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ABSTRACT 

This report covers an investigation at activity level of the 
causes of Operation & Maintenance (O&M) problems. Direct investigation 
in the field showed that major O&M problems with Navy family quarters 
are common to all activities, but because of established policies, 
the local Housing Manger has little control over factors causing 
maintenance problems. A higher level study of Lif e Cycle Costs of 
Family Housing is recommended. By using regression analysis, those 
factors which best measure O&M requirements were determined. Work 
sheets are derived which can be used to forecast O&M fund requirements, 
to make an equitable distribution of O&M funds, and also as a measure 
of effectiveness . 
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INTRODUCTION 

By direction of the Congress, Navy Fami ly Hous ing Act i vi t ies 

have been using a number of typ ica l houses as a basis for a meas ure 

of effectiveness expressed as Operat ions and Ma i nt enance (O&M) dolla rs 

cost per house of the specif i c type per yea r. This expression may be 

valid for budget and f und i ng purpos es, but i t offe rs no measure t o 
evaluate the effectiveness of local management. Housing Manage r s at 

field activities report that there is l i tt l e they can do to control 

cos ts since basic causes are outside the i r juris dic t ion. Als o, 
distribution of available funds to field activities has a t endency 

to follow a historical formula of allocating O&M funds t o l ocal 
commanders in direct proportion to funds available at the bureau level . 

To provide a b~tter basis for allocating O&M funds NAVFAC (Naval 

Facilities Engineering Command), conducted a study of selected Navy 
activities to: 

1. Determine principal operations and maintenance problems and 
benefits, the Navy receives for its O&M dollar. 

2. Develop a measure of effectiveness for operations and maint en­
ance of family housing. 

3. Develop a model based on three years of experience data fo r 
equitable allocation of maintenance funds. 

This study was established in FY-69. Objectives 1 and 2 were conducted 

by NCEL (Naval Civil Engineering Laboratory). Objective 3 was conduct ed 

by Battelle Memorial Institute under contract to NCEL. 

APPROACH 

Objective 1 was accomplished as an "on-site" investigation of the 

housing O&M function (reference 1). Fifteen EFD's (Engineering Field 

Division), and thirty two activities, listed in Table 1, were visited. 

Problems were discussed with both management and local personnel 
involved in the O&M operation. Houses were inspected at random, the 

ramdomness being watever houses were unoccupied at the time. However, 

at least one house of each type was inspected at each activity visited. 

A few specific houses were inspected while occupied to view specifi c 

local problems. Also a tour was made of each housing area to note 

general conditions. 
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Table l 

I. l.h,s t on (NE DIV) 

). N w York (East DIV) 

5. Norfolk (LANT DIV) 

6 . Ch arleston (SE DIV) 

8. New Orleans (Gulf DIV) 

9. Great Lakes (Mid West DIV) 

10. San Juan (Caribbean DIV) 

11. San Di ego (SW DIV) 

12. San Bruno (West DIV) 

13. Seattle (NW DIV) 

14. Pearl Harbor (PACDIV) 

15. Canal Zone 

PWC New Port 
Quonset Point 

NSB Groton (New London) 
NS Brooklyn 

PWC Norfolk 

NS Keywest 
MS Beaufort 
NS Charleston 
NAS Memphis 

White Sands Missile Range 
NAS Corpus Christi 

PWC Great Lakes 

NS Roosevelt Roads 
NS San Juan 

MCSC Barstow 
NWC China Lake 
NAS Long Beach 
MCBC Port Hueneme 
PWC San Diego 

NAS Alameda 
NAS Lemoore 
NPG School Monterey 
Vallejo (Mare Island) 

NAS Oak Harbor (Whidbey Island) 

PWC Pearl Harbor 
NAS Barbers Point 
MCAS Kaneoke Bay 

Rodman (Coco Solo) 

Washington, D.C. (Chesapeake DIV) NS Washington 
Naval Academy, Annapolis 

Atlantic Area (LANTDIV) NS Arentia, Newfoundland 

Pacific Area (PACDIV) PWC Guam 
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Objective 2 was attained by evaluation of the results of objectives 

1 and 3 (reference 2). 
Objective 3 was contracted to Battelle Memorial Institute (reference 

3). Data obtained from operations over three years was analyzed by 

regression analysis to determine factors which would give a good measure­

ment of average operations and maintenance costs. Fifty independent 

variables, Table 2, were considered for each of the four types of houses 

and separAtely for operations and maintenance. Some of these factors 

were fou~d to apply addatively and a few were best used as multipliers. 

The output is in the form of work sheets shown in Appendix A, which 

require a minimum of data with a small amount of multiplication and 

addition to arrive at an average cost per year of operations and main­

tenance by type of house to be expected at any particular activity. 

These calculations can easily be handled with a desk calculator or i f 

necessary can be done by hand. 

RESULTS OF INVESTIGATION 

Although there are always a few local problems, the common major 

problems at all activities was the difficulty to establish a measure 

of effectiveness of O&M costs which can be uniformly applied, or to 

devise any optimum O&M policy for uniform application. Most of the 

difficulties are beyond control of the local housing manager and can 

be traced to the following causes: 

1. Administrative differences between activities. This is 

recognized by DOD and is emphasized at the Defense Family 

Housing Management School, Ft. Belvoir, Virginia. This 

contributes to grade structure anomalies making Housing 

Management unattractive as a profession. 

2. DOD control of directives and regulations for housing. These 

established basic parameters and constraints for housing 

construction, operations, and maintenance. Because of these 

constraints, it is sometimes necessary to change design 

specifications in order to bring the cost of construction 

within authorized limits. R~sulting lower standards contribute 

to O&M problems. 
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). NAVFAC control of speci f ication and design of construction. 
Th is i s sepa rat ed administratively from O&M although a direct 
rel a tionship exists in that the O&M division costs are based 
on what the construction division turns over for operations. 
Wh i le design , nd specification personnel try to make corrections 
fo r e rrors reported from O&M at activity level, there appears 
t o be poor communication so that "feedback" is not always 
accomplished and errors are repeated. 

4. ROICC control of contracting, inspection, and acceptance of 
new construction. The ROICC is also separated administratively 
f rom the O&M division. Closer cooperation between the ROICC 
and O&M is desirable particularly in the area of review of 
drawings before contracting and during the inspection period. 

5. Differences in costs due to fiscal organization. There are 
various Public Works Centers, Public Works Departments, and 
lead activities, each being NIF or Non-NIF funded, and each 
performing work in-house or by contract. As a result, 
different charges are made for the same job, depending on 
the organization procedures and fiscal accounting systems. 
This tends to be confusing when comparing management effective­
ness of each activity. In addition, no basis is available to 
est ablish management efficiency. 

6. Di f ferences in environmental factors. These include weather, 
local labor market, local management policies, distance from 
large urban centers, and other miscellaneous factors, which 
ef fect job costs. These differences are real and must be 
considered in the evaluation of management effectiveness. 

7. Di f ferences in costs due to type of houses. This is recognized 
as a problem by classifying Navy housing under four group types 
whlch are considered separately. There still exists a variation 
in O&M costs within types. The nature of these differences 
are not difficult to recognize and include in management 
evaluations. 
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The establishment of an optimum maintenance policy requires 
a unified control of factors which enter into the O&M function. As 
can be seen from the above list of causative factors, the administrative 
fractionation of responsibilities makes it impossible to set up an 
optimum O&M policy. Without establishing close conununications and 
cooperation between the different admini strative organizations. This 
could best be done by a Life Cycle Cost study of family housing. This 
particular study, however, was authorized and funded to cover only O&M 
and thus could not be expanded to the required extent. A Life Cycle 
Cost study wou)..Q best be sponsored by NAVFAC, Code 08 (Assistant 
Commander for Family Housing). 

The equitable distribution of O&M funds ( r eference 3) requires 
some guidance to the actual requirements of each activity. The budget 
value of dollars per house does not recognize the local differences. 
Some variance b~tween activities is practiced but this is often :influenced 
by past history when funding was handled by the local commander and 
some had more money than others. This study approached the problem 
by regression, obtaining average requirements according to a mathematical 
model of the form. 

K 

n 
K • 1 

j 

x E 

j = 1 

a. X. 1 J J 

where aj measures the amount of waintenance or operating resources 
requireo for each unit of the jt variable present at the 1th house 
type at a supporting activity and Fk(Zki) is the multiplying constant 
for the kth multiplicative variable usea to modify the estimate of 
the resource requirement at the 1th house type at an activity. The 
model is applied separately at the housing type level at each activity. 
These requirements are modified on a local basis by variation in values 
of the factors used and considering the location (by Naval District) 
and mission of the activity (Appendix A). If the calculated values 
are summed at EFD or NAVFAC level as a proposed budget and the percentage 
requirement of each activity calculated, then each activity is equatably 
entitled to its percentage of whatever funds are received. 

The above method of allocating funds also furnishes a basis for 
establishing a measure of effectiveness. Since a norm is established 
for each activity, then the deviation from its norm in O&M actual costs 
is an indicator of how well the local housing manager is doing his job. 
On a management-by-exception basis, those activities showing a large 
deviation can be investigated to determine the reasons involved. 
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CONCLUSIONS 

1. Administration of family housing is not uniform at activity 
l evel. Co1~truction is separated from housing management (O&M) at 
NAVFAC level. Regulatory and constraint authority is retained at DOD 
l evel. The responsibilities of the Housing Manager as defined in 
Chapt er 4, NAVDOCKS P352 are inconsistent due the fractionation of 
functions and administrative authority. 

2. There is disagreement between construction and maintenance 
personnel about the cost-effectiveness of equipment, materials, and 
design built into new housing. There is also disagreement between 
maintenance personnel and supply over the quality of material and 
equipment purchased on GSA specifications. These points of difference 
can be settled only by a Life Cycle Cost study of family housing. Since 
such a study would cut across administrative lines of authority, it 
should be sponsored at the NAVFAC level. 

3. There appears to exist a poor communication line between 
NAVFAC and local housing activities. This could be studies in conjunc­
tion with a Life Cycle Cost study. 

4. By congressional direction, the housing O&M budget is reported 
on a dollars per house per year basis. This measurement does not 
provide a satisfactory basis for comparing O&M between different activities 
or judging management efficiency. A basis for such comparison was 
developed (reference 3) by determining what each activity, at housing 
type level, should require for O&M per year as shown in Appendix A. 
The results are reported in the form of a work sheet which takes into 
account local variations in factors measuring O&M requirements. By 
summing calculated costs for all activities an expected budget require-
ment is derived. Then, an equitable distribution of funds is found by 
dividing the activity requirement by total requirement. This is the 
percentage of funds received from congress to be allocated to the 
activity. 

S. By extending the calculation for funding noted in reference 3, 
the deviations of local housing activities O&M costs from the expected 
norm provides a measure-of-effectiveness. This can be used on a manage­
ment by exception basis to study wide deviations and to compare manage­
ment efficiency. 
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Appendix A 

APPLICATION OF RESULTS AND WORKSHEETS 

Introduction to Worksheet 

The results of the final regression analyses have been summarized 
in the form of worksheets. These worksheets can be used for the direct 
calculation of predicted Total Maintenance Costs and predicted Total 
Operation Costs for any house type at an activity. There are also 
worksheets for the calculation of estimates of statistical confidence 
intervals associated with each prediction. The first part of this 
Appendix contains the worksheets used to calculate the predicted 
resource requirement. Worksheets for the calculation of variances 
and confidence intervals associated with the predicted resource require­
ments are at the end of the appendix. Examples of the use of these 
worksheets are also presented in this appendix. 

Table C-4, "Input Data in Master Data File", contains all of the 
data used in the regression analyses. This table, in Appendix C, can 
be used as the source for many of the data inputs required for the 
worksheet calculations. However, many of these data inputs will change 
in value in the future. In these cases current values of the observed 
data should be used in the resource requirement calculations. 

Worksheets for the Calculation of Total Maintenance 
Costs and Total Operation Costs 

The first four worksheets are used to estimate Total Maintenance 
Costs for a given house type at an activity. The house types included 
are: 

1. Encumbered Housing 
2. Appropriated Fund Housing - 1950 and after 
3. Other Public Quarters 
4. Substandard Housing 

The next four worksheets are used to estimate Total Operation 
Costs for these same house types. An additional worksheet, which is 
the result of regression analyses on Total Operation Costs for all 
types combined, is presented for use as an alternative to the ,eparate 
house type calculations of Total Operation Costs. This last worksheet 
can be used for the single calculation of Total Operation Costs of all 
dwelling units at an activity. Activity level summary data contained 
on the summary O&M Cost , Reports may be used in this special case. 
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Two numbers are present at the bottom of each worksheet to give 
some idea uf the "goodness of predictability" which can be placed on 
each resource requirement estimate. The first number is the simple 
correlation coefficient (r) between observed and predicted values of 
the dependent variable (the resource requirement), The second number 
is the standard deviation (s) of the regression predictions before 
multiplyine factors were applied. These two statistics are defined 
in Appendix F, "Glossary of Statistical Terms", and are formulated in 
more detail in Section 2.7 of this report. 

Procedure for the Calculation of Predicted 
Resource Requirement from the Worksheet 

1. List the observed value of each independent variable (for a 
particular house type at an activity) in Column one (1) of the 
worksheet. (See Table C-4 for complete listing of independent 
variable values used in this study for those variables whose 
value remains constant on a yearly basis). 

2. Multiply each observed value by the corresponding Coefficient 
Multiplier listed in the next column and record the product 
in the next column titled "Product". 

3. Multiply this new product by the second coefficient multiplier 
contained in the next column and record this product in the 
last column of the worksheet. A negative sign has been entered 
in the last column where required. 

4. Sum the last column and enter the total in the space provided. 

S. Add or subtract the constant indicated to obtain the "New 
Total". 

6. Where indicated in a table at the left enter the appropriate 
"NIF multiplier". "NIF multiplier" is to be used for all 
activities which are Naval Industrially Funded; "non-NIF" 
for all activities which are not. For worksheets which do 
not contain "NIF multiplier" tables (all except two worksheets 
for Appropriated Fund Housing and Other Public Quarters) steps 
six (6) and seven are omitted. Go to Step number eight (8) 
in this case, 

7. If a NIF multiplier is indicated in step six (6), multiply 
the "New Total" obtained in step five (5) by this multiplier 
and enter in the appropriate space titled "Product". 
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8. Obtain the Naval District Multiplier from the table at the 
left and record this below "Product". If no multiplier is 
indicated, enter the integer one (1). 

9. Multiply "Product" by the appropriate Naval District Multiplier 
entered in step eight (8) to obtain a new "Product" in the 
space provided under the Naval District Multiplier space. 

10. Obtain the Primary Function Multiplier from the table at the 
left and record this in the appropriate space. Before using 
the "Miscellaneous" Primary Function Multiplier, see Table C-2 
for the complete list of Primary Functions. If the Primary 
Function is not listed in the table at the left but is contained 
in Table C-2 and is not a miscellaneous function, then enter 
the integer one (1) in the space entitled "Primary Function 
Multiplier". 

11. Multiply the previous "Product" by the Primary Function 
Multiplier to obtain the estimate of the resource requirement. 
Enter this estimate in the last space provided. 
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~ rks h1•c•l lo Es t lma t t' Tot a I Maint enance Cost s 

f11r Encumbe red ltuusi n11, (Type I) 

Al'! I v i ty /Codc ------------ - ---------------------

Co-
efficient 

Obse rved Data Multiplier 

XlO (Thousands of 10 
ga llons of sewage ) 

[Xl) (X80) (nn , dwelling I 10 
un i t s (times) normal 
monthly minimum 
t emperat ure) 

Naval Multi- Multi-
Dl s tr lc t plie r Primary Function* plh,r 

I .68006 Air Station or Facility ,93803 
3 . 85049 Auxiliary Air Station . 66779 
5 . 92751 Amo . , Ord, and Wpna. . 86871 
6 1. 18356 Naval Station 1.05941 
8 1. 25045 Public Work• Center 1.02522 

10 . 70866 School or Training Center . 87714 
11 1.09593 Hiacellaneoua .99204 
12 . 78291 
13 .99971 
14 .94500 
20 1. 6504 7 

•see complete list of primary functions, Table C-2 . 

r • .9549, s • 125,250 

16 

Co-
efficient 

Product Multiplier Product 

.12978 

.61615 

Total 

Subtract - 21 ,347 

New Total 

Naval District X 
Multiplier 

Product 

Primary Fune- X 
tion Multiplier 

Product 

I 
Estimate of 

Encumbered Housing 
Maintenance Costa 



-
Worksheet to Eatiute Total Maintenance Costs (Including BEM) 

{or Appropriated Fund Housing (Type 2) 

Activity/Code ________________________________ _ 

Co-
efficient 

Observed Data Multiplier 

Xll (Thousands of 1,000 
square feet of 
exterior structure) 

Xl2 (Thousands of 100 
square feet of 
interior structure) 

X21 (No . of permanent 10,000 
dwelling units of 
masonry construction) 

X46 (Backlog of -10 
essential uinten-
ance) 

MultiDlier 
I Non-NIF .94823 
I NIF 1.34412 

Naval Multi- Multi-
District plier Priury Function* plier 

1 1.28788 Air Station of Facility .98736 
3 .99181 Research and Teat Laba .86136 
s 1.llS73 Aao., Ord., and Wpna. .94617 

11 .88370 Hospitals 2.16014 
14 1.141S4 Naval Stations .99420 
17 l.OS382 Public Works Center 1.00S64 
20 2.61292 Miscellaneous . 84819 
21 .917S9 
22 l.3184S 
23 1.17766 

* -See complete list of priury functions, Table C 2. 
r • .9S87, a• 71,03S 

17 

Co-
efficient 

Product Multiplier Product 

.17462 

. 72219 

.20338 

.14232 -

Total 

Add 4,0SO 

New Total 

NlF Multiplier X 

Product 

Naval District X 
Multiplier 

Product 

Primary Fune- X 
tion Multiplier 

Product 

t 
Eotiute of Appropri-
ated Fund Housing 
Ma i ntenance Coats 



W11 rkshccl l o Est lmate Total Hal ntenance Costs ( lnclud ing 81::H) 

fo r Other Public Quarters (Type 3) 

Actlvity/CoJe ----------------------------------
Co-

efficient 
Observed Data Mult i plier 

(XI I (X80 I (No. dwelling units I 
(tlmes) normal monthly minimum 100 

,.. '"'" .. rat ure) 

·' J (Thousands of square feet 1,000 
of housing) 

X4 (Cubi c yards of refuse) -10 

X6 (Thousands of KWH of 10 
Elect ricity) 

X14 (Squares of interior -10 
palnting) 

Xl8 (Average yearly No. of -10,000 
move-outs) 

X23 (No. of permanent dwelling -10,000 
unit s of stucco conatruction) 

X46 (Backlog of eHential -10 
maintenance) 

I ~\Hlier I I Non-NIJ 
NIF 

Nava l Multi- Multi-
District plier Priury Function* plier 

I 1.03871 Air Station or Facility .90689 
5 .76758 Reaearch and Teat Laba L.90829 
6 1.19115 Amo., Ord., and Wpna. 1.00365 
9 1.93347 Naval Station• 1.03702 

11 .98736 Public Works Center 1.00598 
12 1.01844 School or Trainin1 Center 1.15475 
13 . 53196 Shipyard .70184 
14 .98424 Hiacellaneoua .76846 

*See coaplete list of primary function•, Table C-2. 
r • .9940, s • 42,589 

18 

Co-
efficient 

Product Multiplier Product 

.29636 

.86541 

.67732 -

.62794 

.91700 -

.49654 -

. 53166 -

. 14649 -
Total 

Subtract -2,!;59 

New Total 

NIP Multiplier X 

Product 

Naval Diatrict X 
Multiplier 

Product 

Primary Fune-
tion Multiplier X 

Product 

Eatimate of O.P.Qt 
H.intenance Coat• 



Worksheet to Estimate Total Maintenance Costs (Including BEK) 

for Substandard Hou■ in& (Type 4) 

Activity/Code ______________________________ _ 

Co- Co-
efficient efficient 

Obaerved Data Multiplier Product Multiplier Product 

X32 (No. of 1elli-peraanent 1,000 
dvellina uniu of "other" 
construction) 

Naval Multi- Multi-
District plier Priaary Function• plier 

5 1.26247 Air Station or Facility 1.00402 
6 1.01561 Awdliary Air Station 0.91846 
8 2. 33952 Public Work• Center 3.21577 

12 0.58584 Shipyard 0.95396 
13 0.60715 
20 0.94868 

•see coaplete list of pr&aary function,, Table C-2. 
r • .8219, I• 55,006 

19 

.32458 

Total 

Add 27,356 

Nev Total 

Naval District X 
Multiplier 

Product 

Priaary Function X 
Multiplier 

Product 

Eltlute of 1 
Substandard Housing 
Maintenance Co1t1 



0rks hcc t t Es ti mate Tota l O eration Costs 

Encumb e red Housi n (T e l) 

At I i VI I V/ 'nd l' 

-
Co- Co-

efficient efficient 
Observl·d Data Hult iplie r Product Multiplier Product 

-
[XI [X 72 ) (N . dwe I I Ing unit s 
(t i 11es (l) if the .1c tivity is 
not within 50 ml les f coas t, 1,000 
I I I ( the a tivlty ls within 
'>U mlle'I of ast) 

Nava l Multi- Multi-
Distri l plier Primary Function* plier 

I l. 3725 1 Air Station or Facility 0.94048 
3 1.01786 Auxiliary Air Station 0. 89839 
4 l.04809 .'->,, Ord., and Wpna. 1.01124 

'> 0.912S7 Naval Station 1.08314 
6 1.23328 Publi c Works Center 1.04943 
H 0 . 80848 School or Training Center 1.03739 

II 0.93139 Hi ■ ce llaneoua 0.98329 
I 0. 84846 
I I. 2'>8 15 
14 0.909 6 

*Sc compl et e li st of priury functions, Table C-2. 
r • . 9811 , s • 84, SO l 

20 

.22363 

Total 

Add 0,910 

Naw Total 

Naval District X 
Multiplier 

Product 

Prlaary Function X 
Multiplier 

Product 

1 Eatluu of 
Encuabered Housing 
Ope rat ion Coats 



~orksheet tu Estimate Total Operation Cost s 

Appropriated Fund Housing (Type 2) 

Activity/Code _______ _ _ ___ _________________ _ 

Co- Co-
efficient efficient 

Observed Data Multiplier Product Hult iplier Product 

Xl (No. dwelling unit■) 1,000 

X9 (Thousands of 1 
gallons of water) 

XlO (Thou1and1 of 1 
gallon■ of 1ewa1e) 

Xl8 (Average yearly No. 1,000 
of move-out■ ) 

[Xl) [X78) (No. I 10 
dwellina unit ■ (ti••> 
inches of ■now , deet) 

[X) [X79) (No. dwellina I 
units (ti••> inche1 of 10 
precipitation) 

Mwti- Multi-

Diltrict plier Priury Function• plier 

1 o. 79463 Air Station or Facility 0.99251 

3 1. 37958 Auxiliary Air Station o. 71564 

4 1. 35554 le1earch and Teet Lab■ 1.08599 

5 0.9)85) ~., Ord., and Wpna. 1.00900 

6 1.01407 Ho1pital1 0.69378 

11 0.95217 Naval Station■ 1.00364 

12 l.01S91 Public Worka Center 1.01381 

13 1. 13918 School or Trainina 0.92257 
Center 

17 0.92692 Shipyard 0.95776 

20 0.97482 t'.i1cellaneou■ 0.94881 

•See c011Plete li1t of pri .. ry function■, Table C-2. 

r • ,992), I• 14,818 

21 

.12 351 

.67654 

.63690 

.43919 

. 78806 

.25253 

Total 

Add 1, 736 

New Total 
Naval District X 
Multiplier 

Product 

Primary Function X 
Multiplier 

Product 

i 
Eatimate of Appropriated 
Fund Hou1in1 Operation Costs 



Wo rk s het!t t o Esti mate To t a l Ope r a t ion Cos t s 

Othe r Public Quart e rs (Type 3) 

An i vi t y / Co de --- - --------------------- - ---- - - --

-
Co- Co-

ef f icient efficient 
Obs e rved Da t a Multiplier Product Multiplier Product 

XI ( No . dwe ll ing uni ts) -100 

X3 (Thous ands o f square 1,000 
fe l.'t ) 

XI O (Thousands of l 
g,tl Ions o f s ewage ) 

I XI I I 72 I (No. dwe lling 
unlt s (times ) I l I if t he 
a · tivit y i s no t with i n 
0 mil es of coas t, I 2) 1,000 

i f Lht! ac t ivi ty is wi th in 
50 mi ! es o f coas t) 

- ·---
Mu l ti - Multi-

Di s t r i c t p l ie r Primary Function* plier 

I 1. I 4216 Air St a tion of Facility 0.82122 
3 o. 95306 Auxi lia ry Air Station . 87204 
4 I . 32 19 1 Research and Test Labs 0.67159 
5 I . 2 7 584 Anao., Ord., and Wpns . 1.02791 
6 0.76372 Supply Act i vities 1.05737 
8 l.26987 Naval Stations 0 .95458 
9 0. ') 4655 Public Works Center 1.00909 

10 L.1 59 16 School o r Training 1.01628 
Center 

11 0 .97611 Sh i pya rd 0.81255 
I ~ 0 .94026 Mi scellaneous 0.98725 
I J l.0399 7 
1. 4 0.88748 
15 1. 54415 
17 1. 35287 

• see omplet e l is t of prima ry f unc tions, Table C- 2. 
r = .99 53, s ~ 24,6 22 

22 

. 48869 -

. 16339 

. 71319 

.11793 

Total 

Add 3,437 

New Total 

Naval District X 
Multiplier 

Product 

Primary Function 
Multiplier X 

Product 

Estimate of Otho, 1 
Public Quarters 
Operation Costs 



' I 

Worksheet to Estimate Tucal Operation Cos ts 

Substandard Housing (Type 4) 

Activity/Code --------------------------------
Co- Co-

efficient efficient 
Observed Data Multiplier Product Multipli er Product 

Xl2 (Thousands of square 1,000 
feet of interior structure) 

Xl8 (Average yearly No. 1,000 
of move-out ■) 

[Xl) [X78) (No. of dwelling I 10 
units (times) inches of 
snow and sleet) 

Naval Multi- Multi-
District plier Primary Function* plier 

l 0.93333 Air Station of Facility 0.97719 
5 0.89805 Auxiliary Air Station 1.02814 
6 0.99405 A-«>., Ord., and Wpn1 1.00631 
8 0.91834 Naval Station 1.00013 

11 1.12695 Public Work• Center 1.00064 
12 1.02132 Shipyard■ 0.99995 
13 0.97599 
17 1.06002 
20 0.93124 

*See complete lilt of primary functions, Table C-2. 
r • .9944, s • 8,798 

23 

.32651 

. 22065 

. 37365 

Total 

Add 509 

New Total 

Naval Diltrict X 
Multiplier 

Product 

Primary Function X 
Multiplier 

Product 

Eatimate of t 
Sub1tandard Housing 

Operation Costa 



Wo rkshee t to Estimate Total Operation Costs 

All Housing Types Combined 

A t I vi t y/ Code _ _______________________________ _ 

Co- Co-
efficient et ficient 

Obse rved Data Multiplier Product Multiplier Product 

XlO (Thousands of gallons l 
of sewage) 

X29 (No. of semi-permanent -1,000 
dwe 11 ing uni t s of masonry 
const rue ti on) 

I 

[Xl) (72) (No. of dwelling 
unit s (times) I 11 if the 
ac tivity is not within 50 mile& 1,000 
of coas t, (2) if the activity 
is within 50 miles of coast 

[XJ) (X76) (No . of dwelling 
units (times ) 7 a.m. l 
humidity) 

(Xl) (X78) (No. of dwell i ng 
units (times) inches of l 
snow and sleet) 

[Xl I (X79) (No. of dwelling 
unlt s (times) inche■ of 10 
precipitation) 

Multi-
Dis t rict plier Primary Function* 

1 
3 
4 
5 
6 
8 
9 

11 
12 
13 
14 
17 

l.01324 Air Station of Facility 
0.96948 Auxiliary Air Station 
l.18497 Research and Teat Laba 
0.93875 AIIDo. , Ord. , and Wpn1, 
1.09773 Supply Activities 
0.88336 Hospitals 
0.91396 Naval Stations 
1. 10089 Public Works Center 
0.97007 School or Training Center 
1.22561 Shipyard 
0.91302 Miscellaneous 
1.4165 7 

Multi-
plier 

0.97319 
o. 79692 
0.56872 
0.94410 
o. 71563 
0.65328 
1.03781 
1.02360 
1.00941 
o. 78366 
0.99433 

*See complete list of primary function■, T ble C-2. 

r • .9829, s • 45,589 

24 

. 80963 

.48035 -

.11708 

. 56067 

. 59294 

. 21889 

Total 

Add 4,516 

New Total 

Naval Di1trict X 
Multiplier 

Product 
Primary Function X 
Multiplier 

Product 

t 
E1timate of Total 
Operation Coats 



Example Calculation of Total Maintenance Costs Requirement 

The following example is a calculation of the Total 
Maintenance Costs (resource requirement) for Encumbered Housing at the 
Naval Air Station at Brunswick, Me. for FY 1967. (Activity code no . 
1450-202, file no. 001). 

Looking at the Worksheet used to calculate Estimated Total 
Maintenance Costs for Encumbered Housing (Type 1) the following values 
of observed data will be required. These can be obtained, in this 
case, from Table C-3, "Input Data in Master Data File". 

Xl0 • 50,103 thousands of gallons of sewage 
X1 • 501 dwelling units (Encumbered Housing) 
X80 = 34.4 normal monthly minimum temperature 
Naval District• 1 
Primary Function• Naval Air Station 

The appropriate entries are made on the following worksheet 
and the mathematical operations are completed. The results is an 
estimated Total Maintenance Costs Requirement Estimate of $95,585. 
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(Example) 

Worksheet to Estimate Total Maintenance Costs (Including BEM) 

fo r Encumbered Housing (Type 1) 

Actlvlty/ Code Naval Air Station, Brunswic!~, Me./14S0-202 

Co- Co-
efficient efficient 

Observed Data Multiplier Product Multiplier 
....__ 

XlO (Thousands of 50,103 10 501,030 .12978 
gallons of sewage) 

[Xl) [X80] (No. dwelling 501 134.4 10 172,340 .61615 
unlts (times normal 
mon t hly minimum 
temperature) 17,234 

Total 

Naval Multi- Multi-
District plier Primary Function* plier Subtract 

l .68006 Air Station or Facility .93803 
3 .85049 Auxiliary Air Station .66779 Nev Total 
5 . 92751 "->. , Ord. , and Wpna . .86871 
6 1.18356 Naval Station 1.05941 
8 1.25045 Public Work• Center 1.02522 Naval District 

10 . 70866 School or Training Center .87714 Multiplier 
11 l.09S93 Miscellaneous .99204 
12 . 78291 Product 
13 .99971 
14 .94500 
20 1.65047 Primary Function 

Multiplier 

*See complete list of primary functions, Table C-2. 

r • .9549, s • 125,250 Product 

Product 

65,000 

106,187 

171,187 
- ... 

-21,347 

149,840 

X.68006 

101,900 

X.93803 

95,585 

Estimate oft 
Encumbered Housing 
Maintenance Coats 
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Table A-1. Variables Used on Work Sheets for 
Total Maintenance Costs (Including BEM) 

Syd>ol Variable Description of Variable 

DWL UN Xl No. dwelling units 
HS POP X2 Housing population 
SQ FT X3 Square feet 
$M B (Y12 + (X47-X46) (16) Total maintenance cost plus 

change in BEM (41) 
KWH X6 KWH of electricity 
CU FT X7 Cubic feet of gas 
F OIL XS Gallons of fuel oil 
WATER X9 Gallons of water 
SEWAGE (6) XlO Gallons of sewage 
STR EX XU Square feet exterior structure 
STR IN Xl2 Square feet interior structure 
PNT EX Xl3 Exterior painting 
PNT IN Xl4 Interior painting 
AatES Xl5 Acres of grounds 
S AREA Xl6 Sur faced area 
AC UN Xl7 Average No. active units 
MOVE 0 Xl8 Average move-outs 
MOVE I Xl9 Average move-ins 
*UTIL X20 Percent utilization 
BEM X46 Backlog of essential maintenance 
*COAST X72 Proximity to coast 
CIV OC X69 Civilian occupancy 

*Denotes a variable which was 1111ltiplied by the number of dwelling units. 
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Symbol 

OWL UN 
$M + B 

CU YDS 
P MAS 
S MAS 
P FRAM 
S FRAM 
P STUC 
S STUC 
P 0TH 
S 0TH 
P TOT 
S TOT 
*PAVBD 
*SAVBD 
*P BATH 
*S BATH 
*MINTE 
*MAXTE 
*CIT PO 
*NDHDQ 
*7 HUM 
*l HUM 
*SNOW 
*PRECI 

Table A-2. Variables Used on Work Sheets for 
Total Maintenance Costs (Including BEM) 

Variable 

Xl 
Yl2 + (X47-X46) 

X4 
X21 
X29 
X22 
X)O 
X23 
X31 
X24 
X32 
X25 
X33 
X26 
X34 
X27 
X35 
X80 
X81 
X74 
X75 
X76 
X77 
X78 
X79 

Description of Variable 

No. dwelling units 
Total maintenance cost plus 

change in BEM 
Cubic yards of refuse 
Permanent masonry units 
Semi-permanent masonry units 
Permanent frame units 
Semi-permanent units 
Permanent stucco units 
Semi-permanent stucco units 
Other units - permanent 
Other units - semi-permanent 
Total permanent units 
Total semi-permanent units 
Average No, bedrooms - permanent 
Average No. bedrooms - semi-permanent 
Average No. bathrooms - permanent 
Average No. bathrooms - semi-permanent 
Normal monthly minimum temperature 
Normal monthly maximum temperature 
City population 
Proximity to N.D. Headquarters 
Humidity (7 a.m.) 
Humidity (1 p.m.) 
Inches of snow and sleet 
Precipitation 

*Denotes a variable which was multiplied by the number of dwelling units. 
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Table A-3. Variables Used On Work Sheets For Total Operation Costs 

Symbol Variable Description of Variable 

DWL UN Xl No. dwelling units 
HS POP X2 Housing population 
SQ FT X3 Square feet 
CTC Y6 Total operation costs 
KWH X6 KWH of electricity 
CU FT X7 Cubic feet of gas 
FOIL XS Gallons of fuel oil 
WATER X9 Gallons of water 
SEWAGE XlO Gallons of sewage 
STR EX XU Square feet exterior structure 
STR IN Xl2 Square feet interior structure 
PNT EX Xl3 Exterior painting 
PNT IN Xl4 Interior painting 
ACRES Xl5 Acres of ground 
S AREA Xl6 Surfaced area 
AC UN Xl7 Average No. active units 
MOVE 0 Xl8 Average move•outs 
MOVE I Xl9 Average move-ins 
*UTIL X20 Percent utiliz4tion 
CIV OC X69 Civilian occupancy 
*NIF X70 Naval Industrial Fund 
'ltCOAST X?2 Proximity to coast 

* Denotes a variable which was 1111ltiplied by the number of dwelling 
units. 
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Table A-4. Variables Used On Work Sheet For Total Operation Costs 

Symbol 

OWL UN 
CTC 
CU YDS 
P HAS 
S HAS 
p FRAM 
S FRAM 
P STUC 
S STUC 
P 0TH 
S 0TH 
P TOT 
S TOT 
*PAVBD 
*SAVBD 
*P BATH 
*S BATH 
*r.TT PO 
"'HDHDQ 
*7 HUM 
*l HUM 
*SN<M 
*PRECI 
*MINTE 
*MAXTE 

Variable 

Xl 
Y6 
X4 
X21 
X29 
X22 
X30 
X23 
X31 
X24 
X32 
X25 
X33 
X2E 
X34 
X27 
X35 
X74 
X75 
X76 
X77 
X78 
X79 
X80 
X81 

Description of Variable 

No. dwelling units 
Total operation costs 
Cubic yards of refuse 
Permanent masonry units 
Semi-permanent masonry units 
Permanent frame units 
Semi-permanent frame units 
Permanent stucco units 
Semi-permanent stucco units 
Other units - permanent 
Other units• 1emi•permanent 
Total permanent units 
Total 1emi•permanent units 
Average No. bedrooms• permanent 
Average No. bedroOIDI - semi-permanent 
Average No. bathrooms - permanent 
Average No. bathrooms• semi-permanent 
City population 
Proximity to N.D. Headquarters 
Humidity (7 a. m.) 
Humidity (1 p.m.) 
Inches of snow and sleet 
P?'ecipitation 
Normal monthly minimum temperature 
Normal monthly minimum temperature 

* Denotes a variable which was nultiplied by the number of dwelling 
uni ts. 
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