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ABSTRACT 

The Airlift Deployment Analysis System (ADANS) is a research and development effort 

sponsored by the Headquarters, Military Airlift Chmmand (HQ MAC) and conducted by 

researchers at  Oak Ridge National Laboratory (ORNL). The purpose of this effort is to 

upgrade HQ MAC'S automated capabilities for scheduling peacetimebartime missions, 

deliberate and execution planning, and analysis of the airlift system. HQ MAC is also 

integrating its airlift scheduling processes to provide an easier transition from peacetime 

to wartime duties. The goal of this research and development effort is to provide an 

integrated system that allows HQ MAC to better maintain its forces in a constant state 

of readiness. The development for ADANS is scheduled in three increments and is to 

be completed in September 1992. 

The Special Assignment Airlift Missions ( S A A M s )  at HQ MAC are to be supported at 

the end of Increment I1 of ADANS development. Increment I1 development began in 

October 1988 and will be completed in June 1991. To develop a useful decision support 

system for the HQ MAC staff to process S A A M s ,  it is essential that both HQ MAC and 

ORNL understand and agree, in advance, what should be done in ADANS for SAAMs 

and how it should be accomplished. This report intends to provide a baseline for future 

discussions and communications on this subject. 

This paper documents the procedures for processing S A A M s  at HQ MAC as of May 

1989 and presents functions that will be provided by ADANS to support S A A M s .  In 

general, ADANS will provide HQ MAC Current Operations, Airlift Management 

Division, Special Airlift Branch (HQ MACDOOMS) and Air Transportation, Director 

of Cargo and Requirements, Special Assignment Airlift Division (HQ MACKRKS) with 

the ability to automate S A A M  information management/data processing tasks, along with 

systematic error and consistency checking. Reports will be generated automatically by 

the system for analysis of S A A M  requirements and airlift allocation. Consequently, 

better data integrity among various forms and reports can be expected. 

vii 





1. BACKGROUND 

The Military Airlift Command (MAC) is a major command of the U.S. Air Force, 

encompassing strategic and tactical airlift, special operations, and rescuelrecovery 

missions. Headquarters, Military Airlift Command ( H a  MAC), is responsible €or 

providing airlift support during peacetime and maintaining a constant state of readiness 

during wartime. 

The Airlift Deployment Analysis System (ADANS) is a research and development effort, 

sponsored by HQ MAC and conducted by researchers at Oak Ridge National Laboratory 

(ORNL), to integrate existing airlift planninghheduling systems and manual tasks of HQ 

MAC into one system. It will operate on a series of workstations connected by a Local 

Area Network (LAN). Workstations will be located at Scott Air Force Base, Illinois, 

and at the 21st and 22nd Air Forces. ADANS will provide planning, analysis, and 

scheduling tools for HQ MAC staff in peacetime as well as during contingency airlift 

operations. These operations include Channel Missions, Joint Chiefs of Staff (JCS) 
exercises, Special Assignment Airlift Missions (SAAMs), and Deliberate and Execution 

Planning. 

ADANS is being developed in three increments and is to be completed in September 

1992. SAAMs will be supported at HQ MAC and at the Numbered Air Forces (NAFs) 

at the end of Increment I1 of ADANS development. Increment II development began 

in October 1988 and will be completed in June 1991. 

SAAMs are unique peacetimehartime missions requested by users who require: airlift for 

cargo and/or passengers. S A A M  users include all areas of the U.S. Department of 

Defense (DoD), U.S. government, and non-U.S. government agencies/groups. During 

1988, Special Assignment Airlift Missions included support for the White House, Persian 

Gulf operations, National Science Foundation in Antarctica, and the Bob Hope US0 
Christmas Tour. As stated in the Military Standard Transportation And Movement 
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Procedures (MILSTAMP: DoD 4500.32-R, Vol. I), SAAMs cover four categories of 

operation: 

1. traffic originating for airlift at other than an Aerial Port of Embarkation 
(APOE) and terminating at any location, 

2. traffic originating for airlift at an APOE and terminating at other than an 
APOE, 

3. traffic originating at an APOE and terminating at an APOE but requiring 
singular or unusual consideration not available if moved as normal channel 
traffic, and 

4. traffic originating at an APOE and terminating at a destination in the 
proximity of a channel route (channel extension of flag stop). 

On the average, over 300 S A A M  requests may be flown within a month. During high- 

activity months, the number increases to between 350 and 450 SAAMs. Usually, only 

3% to 5% of SAAMs are repetitive, Approximately 75% of S U M S  are single origin 

and destination missions with an empty return. The remaining 25% of S A A M s  are 

multiple origin and destination missions (ADANS Functional Description 1988). 

However, because of the difficulty of viewing overall aircraft movements, coalescing 

passengers or cargo on SAAMs is a rare occurrence. Unlike the dedicated Channel 

moves, changes in S A f M s  are frequently made by the users. These changes can occur 

at any time, ranging from four months to one day before the mission is scheduled to 

take place. 
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2. THEPRoCESSINGOFSAAMs 

2.1 REQ-PROCESSING 

SAAM users are responsible for submitting DD1249 forms (see Appendix B) to their 

U.S. Department of Defense (DoD) Service Appointed Validators and to H Q  

MACA’RKS to initiate SAAIMS. SAAM requests are manually prepared by the users 

and submitted to the validators and HQ MAC/TRKS via mail, telephone, or Automated 

Digital Network (AUTODIN). The AUTODIN communications center is used to 

transmit standard formatted messages between U.S. military installations when computer 

internetting is not available. The validators determine whether a S A A M  is legitimate 

and whether sufficient funding is available. When the DD1249 data are approved, a 

unique SAAM number and a priority code are assigned to the SAAM by the validator. 

The DD1249 request is prucessed by HQ M A C m  when a validation notification 

from the validator is received via AUTODIN, telephone, or hard mpy message. SAAM 
requests can be received by HQ MAC/TRKS from several months to only hours ahead 

of the scheduled mission time. 

The DD1249 forms are first sorted according to the requested month and SAAM 
number by HQ MACA’RKS. Limited error-checking procedures are performed manually 

to ensure the compatibility and accuracy of the requirement data. The hardcopy Airfield 

Suitability Report (ASR) data, supplied by Flight Standards and Aircraft Performance 

Division (HQ MACDOVF), is used as a reference to check the compatibility of 

requested aircraft with the departure and arrival stations. To determine the compatibility 

of the load with its associated aircraft, a loadmaster in HQ MAC/T’RKS is consulted. 

When the compatibility of hazardous cargo with other cargo is in question, HQ 

MAC/TRKS can make its own judgment or use the advice of the loadmaster. Additional 

manual inspections are made on the DD1249 data. HQ MAC/TRKS must check for 

incomplete data and verify that the requested flight time for a given S A A M  is 

reasonable. When problems are encountered (e.g., insufficient or incomplete 

requirements), HQ MACERKS staff coordinates with the validator to resolve them over 
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the phone. After necessary editing is completed, a DD1249 memo (see Appendix F), 

which contains applicable data from the DD1249, is typed and submitted to HQ 

MACDOOMS. 

The user can submit amended DD1249 forms via mail, phone, or AUTODIN to request 

changes anytime before a SAAM is executed. These requests can include changes in the 

requirements, the arrival and departure times, or the Aerial Port of Embarkation 

(APOE) and Aerial Port of Debarkation (MOD). Upon receiving the change requests, 

HQ MACKIRKS staff perform necessary edits and notifies HQ MACDOOMS of the 

changes. 

HQ MACERKS staff are also responsible for determining the mission cost. Tariff 

tables and a hardcopy listing of executed missions produced by Military Air Integrated 

Reporting System (MAIRS) are used to manually calculate the SAAM cost. The 

connection between the onload and offload stations for a mission is defined as a “leg.“ 

The charge for each leg of the SAAM mission is summed to calculate the final bill and 

is recorded on a cost memo. Copies of the cost memo are sent to HQ MACDOOMS 

for records and to the HQ MAC Comptroller (HQ MAC/AC) for the actual billing of 

the user. Because it is cheaper to fly an empty aircraft, a discount of 10% is given to 

users on one-way missions. An additional 5% discount is given to those missions which 

are validated 30 days prior to the mission and have no significant changes. 

22 MISSION OPERATING DIRECTIVE (MOD) PREPARATION 

When HQ MACDOOMS staff receive DD1249 memos (Fig. l), they manually sort 

them into two groups. Those not taking place within the next three months are stored 

as an inactive group and are rechecked periodically until activated. The memos in the 

active group, those that will take place within three months, are manually reformatted 

into the Mission Operating Directive (MOD) (see Appendix C). Additional verifications 

and compatibility checks, similar to those performed by HQ MACIIXKS, are repeated 

for MOD data. 
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23 AIRLIFTALLOCATION 

The primary responsibility of HQ MACDOOMS is to allocate aircraft efficiently from 

the 21st or 22nd AFs to SAAMs. When allocating aircraft for SAAMs, HQ 

MACDOOMS staff refers to an Aircraft Commitment Spreadsheet (see Appendix E). 

This Aircraft Commitment Spreadsheet provides information on the number of available 

aircraft for each mission (SAAMs, Channels, etc.) by day of the month, by aircraft type 

(C-5, (2-130, C-141), by NAF, and for each of the Military Airlift Wings (MAWS). For 

example, the data on the spreadsheet may show that five C-141s under the control of 

the 60 MAW, 21st AF are available on 3 December for SAAMs. 

The selection of a NAF is based on mission location, availability of aircraft, and the 

historical precedent of the NAF in handling a particular mission type. The NAF, once 

chosen by HQ MACDOOMS, is then responsible for tasking a wing to fly the mission 

(see Fig. 1). Following the selection of a NAF and the determination of aircraft 

availability for a specific request, a unique S A A M  number is manually recorded on an 

allocation sheet or "snake chart" (see Appendix D). For each NAF, the snake chart is 

divided into days of the month and aircraft type. Any changes that may later occur to 

the MODS are also made to the associated snake charts. 

If the requested aircraft is not available for a certain S A A M  request when allocating 

aircraft, HQ MACDOOMS staff Goordinates with the validator to make necessary 

changes to accomplish the requested mission. The HQ MACDOOMS Airlift Director 

has a number of alternatives that can be pursued in the attempt to match an appropriate 

aircraft to a SAAM: 
0 requesting an extension in airlift allocation from HQ MAC Airlift Operations 

Branch (HQ MACDOOMA) or HQ MAC Tactical Airlift Branch (HQ 
MACDOOMT) barrelmaster, 

0 changing the requested mission to another day, 

0 requesting a commercial carrier, 

0 selecting another aircraft type that is feasible, or 
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0 rescheduling or canceling a lower priority mission with the coordination of 
the validator. 

The selected NAF and aircraft for the SAAM are added to the MOD. When a MOD is 

complete, it is distributed, via AUTODIN, to the NAFs, wings, validators, users, and the 

affected stations. In addition, a daily MOD listing is sent to the NAFs via AUTODIN 

to notify them of the MODs they should have received. 

2 4  PROBLEMS WiTH THE CURRENT SAAM PROCEDURES 

Due to the frequent changes that occur during the processing of S A A M s ,  manually 

updating the DD1249s, MODs, and snake charts is time-consuming. HQ MACKFtKS 

and HQ MACDOOMS need a system that will support their data-processing needs, as 

well as provide analysis and scheduling capabilities. The Global Decision Support 

System (GDSS) was designed to automate the Command and Control ((2) functions at 

HQ MAC. SAAMs was initially to be supported by GDSS; however, the GDSS S A A M  

program is not currently operational, and there are no plans as of MAY 1989 to 

continue SAAM development within GDSS. Therefore, manual editing of DD1249s, 

MODs, and snake charts still exists. 

Another problem that affects the HQ MACDOOMS Airlift Directors is the role they 

play in scheduling missions during exercises or contingency operations. The Airlift 

Directors are responsible for the development of MODS. They allocate aircraft and 

select the NAF for the SAAM. Once a NAF receives a MOD, it is the NAFs 

responsibility to task a wing to fly the S A A M .  The wing is then responsible for 

performing the actual scheduling of the mission, including the assignment of aircraft. 

During contingency operations, however, more responsibilities are given to the HQ 

MACDOOMS Airlift Director. The Airlift Director is expected to participate as a 

member in the Requirements and Flow Planning Cell, which actually does scheduling. 

In the Flow Planning Cell, contingency schedules are developed in the Integrated 

Military Airlift Planning System (IMAPS) at HQ MAC. 





3. A D A N S  PLANS FOR SAAMS 

In Increment II of the ADANS project, a user-friendly, menu-driven decision support 

system will be developed for HQ MACDOOMS and HQ A.IAC/IIIKS to process SAAM 

requirements (Fig. 2). Through a workstation windowing environment, users will be 

given menus with options from which they can select desired functions. By selecting an 

option, certain functions may be activated or executed. Multiple levels of menus will be 

used when necessary. Simple prompts will be used to collect additional information from 

the user. Fiil-in-the-blank-type screens will be provided when appropriate. 

All essential information, including DD1249, DD1249 memo, MOD, aircraft commitment, 

and airfield data, will be available in the ADANS database. The system will allow users 

who have permission to review, edit, and analyze desired data. Automatic error checking 

and data validation will be performed within A D A N S .  Cross-referencing between 

DD1249NOD and master airfield data will be provided. The ability to use the load- 

planning module to assist the HQ MACDOOMS Airlift Director in selecting 

appropriate aircraft will also be furnished. 

The HQ MACDOOMS Airlift Director will have a viewing capability of the ADANS 
aircraft commitment spreadsheet. Staff at HQ MACDOOMA and HQ MACDOOMT 

are responsible for maintaining the spreadsheet data. NAFs, however, perform actual 

interactive data updating. The Airlift Director will be able to use the information 

contained in the spreadsheet to determine the availability of appropriate aircraft, needed 

for a SAAM. 

ADANS will provide both HQ MACDOOMS and HQ h 4 A W K s  staff with the 

following automated tools: 

1. Checking Airfield Suitability 

Using APOE and APOD airfield data from a given DD1249 or MOD, the aircraft 
requested for the mission will be cross-referenced with the master airfield fiie (which 
will include ASR data). If the suitability of an aircraft for an airfield is in question, 
a warning message will appear on the terminal screen, and alternative aircraft types 
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2. 

3. 

4. 

5. 

5. 

for the particular airfield will be suggested. A more detailed explanation can be 
provided, if applicable. 

Checking Cargo Compatibility 

DD1249 and MOD Cargo data will be checked and verified for compatibility. Any 
unacceptable mixture of cargo (e.g. passengers with hazardous materials) will be 
flagged. Proper warning messages will be displayed. 

Checking Flight Time for Feasibility 

Using the Latest Arrival Date (LAD) and Available to Load Date (ALD) from the 
DD1249 or MOD, a reasonable flight time will be calculated by using leg dlistances 
from the Leg Table in the A D A N S  database (onload station to offload station). 
Once the distance is determined, the aircraft type and its associated requirements to 
be moved will be used to evaluate the flight time. Error or  warning messages will be 
displayed if the user has underestimated the flight time. 

Supporting and Executing the Load-Planning Module 

A load-planning tool is being developed for supporting the deliberate and execution 
planning processes. This load-planning moduie will also support SAAMs. The user 
wili be able to activate (execute) the load-planning module at any given time. The 
system will prompt the user for information that was not supplied on the existing 
DD1249s or MODs. Once all required data are provided, the execution of the load- 
planning module can take place. Suggestions, such as number of aircraft needed for 
a given mission, type(s) of aircraft that should be used for the mission, as well as 
possible alternatives, wilt be presented to the user. 

Editing D D  1249MODs 

The SAAM DD1249s and MODS will be stored in ADANS DBMS. ADANS will 
provide capabilities for the user to retrieve and edit DD1249slMODs before airlift 
allocation and scheduling. When the SAAM requirements are scheduled but results 
are not satisfactory, the Airlift Director can rnodih the MOD and then reallocate the 
airlift and/or reschdule the requirements. Any edits performed on the MOD will 
also update its associated snake chart, and vice versa. 

SAAM Querying and Reporting 

The HQ MACfTRKS and HQ MACDOOMS staff will have the capability to 
perform ad hoc querying and reporting on SAAM data, including DD1249s and 
MODs, and ADANS data, including airfields and missions (if appropriate privileges 
are given). The querying and reporting capability will allow the Airlift Director to 
foresee potential coalescing of cargo. The SAAM user will be able to query the 
system for information such as the number of a certain type of mission occurring on 
a particular day (or within a specified time frame) with the same APOE and MOD.  
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ADANS will provide HQ MACDOOMS with the following additional tools: 

1. 

2. 

3. 

4. 

Viewing Spreadsheet Information 

A viewing capability will be provided to allow the Airlift Director to review the 
AircraftCommitment Spreadsheet prepared by HQ MACDOOMA and HQ 
MACDOOMT staff. Data in the spreadsheet can be used by the Airlift Director to 
determine the availability of aircraft for the SAAM and to enter SAAM numbers 
into the snake chart. 

Preparing Snake Charts 

ADANS will allow the HQ MACDOOMS Airlift Director to view, edit, and print 
snake charts. Initial allocation totals will be automatically entered into the snake 
chart on the basis of information available in the Aircraft Commitment Spreadsheet 
(see 6 above). As the Airlift Director assigns a SAAM number to a specific type of 
aircraft in the MOD (also for a particular NAF and day of the month), the 
allocation total in the snake chart can also be simultaneously updated. 

Creating a MOD Listing 

A list of MODS that have been processed for a specified day will be generated by 
the system when requested. The list will be available for viewing or printing by the 
user at any time. 

Scheduling 

Increment I1 of ADANS will provide the HQ MAC/DOOMS user with a scheduling 
capability. Scheduling algorithms, developed For Field Training Exercises (EpD(s), will 
be used to schedule S A A M s .  After the HQ MAC Airlift Director develops the 
MOD, the data will be reformatted into A D A N S  requirements for input into 
scheduling. During scheduling, ADANS will select a wing to fly the mission based 
on the NAF selected by the HQ MAC/DOOMS Airlift Director. ADANS will also 
assign departure and amval times considering operating hours, MAC mission support, 
and user time-frame requests. The schedule and requirements data will be stored in 
the ADANS database for report generation and querying by authorized users. The 
MOD and the produced schedule, or itinerary, for the SAAM will be available to 
HQ MACDOOMS, and the NAFs via ADANS workstations. The NAFs will be 
able to change the wing selected by ADANS, if necessary. Wings, users, ALDs, and 
associated stations will receive the MOD and schedule via AUTODIN. The selected 
wing will enter the final schedule into the Airlift Implementation and Monitoring 
System (AIMS), Command and Control Information Processing System (C2IPS) in 
future, which will update GDSS. 



13 

In Increment I1 of ADANS, the NAF's will also be supported for S A A M S  processing. 

Analysis is currently being done to define the functions that might be used to support 

the NAFs. 

HQ MAC has requested that ORNL consider the possibility of supporting SAAMs in 

ADANS prior to the completion of Increment I1 development (e.g., Revised Increment 

I). Two major problems exist, however. First, ADANS algorithms for scheduling 

SAAMs will not be completed until the end of Increment 11; therefore, the only 

capabilities that ADANS could provide before then would be editing and 

cross-referencing. Second, the ADANS WQ MACDOOMA and HQ MACDOOMT 

Aircraft Commitment Spreadsheet will not be available until the completion of 

Increment 11, limiting the ability of HQ MACDOOMS to performing aircraft allocation; 

therefore, the ORNL ADANS development team has determined that Increment I will 

not be feasible. 





4. SUMMARY 

At the end of ADANS Increment 11, a menu-driven, user-friendly, decision support 

system will be available to the HQ MACDOOMS and HQ MACKlXKS staff. 

Whenever an option from a given menu is selected, a certain function (or a series of 

functions) will be invoked. Error or warning messages, if applicable, will be displayed. 

Suggestions or  alternatives will be provided to aid in the user’s decision-making process. 

No programming knowledge will be required to operate the system. 

Editing, analysis, and scheduling €unctions will be provided by ADAPJS to support 

SAAMs. In general, ADANS will provide HQ MACDOOMS and HQ MAC/TRKS 

with the ability to automate SAAM information management/data processing tasks, along 

with systematic error and consistency checking, which will reduce errors in S A A M  
requirements. ADANS will also assist the Airlift Directors by providing an overview of 

all MAC missions to be flown, in a specific time window, for more efficient airlift 

allocation. 

analysis of SAAM requirements. Consequently, better data integrity among various 

€orms/reports and reduction of paperwork can be expected. 

MODS and snake charts can be generated automatically by the system for 

Analysis is continuing for the determination of S A A M  requirements. A prototyping 

effort will be used to allow HQ MACDOOMS and HQ M A C m S  to verify that their 

requirements have been met. The €unctions presented in this paper will be used as a 

starting point for this effort. 
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OPR: DO (05)  TP ‘331 
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Appendix D 
ALLOCATION SHEET 

"SNAKE CHART 
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Appendix E 
AIRCRAFT COMMITMENT SPREADSHEET 
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Appendix F 
DD1249 MEMO 

F- 1 





ADO THE FOLLOWING MISSION FOR APRIL 1987: 

1. Unclassif ied 2. 11465 3 .  P r i o r i t y  lB(1)  4. FB-111 Rapid Recovery 

5. Plattsburgh AFB HV (kPBG) Onload: 6 pax, .35 ton bags, 4.6 ton cgo, 1914 cube 
E l  1 sworth Af6 SD (KRCA) O f f  1 oad : Above 

6. A v a i l ,  P/U 0811002 Apr 87, LAD 0816002 Apr 87 

7. 1 C-141 or C-130 

8. Request operable wfnches at both locations 

9.  Unclas 

t0. TF30 Eng w/Trl, 1, 9304 lbs,  1164 cube, 249x60~90 
4000 Eng Chg T r l  and 3000 Transfer Trt, 3372 lbs, 430 cube, 154x72~74, I A W  para 6-28a(l), atr I n t  Combustion 
Rollout K i t ,  1, 100 lbs,  6 cube, 36x21~12 
Tool Box, 1, 50 tbs ,  2 cube, 24x12~12 
fool Box, 1,  170 lbs, 15 cube, 50x36~20 

11. Contacts: Onload, Plattsburgh, Sgt Biay, AV 609-5447, HPAC 518-562-1467 
Offload, Ellsworth, Job Control, AV 747-2816 
Overal l  b HQ SAC/LGT, Capt Coffmaa, AV 271-4338, HPAC 402-399-8742 

12. CfC 44767 985 525700 . 

REMARKS: Validated by Colonel Connslly, DCR, Plattsburgh. SNJ: Just  received no t ice  plane went down. 

INFO ADOEE: HQ SAC OFFUTT AFB NE/LGT; 15AF MARCH AFB C A j l G T ;  8AF BARKSDALE AFB lA/CGT 

CHARGE: TO BE FURNISHEO 

felecon Capt CoffmanlBev/? Apr 87 

0. Hart/0750L/8 Apr 87 
S A L  Q--=*&? 





1. G. Anderson-Batiste 
2. P. Baxter 
3. C. Bowman 
4. D. Bradford 
5. L. Clinard 
6. G. Dailey 
7. P. Daugherty 
8. S. Diegel 
9. LDuncan 

10. B. Edwards 
11. M. Emrich 
12 J. Evans 
13. K Gilley 
14. P. Green 
15. D. Greene 
16. C. Hammons 
17. G. Harrison 
18. D. Hartley 
19. B. Honea 
20. A. Huntley 
21. A. Hutton 
22. H. Hwang 
23. R. Kraemer 
24. k Loebl 
25. J. Loftis 
26. J.Morris 
27. V. Ng 

28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
46. 
47. 
48. 

49-5 1. 
5 2  

R Noe 
S. Norman 
S. Packard 
J. Reed 
D. Reichle 
R. Rush 
A. Sexton 
F. Sexton 
B. Shelton 
P. Singley 
R. Solanki 
E Southworth 
J. Temple 
3. Thomas 
T. Tmett 
D. Vogt 
T. Wilbanks 
J. Worthington 
ORNL Patent Office 
Central Research Library 
Document Reference Section 
Laboratory Records (3) 
Laboratory Records (Record Copy) 

53. B. Buchanan, Professor of Computer Science, 318 Alumni Hall, Department of Computer 
Science, University of Pittsburgh, Pittsburgh, Pennsylvania 15260 

54. J. 3. Cuttica, Vice President, End Use, Research and Development, Gas Research Institute, 
8600 W. Bryn M a w  Avenue, Chicago, Illinois 60631 

55. D. E Morrison, Professor of Sociology, Michigan State University, 201 Berkey Hall 
Laboratory, East Lansing, Michigan 48824-1 11 1 



56. R. L Pemne, Professor of Engineering and Applied Science Engineering I, Room 2066, 
405 Hilgard Avenue, University of California, Lss Angela, California 90024-1600 

57. M. Williams, Professor, Department of Economics, Northern Illinois University, Dekalb, 
Illinois 60115 

58. Office of Assistant Manager for Energy Research and Development, DOE-ORO, Post 
Office Box 2001, Oak Ridge, Tennessee 37831-8600 

59-70. OSTI, U.S. Department of Energy, P.O. Box 62, Oak Ridge, TN 37831 


