the Arkansas River, drains the toxic storage yard, chemical manufacturing 
area, and storage depot. Triplett Creek has the largest drainage area of any creek on 
PBA 

is located on the southeastern portion of PBA below Yellow Bluff, Yellow Lake was 
formed when an old meander of the Arkansas River was cut off by flooding some time 
after 1936 (U.S. Army 1%). The main channel of the river has been straightened by 
construction of the Hensley Bar Cutoff. Dikes and revetments dong the shoreline 
prevent the river from reclaiming its original channel through McGregor’s Reach 
(Southeast Arkansas Regional Planning Commission 1980). Discharges from Yellow 
Lake meander through swampy lowlands before entering this side channel of the 
Arkansas River. Tulley Creek and Tulley Lake, which comprise a man-made 
impoundment, drain part of the old chemical manufacturing area, the site of the old 
chlorine plant, and the storage depot. Hospital Creek drains the quarters, administration, 
and hospital areas. Runoff from the maintenance shop and white-phosphorous 
production areas enters White Phosphorous Creek. 

Production Area Creek drains the bomb-storage and pyrotechnic-production 
areas, and receives treated discharge from the sanitary and industrial wastewater 
treatment plants. These discharges are regulated by NPDES permit DOOO1678. This 
creek meanders through the swampy lowlands, joins the discharge stream from Yellow 
Lake, and enters the Arkansas River along McGregor’s Reach. Warbritton Creek and 
Caney Bayou drain the production and bomb-storage areas at the south end of the 
arsenal and empty into the Arkansas River after traveling through several small 
communities and northern Pine Bluff (U.S. Arm y  1986). 

Many small lakes and ponds are present on PBA (see Table C.1). The 
southeastern boundary of PBA is adjacent to the Pine Bluff sewage oxidation lagoons, 
Black Dog Lake, and Lake Pine Bluff [a 202-ha (500-acre) impoundment]. Black Dog 
Lake receives most of its water from Caney Bayou and links the bayou to the Arkansas 
River by way of Lake Langhofer, a slack-water harbor in northeastern Pine Bluff. The 
primary source of water entering Lake Pine Bluff is Brumps Bayou, although a sluice 
gate connects the lake directly to Caney Bayou No known spMgs on PBA discharge 
groundwater to the surface water regime. 

No developed areas within PBA are subject to flooding (Pinkham et al. 1975; 
US. Army 1975). Tripletts and Yellow bluffs, which extend along the southwestern bank 
of the Arkansas River and form the northeastemmost limits of the floodplain, are 
natural barriers that prevent the arsenal from flooding. Yellow Lake and the lowlands 
adjacent to McGregor’s Reach are subject to periodic flooding by the Arkansas River. 
Minor flooding has O C C U K ~  on PBA during periods of excessive precipitation. Several 
ponds and drainage channels have ovefflowed during such rainfalls and c a d  slight 
damage. 

Tulley, Hospital, and White Phosphorous creeks empty into Yellow Lake, which 
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Name of pond Surface area @ (acres)] 

Yellow Lake 80.9 (200) 
Tulley Lake 142 (35) 
Duck reservoirs (2) 
CLear Pond 0.8 (2) 

8.1 (20) total 

Dirty Pond 12 (3) 
G i n  Pond 0-8 (2) 

Grassy Pond 1.2 (3) 

Big Transportation Pond 0.8 (2) 
Big Area 3 Pond 1.6 (4) 

Arkia Pond 0.8 (2) 
Bomb Storage Pond 0.4 (1) 
Little Transportation Pond 0.4 (1) 
Honeshoe Pond 0.4 (1) 
Dexter Pond 0.4 (1) 
Bunker Pond 0.4 (1) 
King Pond 0.4 (1) 
Thompson Pond 0.4 (1) 
Staff Pond 0.8 (2) 

Total surface area 114 (282) 

SOUEC: U S  Army, Pine B i g A m d  1- HcumaauS W a c  Ma~gwraent Ran, .4R 42047, 
Appendix B, p. 5, Enwon-1 Management offia, Pine Buff Arsenal, Piae Bluff, kk., December 1986. 

Water in the Arkansas River is moderately hard and of fair quality (Southeast 
Arkansas Regional Planning Commission 1980). Biochemical oxygen demand and 
dissolved oxygen are high. Chloride content is relatively high (Sniegocki and Bedinger 
1%9). A major problem affecting water quality in the Arkansas River is the use of 
pesticides in this primarily agricultural region. 

The water quality of Canq Bayou, Bayou Bartholomew, Brumps Bayou, and 
Black Dog Lake is generally poor (Southeast Arkansas Regional Planning Cornmission 
1980). Tbe dissolved oxygen level is low but phosphorous, total nitrogen, biochemicai 
oxygen demand, and fecal bacteria leveis are elevated, Contact recreation is potentially 
unsafe and in some places a public health hazard may exist. The water quality in Bayou 
Meto also is p r .  Runoff from nearby agriculturai areas has contaminated Bayou Meto 
with metals and pesticides. The water quality of Lake Pine Bluff has not been degraded 
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by the discharge entering it from Brumps Bayou. Precipitation-induced runoff entering 
Lake Pine Bluff is sufficient to maintain good water quality. 

lakes and ponds is good (Pinkham et aL 1975). White Phosphorous and Production Area 
creeks, as well as Yellow Lake are improving. Contaminants include the chlorinated 
pesticide DDT, its isomers and degradation products; elemental phosphorous, 
phosphates, and metals (U.S. Army 1988; VoL 1, Sect. 3.25.4). The installation of 
pollution abatement facilities, which began in 1980, has reduced the amount of 
contaminated runoff that now enters the aquatic environment at PBA. The two creeks 
and the lake are monitored through regular bioassays. No aquatic impacts are currently 
being detected, thus indicating that the major sources of pollution have been abated. 

Mississippi River (US. Army 1988; Vol. 1, Section 3.25.4). None of these intakes 
withdraws surface water directly from the Arkansas River. Approximately 15% of the 
water consumed in Jefferson County is supplied by surface water (Holland 1987). Water 
usage is split almost equally between agriculture and production of electricity. No surface 
water supplies public water within Jefferson County (Southeast Arkansas Regional 
Planning Commission 1980). The water supplies for PBA and the city of Pine Bluff are 
obtained from groundwater (see Sect. C.22). 

The expected quantity of wastewater discharged from the incineration facility is 
114 m3/d (30,100 gaud) and consists entirely of emuent from bathroom, shower, and 
laundry facilities as well as laboratorycleaning and monitoring devices (Forsgren-Perkins 
Engineering 1988). No process water or hazardous material of any type will be 
discharged into the wastewater system. Sanitary waste will be treated and used as process 
water. Liquid wastes from the incineration process will be concentrated in an evaporator, 
and the remaining salts then will be precipitated in a dryer. The resulting solids will be 
packaged and stored on-site prior to tramportation to a regulated, off-site, hazardous 
waste disposal facility. No liquid emuents are discharged directly into the environment by 
the incineration process during normal operation. 

The water quality of streams within PBA is fair, and the water quality of most 

Twenty-two public-water-supply intakes are located downstream of PBA on the 

C2 GROUNDWATER 

Jefferson County, Arkansas, is located in the Gulf Coastal Plain physiographic 
province (Jacobs Engineering Group 1987). In the vicinity of PBA, the Arkansas River 
divides the physiographic province into the West Gulf Coastal Plain to the southwest, 
and the Mississippi Alluvial Plain to the uortheast (Southeast Arkansas Regional 
Planning Commission 1980). The landscape on the West Gulf Coastal Plain consists of 
rolling hills. The terrain on the Mississippi Alluvial Plain is Oat. 

Table C.2 summarizes the geologic and hydrologic properties of strata in 
Jefferson County. The stratigraphy is typical of Arkansas counties in the Gulf Coastal 
Pkh, which are characterized by wellconsolidated rocks that dip gently to the east and 



Table C2 Stratigraphic column for Jeffcrson County, Arkansas, including Pine Bluff Assend. 

FORMATION 

ALLUVIUM 

TERRACE 

ORNL-DWG 99 12389 

THICKNESS (k)' 

0 io 250 
3UATERNARY 

TERTIARY 

HOLOCENE 
r 

PLIESTOCENE 

EOCENE 

I- PALEOCENE 

I 

OAOUP 

JACKSON 

CLAIBORNE 

WILCOX 

MIDWAY 

1 

AGE'' - 
0 01 
(0 

2 

T 
SPARTASAND 450 IO 800 

CANE RIVER 

CARRIZO SAND 100103M) 

UNDIFFERENTIATED I 7 5 0 ~ 9 5 0  I # 

NOTES 

' 3 28 h - 1 meter 

*' EXPRESSED IN MILLIONS OF 
YEARS BEFORE PRESENT 

* THE TIME INTERVAL OR UNCONFORMlW BETWEEN 
THE END OF THE EOCENE EPOCH AND THE 
BEGINNING OF THE PLIESTOCENE EPOCH IS A 
PERIOD OF EROSION OR NONDEPOSITIOM 

GENERAL 0ESCRIP'IK)N AND WATER*BEARHSCI PROPERTIES 

MIXTURE OF CLAY, SILT, SAND AND GRAVEL 
SAND AND GRAVEL IN THE LOWER PART YIELD WATER FREELY TO WELLS 

CLAY SHALE, OFTEN SILTY AND SANDY WITH INTERBEOS AND LENSES 
OF SANQ AND SILTY SAND. SOME LIGNITE AND GLAUCONITE SAND 
LENSES AND BEDS YIELD S M L L  QUANTlTIES OF WATER 

MASSIVE BEDDED MEDIUM AND FlNE GRAINED SAND WITH SOME CLAY 
AND SANDY C U Y  PRINCIPAL AQUIFER IN AREA 

CLAY, SANDY CUY, AND SAND, SOME LIGNITE AND GLAUCONITE 
CANE RtVER IS GENERALLY NOT PRODUCTIVE SOME PRODUCTION FROM 
TI+€ CARRlZO SAND 

CUY, SANDY CLAY AND SAND. SOME LIGNITE AND GLAUCONITE, UPPER 
SANDS MAY CONTAIN FRESH WATER 

CLAY. CALCAREOUS IN LOWER PART NOT A WATER PRODUCER TO WELLS 
IN JEFFERSON COUNTY 

SOURCES: JACOBS ENGINEERING GROUP 1987 9 

ARKANSAS, CONTRACTOR REPORT TO THE U S ARMY ENGINEER DIVISION. HUNTSVILLE. A l A B A M ,  
PREPAfED BY THE JACOBS ENGINEERING GROUP. INCORPORATED. AND URYJOHN A B C U M  6 ASSOCIATES. 
ENGINEERS. UNDER CONTRACT NUMBER DACA87 86 DW5. DELIVERY ORDER a004 ALSO U S 
DEPARTMENT OF THE ARMY 1975 

METAIRIE. LOUISIANA FOR THE DEPARTMENT OF THE ARMY, CORPS OF ENGINEERS. 
VtCKSBURG DISTRICT, WKSBURG. USSISSIPPI. UNDER CONTRACT NUMBER DACW38 74 C Ot 39 

VOLUME I PREPARED BY YTN, EffiINEERS, P W E R S .  ENVIROE(MENfAL SCIENTISTS. 
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are unconformably overlain by nearly horizontal strata of unconsolidated material. 
Approximately 840 m (2OOo ft) of Tertiary and Quaternary sediments cover the bedrock in 
the western part of Jefferson County, while increasing in thickness to as much as 1680 m 
(4OOO ft) in the eastern portions of the county (U.S. Army 1975). 

consist of Pleistocene terrace ( a t )  and Holocene alluvial (Qal) deposits, as well as 
sediments of the Tertiary Jackson Group (Tej). The Quaternary deposits vary in thickness 
from approximately 1 m (3 ft), where they join the Jacksonian outcrop, to 76 m (250 ft) in 
the vicinity of Pine BlufE From a base of gravelly sands, the Quaternary deposits grade 
upward through a central section of sand overlain by silts and clays (US. Army 1975). The 
Jackson Group consists of a fairly even composition of marine sediments that includes 
clays, silty clays, and clayey sands overlain by silts and sands of continental origin (Jacobs 
Engineering Group 1987). Tripletts and Yellow bluffs, overlooking the Arkansas River 
floodplain, are composed of Jacksonian deposits overlain by Pleistocene terrace deposits. 

The surficial geology in the vicinity of PBA is displayed in Fig. C.3. Outcrops 

Principal aquifers in Jefferson County include the Sparta Sand Formation of 
Eocene age; the undifferentiated alluvial deposits next to the land surface of Quaternary 
age; and the upper sands of the Cockfeld Formation, which belong to the Claiborne 
Group, and form a single hydrologic unit of Eocene age with the lower undifferentiated 
sands of the Jackson Group. The characteristics of these three aquifers are summarized in 
Table C.3. Additional water-bearing formations exist in Paleozoic strata as well as in 
Cretaceous and lower Tertiary systems that have not been developed because of their low 
groundwater yield potential, poor water quality, and extreme depth. These deeper aquifers 
are isolated hydraulically from the aforementioned shallower aquifers by the thick and 
relatively impermeable Porters Creek Formation, which consists mostly of clay. 

The principal municipal and industrial water supply for southeastern Arkansas is 
provided by the Sparta Sand Aquifer. The regional easterly and southeasterly flow 
direction in this aquifer is modified by a large cone of depression centered at Pine Bluff, 
from which 29,500 m3/d (7.8 million gaud) are withdrawn by the General Water Works 
(municipal water supply), and 159,000 m3/d (42 million gaud) are withdrawn by industry 
and commerce (US. Army 1975; Arkansas Geological Commission, undated). This cone of 
depression extends laterally for several kilometers (miles). The water supply for PBA is 
supplied by 12 wells that tap the Sparta Sand Aquifer and have a combined maximum 
short-term production capacity of 78,400 m3/d (20.7 million gaud) (Pinlcham et al. 1975). 
These wells range in depth from 213 to 335 m (700 to 1100 ft). 

groundwater withdrawals in the Sparta Sand Aquifer at Pine Bluff (U.S. Army 1975). The 
primary water supply for the proposed disposal facility, which will be obtained from the 
Sparta Sand Aquifer, will increase the depth of this cone of depression. The incremental 
increase in cone depth, which is attributable to the additional mnsumption of 
groundwater, will be a small fraction of the existing cone depth. Corresponding 

Water table declines as much as 49 m (160 ft) have been caused by the large 
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ORNL-DWG 89-12390 . 

OUATERMARY 
._ . ._. .> Qal - ALLUVIAL DEPOSITS 

L' Qt - TERRACE DEPOSITS 

Tej - JACKSONIAN DEPOSITS - PINE BLUFF ARSENAL 
BOUNDARY 

HENSLEY 
'\ r BAR si ISLAND 

Fg. C3. Surfidal geology of Pine Bluff Arsed. Source: Jambs Engineering 
Group, Geological-Seinnological Investigation of Earrhguake Hazards for a Chemical 
Agent DenuXtarkatiOn F a c w  at Pine Blug Amend, Ankattsas, contractor report to the 
U.S. Army Engineer Division, Huntsville, Ala, prepared under contract 
DACA87-86-D-0085, Delivery Order OOO4, by the Jambs Engineering Group, Inc., and 
URS/John k Blume & Associates, Engineers, 1987. 
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Table C3. Summary of &roundwater resources in Jefferson 
County, Arkmms, including Pine Bid€ Arsenal 

Approximate Approximate 
consumption Water Principal depth 

Aquifer [m3/d (million gaVd)] quality use rm (ft)I 

Quaternary 195,300 (51.6) variable agricultural surficial 

cockfield- 1,360 (0.36) good domestic 46 to 92 
Jackson (150 to 300) 

Sparta Sand 188,500 (49.8) excellent municipal 213 to 335 
(700 to 1100) 

reductions on the available yield of groundwater from the Sparta Sand Aquifer will be 
small. 

Water in the Sparta Sand Aquifer is soft and only slightly mineralized 
(U.S. Army 1975; Morris 1988). Most species conmntrations, except sodium and 
bicarbonate, are low. Iron concentration levels, which are exceptionally high in the 
outcrop areas west of PBA, require treatment. The concentration of total dissolved solids 
increases in the downgradient direction, while calcium, magnesium, and iron 
concentrations exhibit an opposite trend. Groundwater quality is generally excellent and 
suitable for human consumption. 

terrace deposits northwest of Bayou Bartholomew on PBA, and Holocene alluvial deposits 
to the east of the arsenal. Three zones exist in this stratum. The lowest basal zone, which 
comprises the principal aquifer capable of storing and transmitting groundwater, consists 
of lenses of coarse sand and gravel with some sand, clay, cobbles, and boulders. The 
intermediate zone is composed of medium and fine sand. The surficial zone, which forms a 
semiconfining cap, is predominantly silt and clay (US. b y  1975). Wells that tap the 
basal zone occur under artesian conditions; water table conditions may exist where large 
groundwater withdrawals occur, where the topmost zone is quite permeable, or in stream 
recharge areas in which hydraulic communication with the underlying aquifer has been 
established. 

infiltrates alluvial outcrops, some of which are present on PBA, and in the east by 
Bayou Bartholomew and the Arkansas River. Many interrelationships between 
groundwater and surface water are possible because of the interactions between 
Bayou Bartholomew, the Arkansas River, and the Quaternary Aquifer. Groundwater 
consumption from the Quaternary Aquifer in Jefferson County ex& 195,300 m3/d 
(51.6 million gaVd) and is used mostly for agricultural irrigation, fish farming, and 
industrial purposes (U.S. Army 1975). 

The Quaternary Aquifer residing in the surficial stratum consists of Pleistocene 

The Quaternary Aquifer is recharged to the north and west by precipitation that 
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Water quality in the Quaternary AquiEer is extremely variable, and in some cases is 
undesirable for some uses. Groundwater in the western Pleistocene terrace deposits is of 
the sodium bicarbonate type, and the Holmme alluvium contains &rounwater of the 
calcium biwbonate type (US. Army 1975). Groundwater farther to the east, which is 
affected by streambed infiltration from the Arkansas River and Bayou Bartholomew, is 
appreciably luwer in dissoh.ed solids, hardness, and iron content relative to groundwater in 
the west. 

located above the Sparta Sand Aquifer and below the Quaternary Aquifer. In the 197Os, 
most wells that tapped this artesiaa aquifer were located in the western part of Jefferson 
County (U.S. Army 1975). Total pumpage was approximately 1360 m3/d 
(036 &on gaI/d). The water was used primarity €or domestic and small, public-water 
supplies. Since 1975, the expansian of public water utilities have greatly reduced the need 
for domestic single-family water wells. Groundwater resides at 46 to 92 m (150 to 3W ft) 
or more belour the surface near Pine Bluff. 

(US. A r m y  1975). Silica, sodium bicarbonate, and sul€ate levels are high. Sodium and 
bicarbonate concentrations increase in the downgradient direction to the southeast, but 
calcium, magnesium, and sulfate levels decrease. Groundwater horn this aquifer is suitable 
for most uses. 

Contamination of the Quaternary Aquifer has resulted from past operation of the 
munitions facilities at PBA (Lachapelle, Brooks, and P r a t t  1969). A monitaring system 
that c~nsists of 17 on-site and 3 off-site wells has been used to assess the extent and 
magnitude of this contamination. Elevated levels of chemical oxygen demand, sulfates, 
total dissolved solids, and chlorides have been obsetved near the Arkla Chemical 
Company. Elevated concentrations of phosphorous were recurded adjacent to areas that 
receive white phosphorous waste. Increased nitrate Ievels were encountered close to the 
CN and CS manufacturing a m ,  which may have resuited from the disposal of starter mix 
Elevated levels of total carbon were measured at the on-site wells, which presumably tap 
the Quaternary Aquifer. Groundwater quality at the remaining w& was generally good, 
and compared favorably with driniring water standards for chloride, nitrate, sulfate, zinc, 
and total dissolvexl solids. One of tbe on-site monitoring wells may have been completed in 
the Sparta Sand Aquifer. No contamination was obsetved in samples taken from this well. 

overlying aquifers or the surface water regime (US. Army 1W7, p. 1-13; US. Army 1988, 
p. 3-80). The Cook Mountain Formation, which is relatively thick and is cornposed of silty 
and sandy clay (Jacobs Engineering Group 1987, p. W), serves as an aquitard between the 
Sparta Sand Aquifer and the overlying water-bearing formations. While the vertical 
hydraulic gradients associated with the large cone of depression centered at Pine Bluff 
could induce limited groundwater to tlow downward through the Cook Mountain 
Formation, the low permeability of the aquitard restricts such leakage. The Cook 
Mountain Formation prevents contaminants that are discharged into the surface water 

Tbe Cocffietd-Jacb Aquifer, which extends throughout Jefferson County, is 

Water quality in the Cockfield-Jackson Aquirer is moderately hard and mbraiized 

In the PBA area, the Sparta Sand Aquifer is not hydrauiically connected to the 
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regime, as well as into the Quaternary or Tertiary water-bearing formations, from seeping 
into the Sparta Sand Aquifer. 

Some portion of any uncontrolled runoff at the site of the proposed disposal 
facility will seep into the ground. This runoff will migrate downward through the relatively 
porous Pleistocene terrace and Jacksonian deposits that outcrop on PBA and will enter 
either the Quaternary or CocWield-Jackson Aquifer. 

Contaminants that enter the Quaternary or Cockfield-Jackson Aquifer and 
emanate from any of the three candidate sites for the proposed disposal facility on PBA 
will migrate downgradient toward Pine Bluff. Several pathways are then possible: (1) entry 
into the Arkansas River or Bayou Bartholomew as baseflow, (2) induced leakage through 
the Caok Mountain Formation and subsequent contamination of the Sparta Sand Aquifer, 
(3) capture at a downgradient well in any of the three aquifers, and (4) continued 
downgradient migration through the aquifer in which the contaminant originated. 
Appreciable seepage through the Cook Mountain Formation seems unlikely because the 
aquitard has low permeability. Additional pathways by which contaminants could enter the 
groundwater regime include leakage past poorly completed wells as well as abandoned 
wells that have been improperly closed. A spill of chemical agent would have to occur 
close to the well casing for this to be a viable pathway. 
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APPENDIXD 

D-ON OF SlTEsfEcIFIC LAND USE 

The zone of potential impact within lo0 km (62 miles) of the Pine Bluff Arsenal 
(PBA) is predominantly forested and has less farmland Counties having the mmt 
farmland lie in the astern and northern portions of the impact mne (Arkansas, k h a ,  
Faulkner, Lincoln, Lonoke, Monroe, Prairie, and White cuunties) (see Table D.l). 
Cropland occupies rns t  of the farmland acreage, but pasture land is relatively extensive 
in Faulkner and White counties to the north of PBA. Relatively large acreages of 
cropland in Arkansas, Lonoke, and Prairie counties are irrigated (see Table D.1). The 
Ouachita National Forest to the northwest of PBA (Perry and Saline counties) and the 
White River National Wildlife Refuge to the east-southeast (Arkansas and Desha 
counties) a h  occupy extensive acreages within the impact zone. Urban areas occupy 
relatively small acreages except in Pulaski County (which contains the cities of Little 
Rock, North Little Rock, and Jacksonville) and fefferson County (in which PBA and 
Pine Bluff are located). 

The importance of various agricultural land uses within the impact zone is 
indicated by mmrnodity dollar values and the national and county rankings for the 
commodities (see Tabtes D.2 and D.3). Among the 50 states, Arkansas ranks first in the 
production of commercial broilers, fourth in turkeys, and fifth in eggs. Cash receipts for 
broiiers far e x 4  any other Arkansas plant or animal commodity (see Table D.2). The 
counties within the impact zone are, overall, below average among Arkansas counties 
(total of 75 Arkansas counties) in both broilers and turkeys (see Table D3) (county 
ranks for eggs were not available). Nevertheless, the high national rankings indicate that 
the commercial broiler industry and the agricultural land uses (e.g., crops for production 
of chicken feed) that support this industry are very important witbin the region. The 
highest ranking counties for broiiers within the impact zone are Cleveland (I%), 
Lincoln (24th), and Perry (25th). Counties that rank high in cattle and calves, which is 
the second ranked animal commodity in Arkansas, include Fauikner (4th) and White 
(7th). Both counties are located at the north perimeter of the zone. 

Arkansas also ranks first among the states in the production of rice, wbich has 
the second highest production value among Arkansas crops (see Table 0.2). Counties 
that rank high in rice production are located in the eastern half of the impact zone, 
including Arkansas (2nd), Lonoke (4th), Prairie (%), Jefferson (loth), Desha (13th), 
and Monroe (15th) counties. The number one Arkansas cash crop is soybeans, in which 
Arkamas ranks eighth nationally. High ranking counties include Arkansas (ad) ,  Prairie 
(loth), Lonoke (1 1 th), Jefferson (16th), Monroe (17th), Desha (19th), and White (20th). 
Several counties also rank high in cotton, in which Arkansas ranks fifth nationally. The 
production value of other plant commodities in Arkansas is relatively low (see 
Table D.2) (AASS 1988). 

D- 1 
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TaMe D.1. Agricultural bod use statistics in Arkamus mmties 
tiring mostly orwidywithin 100 km (62 miles) of- Bluf€Arsenal 

Area Acres in Average farm Cropland Imgated 
(% of Number farms Size harvested land 

County' average? of farms (%) (acres) (%I ("/.I 

Arkansas 
Bradley 
Calhoun 
Clark 
Cleveland 
Dallas 
Desha 
Drew 
Faulkner 
Garland 
Grant 
Hot Spring 
Jefferson 
LinCOln 
Lonoke 
Monroe 
Ouachita 
Perry 
Prairie 
Pulaski 
Saline 
White 

144 636 
94 332 
91 146 

125 460 
86 272 
96 1 43 

108 427 
120 424 
93 1169 
95 372 
91 255 
89 512 

127 497 
81 420 

113 984 
88 369 

106 259 
79 381 
94 489 

110 529 
104 421 
150 1651 

69 
93 
5.8 

24 
11 

62 
27 
55 

6.0 

9.5 
8.7 

18 
52 
61 
83 
60 

18 
72 
30 
13 
61 

8.8 

700 
117 
160 
284 
154 
180 
692 
343 
195 
107 
138 
141 
595 
520 
422 
638 
160 
170 
616 
277 
140 
246 

54 
1.6 
1.0 
7.8 
1.6 
1.1 

53 
16 
17 
1 .o 
1.6 
2.9 

41 
41 
60 
49 
1.8 
5.7 

57 
18 

29 
2.1 

37 

Mi' 
0.2 

0.5 
0.08 

NR 
16 
4.7 
0.8 
0.01 

0.1 
NR 

15 
12 
31 
16 
NR 

31 
0.4 

2.4 
0.07 
5.8 

'Most of the land in Conway, Woodruff, and Phillips counties lies beyond 100 kn of Pine 

%e number given is the percent of the average size (444,401 acres) of Arkansas counties. 
'NR = not reported to avoid disclosing individual farms. 
Source: 1982 Fsderal statistics as reported in Arkansas Agricultural Statistics 

Bluff Arsenal and was not included. 

service (1988). 
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TabkDZ carh~Mnlueofjmduction,andnationalrankof *-- 'tierinArtaorar' 

Production value Cash receipts 
Rank 

Commodity (production) (millions of dollars) 

w= 
Rice 
Cotton 
Hay, ail 
Wheat, ail 
Sorghum, grain 
Greenhouse/nursery 
Cottonseed 
Corn, grain 
Tomatoes 
Oats 
Snap beam 
=apes 
Pecans, aU 
Apples 
Strawberries 
Peaches 
Other 

Livestock and poultry 

Commercial broilers 
Cattle and calves 

Turkeys, raised 
Milk & dairy products 
Farm chickens 
Hogs and pigs 
Rabbits 
Other 

Eggs 

8 
1 
5 

31 
18 
5 

6 
34 
8 

28 
8 
9 

11 
35 
13 
11 

- 

111) 

1 
23 
5 
4 

35 
2 

18 
II - 

395.0 
381.8 
27 1.6 
912 
84.4 
44.9 

24.0 
12.7 
10.2 
21 
1.1 
1.3 
1.1 
0 5  
0.5 
0.4 

- 

- 

1,107.0 
795.0 
230.8 
118.1 
106.2 
68.4 
30.9 - - 

1004.6 

349.8 
275.4 
153.0 
11.8 
72.3 
61.3 
152 
13.6 
13.1 
9.0 
1.5 
0.7 
1.1 
1.0 
1.3 
0.9 
1.6 

22.1 

20175 

1161.3 
239.0 
228.2 
146.6 
98.0 
10.6 
91.7 
0.7 

41.5 

'Values provided by the source (Arkansas Agricultural Statistics Service 1988) were 
for 1987 (production) and 1986 (cash receipts). 



County Sy Rc Wh Ct Sr Cr Ot CC MC Hp Br Tr 

Arkansas 
Bradley 
Calhoun 
Clark 
Cleveland 
Dallas 
Desha 
Drew 
Faulkner 
Garland 
Grant 
Hot Spring 
Jefferson 
Lincoln 
Lonoke 
Monroe 
Ouachita 
Perry 
Prairie 
Pulaski 
Saline 
White 
Number of 

ranked 
counties 

2 
54 
55 
30 

50 
19 
27 
34 

- 

- - 
40 
16 
22 
11 
17 

38 
10 
23 
44 
20 

- 

55 

2 - - 
34 - - 
13 
25 
31 - - 
37 
10 
18 
4 

15 

34 
9 

29 

19 

- 

- 

40 

8 -  - -  - -  
3 6 -  - -  - -  
2 0 6  
34 13 
35 - 
- _ .  - -  
42 - 
16 3 
28 10 
10 11 
15 12 

41 - 
11 22 
2 2 2 3  

2 3 -  

- -  

- -  

47 23 

6 
49 

36 
- 
- - 
12 
27 
38 - 
45 
23 
2.5 
20 
24 
46 
37 
21 
34 

16 
- 

49 

57 
60 
65 
36 
54 
63 
66 
44 
4 
48 
49 
40 
59 
52 
46 
73 
53 
43 
62 
45 
50 
7 

75 

57 
69 
75 
35 
61 
70 
74 
47 
43 
50 
65 
45 
52 
68 
39 
26 
63 
6 

53 
46 
38 
42 

75 

- 
32 - - 
19 
45 

38 
46 

40 

37 
24 
43 

36 
25 

39 

35 

- 

- 
- 

- 

- 
- 

46 

'Arkansas has 75 counties. The dash (-) indicates the county WBS not ranked. Sy = soybeans, 
Rc = rice, Wh = wheat, Ct = cotton, Sr = sorghum, Cr = cwn, Ot = oats, CC = cattle and calves, 
MC = milk cows, HP = hogs and pigs, Br = broilers, Tr = turkeys. 

some: Arkansas Agncultural statistics service (1988). 
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AASS (Arkansas Agricultural Statistics Service) 1988. Ankansas Agricuhml Stutic.tiCr, 
Little Rock, Ark 





Ecological resources indude all Living organisms except humans, as well as areas 
containing important terrestrial or aquatic resources (Le., parklands, wilderness areas, 
nature conservancy areas, and wetlands), Terrestrial and aquatic species protected by 
the Endangered Species Act are identified in this appendix for the 20-, 50-, and 100-km 
(12-, 31-, and @-de) zones around Fine Bluff Arsenal (PBA). Aspects of land use 
related to ecological resources are clesmii  in this appdix,  while the human aspects of 
land use are addressed in Appendix D. 

The maximum no-eff'ects radius [lo0 km (62 miles) for GB and vx] includes 
15 counties or parts of counties in Arkansas. The nodeaths distance for mustard is 
50 km (31 miles); mustard is carcinogenic and does not have a noeffects distance. The 
50-km (31-mile) zone €or mustard includes 10 counties Within Arkansas. Additional 
site-spscific information is found in the Installation Assessment of Pine Bluff Arsenal 
(U.S. Army 1977; 1983). 

El TERREsLlRIALREsouRcEs 

The loO-km (62-mile) zone contains representatives of three: major forest 
regions; oak hickory, oak pine, and southeastern evergreen. Black, pa t ,  and white oaks 
are the dominant oaks. Shortleaf is the dominant natural, and loblolly is the dominant 
planted pine (Brauii 1950). The area supports four resident game species of birds 
(wood duck, bobwhite quail, wild turkey, and morning dove), and several migratory 
ducks species are hunted in season (Ekllrose 1978). Five resident game species of 
mammals inciude whitetail deer, gray and fox squirrel, and swamp and cottontail rabbit. 
Approximately 120 species of nongame birds are reported to nest within the mne 
(C. f ,  National Resources Specialist, Pine Bluff Arsenat, Pine BIuF€, Ark., personal 
communication with D. West, Oak Ridge National Laboratory, Oak Ridge, Tenn., 
June 16, 1989). 

E2 AQUATICRESOURCES 

The major body of water witbin the 1Wkm (62-mile) zone around PBA is the 
Arkansas River. Under the proposed action of on-site disposal, the only transportation 
of agent will be born the storage area to the site of the proposed disposal facility; 
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therefore, the only bodies of water in which aquatic resources could be adversely 
impacted by a spill would be the tniutary to the Arkansas River and the river itsel€ 
The additional water bodies within the impact zone could be af€ected by deposition from 
atmospheric dispersion of chemical agent. 

As discussed in Appendix C, drainage at the site of the proposed disposal facility 
is ultimately to the Arkansas River. Specific information on the aquatic resources of the 
Arkansas River and the calculated concentrations of agent that could occur following a 
spill or deposition onto the river will be used in preparation of the site-specific EIS to 
calculate the expected mortalities of fish that could occur both at the site and 
downstream in the event of an accidental release. 

There are numerous lakes and small creeks that OCCUT on the PBA site. 
Information on the aquatic resources and the effects of an accidental release on these 
resources will be addressed in the Site-speCitic EIS. 

Management Agency (FEMA) and the U.S. Fish and Wildlife Service (FWS). Any 
information obtained from these and other agencies will be included as appropriate in 
the site-specific EIS for PBA 

Information about wetlands has been requested from the Federal Emergency 

Six federally listed endangered species were listed in the FPEIS as occurring 
within the 100-km (62-mile) zone around PBA: pink mucket pearly mussel, red-cockaded 
woodpecker, bald eagle, interior least tern, Indiana bat, and Florida panther. 

One federally listed animal species, the American alligator, is known to have a 
breeding population within the 100-km (62-mile) zone. The alligator was reintroduced 
to the area approximately 10 years ago (Newsome and Joanen 1986). The original 
release af about 10 specimens has increased to an estimated 50. The population remains 
confined primarily to the wetlands near PBA along the Arkansas River. Part of the 
geographical range of one endangered mammal species, the Indiana Bat, is the northern 
half of the 100-km (62-mile) zone, but no known populations exist in the area 
(Brack 1988). The 1Wkm (62-mile) zone is also within the geographic ranges of two 
endangered bird s p e c i m h e  least tern and the piping plover-but neither has been 
recorded in the area. The woodstork (wood ibis) and bald eagle migrate through, but do 
not nest in, the area. Unconfirmed sitings of the Florida panther occur occasionally but 
actual presence of this endangered species remains doubtful (C. Becker, National 
Resources Specialist, Pine Bluff Arsenal, Pine Blue Art, personal communication, to 
D. West, Oak Ridge National Laboratory, Oak Ridge, Tenn., June 16, 1989). No known 
endangered plant species exkt within the 1Wkm (62-mile) mne. 

and is located approximately 90 km (56 miles) west of PBA Because the wind direction 
at PBA is primarily from the south and southwest, the potential for impacts to this 
species from an accidental release is fairly remote. 

The pink mucket pearly mussel occurs in the Ouachita River in Clark County 
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FWS has been notified concerning updated information appearing in the FPEIS. 
The Region IV Threatened and Endangered Spscies Notebook was consulted in 
preparation of this Phase I Report to provide interim information on endangered species 
within the 100-km (62-mile) zone. This 
listed above, Arctic peregrine falcons occur as transients, and G e o u z m  minJmwn 
comprises a resident plant population in Warren Prairie, This information will be 
verified or updated when information is received from FWS, Jackson, Mississippi, 
Endangered Species office. 

shows that, in addition to the species 

Bellrose, E C. 1978. Lhcks, Geese, and Swans of North America, Stackpole Books. 
Brack, V. 1988. The Indinm Bat, Audubon Wildlife Report, ed. W. J. Chandler, 

Braun, E L 1950. & c h  Forests of Eastern Nmh America. Blakiston. 
Newsome, J. D., and Joanen, T. 1986. Habitat SuhbZty Models: Alligator. 

US. Fish and Wildlife Service, FWSIOBS, Washington, D.C. 
US. Army 1977. Installation- W& Assessmnt Pine BibflAmem~ Pint? BluB Ankamas. 

Records Evaluation, Aberdeen Proving Ground, Md 
US. Army 1983. Consbuction and apemtiOn of the l kpwi- l  BZ Demilitarization Facility 

at Pine Bhfi Ankansas. US. Army Toxic and Hazardous Materials Agency, 
Aberdeen Proving Ground, Md. 

Harcourt Brace Jovanvich, New York. 





A draft version of this document was cir&ted among the relevant state and 
federal agencies, and comments were wlicikd. Written comments were received from 

US. Department of Health and Human Services, Centers for Disease Control; 

0 U.S. Environmental Protection Agency; 

Arkansas Department of Pollution Control and Ecology; and 

Arkansas Office of Emergency SeMca. 

This appendix presents copies of the letters received (in Sect. El) and offers 
responses to those comments (in Sect. F.2). 

The specific page numbem or line numbers referenced in the following letters are 
related to the draft version of this document and, therebe, may not exactly match the 
corresponding page or line in this F d  Phase I Environmental Report. 
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Public Health Service DEPARTMENT OF HEALTH & HUMAN SERVICES F-2 

Centers for Disease Control 

Public Health Service DEPARTMENT OF HEALTH & HUMAN SERVICES F-2 

Centers for Disease Control 
Atlanta GA 30333 
Jan;uary 29, 1990 

we have rwiewled the Mapesating Agencies Review Draf t  of the Fhase 1 
Envj.rmm&a '1 Report for Pine Bluff Arsenal. The doamrent appeam to be 
generally w e l l  written. Ihe following carmerrts are in addition to those of 
Ih-. Leffingwell which have previ.=rusly been sent by FFx to m. 
mcnpson (copy 

between lines 29-32,page 1-3 and 1.Thereisanapparentdiscrepancy 
lines 7-9, page 3-50. In me case you stab that the aastmg BZ munitions 
dkposal facility will be utilized, in the ather case y w  state that only 
the E supprt facilities w i l l  be utilized. 

. I  

2. ?here are several plaoes where it amld be mre clear as to wfiether 
you are referring to aistances fran installation baurdaries or frrm the 
disposal facility (eg. page 3-14, l h  1-3; page 3-15, lines 9,ll: page 

3. It would be helpful & t h e  reader if Tables 3 and 4 d d b e  
a m b , i n e d  so that a quick oxparkan  oouldbemade. Also Tables 5 and 6.  

3-19, l h  5; Page 4-1, 28; page 4-2, lineS 23-25). 

4. We are scmewhat trmbled by the appxent failure of the on-site 
acatstic scnnder. (Page 3-4, lines 17-19) A discuss icm of any plans to 
upgrade meteorological instrUmenta tian at PEN wmld be useful. 

We agpreciab the qportunity to rwiew the czxperatiq ~gency Draft and 
apologize for the delay in forarding these canents. 

ShCfXE?l Y t  
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Comaer is  on " C c c p e r a t i n g  kgencies iieview D r a f t - D i s p c s a !  of C h e m i c a l  Agents  
a n d  n u n i t i o n s  S t o r e d  a t  Fl f l e  B l c f f  A r s e n a l ,  P i n e  b i u f i ,  f i r k a n s a i ,  Phase  I 
E n v i r o n n e n t a l  R e p o r t .  " 

P a g e /  
line Comment 

1-9;  !-5 W h y  tne difference i n  r a d i i *  T h e  o n - s i t e  alternative involves 
s t o r a q e  r i s k s  which c o n t i n u e  u n t i l  t h e  s t c c l . p i ! e  1 5  g c n e .  

2-?/1-4 @ u t  C M L  c o n d i t i o n s  may under  some c i r c u m s t a n c e s  bo a 5 s o c i a t e d  
w i t h  h i g h e r  numbers o f  f a t a l i t i e s  t h a n  WC c o n d i t i o n s .  E . g . ,  i f  
t h e  c b o r t e r  b u t  b r o a d e r  plume c r o s s e s  a denseiy p o p u l a t e d  a r e a  
n e a r  t he  o r i g i n .  

2-6/!-2 "Compr i r ed"  is misused h e r e .  I t  s h o u l d  be "campasea a i "  or  
"two p r i n c i p a l  types  o f  d a t a - - i n t e r n a l  and c : : t e r n a i - - c 3 n p r i s e  
t h e  risk m e a s u r e ~ . "  

2-'?!16-!! T5er .e  is an odd a s y s m e t r y  here.  i f  we a r e  i i s f i n g  
a b b r e v i a t i o n s ,  why n o t  EPA? 

7-4; 1-7 I s  t h i z  a c g c n e n t  w i th  res,nect t o  t h e  s inake i ike  t c u r s e  c+  ei 
p tumo v a l i d  f c r  a p u i f  ( i n s t a n t a n e o u s )  r e l e a s e ?  

3 - 4 : 2 5 - 3 t  How e t ~ t h  e f f e c t  wauld a l t e r i n g  t h e  HML t3  350 m c r  501: m h a v e  
2 3  t h e  c o n t i u s i o n r s  7 5 0  m L S  " r e a l ! s t i c "  a s  a lcean, h ~ t  might  
i t  n c t  be p r e i e r a b i e  t a  i n c l u d e  t he  p e r c e n t a g e s  a n d  
c c n s e q u e n c e s  + o r  a l l  w e a t h e r  s i t u a t i o n r  wher! c a l c u 1 a t : n g  
e::pec?ed f a t a i i t i e s p  Would d o i n g  t he  c a ! c u l a t i o n  h a v e  a n y  
!ikelihocd c f  s : g n i f i c a n t l y  s k e w i n g  t h e  r e s u l t s "  Perhaps t h a t  
I S  n e t  essential f o r  t h e  Phase  i r e p o r t ,  b u t  i f  n n t ,  i t  1 5  
d e i i n i t e i y  needed  f o r  t h e  Site-speciiic Ei5. 

;-5::* li cc:*;loa 1 s  needed a i t e r  t h e  1ead:ng  p7epC5ltlGnal p h r a s e ,  " W h e n  
t h e  FFEIS was p r e p a r e d . "  

3-  1 !l ' f? A w e t h o d  is 3. w a y  3f d o i n g  s o m e t h i n g .  " l - ! e thods iogy"  is t h e  
s c i e n c e  or s t u d y  o f  methods .  The w o r d  needed  h e r e  i r  z i a p l y  
' ' m p t ! ~ ~ I ! . ' !  S i o r e  3 a n y  s c i ~ r ? t : s t s  t e n d  t o  U s e  m e t h c d o l o g y  a 5  3 

h i g h - i a i l c t i n '  synonym f a r  method,  p e r h a p s  A g l o b a l  s e a r c h  
t k r o r g h  t h e  dcrument  t o  see i f  t h e  e r r i r  c c c u r 5  e l s e N h e r e  w o u l d  
b e  ; r u d e n ? .  

:-14/'4 I 30 n o t  u n d e r s t a n d  what i s  mean t  b y  "This c h a n g e  p r i ~ a r i l y  
r u s u l r s  f r o f :  inc1a.lir.q t h e  i n s t a l l a t i o n  b o u n d A r y ,  t h u 5  
exc1,:ding r e c i d e n l s  w i t h i n  t h e  b o u n d a r y . "  Hot+ d o e s  i n c l u d i n g  
t h e  k o s n d a r y ,  an i m a g i n a r y  l i n e  c r  a t  best  1 i e n z e , , i n  t h e  
rcnsiderations exclude t h e  p e o p i e  l i v i n g  u i t h i n  + h e  
: n s t  3 1  1 dt i cr! boundary  i r o n  r i  s k ?  
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- - .  ~ - ; t ; t a b i s  T n e  s t a i e m p n t  t h a t  c n - s i t e  d i s p o s a i  is some*that b e t c e r  thar :  
c i h e r s  f o r  max:mum fstallties, com!?:ner! w i t n  t he  f d l l ? l T P  t c  
n o i e  t h a t  r e g i o n a l  d i s p c s a i  seems b e e t e r  f o r  e x p e c t e d  
f a t a 1 : t : e s  i e n d s  an a i r  o f  s p e c i a l  p l e a d i n g  t o  t h e  cccumec t .  
& I 1  szch  t r e n d s  s h o u l d  b e  acknowledged o r  none  ~ b z c l d .  See 
a i s 0  t h e  p rev :gcs  ccmment r e :  a c t u a l  n u m b e r s - - ~ e r h 3 p c  t h e  
d i f f e r e n c e  would make b e t t e r  s e n s e  i f  I knew w h c l t  t h e  e s t i m a t e s  
a t t u i i l y  showed. 

3 - 3 4 ; t a b l e  I f  w p ’ r e  t h i n k i n g  a b o u t  wcrk. p o p c i a t i o n ,  ne shou ld  p r o b a b l y  
i n c l c d e  t h e  work f a r c e  a t  N Z T E ,  s i n c e  t h e y ‘ r e  a c t u a l l y  c l o s e r  
t h a n  some of t h e  PBFi w o r k e r s .  lis. S h e r r y  Smi th ,  P a y r o l l  
Of f : ce r  a t  N C T E ,  s a y s  t h e r e  a r e  abou t  6910 employees on t h e  day 
s h i f t  and abgu t  20 empioyees  each  on t h e  even ing  and g r a v e y a r d  
s h i i t s .  The c o u r t  of 2G enp!-oyees on e v e n i n g  and d a y  s h i f t  
i n c i c d e s  abou t  5 peop!e who a r e  t y p i c a l i y  s t a y i n g  a t  a 
d o r s i t c r y  ET: t h e  ~ r e m e s i s .  

The s h a d i n r ;  d i d  n o t  r e p r c d u c e  w e l i .  
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
WASHINGTON, D.C. 20460 

JAN 3 

OFFCE OF 
ENFORCEMENT AND 

COMPLIANCE MONITORfNG 

Brigadier General David A. Nydam 
U . S .  Army 
Program Manager for Chemical Demilitarization 
Aberdeen Proving Ground, MD 21010-5401 

ATTN: Environmental and Monitoring Division 

Dear General Nydam: 

In November, you requested that the Environmental Protection 
Agency (EPA) review the draft “Phase I“ Report f o r  the proposed 
chemical munitions incinerator at Pine B l u f f  Arsenal. The report 
contains new site-specific data relating to the selection of the 
Pine Bluff site for the Chemical Demilitarization Program. Based 
on this new information, the report’s purpose is tQ verify the 
Army’s prior decision for on-site disposal of the chemical 
munitions at Pine Bluff and to identify any significant resources 
that might be adversely affected at the site. TO some extent, 
the report is a site-specific up-dating of the earlier 
Environmental Impact Statement (EISf for the Chemical Stockpile 
Disposal Program. 

Pursuant to your request, EPA has reviewed the draft Phase I 
Report. Our review was based on both the draft Phase I Report as 
well as the earlier E I S  and permit related materials. The report 
was reviewed by appropriate staff in EPA’s headquarters and in 
EPA’s Dallas Regional Office. 

Based upon our review, we concur with the draft Phase I 
Report’s conclusion that on-site disposal remains valid as the 
environmentally preferable alternative. Similarly, no unique 
resources were identified in the report that would preclude the 
use of Pine Bluff Depot Activity in the disposal program. A s  you 
know, the disposal of the munitions is subject to a number of 
environmental requirements and will be regulated by EPA and 
Arkansas. EPA has identified several discrepancies or 
clarifications that are needed in the Phase I Report; further, 
EPA has identified several issues that need to be addressed in 
the site-specific E I S  under preparation for the Pine Bluff site. 
These concerns are explained in more detail in the enclosure. 
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We appreciate the opportunity of reviewing the draft Phase I 
Report, and look forward to working with you and your staff on 
the site-specific E I S  for  the disposal facilities at Pine Bluff 
Arsenal. 

[Richard E. Sanderson 
Director 
Office of Federal Activities 

Enclosure 
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Specific Comments of the U . S .  EPA on the 
Cooperating Agency Review Draft Phase I Report for 

Pine Bluff Arsenal 

1. The report contains no air pollutant emission data or 
characterization of ambient ground-level concentrations of 
priority or toxic pollutants emitted from the project. The 
emissions and the ground-level ambient concentrations should be 
modeled and presented in the site-specific E I S  for the proposed 
Pine B l u f f  facility. 

2. On page 3-24, the report discusses an existing permitted air 
emission point, but the existing permitted emissions summary is 
listed in Table 7 by permit number. We recommend that this be 
clarified by referencing the permit number on page 3-24. 

3 .  We recommend that the Army consider the construction of 
incinerator facilities as close to the chemical storage area 
possible. This would minimize the risk from transportation 
accidents, and the costs and benefits from such siting could 
analyzed in the site-specific E I S .  

the 
as 

be 

4. There are several corrections needed on page 3-27. 
Beginning on line 3 9 ,  the text should read: "The final design of 
the disposal facility will be submitted to the State of Arkansas 
f o r  review and, if acceptable, will be incorporated into the 
State's hazardous waste permit for PBA. The National Research 
Council will also be requested to review the design." In regard 
to the proposed review of the Pine Bluff design by the National 
Research Council, it would be helpful if the status of the review 
w a s  presented. Was the design of the Tooele facility a l so  
submitted to the National Research Council, and, if s o ,  what did 
the review show? 

5. Section 3.3  needs to include a statement that regulatory 
approvals for design and construction technology will be acquired 
from the state. It would be helpful if all regulatory approvals 
were addressed in one section of the report. 

6 .  Section 3 . 3 . 3  discusses a number of activities that were 
planned for CAMDS in mid-1989. This section discusses these 
planned activities in the future tense. We recommend that this 
section be updated. 

7. The report Suggests in several places that the Pine B l u f f  
facility will use the "JACADS" technology instead of a 
modification to the existing BZ disposal plant. If this 
understanding is correct, the change in technological approach at 
Pine Bluff should be considered in the site-specific E I S .  
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STATE OF ARKANSAS 
DEPARTMENT OF POLLUTION CONTROL AND ECOLOGY 

8 0 0 1  NATIONAL DRIVE, P.O. BOX 9 5 8 3  
LITTLE ROCK. ARKANSAS 7 2 2 0 9  

PHONE:(501)562-7444 

December 20, 1989 

David A.  Nydam 
Brigadier General, U. S. Army 
Program Manager for Chemical Demilitarization 
Aberdeen Proving Ground, Maryland 21010-5401 

Dear Gen. Nydam: 

The Department has reviewed the NEPA Phase I report for the Pine 
Bluff Chemical Agent Disposal Facility. The staff agrees that the 
proper method of disposal is on-site incineration. This will 
provide disposal with the minimum of risk to health and to the 
environment. 

The operation of the BZ incinerator was accomplished with no 
adverse effects noted. If this incinerator is used again f o r  the 
other chemical warfare agents, there should be little chance for 
accidental releases or upsets. 

Thank you f o r  the opportunity to comment. 

Sincerely, 

Dick Cassat, Chief 
Technical Services Division 

L106 
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WLL CUMTON 
acNLMwwI 

Janua ry  31, 1990 

STATE O F  ARKANSAS 
OFFICE OF EMERGENCY SERVICES 

P. 0. BOX 7519 
CONWAY. ARKANSAS 72032 

329-5601 1374-1201 

Mrs. Peggy Thompson 
Department of t h e  Army 
O f f i c e  of the  Program Manager fo r  Chemical D e m i l i t a r i z a t i o n  
Aberdeen P rov ing  Groundt Maryland 21010-5401 

Dear Mrs. Thompson: 

Reference  D i s p o s a l  of Chemical Agents and Munitions S t o r e d  a t  P ine  Bluff 
Arsena l  Phase 1 Environment Report, dated September, 1989. The a t t a c h e d  
joint Arkansas State O f f i c e  of Emergency S e r v i c e s ,  J e f f e r s o n  County O f f i c e  
of Emergency S e r v i c e s  and Pine B l u f f  Arsena l  rev iew of t h i s  r e p o r t  is 
submi t ted .  

If  you have any  q u e s t i o n s ,  please contact t h e  unders igned  or Ed Claunch, 
Arkansas S t a t e  O f f i c e  of Emergency S e r v i c e s  

S i n c e r e l y ,  

(- James I,& W i t t ,  D i r e c t o r  
Office of Emergency S e r v i c e s  

kz&-\ P i n e  Bluf f  Arsena l  
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PHASE I EVVIRONMENTAL REPORT (DRAFT') 

Dated Sep tember ,  1989 

D i s p o s a l  of Chemical Agen t s  and Muni t ions  
S t o r e d  a t  P i n e  B l u f f  A r s e n a l  

P i n e  B l u f f ,  Arkansas  

Page L ine  Recommended 
No. No. Di sc repancv  C o r r e c t i o n  

1-2 F ig .  1 1. "West end" l i s t e d  on map 
2 .  "Bayou Metro" 
3. P r a i r i e  & Dallas c o u n t i e s  n o t  

i n d i c a t e d  

1. Delete 
2.  Change t o :  Bayou Meto 
3.  L i s t  as r e q u i r e d  

2-9 

2- 10 

S t a t e  OES n o t  l i s t e d  L i s t  ( i f  c o n t a c t e d )  

1. S t a t e  OES Director l i s t e d  as  

2. J e f f e r s o n  County J u d g e  J a c k  
J e f f e r s o n  County J u d g e  

J o n e s  n o t  l i s t e d  

1. L i s t  James Lee W i t t  
as OES Director 

2. L i s t  J a c k  J o n e s  as 
J e f f e r s o n  County Judge  

22 

3-36 F i g .  13 "Adjus ted"  EPZ map doesn  t i n c l u d e  
5 c o u n t i e s  o r i g i n a l l y  i d e n t i f i e d  
as be ing  w i t h i n  50 K PAZ 

Restore - Dallas, C leve land  
L i n c o l n ,  Arkansas  & P r a i r i e  
c o u n t i e s  t o  o r i g i n a l  PAZ 

3-38 T a b l e  12 1. Only lists 5 c o u n t i e s  i n  PAZ 
2. Doesn ' t  i n c l u d e  a l l  

i n c o r p o r a t e d  areas 

1. R e s t o r e  a l l  10 c o u n t i e s  
and  2 e n t i t i e s  t o  PAZ 

2 .  I n c l u d e  a l l  i n c o r p o r a t e d  
areas t o  o r i g i n a l  10 
coun ty  PAZ 

B- 2 
B- 3 

T a b l e  B-1 
& B-2 

Only Lists 5 c o u n t i e s  i n  PAZ L i s t  10 c o u n t i e s  and 2 
e n t i t i e s  as i n  o r i g i n a l  
PAZ 

B- 9 
t h r u  
B-15 

T a b l e  B-5 Schools t h a t  s h o u l d  be i n c l u d e d  
i n  10 coun ty  PAZ are e n t e r e d  as: 
PAZ t o  100 K 

Use 10 coun ty  & 2 e n t i t y  
PAZ t o  i n c l u d e  s c h o o l s  

B-15 YAble B-5 P e r r y  County s c h o o l s  (100 K PAZ) 
e. , tered under  O u a c h i t a  County 

Delete P e r r y  County s c h o o l s  
OR Page B-15, T a b l e  B-5. 
( P r e v i o u s l y  e n t e r e d  on 
Page B-12) 
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Page Line Recommended 
No. No. Discrepancv Correctl ion 

B- 20 Table  B-7 Day care f a c i l i t i e s  o r i g i n a l l y  i n  Original 10 county 2 e n t i t y  
10 county PAZ are l i s t e d  as: f a c i l i t i e s  should be l i s t e d  
PAZ t o  100 K i n  PAZ 

E3-21 Table  B-8 Some i n s t i t u t e s  of h i g h e r  O r i g i n a l  LO county 2 e n t i t y  
l e a r n i n g  from o r i g i n a l  10 county i n s t i t u t e s  should be l i s t e d  
PAZ are l i s t e d  as: PAZ t o  100 K i n  P a .  

B-23 Table  B-9 Some h o s p i t a l s  i n  o r i g i n a l  O r i g i n a l  10 county,  2 e n t i t y  
10 county PAZ l i s t e d  as: 
PA2 t o  100 K i n  PhZ 

h o s p i t a l s  should be l i s t e d  

8-46 12 & 13 J e f f e r s o n  County OES Change t o  read: J e f f e r s o n  
?.. assists & c o o r d i n a t e s  a c t i v i t i e s  County O f f i c e  of Emergency 

of  the Grant: County C i v i l  Defense 
d i v i s i o n  

Services assists t h e  a c t i v i -  
t ies of t h e  Grant  County 
O f f i c e  of k r g e n c y  S e r v i c e s  

13-48 8 James W i t t  l i s t e d  a s  J e f f e r s o n  Change to :  James Lee W i t t ,  
County Judge D i r e c t o r ,  Arkansas S t a t e  

O f f i c e  of Emergency Services 
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F2 R E S F O N S E S T O C D ~  

F21 Responses to h t k r  Dated Jaouaq 29,1990, finin Barry J. Davis, Centers for 

1. 

2. 

3. 

4. 

5. 

6. 

The text has been revised to indicate more clearly that the BZ support facilities will 
be used by the new disposal facility. 

The text has been revised to indicate that the distances given are in relation to the 
disposal facility. 

This option will be considered for the site-specific EIS. 

The acoustic sounder has been shipped for repairs. However, because of the 
general uniformity of the mixed layer height in this area, the data from the National 
Weather Service is considered sufficient. Other possible sources of data are also 
being investigated. 

The storage risks continue for each alternative until the stockpile is eliminated; 
therefore, the only way to differentiate is to look at the risks associated with the 
specific activities required by each alternative. 

Although the plume is broader for conservative most likely (CML) than for worst 
case (WC) conditions in the sense that the distribution of agent is wider in the 
crosswind direction @e., the standard deviation of the assumed Gaussian distribution 
is larger for CML conditions), other factors such as wind speed and dilution of agent 
in the crosswind and vertical directions cause the width of the CML plume, as 
represented by contours of equal dosage (the multiplicative product of agent 
concentration and duration of exposure), to be slightly less than the width of the 
corresponding WC plume. For example, because the wind speed for CML, 
conditions is three times as great as for WC conditions (3 vs 1 ds), the dose at a 
given location resulting €?om a passing puff or cloud of agent from an explosive 
release under CML conditions is one-third what it would be for 1 - d s  winds 
(without changing other meteorological conditions) because it passes three times as 
quickly. Similarly, for a continuous plume release, the initial concentration and 
subsequent downwind doses are one-third what they would be under 1 - 4 s  winds 
because the stronger wind initially dilutes the agent concentration by "stretching" it 
in the downwind direction. The CML contours are relatively wide in comparison 
with their length, while the WC contours are relatively narrow; the absolute widths, 
however, are slightly less for CML conditions than WC conditions. Because the WC 
contours encompass the corresponding CML contours, a larger number of fatalities 
will occur under WC conditions. 
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7. Comment incorporated. 

8. Comment incorporated. 

9. As the puff from an instantaneous release expands because of difl'usion, it beoomes 
subject to changes in wind direction within the increasing volume of air that it 
occupies as it travels downwind. Therefore, although the effect is not as 
pronounced as for a continuous plume, actual maximum doses in a puff are also less 
than predicted doses because of stretching and shearing occurring along the puffs 
meandering path. For both puff and plume: releases, the actual distance traveled 
during meandering is greater than the straight-line distance to a given location; 
coassquently, the greater distance alfaws additional time for dispersion to) occur, and 
actual doses are less than predicted 

10. It is unlikely that more intense stable conditions would occur above a surface 
inversion that causes stable conditions; therefore, when looking at the WC scenario, 
the height of the mixed layer is not a major concern. For CML conditions, the 
analysis has been expanded to include class D stability, with wind speeds up to 
21 m/s and a mixing height of SO0 m. These conditions did not result in significant 
changes in the level of risk 

11. Comment incorporated. 

12 Comment incorporated 

13. The Army determined that the major ConsideratiOa at this stage of the 
environmental assessment process should be effects to off-site population. The site- 
specific EIS wi consider on-post as w e U  as off-site population for assessing impacts 
and siting the facility. 

14. This section was rewritten to include risb associated with a potential accident within 
the storage yard, adjacent to the fence at PBA This could affect risks of all the 
disposal alternativts as well as continued storage. Recalculation of risb did not 
show a significant increase for on-si& disposal as compared to the other alternatives. 

15. Calculation of the three probabilistic measures of risk, including expected fatalities, 
invohres the use of classified data. The resuits are, therefore, also classifid and are 
quantified only by the ranges represented by the pictogram shading levels. 

16. Additional discussion of the differences in the measures of risk between the disposal 
alternatives has been added to the text 
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17. Data on NClX has been added to Table 10. 

18. Presentation of the data in Fig. 13 and the accompanying text has been revised It 
is now based on the 50-km (31-mile) radius; therefore, the shading is not necessary 
and has been removed. 

Responses to EPA comments: 

Emission rates and maximum ambient ground level concentrations of criteria 
pollutants and chemical agents during normal operations of the proposed disposal 
facility will be presented in the site-specific EIS. 

The Red Phosphorous Mix Facility has now been added to the table as Permit 
Number 958-4 and the reference in the text has been deleted. 

Alternative sites to include a site in close proximity to the chemical storage area will 
be considered in the site-specific EIS. However, the facility would be closer to the 
installation boundary and populated areas if it were located near the chemical 
storage area. 

The design for the Tooele disposal facility was made available to the National 
Research Council for their review. To date, the National Research Council has 
concentrated their review on agent monitoring, personnel training, and the CSDP 
management structure. Other suggested changes from EPA have been incorporated 
in the final Phase I document. 

Section 3.3 of the Final Phase I report has been modified as requested. Required 
regulatory reviews and approvals prior to construction and operation of the PBA 
disposal facility will be further detailed in the site-specific EIS. 

As suggested, this section has been updated to report the results of the CAMDS 
VX testing that occurred in late 1989. 

The Army's intention at the time the FPEIS was published, if on-site disposal was 
selected (reference p. 2-26 FPEIS), was to convert the existing BZ Munition 
Demilitarization Building, based on the JACADS design concepts and to destroy the 
PBA chemical munition stockpile. The F'PEIS risk analysis assumed the JACADS 
technology would be used to destroy the PBA chemical stockpile, and the facility 
would be essentially a clone of the TEAD facility. After further investigations, the 
Army has determined it would be as cost effective to build a new downsized 
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Munition Demilitarization Building and use some support facilities from the 
BZ operation. The proposed technology to destroy the PBA stockpile continues to 
be the JACADS technology. Use of a modikd BZ Munition Demilitarization 
Building, as originally intended in the FPEIS, will be consided as an alternative 
site in the site-specific EIS. 

We appreciate these comments b m  the State of Arkansas. To further clarify, 
current plans are to construct a new Munition Demilitarization Building adjacent to the 
existing BZ facility to destroy the PBA chemical munition stockpile. Although reuse of 
the BZ facilities and incinerators was considered at one time, current plans are to reuse 
only certain support facilities from the BZ operation. This dexision was made to 
facilitate adherence to the more stringent safety criteria for the chemical munition 
demilitarization facility. In addition, costly desigu alterations to the I32 incinerators 
would be needed to obtain the required throughput rates, temperatures, and residence 
times for disposal of the PBA chemical stockpile. The primary benefit of purchasing 
new incinerators for the chemical disposal operation is that, as they will be essentially 
identical to the JACADS and other COWS CSDP facilities, experience gained at these 
facilities will be more transferable. 

Most of these comments have to do with the use of the IRZ and PAZ in 
presenting the data. The presentation of data has been revised and is now based on the 
SO-km (31-de) radius, with data to 100 km (62 des )  provided where available. All 
other comments have been incorporated into the report.. 
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