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NRDEC-: AFs.« Siting of Appropriated
Fund Enlisted Dining Facilities

Chapter I: INTRODUCTION

A. Purpose

Dining facilities have historically been constructed in dormitory areas because of
the convenience for Subsistence-in-Kind (SIK) personnel under the assumption that
utilization rates would be higher if facilities were located in their immediate living
area. However, time constraints due to mission changes, the proliferation of other food
outlets on and near installations with more convenient access, and inconvenience expe-
rienced by potential customers due to traflic, parking, etc. have decreased utilization
of dining facilities. The effects of these and other factors must be considered for future
construction projects, in order to provide the required level of service. Thus, there is an
urgent need to identify the prime location for siting these facilities, since many of the
dining faciilties constructed in the 1950’s will be programmed for MCP replacement in
the next few vears.

The general purpose of this study is to design a Decision Support System (DSS)
for identifying and evaluating siting locations for Dining Services on Air Force Bases.
The main characteristics of this DSS are that it is hierarchical in nature, relies on an
integrated data base for decision making at the different planning levels, and features
an interactive graphics user-interface and corresponding mathematical optimization
algorithm to assist the decision maker throughout the entire siting process.

B. Assumptions

Below are some of the critical assumptions which have guided the design and
development of the DSS.

i) AFB’s have specific mission categories [TAC, MAC, SAC, ATC, and USAFE]
which tend to control the type and utilization characteristics of dining services.
These mission categories are such that the DSS should be tuned to the mission of
each major command.

il) The DSS should also be designed to respond to particular qualitative charac-
teristics involving climate, cultural, geographic, topographic, ethnic, and life styie
factors which make each base unique.

=1 US. Army Notick Research, Development, and Engineering Center
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ii1) Where possible quantitative standards common to AFB’s should be incorpo-
rated into the DSS so that economic and financial considerations, travel distances.
communication costs, security concerns and other measureable performance mea-
sures can assist in the location decision.

iv) The DSS will be designed to operate at the base level. The Base Engineer.
Planner, Food Service Officer and Chief of Services staff would assemble the rec-
uisite data and mapping information to operate and utilize the DSS model.

C. Project Methodology

This project began with a site survey of four AFB’s. These four bases represent
each of four major commands (ATC, TAC, MAC, SAC) as well as a cross section of
the number and type of appropriated fund food service facilities on base (Figure 1).
The purpose of the site survey was to gather existing data in the form of base maps,
reports and documents, forms, food services information, and squadron information.
In addition, the site visits included meetings with the Chief of Services, Food Service
Officer and Base Planners/Engineers, and a tour of food service facilities.

Command Base ADH FK AK SF FS C§ MS
ATC Louwry 5
TAC Luke 1 1
MAC Travis 3 i 1 1 1
SAC Grand Forks 1 1 1 1 15

ADH: Airmen’s Dining Hall

FK: Flight Kitchen

AK: Alert Kitchen

SF: Satellite Facility

FS: Fire Station

CS: Carryout Service (Separate Facility)
MS: Missile Site

Figure 1: Site Survey




Specific data gathered during the site survey included:
(1, Base maps at a scale of 1"=400" or 1"=800" (with building numbers)

(2) Future Land Use Plan, Planning Assistance Team (PAT) Report, Air Instal-
lation Compatible Use Zone (AICUZ) Report, or other planning related reports or
documents

(3) Form AF-1785 Facilities Inventory Report/ Form AF-249 Food Service Oper-
ations Report

(4) Location, hours of operation and daily headcount (by meal) of appropriated
fund food service facilities

(5) Location, hours of operation and totel dollar sales of AAFES and non-appropriated
fund food food service facilities

(6) Strength, by squadron

Our analysis of this data focused on the relationship between the location of ap-
propriated fund food service facilities and dormitory/work sites by squadron for Travis
AFB, Grandforks AFB and Luke AFB. Lowry AFB was excluded from this analysis
since we were unable to obtain the deta by squadron (number (6) above) needed for this
analysis. This data was not available due to the nature of ATC bases where squadrons
come and go throughout the year for training.

Initially, the distance from each dormitory and work site (by squadron) to each
ADH at Travis AFB, Grandforks AFB and Luke AFB were measured from base maps.
Weighted distances were then computed by weighting the distance from each dormitory
or work site by the number of SIK personnel travelling that distance. We assumed that
the total number of SIK personnel in each squadron is uniformly distributed among
dormitory/work sites for that squadron. The weighted average distance (miles) from
dormitory and work sites to each ADH at Travis AFB, Grandforks AF'B and Luke A¥B
are shown in the following table:

Table 1: Weighted Average Distance from Dormitory <= Worksites

Weighted Average Weighted Average

Dormitory - ADH Work - ADH

Distance (miles) Distance (miles)
Travis-Galazy (Bldg 247) 9197 81175
Travis-Starlifter (Bldg 1515) 5368 1.2251
Travis-Ranch House (Bldg 861) 2.1484 1.4726
Grandforks-Red River Inn (Bldg 220) .1198 5629
Luke-Thunderbird Inn (Bldg 543) 1416 9835




I» addition, histograms iiiustrating the distribution of SIK personnel by distane~

from durmitory and work sites to each ADH were generated. For example, the followinc
historgra:m: illustirates the distribution of SIK personnel by distance to the Ranch Heuse
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ADH (Building 861) at Travis AFB:
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Figure 2: Histogram of SIK Personnel by Distance to Buildi‘ng 861 on Travis AFB
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We were unable to draw any specific conclusions about the relationship between
location of SIK dormitory and work sites and utilization of dining facilities by SIK
personnel from existing data. This was primarily because thereis minimal data tha-
indicates where SIK personnel eat breakfast, lunch or dinner by squadron. Section III
of the survey questionnaire was designed to capture this more detailed information.

A detailed summary of existing data and data analysis for each base in the site
survey is presented in Appendix 1. Blank entries in the tables presented in Appendix
1 indicate that no information was either available or obtained from the base.

Hierarchical Planning Process

After our initial site survey visits to four AFB’s, it became apparent that the
fundamental siting problem is hierarchical in nature evolving from the typical length of
time and funding process of acquiring new facilites or rermodeling existing ones. This
hierarchical planning process can be modelled as a three stage process guided by the
time necessary to realize a facility siting decision:

Stage I.0: Base Comprehensive Plan (BCP) Level (1-5 year planning horizon)

Stage II.0: Area Development Plan (ADP) Level (6 months-1 year planning
horizon)

Stage II1.0: Site/Parcel Plan (SPP) Level (1 month-6 months planning horizon)

Stage 1.0 Base Comprehensive Plan (BCP) Level

Generally speaking, the hierarchical planning process stems from an intial need at
the Base Comprehensive Planning level to design or remodel a dining facility because of
increased demand or deterioration in exisiting facilities. A number of different persons
might trigger such a need. Normally this first stage results in a capital fund drive to
acquire funds to build the new facility in relation to existing dining services. This capital
fund drive may result in an MCP provision which requires congressional approval and
takes around five years to realize. The long-term nature of this MCP planning process
necessitates the siting problem as a Base-wide phenomenon.

The existence of a BCP land use plan document guides the siting and configuration
of dining services at this planning stage, so it is natural that the first stage be at this
level of detail. For example, at Travis AFB, they have decided to construct a new ADH
to replace an existing one. Congressional approval seems imminent and so they have
defined a set of 3 — 4 parcels for possible construction st the ADP planning leve] for
the Travis facili.y. At this level of the planning process, one must choose which of the
three or four alternative sites “maximizes utilization” for the planned facility. As an
example of the siting process of the model(s) developed in this report, we will study in
more detail the Travis site selection process in Chapter IV.




Iz Figure 3 is a typical BCP land-use plan with key land use activities indicars
on the map. The initial siting and configuration of dining services should occur
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Stage 11.0 Area Development Plan (ADP) Level

As the planning process teiescopes past Stage 1.0, the particular site(s} or parcel:s
within an area or neighborhood of the base becomes critical. At this stage the rela-
tionship betv'eeq the proposed facility, adjoining land uses, trafic flow, exterior opex
space znd neighborhood become more well-defined and artlculated

Below is a representative example of siting at this planning level on a hvpothetical
base,

Existing Conditicne

Figure 4: Area Development Planning (ADP) Level of Detail (ibid. p.1-18)
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Stage I11.0 Site/Parcel Plan (SPP) Level

At this final level, the actual orientation of the building(s), access roads, parking.
pedesirian welkways, handicap accessibility. landscaping, and square footage capaci-x
of the dining service become critical decision variables for the parcel or site actually
chosen at the previous ADP stage. Effects of sun, wind, and climate as well as geziog
soils, siopes and related environmental factors on the base become important contex:ua.
variabies affecting the siting decision on the chosen parcel.

S %
e Ml

Figure 5: Site/Parcel Plan (SPP) Level of Detail (ibid. p.1-20)

Beyond the SPP level of the planning process, one could become interested in the
actuael design and layout of the facility itself: i.e. where the service lines, kitchen, food
storage, and so on should be located; however, the third planning stage, SPP Level,
defined above is viewed as a natural stopping boundary of our problem.

8




Characteristics of the Hierarchical Planning Process

From the above description of the planning process for siting diring services, one
should begin to realize that the Stages of the planning process are naturally inte:-
linked and highly dependent. While in an ideal sense, one would naturally proceed
from Stage 1.0 on through Stage 1110, in reality, projects seldom follow a linear process
due mainiy to personnel changes and the natural dynamics of planning over time.
Planning decisions and siting criteria involved in the site selection process need to be
integrated and passed back and forth between levels during the siting process. There
is much feedback and alteration of the siting plans as time evolves. There needs to be
a decision trail as planning evolves over time.

Therefore, a carefully defined data-base as a natural part of the DSS should guide
and control the planning process at the different levels.

In order to provide a framework for constructing this integrated data base, 8 mail
survey was sent to selected AFB's within each mission category. The major benefits
of this survey were to first build a statistical foundation for measuring utilization of
current dining services, and, secondly, become the structural framework of the data
base for guiding the hierarchical siting process for new dining facilities.

D. Questionnaire Design

The primary purpose of our survey was to identify and quantify those factors un-
derlying the siting of appropriated fund dining facilities. In particular, a questionnaire
was designed to capture information related to the siting and location of the following
Dining Service facilities on Air Force Bases (AFB’s): Airmen’s Dining Hall (ADH),
Carry-out Service (CS), Flight Kitchen (FK), Alert Kitchen (AK), Fire Station (FS),
and Satellite Facilities (SF).

The questionnaire (see appendix II) is organized into five parts. The first part
includes a discussion of the purpose and organization of the questionnaire. The second
part, Base Mapa and Ezisting Data, is designed to capture existing data on the location
and utilization of all types of food service outlets on base. This information on dining
service operations can be assembled from existing maps and forms data presently com-
piled by base personnel: current numbers and composition of dining facilities (ADH,
FK, CS, etc.), their location on the base map, their capacity, SIK utilization, hours of
operation, average distance to dormitory and other housing accomodations, as well as
the physical condition of current dining services. The third part, Trp / Flow Matriz,
requests information, at the squadron level, on the daily trips made between housing,
the workplace or classrooms, and dining services, how personnel travel on the base and
the distances implied by this travel.

The fourth part, Ideal Relationship Matriz, requests data on the “ideal” relation-
ship that should exist between dining services and other critical land use activities
on the base. (Figure 6 illustrates the matrix of flow relationships desired from this
portion of the survey data.) Finally, the fifth part requests data on future siting and
location of dining service facility decisions.

9




Completed questionnaires were received from the following SAC bases: Beale Air
Force Base, Bliytheville Air Force Base, Bolling Air Force Base, Hill Air Force Base.
Pease Air Force Base and Peterson Air Force Base. The questionnaire responses for
each of these bases are contained in Appendix II.

Base Maps & Existing Data

With the completed questionnaire, each respondent included a base map at a scale
of 17=400’, copies of AF-1785 Facilities Inventory Report for all dining services on
base. and copies of AF-249 Food Service Operations Report for the reporting periods
of March 1-31 and April 1-30, 1987.

Tables in the questionnaire captured remaining existing data on the three cate-
gories of food service outlets on base: Dining Services (ADH, CS, FK, FS, SF), AAFES
Food Services (BX, Burger King, etc.) and Non-Appropriated Fund Food Services
(OOM, NCO, Snack Bars, etc.). The tables were completed by the Food Services
Officer and requested for each type/name of facility: the building number, hours of
operation, number of parking spaces, total daily headcount by meal (breakfast, lunch,
dinner, midnight), and total daily headcount for all meals. In addition, the percent SIK
by meal and the total percent SIK for all meals was requested for the dining services
facilities.

The maps along with the existing data were used to determine the location of all
dining facilities on the base. Distances from the dining facilities to the dorm areas
and the worksites were measured and analyzed to aid in the construction of model
parameters.

Trip/Flow Matrix

The actual distance from the dining facilities to the dorm areas or the worksites
should be weighted by the flow (number of person-trips) across that arc. The trip/flow
matrix captures this information. The trip/flow questionnaire was administered at the
squadron level. A questionnaire was completed by each squadron. It requested for
each squadron number: the strength (total number of personnel), the percent of total
listed who are SIK, the percent of total listed who are BAS, the percent of total listed
who have cars, and the primary mode of transportation on base (walk, car, bus, tax,
etc.). The squadron was partitioned into the various dorm/work site combinations and
for each dorm/work site combination the number of personnel who lived in that dorm
and worked at that worksite was requested along with the location where each meal
(Breakfast, Lunch, and Dinner) was typically eaten. The data is given in appendix II.

I1deal Relationship Matrix

The remaining necessary piece of information for the model is the “value” of lo-
cating a dining service facility adjacent to various land use activities on the base. In
general there are 12 basic types of land use activities normally found on Air Force

10
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bases. Dining Services exists as a separate category of interest for which it is nec-
essary to determine its relationship to each of the other major land use categories:
Airfield, Aircraft Operation and Maintenance, Industrial, Administrative, Commurity
(Commercial), Community (Service), Medical. Housing (Accompanied), Housing (Un-
accompanied). Outdoor Recreation, Open Space, and Water. A series of six question-
naires {(one for each type of dining facility - ADH, CS, FS, FK, AK, and SF) solicited
the desired relationship between each type of dining facility and the twelve land uses.
Specifically, a desired degree of proximity was requested ranging from -3 (Absolute Sep-
aration Required. i.e. no functional linkage) to —3 (Absolute Closeness Essential, i.e.
Direct adjacency). The questionnaires were completed by each of the three adminis-
trative components involved in siting decisions concerning dining facilities: Command.
Food Services, and Engineering/Planning. The data collected is contained in appendix
Il in two formats: disaggregated, i.e. aggregated for each administrative component
seperately; and aggregated, i.e. aggregated across all three administrative components.

Figure € represents a sample page from our questionnaire which was designed to
capture the ideal relationships between the individual dining service activities and all
other ]Jand use activities on the base.

The plan of the rest of the report is to present the underlying mathematical model
in Chapter II which forms the foundation of the DSS. In Chapter III, we present the
integrated software models which comprise the DSS and finally in Chapter IV, we
present the application and verification of the DSS to Travis and Beale AFB’s.

11




To Be Completed E_
CMMmAND

C.1 Airmen’s Dining Hall (ADH)})
Below is a series of {low reiationship guesticns cencernung the gencrel proximity relatiznsh;

of the Atrmen's Dininy Hell (ADH) ectivity to 2!l other maicr dining services and i 8
ectivities cn the bese. Please circle the desired relationship between the Avrmen’s Dinin; /2
ADI) end the other land use activities on the brse where the following reascns obtains ‘n.h.
' / g

The larger positive number indicates Degree ¢f clceencss wherees, the smaller negative numitar
indicetes Degree of eeparation)
Feere Valus Degree of Proximity

-3: Absolute Clcaencee Eseential, i.e. Direet acdjacency

-3 Cloge whenever posarble.

—1: Cempatitie but not cssential.

0: Indifference or no relationehip.

=l Separate vhenever possible.

—21: Incompatibie and should definstely be separated

=) & Absolute Separation Reguired, {.e. no functional linkage.

(ri.b. If a land-use category or activity ia non-agplicable to your base, please skip the question)

DEGREE of PROXIMITY of AIRMEN'S DINING HALL (ADH) to:

-3 -2 -1 0 -1 -2 -2 Carry-Out Service (CS)
-3 -2 -1 0 -1 -2 -3 Fire Station (FS)
=3 +2 -1 0 -1 -2 -3 Flight Kitchen (FK)
-3 +2 +1 0 -1 -2 -3 Alert Kitchen {AK)
~3 -2 -+l 0 -1 -2 -3 Satellite Facility or consolidated operation {SF)
-3 -2 +1 0 -1 -2 -3 Commercial Qutlet’s [e.g. Burger King's|
-3 +2 +1 0 -1 -2 -3 Fleet Services
+3 +2 +1 0 -1 -2 -3 Troop Issue (perishable)
+3 +2 +1 0 -1 -2 -3 " Troop Issue (semi-perishable}
+3 +2 +1 0 -1 -2 -3 Central Preparation Facility
+3 +2 +1 0 -1 -2 -3 Other(please specify)
+3 +2 +1 0 -1 -2 -3 Airfield
+3 +2 +1 0 -1 -2 -3 Alreraft Operations & Maintenance
+3 +2 +1 0 -1 -2 -3 Industral
+3 +2 +1 0 -1 -2 -3 Administrative
, +3 +2 +1 0 -1 -2 -3 Community {Commercial)
+3 +2 +1 0 -1 -2 -3 Community {Service}
+3 +2 +1 0 -1 -2 -3 Medical
+3 +2 41 0 -1 -2 -3 Housing (Accompanied)
+3 +2 +1 0 -1 -2 -3 Housing (Unaccompanied)
+3 +2 +1 0 -1 -2 -3 Outdoor Recreation
+3 +2 +1 0 -1 -2 -3 Cpen Space
+3 +2 +1 0 -1 -2 -3 Water

Figure 6: Ideal Relationship Matrix Question
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Chapter II: MODELING APPROACH

A. Overview

While the previous description of the hierarchical planning process could be con-
strued as a very complicated, time dependent situation, we shall propose a deterministic
optimization model which begins to capture much of the structure just discussed. The
plan of this report section  revolves around a discussion of the decision variables
of the DSS model and the performance measures used to evaluate alternative siting
locations. Finally, we present the formal mathematical model underlying the heart of

the DSS.
B. Decision Variables

The model which is developed below is designed to optimize the siting and location
of the following Dining Service facilities on Air Force Bases (AFB’s):

e Airmen’s Dining Hall (ADH)
e Carry-out Service(CS)

e Flight Kitchen (FK)

e Alert Kitchen (AK)

e Fire Station (FS)

o Satellite Facilities (SF) or consolidated services with food provi-
sioning.

The above facilities represent the key dining service operations found on most
AFB’'s. Additional facilities exist on some AFB’s such as a Central Preparation Facility
or a Pastry Kitchen but these are support cperations for the Dining facilities which is
our main concern. Each base will have a different number and composition of these
facilities with perhaps certain combinations of the above and occasional commercial
outlet’s such as Burger Kings located on or nearby the base. The questionnaire in
Appendix II sought to identify and quantify the key factors related to the siting of the
above dining service operations.

13




Let us define the following decision variables:

7§, which represents a facility of type k (k = 1,2,...K), allocated to alter-
native site t (¢t = 1,2...T) at planning level(stage) £ and where (£ = 1.2,3).
z{, = 1if the k*» dining service is assigned the t** site alternative at planning
level £; and z{, = 0 otherwise.

The discrete nature of the siting decision variable is consistent with the normal
siting decision on the bases in that typically one, two or three dining service facilities
may be under consideration during any one stage of the planning process. In general,
the number of facilities is likely to never exceed ten so that large scale programming
concerns are considered unimportant. Therfore, optimal siting solutions will be possi-
ble.

For each of the planning stages, the number of alternative sites T would be depen-
dent on alternatives provided by the Base Engineer, Planner, and Food Service staff
which are logical and reasonable siting alternatives. That the array of alternatives
should be generated by the staff on the base was felt to be the most reasonable ap-
proach and most parsimonious from a data collection standpoint. Thus T is specific to
the planning stage, environmental and siting criteria unique to the AFB, and relevant
facility purpose.

C. Performance Measures

As we found from our site visits and questionnaire survey on the Trip/Flow section,
utilization of dining services is a function of distance from the dormitories, workplaces,
mode of travel, geographic location, disposition of facilities, local climate and many
other contexual and related factors Of primary significance is distance since we found
an obvious correlation between the facility utilized for the three main meals of the day
and the general location of the squadron population on the AFB during the breakfast,
lunch, and dinner hours.

In our mnalysis of the six responding bases, the Beale situation was the most
dramatic in indicating that distance was the key factor in ADH utilization. Sample data
from Beale AFB isillustrated by the graphs given as Figure 7: Beale Building Locations;
Figure 8: SIK Distribution by Dorm/Worksite; and Figure 9: ADH Utilization by Meal.
This information was analyzed to determine,at the squadron level the number of daily
trips made between dorm areas, dining facilities and work sites. As an example consider
the pattern observed at Beale Air Force Base. Beale has two ADH’s. One is located
in the dorm area and the other is located near the flight line. Figure 9 illustrates the
pattern of ADH utilization by meal. For the breakfast and dinner meals the ADH in
the dorm area is heavily utilized. However for the lunch meal the ADH near the flight
line is utilized by those with flight line worksites. It is clear from the Beale analysis
that distance is a key factor in ADH utilization.

The other six bases had one predominant ADH so the analysis was not so conclusive
as in the BEALE AFB case where there are two competing ADE facilities on a single
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SIK DISTRIBUTION BY WORKSITE
(SOURCE: BEALE AFB QUESTIONAIRRE)

SIK DISTRIBUTION BY DORM
(SOURCE: BEALE AFB QUESTIONAIRRE)

Figure 8: SIK Distribution by Dorm/Worksite
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Figure 9: ADH Utilization by Meal
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pase and distance from the workplace and residence were clearly the key factors affecting
ADH utilization. Inspection of the tables in Appendix II further substantiates this
claim. )

In conclusion, from our on-site surveys and questionnnaire analysis, minimizing
distance for the user population, maximizing accessibility and ultimately maximizing
utilization of the dining facilities are synonymous objectives. However, we want a
single common performance measure that affords the optimization model a unique way
to select the best aiternative site from the possible alternatives on the AFB. In order
to do this, we have chosen a single performance measure mazimizing utility as the
performance measure for our model.

Thus, utilization of dining services will be measured by mazimizing utility, since
this is a dimensionless quantity and a well-chosen surrogate for maximizing ADH and
other dining service activity utilization. If we did not use *utility”, we would have to
use a performance measure such as 1minimizing the costs which would
force us to quantify utilization in terms of “dollars” which is not really appropriate for
our siting problem.

Due to the nature of the hierarchicel planning process and the complexity of the
base itself, 1t makes sense to view the DSS problem in terms of two key performance
measures: 1) Site Utility and 2) Flow Utility, This dichotomy is due to the nature of
the siting decision in that firstly there is a certain fixed Utility associated with each
site alternative. Site Utility is a function of its acquisition costs, facility development
costs, accessibility, utility, and associated environmental costs and benefits. Figure 10
represents a complete listing of the major criteria denoted as (1 relevant to the siting
of facilities on Air Force bases.

Secondly, utilization of a dining facility is dependent on what type of housing,
commercial, employment, educationel and administrative activities are located nearby
besides how personnel move between their work and living quarters. At Travis AFB, for
example, lunchtime utilization of the dining hall is greatly affected by the fact that mail
pickup and delivery is directly adjacent to one ADH. This second aspect of utilization is
due to the intensity of traffic or low movement between the locations where personnel
live, work and eat. We like to characterize this movement process as & “flow” process
which can be represented quantitatively by a matriz of flow utilities between all pairs
of critical activities and their site locations on the AFB.

We are secking to define the “ideal” relationship that should exist between Dining
Services and the other land use activities on the base. This “flow” type of information
is crucial to future siting of Dining facilities.

In general there are 12 basic types of land use activities normally found on AFB’s.*
Dining Services as we have defined them exists as a separate category of interest for
which we need to define its relationship to all of the other major land use categories.
Below is a brief description of each of the twelve major categories including the type
of facility included within the category.

* After: Land Use Planning Bulletin: Base Comprehensive Planning, HQ USAF/LEEVX,

p.4-6)
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o Airfleld: Airfeld, runway, taxiway, apron and related open space.

o Aircraft Operations & Maintenance: Hangars, shops, and adjoining termi-
nals.

¢ Industrial: Warehouses. Base maintenance and utility functions, and indus-

trial services such as those belonging to transportation, communications, and civil
engineering.

¢ Administrative: Military command and tenant activity, management, wing gro:D
headquarters, classrooms and lecture halls, civilian administrative activities, secu-
rity operations, gate/visitor management, and military operations security.

¢ Community (Commercial): Shopping, gas stations, recreation, base ex-
change, commisary, clubs, and other personal services such as barber shops, bow]-
ing alleys and other indoor recreational facilities.

¢ Community (Service): Non-commercial activities important in day-to-day liv-
ing such as schools, adult education facilities, post office, library, day care centers,
chapel and other religious education facilities.

e Medical: Hospital, clinics, optometry, dental care, and related medical facilities.

¢ Housing (Accompanied): Attached and detached residential units occupied
by enlisted and officer families.

e Housing (Unaccompanied): Bachelor officer housing, airmen’s dormitories,
and visiting officer and airman’s quarters.

e Outdoor Recreation: Parks, playgrounds, picinic areas, running tracks, golf
courses, swimming pools, and tennis courts.

e Open Space: Greenbelts or undeveloped buffer space, airfield’s AICUZ, railroad
rights-of-way, utility easements, hazardous waste safety limits, and security buffers.

e Water: Ponds, streams, lakes, and shorefronts.

These categories may overlap in certain aspects, but at the base-wide planning
levels, these categories are useful ways of guiding the facility planner in his/her siting
decision process.

In Figure 11, we have arrayed the results from the questionnaire regarding the
ideal flow relationships between the major land use activities on an Air Force Base
and the dining service facilities we wish to optimally locate. The values in the flow
matrix were derived from the questionnaire included in Appendix II of this report.
In interpreting the matrix,values a scale of [1,7] was utilized where a 7 represents the
strongest affinity between activities while a 1 represents the weakest affinity or stongest
separation) between activities.

Since overall Utilization(Utility) is the key performance measure which is the pre-
cipitating motive for our study in the first place, we should naturally seek to Maximize
the sum of the Site Utilities and Flow Utilities so that overall Utility is optimized.
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ADH CS FS FK AK SF

Airman’s Dining Hell (ADH) - 5.50 521 508 4.90 {.43
Carry-Out Service (CS;  5.31 - 5.14 508 440 4.14

Fire Station (FS) 5.21 514 -  4.08 %80  $.00

Flight Kitchen (FK) 5.08  5.08 8.50 —  4.60 4.1

Alert Kitchen (AK)  4.90  4.40 2.99 2.67 -  2.00

Satellite Facility (SF) 4.43 4.14 2.43 2.50 2.30 -
Commercial Outlet 1.75 1.68 2.21 139 1.60 2.43

Fleet Services 2.51 2.19 2.64 2.42 2.00 2.29

Troop Issue (Perishable) 4.94 4.06 3.86  4.25 4.00 3.29
Troop Issue (Semi-perishable) 4.94 4.06 3.86 4.25 470 5.29
Central Preparation Facility 2.94 2.75 207 8.25 3.80 3.43
Airfield  S.44 850 443 442 440  8.14

Aircraft Operations & Maint. 3.56 {.06 3.79 417 480 8.1§
Industrial 3.25 3.75 4{.00 8.58 $.80 8.1

Administrative 3.94 3.75 3.79 $.17  8.60 8.00

Community (Commercial) 2.81 3.50 8.50 3.25 8.20 3.00
Community (Service) 3.13 3.44 $.48 817 %.10 .00
Medical 3.56 3.56 3.79 3.50 3.50 3.00

Housing (Accompanied) 2.9  $.18  4.00 $.25 $.10  3.00
Housing (Unaccompanied) 5.81 5.06 5.00 4.42 4.50 4.00
Outdoor Recreation 5.44 5.56 8.21 3.25 3.10 8.00

Open Space 3.06 3.06 3.18 2.75 2.80 5.00

Water  2.44 250 257 235 240 $.00

Figure 11: Matrix of Flow Relationships

We also make a fundamental distinction here in the total set of Attributes 2 by
using the objective function to characterize 2 into two subsets: Q2; and 1;. 0, is gen-
erally related to the linear terms or site utility attributes in our objective function while
2 relates to the nonlinear flow utility terms. To treat all the attributes simultaneously
appears to be folly simply because there are too many of them as witnessed by Figure
10. If we further restrict the attributes to those which can be measured on a distance
scale, we can facilitate the construction process of the utility functions since distance
is a fairly easy attribute to grasp in the layout context. Costs can be mapped onto 2
distance function as they relate to site placement and most certainly as they relate to
flows and material handling distances.

Further, let’s make a distinction for our attributes list (Figure 10) betwien those
variables which are monotonically decreasing and those which are monotonically in-
creasing with distance from the realization point. Therefore, let’s define:

z' := a positive attribute which is monotonically decreasing (increasing slope) with
distance from the realization point.
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z' := a negative attribute which is monotonically increasing (decreasing slope’
with distance from the realization point.
Figure 12 represents a further decomposition of §} along the lines of the above

argument.
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! —ugi(X). — .
Lo, : L— Dining Hall/Carry-out Services
—Flow  —

Attributes l_ — Dining Hall/Runway
uki(X)- — _
Dining Hall/Weapons Storage

Figure 12: Attribute Decomposition

In location problems on the base, it is assumed that the utility function for an
activity is either monotonically increasing or decreasing. It is further assumed that
this consists of some well-behaved function (e.g linear or ezponential) that is either
convex, concave, or linear. For the most part, we assume deterministic utility functions,
although in some applications, probabilistic functions may be appropriate.
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D. Mathematical Model

The mathematical model of our DSS is based on a Quadratic Set Packing QSP~
formulation of the siting decision problem. Thus, for each planning level ¢:

We wish to:

Mazimize 2 = Z Zuful’i, = Z fo,( Z E}—Iimtgn)
koot J mn

k mneA

such that
Z Zafk,zf‘, <1 1=1,...,I alternative sites (1)
k¢
Zzit =1 k=1,...,K activities (2)
t
2, =01 k=1,...,K t=1,...,T (3)
where

z{, denotes the t*» site alternative to which the k'* dining service activity can be
assigned at the £!* planning level and : z{, = 1 if the k*» activity is assigned to
the site alternative designated by ¢, and z{, = 0 otherwise.

al,, is 1if the site alternative is occupied by the t** combination of site parcels of
the k*® activity alternative at planning level £, and 0 otherwise.

A is a set of planar arcs indicating critical relationships between activity pairs z;
and z; for each alternative (z{ ,z},);

dmn i8 the rectilinear distance between activity alternates z{ = and zf,'u;

4

uf, is an expected utility-of-place coefficient for the t‘* alternative location for

activity z§;

f,f,- is an expected utility-of-flows coefficient between activities z§ and zf.

* Smith, J.MacGregor and R. Pelosi. “Conversational Optimization and Facility
Layout Planning.” Environment and Planning B (11), 65-86, 1984.
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Our objective function is comprised of the essential performance measures we
have previously discussed, viz.: the placement term Y, > uf,z{, and the flow terms

DO IS/ (Zmnm ;:‘l—ﬂzimzjn) which capture the essence of the location problem.

Constraint set (1) insures that facilities being allocated to the cell layout or AFB
do not share the same cell locations on the base, while constraint sets (2) and (3) insure
one and only one of each type of dining service facility is allocated and that they are
allocated in integer amounts.

In the next Chapter, we discuss how this mathematical mode] has been incorpo-
rated into a complex integrated set of software tools which form the foundation of our

DSsS.
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Chapter III: INTEGRATED MODEL ENVIRONMENT

A. Overview

The Decision Support System (DSS) we have designed has three basic layers or de-
cision shells. The three decision shells correspond to the Hierarchical Planning Process
(HPP) described in Chapter I which guide the planning and devlopment of facilites on
AFB’s. One of the unique ideas of the DSS is this correspondance between the decision
shells and the planning process stages.

The inner shell is a Facility/Land-Use Information System (FIS) which incorpo-
rates the mathematical model described in the previous Chapter for optimally allo-
cating the dining service facilities on AFB’s. The second layer/shell is a Geographic
Information System (GIS) which incorporates geometric and geographic features along
with important data essential to the FIS decision making system. The GIS is necessary
in light of the facility location decision affecting the widespread geographic nature of
the AFB and the BCP planning process. Finally at the outer layer or shell, we have a
Digitized Information System (DIS) which is designed to represent and easily capture
the existing underlying land use, traffic flow, building and utility configuration plans
of the GIS and FIS shells so that a proper working data base is provided.

At the present time, most of our research has concentrated on the development
and integration of the inner shell, the FIS, while the integration of the DIS and GIS
with the FIS is still in its developmental stages. We shall describe all the shells and
the software products we have designed to effectuate them.

Figure 13 illustrates the eventual integrated model environment for our DSS with
all the requisite software tools contemplated for its development. Let us brielfy explain
the individual models which meake up the software environment.
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B. Facilitv/Land-Use Information Svstem (FIS)

The FIS has a number of software programs which work together as an integrated
model environment. There are two main modules or programs MUFCAP & MAFLAD
which are described below which anchor the process of our FIS. Besides these two
programs there are a number of related programs and files which effectuate the inter-
commuication process between the main modules and the user of the DSS.

The FIS is mainly written in the lJanguage C while the models that were integratec
are mainly written in FORTRAN. UNIX on the SUN workstations provides the
operating system for the DSS.

B.1 MUFCAP

MUFCAP™ stands for Multi-Attribute Utility Function Calculation and Assess-
ment and is a multi-attribute software tool for assisting a decision maker in evaluating
a finite set of alternatives across a multi-attribute set of criteria. MUFCAP is capable
of rank ordering the set of alternative sites according to the following mathematical
relationships on the attributes.™™

E:u aJ =/ / / u(x3;x27'-'sXp)pi(XIvXZv'-'aXP)di
X1 VX3 X»
Euo;=3 5 .03 ulxaxas s xp)P(x1: X35+ -2 Xp)l25)

X1 X3 X»

choose
E(a=) = max E(v'a:),...,E(ules)

where:

Eiu‘a;) := Expected utility of site alternative a; across a set of criteria (1,2,... \P)
where the outcomes on each attribute are uncertain and drawn from continuous
or discrete probability distributions.

E(as) := Best site alternative for allocating a dining service facility from among
all available site alternatives on the AFB.

The expected utility values generated from MUFCAP actually become the utility
coefficients in the placement terms 3, 3, uf,z{, of our mathematical model.

Typical multi-attribute criteria were those arrayed in Figure 10. We are using
MUFCAP to generate the site utilities for the various siting alternatives according to

the relevant site criteria selected by the base engineer, planner, and staff working with
the DSS.

* Sicherman, A., 1975. “An interactive Computer Program for Assessing and Us-
ing Multiattribute Utility Functions.” Technical Report no. 111, Cambridge, MA:
Operations Research Center, MIT.

** Keeney, R. and B. Raiffa, 1976. Decisions with Multiple Objectives, Wiley.
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We have developed one program called MUFHELP which is used to generate the
input data for MUFCAP. MUFHELP interacts with the user to request the required
data for the FIS interaction. One of the first software integrations was to combire
MUFHELP and MUFCAP through a C interface. A model called HELPCAP was
develped in C _to integrate these two modules by using both UNIX abd C Libraries.
HELPCAP checks the fle statistics of the operating system for the existence of required
input filles and makes sure they are not duplicated or unnecessarily removed. After
MUFHELP is executed. HELPCAP executes MUFCAP which reads the input data
files MUFIN.DAT created by the MUFHELP program and then creates the outpu: file
MUFOUT.DAT, see Figure 14.

B.2 MAFLAD

MAFLAD is our Multi-Attribute Facility Layout and Design optimization software
tool used to locate the optimal dining service facilities.* MAFLAD is the computer
program which incorporates the mathematical model from the previous Chapter for
making siting decisions. It has a long history of development and the latest version
is & very sophisticated branch and bound algorithm for constructing the optimal solu-
tion to various location and land-use planning decision problems. MAFLAD relies on
MUFCAP to form the data base foundation for the location decision. Depending on
the hierarchical level of the planning process which is being carried out, MAFLAD will
take the input data at the corresponding geographical scale and optimize the location
decision.

There are two FORTRAN programs which we developed which are used along
with MAFLAD to generate a data file suitable for our graphics environment which
is largely governed by the package DV-Tools and its drawing component DV-Draw.
DV.Tools & DV-Draw are an interactive menu-driven software tool that allows one to
create two and three-dimensional graphics. We have been working with DV-Tools £
DV.Draw as a means of visually integrating the optimization and data-base tools that
form the foundation of the location model in our entire FIS.

Prog —1file.out is the first program executed immediately after MAFLAD, which
reads the original data file for MAFLAD and the Fort.90 file created by MAFLAD.
Prog — 1file.out creates another data file which is read by the second program Prog -
2file.out to generate a suitable data file for DV-DRAW. Prog — 1 file.out and Prog —
2file.out request variable file names as specified by the user. MAFLAD generates an
output file named MAFSOL, see Figure 15.

The interprocess mechanism called sockets availablein UNIX is the primary mech-
anism used to manage the traffic of data between the processes and to execute the pro-
cesses in the required sequence. Our communication model called MAFLAD — Integ
has one server and three clients. The server is the supervisor whereas the three clients
represent the three processes: MAFLAD, Prog — 1file.out and Prog — 2file.out the
server accepts connection from the first client and the client executes the first process

* Smith, J. MacGregor and R. MacLeod, 1988,“A Relaxed Assignment Algorithm
for the Quadratic Assignment Problem,”INFOR 26(3), 170-190.
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MAFLAD. The server stores the data provided by the user into its memory. After the
first client, the second client connects with the server and the process Prog — 1 file.out
is then executed. The required data file names for this process are sent to the server.
After Prog — 1file.out the third client connects with the server and the process

Prog — 2file.out is executed. The filename data for this process is provided by the
server.

There is also another program called DISKWRITE which is used to generate
the input data for MAFLAD. DISKWRITE interacts with the user to get details of
the problem. Using the piping mechanism available under UNIX, another interface.
Disk-Muf-Interface, models the interprocess communication between MAFLAD and
DISKWRITE. Disk-Muf-Interface reads the MUFIN.DAT and MUFOUT.DAT files to
get the total number of alternatives, their identifying names, their utility place values
and sends them to DISKWRITE. Figure 16 illustrates the workings of the Disk-Muf-
Interface.

Figure 17 represents an example image which our integrated FIS is capable of
generating during the DSS process.

C. Geographic Information System (GIS)

The GIS is the next decision shell above the FIS and is designed to capture and
represent the next level of planning information essential to the overall planning stage.
The software tool we have utilized at the GIS level is entitled ARCINFO and is described
below. Since we have spent most of our software development efforts at the FIS level.
we have not formally integrated ARCINFO into the SUN UNIX integrated model
environment. Instead we have executed ARCINFO on an IBM-AT machine and utilized
its output for our example runs. The eventual integration of ARCINFO into the GIS
portion of our DSS will occur at some later date.

ARCINFOQis a spatial data analysis system capable of encoding the digitized image
of a base map and providing polygon and grid information for the data base required
by our optimization software. ARCINFO allows us to capture the centroid location of
the key land use information from the digitized image and pass this information onto a
grid cell overlay which is needed by the optimization routine for calculating distances
and siting the dining facilites.

Figure 18 represents the ARCINFO drawing of the land use activies of the ideal
AFB land use plan as shown in the slide presentation.

D. Digitization Information System (DIS)

The highest level of our DSS is the DIS level which is designed to capture the re-
gional or base-wide BCP level information necessary to effectuate the overall GIS and
FIS planning stage activities. There are various software tools which we have experi-
mented with to represent base maps, land-use plans, traffic circulation layouts, utility
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Figure 17: FIS Output
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networks, etc. One of the most practical and easily accessed tools has been a software
package on the Apple Macintosh available from the University of Massachusetts. A
sample illustration which was digitized on the Macintosh is represented in Figure 19.

In addition to the Macintosh software, we have utilized software from the Digital
Image Analysis Laboratory DIAL at the University of Massachusetts which digitized the
images that were presented in the slide presentation. Through the facilities at DIAL we
can digitize and can represent with great accuracy and resolution base map information
which forms the necessary backdrop for the site location decisions necessary in the
DSS. We are currently porting these DIAL software tools into our SUN environments.
Eventual integration with the FIS and GIS is in the future.

In this final Chapter we present an application and verification of our DSS as
applied to current dining service location problems on Travis and Beale AFB.
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CHAPTER IV: MODEL VALIDATION

A. Overview

The DSS siting model was validated by solving two siting decision problems: se-
lecting a site for an Airmen’s Dining Hall (ADH) at Travis AFB and selecting a site for
a Flight Kitchen (FK) at Beale AFB. This phase of the project included site visits to
Travis AFB and Beale AFB to gather data and to meet with base personnel (Chief of
Services and Planners/Engineers) to discuss the siting decision problem. This chapter
presents a summary of the decision problem, input data and solution for each base.

B. Travis AFB

The recent closing of the Starlifter ADH (Building 1315) and MCP approval for
a new ADH at Travis AFB made this an ideal base for validating the siting model.
Although Travis personnel recently selected a site for the new ADH near the Building
1300 area, sites in the Building 100 area and the Building 200 area were also considered
as possible locations for the new facility. Travis personnel indicated that the flow
relationships, or interaction of the new facility with other existing and planned land
use activities on the base were the dominant factors that influenced their siting decision.
This is because their primary concern was to select a site that was compatible with
Travis 2000, the comprehensive future land use plan for the base.

We used the siting model to select the optimal site for the new ADH among the
three alternative locations described above. The location of the study area (approx-
imately 1,000 acres of Travis AFB) and the three alternative sites within that study
area are shown in Figure 20.

The linear term of the objective function (which represents the utility of each
site based on site attribute data) was excluded from the model for this problem since
site attributes had little or no impact on the siting decision made by Travis personnel.
Thus, the performance measure of Maximum Utility was based solely on the interaction
or flow term of the objective function for the siting problem at Travis AFB.

The following input data was required for solving the Travis siting problem with
the FIS: the location of the three alternative sites for the new ADH, the location of each
existing land use activity in the study area (represented by the location of the centroid
of the activity), and the matrix of flow relationships between land use activities.

In order to generate the required location data, a land use map of the study area
was tesselated by a cartesian grid and the centroid of each activity was determined.

This data is displayed graphically in Figure 21, where cells representing activity
centroids are labelled with the corresponding activity number, and in tabular form in
Figure 22. The locations of Site 1 (Building 1300 area), Site 2 (Building 100 area) and
Site 3 (Building 200 area) for the new ADH are represented by cells 950, 506 and 216,
and are labelled S1, S2 and S3, respectively.
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ACTIVITY  ACTIVITY CENTROID(S)

NAME NTAIBER
Fire Station 1 92
Flight Kitchen 2 359
Commercial Outlet 3 366
Troop Issue 4 249
Airfield 5 134
Aircraft Ops & Maint 6-7 103, 539
Industrial 8-12 254, 558, 577, 587, 924
Administration 13-14 344, 453
Communrnity/Commes- 15-21 448, 457, 470, 584
617, 849, 903
Medical 22-25 288, 332, 413. 783
Housing (Accomp.)  26-29 826, 892, 704, 1039
Housing (Unaccomp.) 30-37 421, 492, 746, 819
866, 981, 984, 1031
Outdoor Recreation 38-43 122, 368, 465, 582
829, 1042
Open Space 44-46 522, 741, 797
ADH S1, S2, S3 950, 506, 216

Figure 22: Ac:ivity/Centroid Location Data
' Travis AFB

The matrix of flow zelationships for the Travis siting probiem (Figure 23) is a subse:
of the matrix of flow relationships presenied in Chapter III. This data represeats the
interaction between the ADE and 2il other existing land use activities within the stucdy
area.

Solving the Travis siting probiem with the FIS we found that Site 3 was the
optimal location for the new ADE with a performance measure of 20.80. Site 2 was
the second-best location with a performance measure of 16.29. These solutions are
displayed graphically in Figure 24; the grid in the upper right corner of Figure 24
represents the optimal solution and the grid in the upper left corner represeats the
second-best solution.




ADH

Fire Station 5.21
Flight Kitchen 5.08
Commercial Outlet 1.73
Troop Issue 4.94
Airfleid 3.44
Aircraft Ops & Maint 3.56
Industrial 3.25
Administration 3.94
Community/Commer. 2.97
Medical 3.36
Housing (Accompanied) 2.94
Housing (Unaccompanjed) 5.81
Outdoor Recreation 3.44
Open Space 3.06

Figure 23: Matrix of Flow Relationships
Travis AFB

C. Beale AFB

The Flight Kitchen (Building 1060) and Burch Inn ADH (Building 1086) at Beale
AFB are operating under a critical space shortage and are in need of renovation. Both
facilities are located in the flightline functional area of the base. Beale personnel were
extremely interested in the siting model since several alternative locations for a new
Flight Kitchen and/or ADH (or a consolidated facility) would be considered if MCP
approval is obtained.

Beale personnel suggested several alternative sites that would be considered for a
new facility. Two alternatives were to co-locate a new Flight Kitchen with either the
existing ADH or the existing (but currently closed) Alert Kitchen; other alternative
sites were located in open space areas within the flightline functional area. Further, they
indicated that both site attributes and the flow relationships or interaction between the
new facility and existing and planned land use activities in the flightline functional area
would impact their siting decision, and suggested several site attributes that would be
considered important at Beale AFB.

We used the siting model to select the best site for a Flight Kitchen among five
alternatives in the flightline functional area of Beale AFB (Figure 25).

The flightline functional area is comprised of approximately 500 acres. Sites 1, 2
and 4 are located in areas of existing open space; Sites 3 and 5 represent co-locating
the new facility with the ADH and Alert Kitchen, respectively.

The following input data was required for solving the Beale siting problem with the
FIS: the location of the five alternative sites for the new Flight Kitchen, the location
of each existing land use activity in the flightline functional area (represented by the
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location of the centroid of the activity), the matrix of flow relationships between larnd
use activities. and a score reflecting the utility of each site based on site attributes.

In order to generate the required location data, a land use map of the flightline
functional area was tesselated by a cartesian grid and the centroid of each activity was
determined. This data is displayed graphically in Figure 26, where cells representing
activity centroids are labelled with the corresponding activity number, and in tabulac
form in Figure 27.

The locations of Sites 1 through 5 are represented by cells 203, 48, 217, 101 and
434, and are labelled S1, S2, S3, S4 and S35, respectively.

ACTIVITY  ACTIVITY CENTROID(S)

NAME NUMBER

ADH 1 176

Alert Kitchen 2 433

Airfield 3-4 413, 437

Aircraft Ops & Maint 5-6 206, 261
Industrial 7-8 169, 185
Administrative 9 98

Outdoor Recreation 10-12 51, 65, 82

Open Space 13 273

FK 51-S5 203, 48, 217, 101, 434

Figure 27: Activity/Centroid Location Data
Beale AFB

The matrix of flow relationships for the Beale AFB siting problem (Figure 28) is a
subset of the matrix of flow relationships presented in Chapter II. This data summarizes
the interaction between the Flight Kitchen and the existing land use activities in the
flightline functional area.

The alternative sites were evaluated against the following five site attributes to
determine the utility of place for each site:

1. Expandability: Square feet of vacant space adjacent to site that could be
used for expansion of facility

2. Pedestrian Accessibility: Distance in miles from the site to the centroid of
the flightline functional area

3. Environmental Hazard/Concern: Site located in or near potential subsur-

face contamination area (as outlined in the Planning Assitance Team (PAT) Report)
(Yes/No)
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FK
ADH 5.08
Alert Kitchen 2.67
Airfield 1.42
Aircraft Ops & Maint .17
Industrial 3.58
Administrative 3.17
Outdoor Recreation 3.25
Cpen Space 2.75

Figure 28: Matrix of Flow Relationships
Beale AFB

4. Vehicular Accessibility: Distance in miles from the site to Doolittle Drive,
the major arterial in the flightline functional area

5. Parking: Parking adjacent to or near the site (Yes/No)

Figure 29 presents a summary of site attribute data for the five alternative sites.
MUFCAP (a software tool described in Chapter III) was used to collapse the array of
attribute data for each site into a single score reflecting the overall utility of locating
the new Flight Kitchen at that site. These scores are shown in Figure 30 (generated by
the FIS) in which the five sites are ranked in order of expected utility. In addition, the
FIS generates an alternative table (Figure 31) that can be used for sensitivity analysis.

Solving the Beale siting problem with the FIS we found that Site 3 (co-locating the
new Flight Kitchen with the existing ADH) was the optimal location with a performance
measure of 81.33. This solution is displayed graphically in Figure 32.
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SUMMARY OF SITE ATTRIBUTE DATA
BEALE AFB

! i :
Expandability | Pedestrian

Environmental Vehicular Parking
(square feet) | Accessibility { Hazard/Concern | Accessibility
~ (miles) (miles)
l.
Site 1 120,000 7576 Yes .1895 No
Site 2 200,000 1197 Yes .0379 Yes
Site 3 80,000 .2273 No .1895 Yes
Site 4 120,000 1894 Yes 0758 No
Site 5 40,000 .6061 No .3790 Yes

Figure 29: Site Attribute Data for Beale
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D. Summary and Conclusions

We have presented our DSS model for the siting of appropriated fund dining ser-
vice facilities, the logic we have used to develop the model, the database used to assess
its parameters and described the underlying software modelling tools which we have
designed to carry out the DSS process. The DSS is a fairly sophisticated tool. but
given the underlying complexity of locating facilities and designing land-use plans in-
volving facilities costing millions of dollars, the best decision needs to be made given
all necessary and relevant criteria.

The DSS is designed to follow the natural hierarchical planning process which
occurs for locating these facilites over time. This planning process which may involve
up to ten years of time is complicated by the fact that ones needs to site a dining
service facility on an exact location yet in the context of the larger service-life and
location dynamics of other facilities and services on the AFB. This makes the best
siting decision at an early stage in the planning process one of the most crucial to the
entire fabric of the base.

Our three DSS decision shells/levels : DIS, GIS, & FIS corresponding to the three
HPP planning stages: BCP, ADP, & SPP defined in Chapter I are nicely illustrated
in Figure 33.

DIS: Planning Stage I: BCP

$
GlS: Planning Stage Il: ADP

g
FiS: Planning Stage lll: SPP

Figure 33: Integrated Model Environment

We feel that the software tools and the database for the siting decision process we
have devioped in this study represent a unique and valuable contribution to the siting
of appropriated funded dining service facilities. While we have only truly integrated
our software tools at the FIS level, the time is ripe and the tools are available for the
eventual integration of all three levels.
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APPENDIX I

Initial Site Visits Data
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Travis AFB
California
MAC

A. Contacts
Lt Col Meinert. Chief of Services

Ernesto Cordova, Engineer, Planner
Ken Kaneda, Engineer. Planner
Jerry Heald, Engineer/Planner

60 ABG/DEEY

Travis AFB 04535-5496

438-2264 or 438-3043

B. Base Maps

Future Land Use Plan (17=800"

Existing Land Use Plan (1"=5800")
"Comprehensive Development Plan (1"=400")
Transportation Plan (17=400")

Installation Restoration Program (1"=400")
Cathodic Protection System (1"=400")
Liquid Fuel System (1"=400")

Central Heating and Gas System (17=400")
Electrical Distribution System (1”=400")
Storm Drainage System (1"=400")
Sanitary Sewer System (1"=400")

Water Supply System (1”=400")

C. Reports and Documents

Planning Assistance Team Study (October, 1983)
Air Installation Compatible Use Zone Study (October, 1976)

D. Forms
D1. AF-1785 Facilities Inventory Report
Date: September, 1986
D2. AF-249 Food Service Operations Report

Reporting Period: January 1-31, 1987; March 1-31, 1987; April 1-30, 1987
Average Authorized SIK Daily: 923; 964; 912

52




E. Food Services

The tatles on pages 3-5 summarize existing data on three categoties of food service outlets
Laze-
on tase:

E1l. Appropriated Fund Food Services (ADH. CS. FK. FS. SF;

A. Hours of Operation
B. Daily Headcount by meal

E2. AAFES Food Services (BX, Burger King. etc)
E3. Non-Appropriated Fund Food Services (OOM, NCO, Snack Bars, etc.)

F. Squadron Information

The tables on pages 7-9 summarize where personnel live and work on base,
by squadron.

G. Distance from Dorm/Work to ADH

The tables on pages 10-14 summarize the distance from dormitory and work
buildings to the ADH, by squadron

H. Weighted Distance from Dorm/Work to ADH

The tables on pages 15-19 show the weighted distance from dorm/work
buildings to the ADH. The distance from each dorm/work site

(pages 10-14) is weighted by the number of SIK personnel traveling that
distance. We assume that the total number of SIK in each squadron is
uniformly distributed among work/dorm buildings for that squadron.

The weighted averages of dorm-ADH distance and work-ADH distance for
SIK personnel in all squadrons on Travis AFB are presented on page 20.

I. Number of SIK Personnel vs. Distance to ADH

The histograms on pages 21-26 illustrate the distribution of SIK personnel
by distance from wotrk and dormitory buildings to each ADH on base.
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Travis AFB

APPROFHIATED FUND FOOD SERVICE FACILITIES

HOURS OF OPERATION

(1} Type of Facility: ADH, CS, FK. AK. FS. SF

{2} Name of Facility

(31 Building number {as shown on base map}
(4; Hours of Operation for each meal

a. Monday through Friday

b. Weekends and Holidays

Tvpe of Name of Bunding

Hours of Operation

Facility  Facility  Number Breakfast Lunch Dinner Micright
ADH . Galaxy 247 . a. 6530-0730 ; a. 1030-1230 ' a. 1530-1730 . 2300.01390
b. 0630-1230 | b. —— [ b. 1330-1730 . 2300-0130
!
ADH Star- . 1315 a. 0600-0800 ! a.1100-1300 a. 1600-1800 ———
lifter A ; i
: , b. 0600-1300 | b, —— b. 1530-1730 —_—
: | :
ADH | Ranch | 861 ! a. 0600-0800 ' a. 1100-1300 ' a. 1600-1800 —_—
. House i ‘ ; :
: " ; b. 0600-1300 { b, —— . b. 1530-1730 _—
l | ! | !
l CS $100 560 a. 0800-1030 a. 1300-1500 | a. 1800-2000 _—
i Chicken |
Shack b, —— b. 1300-1500 | b. 1730-2000 —_—
; i
| FS 1
B i
!
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Travis AFB

. APPROPRIATED FUND FOOD SERVICE FACILITIES
UTILIZATION
» Typeof Name of Building Total Daily Headcount « Totals

Facility * Facility . Number ~Breakfast Lunch Dinner - Midnight

1

76 . 166 | 249 : 596

 ADH  Galaxy | 247 | 108 |

| ‘ i | | :

‘ | } | - ‘ |
? : : ? ; j :

ADH ! Star- | 1315 | 292 | 371 | 228 | — ! 891 |
i lifter i , ! . :
- a : |

) i | | i '

| ADH ' Ranch | 86l 12 | 241 | s | — ‘ 183

i  House | ! ! f |

: - | | | ! | |

: S§100 ! | : i

" CS | Chicken { 560 | 45 1 — 214 | — | 259

: . Shack ! : |

i i ! i ,

=. ‘ : | a

i Fs | ‘ - | 13 11 24

: | | ! } i i
)

(Based on average headcount for May, 1988)
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Travis AFB

AATES FOOD SERVICE FACILITIES

Name of | Building « Hours of Operation . Average Monthly
Facility ' Number - ! Food Sales
Terminal P3 24 Hours Daily $ 165,103
Cafeteria '
R { . 1
: Galaxy . 1325 | 1200-2300 Mon-Thurs | $ 33,655
 Lounge ' 1200-0100 Fri-Sat
: ‘ ! 1200-2300 Sun
. Burger | 685 ! 0630-2330 Mon-Thurs $ 151,019
. King | . 0630-2400 Fri
| Drive- . 0700-2400 Sat
3| thru ; 0800-2300 Sun
i. 1
| Burger | 685 0630-2130 Mon-Fri
| King ! 0700-2130 Sat
! Dining Room | 0800-2130 Sun
| | |
| Flight Line 836 0700-1800 Mon-Fri | $ 5,284
| Snack Bar Closed Sat-Sun '
t Hot Dog 650 1000-1600 Mon-Fri $ 8,030
Stand 0900-1730 Sat
1100-1600 Sun
Deli 650 1000-1600 Mon-Fri $ 18,946
0900-1730 Sat
1100-1600 Sun
Baskin 650 1000-1800 Mon-Fri $ 7,395
Robbins 0900-1730 Sat
1100-1600 Sun
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Travis AFB

NON-APPROPRIATED FUND FOOD SERVICE FACILITIES

Name of  Building , Hours of Operation * Average Annual -

Facility ° Number : ' Food Sales
NCO 660 . 8198.333
Club : :

! :

Officer’s 480 0630-0830 Mon-Fri . $ 546,398

Club . 1100-1330 Mon-Fri :

g !

i i
Gelf - 2012 ! . 845963
. Course | . : '
. Snack Bar i f .
| | } i
; i |
; . i 1 i
'\ Bowling | 214 | . 8397939 !
. Center | | | :
| Snack Bar | [ | :
| - | i

i :
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SQUADRON INFORMATION

Travis AFB

Squadron Strength % SIK  Dorm Buildingys! Work Site Building's:
22AF 171 1 107,113, 1303 241, 243
; 1304, 1306
' b
!
60MAW 513 ; 13 . 1304, 1345 1, 50, 51, 150
i : : 238, 249, 1204
: : 1212. 1312
504 1 48 0 f 858 | 867
AF BAND | } i '
: i K ]
; | ; i !
TMAS 1 131 ! 0 \ 120, 860 i 538
| , ! 1327 [
| 22MAS 150 i 6 o 119,1327 : 556
i ! !
: : !
1
i T3MAS 156 ! 0 119, 120 912
: | 1303, 1330
. ’ i
| 86MAS 140 0 119, 860 557
| 1327
! i
] i
| 60AMS 428 11 1303, 1304 21, 150, 804
| 1306 942
l ;
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SQUADRON INFORMATION
{centinued)

Travis AFB

Squadron Strength °t SIK Dorm Buildingis) . Work Site Buiiding st
BOF MS 1074 14 . 1328, 1329 11.12. 16. 114, 323
i 1330,1331 550, 551, 808-810
1332 819, 839, 840, 904
1201, 1330
E00MS 587 12 1307, 1308 809, 810, 837
' 1333 838, 1333
6020MS 324 6 | 855, 1334 52. 250, 549, 759
! 833, 840, 842, 843
: 844
i i
60SUPS 347 16 i 107, 108 111, 549, 1202
| 110, 111
|
}
60 i 98 26 i 109 109, 138, 139
TRNSPS ; , 144, 250, 977
! 1204
60APS | 489 9 857, 859 911, 960
[ 1304, 1344 977, 981
; ! ? 1318
i |
. 60ABG 216 16 113, 114 51, 112, 246
: 118, 1330 1204
|
! 60CES 274 27 851, 853 571
| 858
|
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SQUADRON INFORMATION

{continued)

Travis AFB

Squadren Streng:h ¢ SIK Dorm Building(s) . Work Site Buildingis:
60SPS 261 8 I 852, 854 : 246, 344, 700, 805
) | 828, 850, 854
' | E
60SVS 92 ~ 29 : 107, 113 | 81, 404, 405
' 118 1 1312, 1315
; ;
1901CG 328 3 ; 1330, 1343 { 54, 241, 243
‘ i ; 1344 1348
| | . |
| a
3734 : 44 0 : No i No
FLDTS Information Information
DET 2 ; T
1600 10 : 0 ‘ 1303 : 244
MES l i !
MACMET ! : I [
David | | !
Grant | 738 : 38 1303, 1304 117, 121, 237, 372
Medical : 1305, 1309 377, 380-383
i Center I J 1310, 1333 543
g 1TWS 5 0 1303, 1304 241, 243
; 1306
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Travis AFB

DISTANCE FROM DORM TO ADH
BY SQUADRON

Squadron Strength SIK Dorm Building(s) Dorm-ADH Distance (mijes:
(% SIK) Galaxy Starlifter  Rancn House
Building 247 - Building 1315 @ Building 27!
22AF 171 2 107, 113 6 ' 1.1 1.4
(1%) 1303, 1304, 1306 , 5 .02 35
SUMAW 513 67 1304 i ) 02 2.5
©(13%) 1345 : 1.1 : 2 2.8
504AFBAND 18 R 858 1.7 2.6 04
TMAS - 131 s 0 i 120 i 4 1.2 1.4
‘ ’ i 860 : 1.7 , 23 .02
, 1327 ; 1.1 . .23 2.3
22MAS 150 1 119 4 1.2 14
' (6%) ! 1327 , 1.1 25 23
T3MAS 156 0 119,120 = 4 1.2 i
; 1303 ' 8 .02 23
1330 1.0 17 55
86MAS 140 . 0 119 4 v 1.2 1.4
' . 860 1.7 25 02
1327 i1 25 78
60AMS 428 | 49 | 1303, 1304, 1306 ; 8 : 02 | 2.5
(11%) | ? ! ;
60FMS | 1074 | 152 1328-32 [ 1.0 : 17 2.7
.. (14%) | .. | .
60OMS - 587 ’ 70 | 1307,1308 .87 ' .08 2.6
P (12%) | 1333 - 9 ; .09 ; 2.6
6020MS 1 324 | 20 | 855 1.8 2.6 06
| | (6%) 1334 g 05 : 56
|
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Travis AFB

DISTANCE FROM DORM TO ADH
BY SQUADRON
{continued)

62

Squadron Sirength SIK Dorm Buiidings) Dorm-ADH Distance 1muies:
1% SIK) Galaxy Starlifter Rancn Heouse
Building 247 Building 1315 Buiiding %51
6uSUPS 347 34 107, 108 .6 1.02 1.45
: (165%) 110. 111 ?
60TRNSPS | 98 25 109 | .6 1.02 g 1.45
‘ (26%) ' =
60APS 489 42 837, 859 ! 1.76 2.6 04
: (8%) 1304 .8 .02 23
' 1344, 1346 .2 1.06 2.75
60ABG 216 34 113.114 .33 1.27 1.3
{16%%) 118 .42 1.14 1.32
13360 1.0 17 2.7
60CES 274 73 851, 853 1.8 2.65 15
(27%) 85% 1.7 2.6 04
60SPS 261 2 852, 854 | 1.8 2.7 13
(.8%) !
60SVS 92 27 107, 113, 118 .6 1.14 1.4
(29%) |
1901CG 328 11 1330 ) 1.0 A7 2.7
: ) (3%) 1343. 1344 .23 1.06 2.75
3754FLDTS - 44 0 No Information !
MACMET 10 0 1303 .8 .02 2.5
DGMC 738 283 | 1303, 1304, 1305 .8 .02 ' 2.5
| (38%) 1309, 1310 :
! 1333 . 3 09 X
1TWs_ |5 0 1303, 1304, 1306 | K] N
|




Travis AFB

DISTANCE FROM WORK TO ADH
BY SQUADRON

Squadron Strength  SIK Work Building(s) . Work-ADH Distance (miles)
< (% SIK) . Galaxy | Starlifter | Ranch House
' ' ' Building 247 | Building 1315 | Building 861
22AF , 1T 2 ! 241, 243 i 1 | T i 1.3
] Coa%) | ! !
60MAW . 313 67 4 § .3 85 . 1.7
' (13%) - 50-51 : 17 : .72 1.85
; 150 3 f 1.14 1.4
1 238-239 , ) : .76 ; 1.67
1204 , 87 ; 1.1 ; 2.56
1212 1.08 .9 235
: 1 : 1312 ; .93 ; .09 v 2.6
504AFBAND © 48 0 : 867 ‘ 1.6 ! 2.39 f .09
TMAS 131 . 0 : 558 : .6 ! 1.44 1.21
22MAS 150 | 1 _ 556 | .64 1.48 | 117
(6%) ! .
TSMAS - 136 0 . 912 1.85 i 2.69 : 17
86MAS . 140 0 s 557 i .63 ! 1.46 1.19
60AMS 428 49 21 .53 . 1.23 1.21
; Po(11%) 150 ; 3 ; 1.14 1.4
; ] [ 804 , 1.17 i’ 1.9 : 49
. : ; 942 2.33 3.24 64
60F MS 1074 152 11, 12 : .23 | .9 1.39
(14%) 16 : .6 ‘ 1.2 1.29
114 ; .53 i 1.2 i 1.27
] 525 ! .98 i 1.76 : 7
‘ 530, 551 | .83 i 1.6 - 87
808 i .87 | 1.74 , T4
809 : 1.04 | 1.9 | .57
810 1.14 ; 2.08 | .53
[ 819 , 1.4 ! 2.16 , .51
, 839,840 | 1.65 2.46 i .42
; 904 i 1.9 2.68 | 23
| 1201 ' .68 .8 ; 2.5
} 1330 1.0 17 : 37
'
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Travis AFB

DISTANCE FROM WORK TO ADH
BY SQUADRON

(continued)
Squadren  Strength SIK Work Buildingys) . Work-ADH Distance (miles:
- (% SIK) ! © Galaxy  Starlifter Ranch House
- ' . Building 247 ' Building 1315 ' Building 851
300MS 587 30 809 - 1.04 : 1.9 . 57
(12%) 810 1.14 , 2.08 : 33
837, 838 ' 1.78 i 2.58 . 49
1333 9 ‘ 09 . 2.6
BU20MS - 324 20 . 52 , .3 ; .8 i 1.93 ,
~ (6%) 250 .2 ; .97 i 1.5 .
i 549 .76 1.5 , &5
‘ i | 759 ) 1.93 i 2.7 : 5
‘. , * i 835, 840 { 1.65 : 2.46 : 42
' : : , 842-844 : 1.78 ! 2.58 ' 49 )
60STPS 347 34 111 6 | 1.02 T 1.46 '
: CO(16%) i 549 i .76 i 1.5 | .85
: . ’ : 1202 | 76 ! 95 , 2.1
i 60TRNSPS 98 . 25 109 - 6 ' 1.02 - 1.16
: . (26%) 138,139 43 1.25 . 1.23
: ] 144 : 3 ; 1.1 ‘ 1.36
: i g 250 ; 2 .96 : 1.5
j : F 877 2.23 2.99 ' .57
: | ' 1204 | 87 1.1 1 256
| 60APS | 489 42 911 ; 1.86 ' 2.63 | 19
! ’ (9%) | 960 g 2.54 | 3.31 | 87
! | 977 ' 2.23 : 2.99 ; 57
I i 981 2.0 H 2.8 T 57
' 60ABG 218 34 51 17 | 12 [ 1.86
: (16%) 112 .59 1 1a7 ! 1.28
i P 248 | 1 I 74 | 1.8
, { 1204 ) 87 1.1 , 2.56
{ 60CES 274 73 571 ] 47 | 1.25 | 1.23
§ ! (27%) | L |
‘7 i

64




Travis AFB

DISTANCE FROM WORK TO ADH
BY SQUADRON

(continued)
Squadron Strength  SIK Work Building:s) Work-ADH Distance (miles)
(%% SIK) . Galaxy  Starlifter : Ranch House
I " Building 247 | Building 1315 | Building 261
6USPS 251 2 246 i 11 . T4 z 1.8
(.8%) - 314 : 15 ! 66 ) 214
700 | 1.25 . 2.0 : 9
805 | 1.33 ; 2.06 . .36
! 828 ! 1.55 i 2.35 42 .
; 850 | 1.76 i 2.56 2T
_ 854 . 1.8 e 2.7 i 15
60SVS 92 27T 81 34 37 ‘ 20
(29%) 404, 405 i 57 B .34 2.U8
‘ 1312 | .93 , .09 2.56
4 1315 8 | 0 2.46
1901CG 328 1T 54 : .32 ' .78 1.95
(3%) 241, 243 5 .1 ; K : 1.5
- : 1348 | 1.06 . 23 2.68
3754FLDTS | 44 0 . No ; |
; ' : {  Information ! ! ;
. MACTMET 10 ¢ 0 . 244 ! .32 57 1.86
DGMC T38| 283 117 ' .49 1.0 , 1.44
i (38%) ! 121 i .45 : 1.25 | 1.23
) i ; 237 ; .45 : .87 ; 1.6
: : 372 f .64 ' 19 : 2.27
. i 377 ' 78 : .8 2.2
: 380 | .63 ‘ 32 : 2.23
| 382, 383 i 14 | 17 2.37
i, 543 i .57 | 1.36 , 1.12
© 1TWS 5 b0 241, 243 | .1 ! 7 : 1.8
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Travis AFB

WEIGHTED DORM-ADH DISTANCE
BY SQUADROXN

Squadron SIK * Total = SIK = of » Dorm-ADH Distance ©  Weighted Distance
=of . per ' Bldgs  Weight Bidg A Bldg Bldg Bldg @ Bldg Bldg
Bldes Bldg (line) ! 247 11315 861 247 1315 - u61
22AF 2 5 . 4 2 - 8 1 6 . 1.1 14 - 48 ;| 88 . L.12
: 3 1 1.2 v 8 02 25 . 96 . .02 | 30
6UMAW 67 . 2 . 335 1 | 335 8 02 7 25 | 268 | .67 | 83.15
! - * 1 335 1.1 | 2 | 28 ' 3685 ' 6.7 . 93.8
504AFBAND 0 1, 0 1 0 17 ;26§ 04 ; 0 + 0 0
TMAS . 0 . 3 T 0 | 1 0 | 4 1.2 | 14 0 0 0
; 5 f; 1 . 0 1.7 125 .02 0 0 0
‘ , ? 1 , 0 11, 25 . 28 ' 0 0 0
22MAS . 1 ¢ 2 S5 0 1 1 5 412 0 13 . .2 6 T
i ‘ ! 1 b 5 11 ) 25 v 28 1 55 13 1.4
TSMAS . 0 ¢ 4 0 2 ' 0 I .4 12 7 14 | O 0 U
i i 1 0 : & | 02 25 : 0 ! 0 0
' 1 ; 0 . 10 | .17 | 2.7 0 0 )
86MAS . 0 ; 3 ¢ 0 | 1 + 0 : 4 127 14 . 0 0 0
| : 1 ] 0 1.7 | 2.5 | .02 ' O 0 0
| 1 0 11, 25 28 . U 3 0
60AMS . 49 3 11633, 3 . 49 . .8 | 02 i 25 : 392 . 98 . 1225
60FMS 152 5 | 304 ) 5 | 152 | 1.0 i .17 T 2.7 | 152 | 25.84 4104
600MS | 70 : 3 233 . 2 466 . .87 | .08 : 2.6 i 40.54 , 3.73  121.i6
i | 1 333 | .9 | .09 ;| 2.6 | 2087 . 2.00 « 60.58
' 6020MS 20 2 10 1 10 1.8 [ 26 1 .06 =~ 18 - 26 .6
] i ] 1 10 { 9 ! 09 ! 26 , 9 < .9 ' 26
' ' | ': (
| SUBTOTAL | l ! | | | 345.35 | 68.54 92501
| b
66




Iravis AFB

. WEIGHTED DORM-ADH DISTANCE
BY SQUADRON
{continued}
Squadron SIK  Total | SIK = of . . Dorm-ADH Distance Weighted Distance
. ; =of per Bldgs Weight Bldg . Bldg . Bldg = Bldg . Bldg . Bldg
' Bldgs Bidg (line) - © 247 11315 861 © 247 | 1315 : 861
SUSUFS -+ 54 4 133 . 4 54 6. 102! 1.46 32.4 ° 55.08  TE.B4
. 60TRNSPS 25 1 25 1 ' 25 : .6 : 1021 1.46 - 150 : 255 1 365
6CAPS . 12 5 84 2 168 ' 1.16 | 2.6 04 ' 29.37 | 43.68 ' 67
1 | 84 8 02 | 25 . 6.2 1 .17 21.0
: . 2 : 168 . .2 | 1.06 . 275 | 336 | 1.8 _ 46.2
60ABG 3% ¥ 85 2 17 53 1127 | 13 . .01 ' 21.59 221
' 1 85 . 42 : 1.14 132 357 , 9.69 . 11.22
1 85 1.0 | .17 ' 2.7 - 85 . 1.45 2095
60CES 73 3 233 . 2 486 1.8 | 265 .15  87.48 . 12879 i.
' i T1 243 0 1.7 ¢ 26 1 .04 . 4131  63.18 o7
60SPS = 2 2 1 2 1 1.8 2.7 ' .15 : 36 ' 54 3
60SV'S 27 3 3 27 . .6 |114 14 16.2 & 30.78  37.8
1901CG , 11 3 - 3.1 1 | 37 _ 1.0 « .17 @ 2.7 . 37 . .63 .99
~ . ; T2 ' 7.4 . .23 1.06 : 2.75 | 1.7 . 1.8%  20.35
T 3754FLDTS 0 . . ; 0 0 - U
MACMET - 0 - 1 . 0 ; 1 . 0 - & { 02 25 : 0 , 0 0
DGMC | 283, 6 472 0 5 i 236 | .8 | .02 } 25 1888 4.72 i 590.0
! ' T 1 . 472 . § | .09 2.6, 42.48 1.25 ; 122.:2
1TWS - 0 @ 3 0 3 0 8 102 25 . 0 | 0 B}
i | i ‘ ;
 SUBTOTAL | l l | ! L ‘ l 493.4 ‘, 420.55 ' 1028.9 |
i |
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Travis AFB

WEIGHTED WORK-ADH DISTANCE
BY SQUADRON

Squadron SIK Total . SIK : = of K - Work-ADH Distance Weighted Distance
=of : per Bldgs ' Weight | Bldg  Bldg ; Bldg . Bldg . Blde  Bidg
Bldgs Bldg (line) | D247 11315 1 861 | 247 1312 ¢ &kl
22AF 2 - 2 1 2 2 1 K 1.8 2 1.4 3.6
E0MAW 67 9 745 1 7.45 3 B3 . 17T . 224 | 6.33 ; 1267
; | 2 1 149 T .17 | 72 : 1.86 ; 233 [ 10.73  27.71
| ! Pl 745 1.3 114 14 1 224 8.49 : 10.43
| ; v 2 - 149 T 25 | .76 | 1.67 . 3.73 11.32 © 24.88
: :; bl 745 | .87 | 1.1 | 2.56 | 6.48 8.2 i 19.07
' 1 7.45 © 1.08 | .9 2.76 | 8.05 6.7 - 20.56
I ., 1 | 745 | 93 | .09 | 2.6 | 6.93 67 . 19.37
504AFBAND 0 3 : L 0 ;16 1239 09 ; 0 0 0
TMAS b ] ' {0 7 8 144 121 1 0 , 0 0
Co22MAS o 1 1 ¢ 1 . 1 1 1 | .64 . 1.48 1 117 ! .64  1.48 1.17
b T3MAS 0 0 l ; .0 (1851269 .17 | 0 | 0 0
. B6MAS - 0 : ; | 0 , 63 146 1.19 1 0 I 0 = 0
~B0AMS 49 1 4 12250 1 ¢ 1225 , .53 ;1.23 | 1.21 | 649 | 1507 i 14.82
‘ ; , b1 | 1225 7 .3 | 114 ' 1.4 | 3.68 | 1397 | 1:.15
! E 1, 12.25 117 | 1.9 | .49 | 14.33 23.28 | 6.
i ; : 1 | 12.25 [ 2.33 1324 ; .64 ' 2854 | 39.7 - 7.84
. 60FMS 152§ 16 ' 93 | 2 190 | 23 i 9 : 159 | 437 | 171 302
: i | [ 1 95 6§, 1.2 129 | 57 | 114 | 12.35
i w 1 | 95 53 1 1.2 | 1.27 [ 5.04 | 11.4 . 12.07
! 1 1 95 .98 | 1.76 T 931 | 1672 . 6.65
2, 19 .83 [ 1.6 87 | 15.77 | 30.4 | 16.53
| 1 ' 95 87 11747 T4 | 823 | 16.53 . 7.03
: 1 95 104 19 [ .57 9.88 | 18.05 I 5.42
i 1 9.5 1.14 | 208 ] .53 ] 10.83 | 19.76 | 5.04
! 1 9.5 1.4 | 216 [ .51 133 | 20.52 | 4.85
! ‘ 2 19 | 1.65 | 2.46 | .42 | 31.35 | 46.74 | 7.98
,{ 1 9.5 1.9 {269 , .23 | 18.05 | 25.56  2.19
| | 1 9.5 68 ( 9 | 25 | 646 | 855 ' 2375
. . 1 9.5 1.0 [ 17 | 2.7 | 95 1.62  25.65
r ! i ]
SUBTOTAL ! | | 233.87 | 391.69 344.89
! !
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Travis AFB

WEIGHTED WORK-ADH DISTANCE

BY SQUADRON

{continued)

Squaarcn SIK Total SIK =of " Work-ADH Distance Weighted Distance

" z=of ' per Bldgs . Weight © Bldg | Bldg .~ Bldg  Bldg | Bldg  Bldg

Bldgs Bldg (line) ' | 247 ' 1315 ¢ 861 247 1315 ! 861

600MS 0 5« 14 1 14 1.04 1.9 57 1436 | 266 . 7.98

; 1 14 . 1.14 , 2.08 53 . 1596 | 29.12 7.42

2 o+ 28 178 2581 49 4984 | 72.24 & 13.12

I " 14 - 9 . .09 . 26 . 12.6 | 126 364

6020MS 20 9 2.2 1 7 22 | 3 8  1.93 66 | 1.76 - 4.25

i 1 22 2 ¢ §7 . 13 41 | 2.13 3.3

1 22 36 15 8 1.67 | 3.3 1.87

1 1 2.2 ;1831 27 . 5 125 ! 5.94 1.1

' ,. 2 | 14 | 1.65 246 42 726 10.82  1.85

; 3 . 6.6 | 1.8 - 2.58 « 49 1 11.719 17.08 . 3.23
60STPS 54 3 13 1 ., 18 ' 6 . 102 146 108 . 18.36 26.28 .

' 1 18 76 1.5 - 85 1368 ' 27.0 153

L1 18 ¢ .76 « 95 . 24 , 13.68 , 1.1 , 43.2
" 6UTRNSPS ;. 25 + 7 36 1 1 36 ' 6 | 1.02; 1.46 { 2.16 | 3.67 , 525 .
. ; R 7.2 45 125 123 3.24 9.0 356

| ; | 1 1 386 1 3 T11 ' 138 + 1.08 396 i 49

| ; I -1~ 36 | .2 | .96 =~ 15 72 | 3.46 . 54

: : |, ! T T . 3.6 223 299 57 8.03 : 10.16 . 2.0
' i ? | 1 | 36 | 87 | 1.1 | 256 ) 313 . 396 _ 9.22
.« 60APS | 42 4 105 1 105 | 1.86 | 2.63 . .19 | 19.53 | 27.62 . 1.99
: | ! 105 1 2.5¢ | 3.31 , .87 | 26.67 | 34.76 _ 9.13
j 1 F1T 7 105 + 2231299 .57 (72342 [ 314 5.99
! P10 105 20 | 2.8 [ .57 21.0 [ 294 . 599
| 60ABG 34 4 85 . 1 | 85 17 [ 72 | 1.86 | 145 | 6.12 1 15.8]
! L1 85 | .59 | 117 | 1.28 | 35.02 9.95 i 10.88
Pl 85 | .1 | 74 1 18 .85 6.29 © 15.3

! 1 | 85 . 87 i 1.1 256 74 . 9.35 2116
60CES [ 73 1 1 73 , 1 | 73 47 [ 1.25 © 1.23 | 34.3 | 91.25 ' 89.70 .
SUBTOTAL I | | \ | 315.19 ' 513.61 ' 378.24
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Travis AFB

WEIGHTED WOHRK-ADH DISTANCE
BY SQUADRON

(continued)

Squadron SiK  Teial SIK = of | Work-ADH Distance Weighted Distance

= of . per Bldgs | Weight . Bldg : Bidg Bldg Bldg Bldg Blcg

Bldgs Bldg (line} . ' 247 - 1315 861 ' 247 | 1315 eg]

80SFS 2 7 29 | 1 29 11 74 1 1.8 03 .22 52

: 1 29 45 . 66 214 13 : .19 52

1 23 125 20 . 9 36 | .38 25

1 - 29 . 133206 .36 . 35 | .6 1

1 ., 29 155 235 .42 | 45 i .68 12

; 1 29 . 1.16  2.56 . .21 . .51 | .14 07
: 1 .29 1.8 + 27 15 . 52 1 .78 1 U4
 60SVS 2T, 5 . 54 1 5.4 34 57 ; 20 | 184 ' 308 108
; ] T2 108 57 | 3% 2.6 | 6.16 ; 3.67 . 22.25
; , 1 54 93 | 09 | 2.56 . 5.02 . 49 1382
T 1 1 54 | 8 : 0 | 246 - 432 | 0 13.28

1901CG 11 i 275 1 . 275 32 ' .18 . 1.95 - B8 | 2.15 _ 5.36

2 55 . .1 . 1 | 18 . 35 _ 3.85 95

T 295 1 1.06 | .23 | 2.68 . 2.92 | .63 7.37

T3754FLDIS ‘ 0 0

' MACMET 0 1 . 0 1 0 | .32 i 57 i 186 | 0 [ O 0
i DGMC . 283 ©31.4 0 1 314 | .49 : 10 ' 144 | 1539 314 4522
f | i 5 .1 314 45 1 1.25 . 1.23 ; 14.13 | 39.25 - 38.62
f ! ' 1 314 | 45 | 87 | 1.6 | 1413 | 27.32 ; 30.24
' ; 1 314 | 64 . 19 " 2.27 ; 20.1 : 5.7 . 71.28
; 1 ) 314 ; .78 | 8 | 2.42 | 24.49 | 25.12 ; 75.99
' 1 . 314 | 63 | 32 | 2.23 | 19.76 | 10.05 ' 70.02
2 62.8 | .74 | .17 | 2.37 | 46.47 | 10.67 148.8%

; 1 314 | 57 [ 1.36 | 1.12 | 17.9 | 42.7 | 35.17

17TWS 0 2 [ 0 0 0 1 7 1.8 0 6 0
SUBTOTAL J l A 196.47 | 210.13 I 619.89
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Travis AFB

WEIGHTED AVERAGE: DORM-ADH DISTANCE

Galaxy (Building247)

Subtotal (page 13) 345.33

Subtotal (page 15) 493.49

TOTAL 838.75 + 912 = .9197
Starlifter (Building 1313)

Subtotal (page 15) 68.54

Subtotal (page 16) 420.53

TOTAL 489.09 + 912 = .,5363
Ranch House (Building 861)

Subtotal (page 15} 925.01

Subtotal {page 16} 1028.90

TOTAL 1953.91 + 912 = 2.1424

WEIGHTED AVERAGE:WORK-ADH DISTANCE

Galaxy (Building 247)

Subtotal (page 17) 233.87
Subtotal (page 18) 315.19
Subtotal (page 19) 196.47
TOTAL 745.53 + 912 = .8175

Starlifter (Building 1315)

Subtotal (page 17) 391.69
Subtotal (page 18) 513.61
Subtotal (page 19) 210.13
TOTAL 1115.43 + 912 = 1.2231

Ranch House {Building 861)

Subtotal (page 17) 344.89
Subtotal (page 18) 378.24
Subtotal (page 19) 619.89
TOTAL 1343.02 + 912 = 1.4726
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Luke AFB
Arizona
TAC

A. Contacts
LTC Shady, Chief of Services

MsSgt Young, Superintendent of Food Services
Mr. Felice, Food Services Officer

832 SVS/SVF

Luke AFB

Phoenix, AZ 85309-5000

(602) 856-6238

(602) 856-7329

Mark Sanchez, Planner
Kay Pepper, Planner
832 CSG/DEEP

Luke AFB

Phoenix, AZ 85309
(602) 856-7291

B. Base Maps

Master Plan (1"=400")

Water Supply Systems (1”7 =400')
Sanitary Sewage Systems (1"=400")
Storm Drains (17=400")

Central Heat and Gas (17=400")

o

Reports and Documents
Planning Assistance Team Study (February, 1987)
Aiz Installation Compatible Use Zone Study (May, 1985)

Future Luke (Facilities Improvement Plan-2000)

D. Forms
D1. AF-1785 Facilities Inventory Report
Date: September 1, 1986
D2. AF-249 Food Service Operations Report

Reporting Period: March 1-31, 1987; April 1-30, 1987
Average Authorized SIK Daily: 1082; 1060

78




E. Food Services

The tables on pages 3-6 summarize existing data on three categoties of food service outlets
on base:

El. Appropriated Fund Food Services (ADH, CS, FK, FS, SF)

A. Hours of Operation
B. Daily Headcount by meal

E2. AATES Food Services (BX, Burger King, etc)
E3. Non-Appropriated Fund Food Services (OOM, NCO, Snack Bars, etc.)

F. Squadron Information

The table on page 7 summarizes where personnel live and work on base,
by squadron.

G. Distance from Dorm/Work to ADH

The tables on pages 8-10 summarize the distance from dormitory and work
buildings to the ADH, by squadron.

H. Weighted Distance from Dorm/Work to ADH

The tables on pages 11-13 show the weighted distance {from dorm/work
buildings to the ADH. The distance from each dorm/work site

(pages 8-10) is weighted by the number of SIK personnel traveling that
distance. We assume that the total number of SIK in each squadron is
uniformly distributed among dorm/wotk buildings for that squadron.

The weighted averages of dorm-ADH distance and work-ADH distance for
SIK personnel in all squadrons on Luke AFB are presented on page 14.

I. Number of SIK Personnel vs. Distance to ADH

The histograms on pages 15-16 illustrate the distribution of SIK personnel
by distance from work and dormitory buildings to each ADH on base.
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